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SYNOPSIS

The project is based on testing a measuring head which has a

capacitive transducer . The measuring head is a commonly used testing device
in textile industry to measure the width of the thread. It gives analog output
depending upon the width of the thread in the capacitors diclectric mediun,
The other end of the measuring head is connected to the electronic unit .The
measuring head has some error and this has to be rectified by tapping

the signal to the electronic unit without affecting the normal procuss of
electronic unit. For this purpose we design a measuring head tester which has

to be hand held and consume less power .

The MSP430F149A is a ultralow power microcontroller consuming less
than 400 micro ampere of current in active mode at 1Mhz The current
consumption can be further lowered by using low power modes . It has a in-
built analog to digital converter which reduces the peripherals . A typical 3.3
Volts system is very compatible for the working of MSP430F149 and this

makes it a very optimum choice for the system which should not sink any

current going to the electronic unit.

The no thread value of the measuring head can assume a wide range

of values depending upon the practical conditions. Initially the system as to



be adjusted to the no thread value so that only the signal variation duc to
thread insertion is displayed. After this the signal is averaged toavoid the
fluctuation in the thread . Since cach thread as a standard signal variation

value , depending on the displayed value the error in the measuring head 1s

rectified .



ACKNOWLEDGEMENT

Any teamwork requires the wholehearted contribution of not only the team
members, but also of the people who guide and support the work | in this
regard, on the successful completion of our project, we would like to express

our heartfelt gratitude to a few people .

To begin with we express our deep sense of our gratitude to our principal,

Dr. KK.Padmanadhan, B.Sc(Engg), M.Tech, Ph.D, for having provided

necessary facilities to carry out this project successfully .

We would like to convey our sincere thanks to our Head Of the
Department of Electronics and Communication Engineering.,
Prof. Muthuraman Ramasamy, M.E, MISTE, C.Eng.(I), MBMESI,,

MIEEE(USA),FIETE,FIE for his excellent motivation and guidance .

We are indebted to our guide Mr. G.C. Thiagarajan, M.E for his effort in
taking valuable time out to help whenever we needed . We also cxpress our
heartfelt thanks to our project coordinator Prof. S. Govindaraju, M.E, ECE

Department for their valuable assistance .

We would like to take this opportunity to thank Mr.K.K.Venkatraman,M.B.A

Vice President, Premier Polytronics , for having given us the opportunity to



undertake a project in Premier Polytronics . We would like to thank
Mr.Balraj HR for giving us this opporturity to take up project at Premier
Polytronics

Its our duty to thank our guide Mrs. Tabnisha Jammal, Deputy Enginneer
Research & Development for having guided us right from the inception of

our project.

We would be failing in our duty if we do not thank Mr.S.Pradeep kumar

Asst Engineer ,Research & Development, who helped us complete to our
project .

Last but not the least, we thank the teaching and non teaching staif
members of Department of Electronics and Communication

Engineering of our college .






INTRODUCTION:

(1) MEASURING HEAD:

Measuring head uses capacitive transducer which is used i3
textile industry for measuring the width of the thread . This will be
connected to the EU board where required manipulation 1s done
The EU will check the count of the thread and also indicate 1t an

damages in the thread . This will ensure the quality of the thread al

winding unit.

(2) NEED FOR MEASURING HEAD TESTER:

Measuring head tester 1s an device which detects the fault
in measuring head . Capacitive transducer which present n
measuring head degrades its performance in course of time . So we
need to test proper working of the capacitive transducer . At present
there is no device to test the head at the working stations .It has to
be taken to production station and test with standard table present
here . Measuring head tester is an hand held device which can be

taken to the working place and can test the device .



This tester uses an ultra low power micro-controller , an
amplifier and LCD module . This equipment will tap the signais
between the EU and the measuring head . This will check the
signals from the measuring head and check it with standard value

and will display the change in the value.
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FUNCTIONAL BLOCK DIAGRAM

1)MEASURING HEAD

This unit is used to measure the width of the thread using capacitive
transducer . The signal is produced due to variation of dielectric medium wher
the thread is inserted and it is sent to the eletronic umt which supplics the

required power for the measuring head.

2) ELECTRONIC UNIT

This unit process the signal received from the measuring head about

the quality of the thread and issues required feedback to improve the quality

of the thread.

3)HANDHELD TRANSDUCER CALIBRATER

> OPERATIONAL AMPLIFIER

Since the input signal range of microcontroller 15 0to +3.3Volts,
any signal out of this range has to be brought into this range . Duning
calibration mode the difference amplifier has 0.5 gain so that signal is brought
into the required range. Similarly during testing mode difference amplifier has
gain of 15 so that a higher resolution is obtained . The potentiometer is used

to set offset voltage at non-inverting terminal equal to no thread value.
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Here op-amp OP07 is used .

» MICROCONTROLLER UNIT:

Here the Analog to digital converter is inbuilt within the micro
controller & uses slope conversion method. Here the minimum to maximuin
range is given as 0 to 3.3Volts. After each sampling the digital value of each
sample is stored in a 12bit memory. Since thread has little fluctuation the
sampled values cannot displayed directly .They have to be averaged before

displaying .Also the display unit is slower than the micro controller umt and

required delay routines are also provided.

> LEVEL SHIFTER :

The display unit requires active signal range 5 volts. But microcontroller



outputs only 3.3 v as active signal. Similarly handshake signal from display

unit has to be sentback to microcontroller unit. For this bi-directional low

voltage converter is uscd.

> LCD_DISPLAY:

Here the display is 4 x 20 matrix . Here the two modes.
measuring head output value and initial no thread value are displayed.

It drives required current from the low voltage converter.
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HARDWARE DESCRIPTION:

(1) THE MICROCONTROLLER—MSP430F149A:

The MSP430 employs a von-Neumeni architecture, therefore | all
memory and peripherals are in one address space . The MSP430 devices
constitute a family of ultra low-power 16-bit RISC microcontrollers with an
advanced architecture and rich peripheral sat. The architecture uses advanced
timing and design features, as well as a highly orthogonal structure tc deliver a
processor that is both powerful and flexible.

The MSP430 consumes less than 400 pA in active mode operating at
1 MHz in a typical 3-V system and capn wake up from a <2-pA standby
mode to fully synchronized operation in less than 6 ps. These exceptionally low
current requirements, combined with the fast wake-up time, enable a user to
build a system with minimum current consumption and maximum battery life.
Additionally, the MSP430F149A family has an abundant mix of peripherals
and memory sizes enabling true system-on-a-chip designs. The peripherals
include a 12-bit A/D, slope A/D, multiple timers (some with capture/ compare
registers and PWM output capability), on-chip clock generation, H/W

multiplier, USART(s), watchdog Timer , 6 eight bit I/O ports, and others.



» LOW POWER CONSUMPTION CAPABILITIES

Ultra low-power architecturc:

0.1- 400 pA nominal operating current @! MHz

1.8 — 3.6 V operation

6us wake-up from standby mode

Extensive interrupt capability relieves need for polling
The ultra-low power system design which uses complementary metal-oxide
Semiconductor (CMOS) technology, takes into account three different needs:
o The desire for speed and data throughput despite conflicting needs for

ultra-low power

o Minimization of individual current consumption
o Limitation of the activity state to the minimum required by the use of low

power modes
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» FLEXIBLE AND POWERFUL PROCESSING CAPABILITIES:

< Seven source-address modes

< Four destination-address modes



< Only 27 core instructions

& Prioritized, nested interrupts

& No interrupt or subroutine level limits
< Large register file

& Ram execution capability

«» Efficient table processing

& Fast hex-to-decimal conversion

» PERIPHERAL SET:

< Integrated 12-bit A/D converter

< Integrated precision comparator

% Multiple timers and PWM capability

% Slope A/D conversion (all devices)

% Integrated USART(s)

+ Watchdog Timer

% Multiple I/O with extensive interrupt capability
% Integrated programmable oscillator

& 32-kHz crystal oscillator (all devices)

& 450-kHz — 8-MHz crystal oscillator (selected devices)



» ARCHITECTURE:

This section describe

s the basic functions of an MSP430-based system.

The architecture of the MSP430 family is based on a memory-to-inemory

architecture, a common address space for all function

instruction set applicable to all functional bl

al blocks, and a reduced

ocks as illustrated in figure
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The MSP430 devices contain the following main elements:

*,

Central processing unit

Program memory

Data memory

Operation control

Peripheral modules
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» CENTRAL PROCESSING UNIT:

The CPU incorporates a reduced and highly transparent mstruction set and
a highly orthogonal design. It consists of a 16-bit arithmetic logic unit (ALU),
16 registers, and instruction control logic. Four of these registers are used for
Special purposes. These are the program counter (PC), stack pomter (SP).
status register (SR), and constant generator (CGx). All registers, except the
constant-generator registers R3/CG2 and part of R2/CGI, can be accessed
using the complete instruction set. The constant generator supplics mstruction
constants, and is not used for data storage. The addressing mode used on
CGl separates the data from the constanis.

The CPU control over the program counter, the status register, and the

stack pointer (with the reduced instruction set) allows the development of

applications with sophisticated addressing modes and software algorithms.

> PROGRAM MEMORY:

Instruction fetches from program memory are always 16-bit accesses,
Whereas data memory can be accessed using word (16-bit) or byte (8-bit)
instructions. Any access uses the 16-bit memory data bus (MDB)and as many

of the least-significant address lines of the memory address bus (MAB) as
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required to access the memory locations. Blocks of memory arc automatically
selected through module-enable signals. This technique reduces overall
current consumption. Program memory 1s integrated as programmable or
mask-programmed memory.

In addition to program code, data may also be placed m the ROM
section of the memory map and may be accessed using word or byte
instructions; thisis useful for data tables, for example. T his unique feature
gives the MSP430 an advantage over other microcontrollers, because the data
tables do not have to be copied to RAM for usage. Sixteen words of memory
are reserved for reset and interrupt vectors at the top of the 64-kilobytes

address space from OFFFFh down to OFFEOh.

Register by Functions:

Pragram counter (PO R
Stack pointer (3P R1
Status Tagister (8R) -
Cormtant generator (C31) R
Constant genaratar (C32) [
Working regizter R4 R
Warking register RE Ra
Working register R4 Rz
Warking regiater R14 R4
Wiorking regiater R15 R1%




> DATA MEMORY:

The data memory is connected to the CPU through the samc *wo buses as
the program memory (ROM) : the memory address bus (MAB) end the memory
data bus (MDB). The data memory can be accessed with full(wora) data width
or with reduced (byte) data width. Additionally, because the RAM and ROM
are connected to the CPU via the same busses, program code can be loaded
into and executed from RAM. This is another unique feature of the M5P430

devices, and provides valuable, easy-to-use debugging capability.

> OPERATION CONTROL:

The operation of the different MSP430 members 1s controlled mainly by the
information stored in the special-function registers (SFRs) . The different bits
in the SFRs enable interrupts, provide information about the status of
interrupt flags, and define the operating modes of the peripherals . By

disabling peripherals that are not needed during an operation, total current

consumption can be reduced.



> PERIPHERALS:

Peripherals are connected to the CPU through data, address, and contrei

busses, and can be easily handled using all memory-manipulation instructions.

» OSCILLATOR AND SYSTEM CLOCK

Three clocks are used in the system the main system (master) clock
(MCLK) used by the CPU and the system, the subsystem (master) clock
(SMCLK) used by the peripheral modules, and the auxiliary clock (ACLK)
originated by LFXTICLK (crystal frequency) and used by the peripheral
modules . Following a POR the DCOCLK 1s used by default, the DCOR bit
is reset, and the DCO is set to the nominal initial frequency . Additionaily, if
either LEXTICLK or XT2CLK fails as the source for MCLK, DCOCLK 1s
automatically selected to ensure fail-safe operation . SMCLK can be generated
. from XT2CLK or DCOCLK . ACLK 1s always generated from LFXTICLK .
Crystal oscillator LFXT1 can be defined to operate with watch crystals
(32,768 Hz) or with higher-frequency ceramic resonators or crystals . if the
high-frequency XT1 mode is selected, external capacitors from XIN to VSS
and XOUT to VSS are required, as specified by the crystal manufacturer,
The LEXT! oscillator starts after apptication of VCC. If the OscOff bit 1s set

to 1, the oscillator stops when it is not used for MCLK.
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Crystal oscillator XT2 is identical te oscillator LFEXTI, but only
operates with higher-frequency ceramic resonators or crystals. Clock signals
ACLK , MCLK, and SMCLK may be used externally via port pins.

Different application requirements and system conditions dictate diiferent
system-clock requirements, including -
% High frequency for quick reaction to system hardwarc requests or cvents
< Low frequency to minimize current consumption, EMI, etc.
¢ Stable peripheral clock for timer applications, such as real-time clock
& Start-stop operation that can be enabled with minimum delay

» DIGITAL VO :

There are six 8-bit I/O ports implemented— ports P1 through PG Ports P1
and P2 use seven control registers, while ports P3, P4, I3, and PO use only
four of the control registers to provide maximum digital input /outpus
flexibility to the application:

& All individual 1/O bits are independently programmable .
< Any combination of input, output, and interrupt conditions is possible.

« Interrupt processing of external events is fully implemented for all eight

bits of ports P1 and P2.

& Read/write access to all registers using all instructions is possible.



The seven control registers are:
& Input register 8 bits at ports P1 through P6

% Qutput register 8 bits at ports P1 through PO

*
.Q

s Direction register 8 bits at ports P1 through P6

&
0.0

interrupt edge sclect 8 bits at ports 1 and P2

L/
0.0

Interrupt flags 8 bits at ports '] and P2

% Interrupt enable 8 bits at ports P1and P2

e

» Selection (port or module) 8 bits at ports Pl through P6

Each one of these registers contains cight bits . Two interrupt veetors are
implemented : one commonly used for any interrupt event on poris 1.0 1o
P1.7, and another commonly used for any interrupt event on ports 2.0 1o

P2 7. Ports P3, P4, P5, and P6 have no interrupt capability .

» WATCHDOG TIMER

The primary function of the Watchdog Timer (WDT) module 15 to
perform a controlled system restart after & software upset has occurred . A
system reset 18 generated if the selected time interval expires. If an
application does not require this watchdog function, the module can work as
an interval timer, which generates an interrupt after aselected time interval .
The Watchdog Timer counter (WDTCNT) is a 15/16 - bit up-counter not

directly accessible by software . The WDTCNT is controlled using the
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Watchdog Timer control register (WDTCTL), which is an 8 ~bit read/write
Register . Writing to WDTCTL in either operating mode (watchdog or timer) 18
only possible when using the correct password (03Ah) m the high-byte . 1
any value other than 05Ah is written to the high-byte of the WDTCTE, a
system reset PUC 1s generated . The password is read as 069h to minmize
accidental write operations to the WDTCTL register. The Tow-byte stanes data
written to the WDTCTL . In addition to the Watchdog Timer control bits,

there are two bits included in the WDTCTL that configure the NMI pm.

> USARTO and USART1

There are two USART peripherals implemented in the MSP430F149A -
USARTO and USART1 . They use different pins fo communicate, and
different registers for module control. Registers with identical functions have
different addresses .

The universal synchronous / asynchronous interface is a dedicated peripheral
module used in serial communications . The USART supports synchronous SPI
(3- or 4-pin), and asynchronous UART communication protocols, using double-
buffered transmit and receive channels . Data streams of 7 or 8 bits in length

can be transferred at a rate determined by the program, or by an external



clock . Low-power applications are optimized by UART mode options which
allow for the reception of only the first byte of a complete frame. The
application software should then decide if the succeeding data 1s to be
processed . This option reduces power consumption .

Two dedicated interrupt vectors are assigned to each USART moduie-—onc

for the receive and one for the transmit channcls .

» TIMER A .

Timer A is an extremely versatile timer made up of :
< 16-bit counter with 4 operating modes
< Seclectable and configurable clock source
& Three or five independently configurable capturc /compare registers with
configurable inputs

& Three or five individually configurable output modules with 8 output modes

Timer A can support multiple, simultaneous, timings ; multiple capture
compares ; multiple output waveforms such as PWM signals ; and any
combination of these . Also, each capture/compare register has hardware

support for implementing serial communications such as UART protocol .

> TIMERB .

In its default condition, Timer B operates identically to Timer_A, except



the SCCI bit is not implemented on Timer B .

& 16-bit counter with 4 operating modes and four selectable lengths (8-bit,

10-bit, 12-bit, or 16-bi%)

% Up to seven independently - configurable capturc/compars registers with

configurable inputs and double-buffered compare registers .

% Up to seven individually-configurable output modules with cight output

modes

» A/D CONVERTER

The 12-bit analog —to -digital converter (ADC) uses a 10- bit weighted

capacitor array plus a 7 bit resistor string . The CMOS threshold detector in

the successive - approximation conversion technique determines each bit by

examining the charge on a series of binary-weighted capacitors . The features

of the ADC are:

& 12-bit converter with 1 L.SB differential (DNL) and =1 LSB integral

non linearity (JNL)
& Built-in sample -and — hold
% Eight external and four internal analog channels. The external ADC input

terminals are shared with digital port I/O pins.
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& Internal reference voltage VREF+ of 1.5V or 2.5V, software - sciccrable by

s contro} bit 2-5V

& Internal — temperature diode for temperature measurement
< Battery - voltage measurement: N 0.5 - (AVCC - AVSS) ~ 4096/1 5V

VREF+ is selected for 1.5 V.

% Source of positive reference voltage level VR+ can be sclected as internal
(1.5V or 2.5V), external, or AVCC.

& The source is selected individually for cach channel.

% Source of negative reference voltage level VR-can be selected as external

Tabie 4. Reference Voltage Configurations

SHREF SOLTAGE AT VR WELTAGE AT VR~
¢ Bl ANVES
1 YREF+ (intarnali Aies
2.2 SYsREF+ isxtsmali AYSS
4 Ao VREFSMEREE- linlemal erexizmal)
3 VRER+ {intsrmall VREF-NVEREE- (Intsanal of sxtsmali
57 WEREF + (external; VREFVEREF- intamal ar exkemali

or AVSS. The source is selected individually for each channel

& Conversion time can be selected from various clock sources: ACLK,
MCLK, SMCLK, or the internal ADC12CLK oscillator. The clock source
is divided by an integer from 1 to 8, as selected by software.

& Channel conversion : individual channels, a group o f channels, or repeated

conversion of a group of channels. If conversion of a group of channels 1s
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selected , the sequence, the chamnels, and the number of channels in the
group can be defined by software . For example, al-a2-a5-a2-uZ-.. ..

& The conversion is enabled by the ENC bit, and can be triggered by
software via sample and conversion control bit ADCI2SC, Tmmer A5, or
Timer Bx. Most of the control bits can be modified only if ENC control
Bit is low. This prevents unpredictable results caused by unintended
modification.

< Sampling time can be 4 x n0 » ADCI2CLK or 4 ~ nl » ADCI2CLN.

It can be selected to sample as long as the sample signal 1s high (155H:-0)
or low (ISSH=1). SHTO defines n0 and SHTI1 defines nl.

& The conversion result is stored in one of sixteen registers. The sixtcen
registers have individual addresses and can be accessed via software. Fach

of the sixteen registers is linked to an 8-bit register that defines the

positive and negative reference source and the channel assigned.



Vapg T e RLTOH

IEdd. Goh

VgLt
NPRF SR

$4

ARACTL i 2

LELA.

sanal
pe MCIEEEL | .m-;ﬂ‘] !
g theidalir
AL A E et -E“-”
'
o ) , : dEALY
Syulia i Vi & -
» B L. 2
1 Sonphs 1 f p——t—— {7 }
Foull.. . i A
» ?5.\.-‘--11— L & 1 Lt A e iethar i :—_-i:i‘\ |——— iy
ek E 1 et Y
(KR “li ‘
wth i Saapdieg At
ah l < AL - q Tiner | T &5
atle =y af-—Tim Bt
P i =
Bk {}—-—!ﬁ{;——“mz | EFR
| 17,k 2 LE | FGaweron 510 i b
¥ U
ilch S ] e Gl
HEERT i | ik
34h _] o Vi,
1 s e,
0 13ith . rh
LR Wity
FHCh LEh
301" i M
#iath ) THS Gl
Wik HEAACTL (R
H1zdh AL 5l
#lh ) p
ik
0155k
niCh
UREART

CAFRNRY
A0 Ehry ibadng ke T b Liarey

» Flash Memory:

The flash memory module is electrically erasable and programmable.
Devices with a flash memory module are multiple-time programmable devices
(MTP) . They can be erased and programmed off-board, or 'n a system via
the MSP430’s JTAG peripheral module or via the processor’'s resources.

Software running on an MSP430 device can erase and program the flash



memory module . This active softwarc may run in RAM, in ROMV, or n the

flash memory . The flash memory may be a different memory module or the
same memory module . The active software may not

be 1n aomemory ocation

which is actively erased .

(2) AMPLIFIER (OP 07C):

This device offer low offset and long-term stability by means o a low-
noise, chopperless, bipolar-input-transistor amplifier circuit . For most
applications, external components are not required for offset nulling and
frequency compensation . The truc differential input, with @ wide imput-voliage
range and outstanding common-mode rejection, provides maximum flexibility
and performance in high-noise environments and in nominverting applications.
Low bias currents and extremely high input impedances are maintained over

the entire temperature range . The OP07 is unsurpassed for low-noise, high-

accuracy amplification of very-low-level signals .

% Low Noise
& Wide input voltage range 0 to +/- 14 typ

& Wide supply voltage range +/-3 to +/- 18 typ
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(3) OCTAL BUS TRANSCEIVER AND 3.3-VTO 5-V
SHIFTER(SN741L.VC4245A):

This 8-bit (octal) non-inverting bus transceiver contains {wo scparate
Supply rails ; B port has VCCB, which is set at 3.3V, and A port nas
VCCA, which is set at 5 V. This allows for translation from a 3.3-V (o«

5-V environment, and vice versa.

The SN74LVC4245A is designed for asynchronous communication
between data buses . The device transmits data from the A bus to the B bus
or from the B bus to the A bus, depending on the logic level at the

direction — contrel (DIR) input. The output - enable (OE) mput can be used to

disable the device so the buses arc cffectively isolated .

The SN74LVC4245A pin out allows the designer to switch to a

normal all-3.3-V or all=5-V 20-pin 245 device without boarc re-layout

(4) VOLTAGE REGULATORS:

> 7805 (12 V _to 5V) REGULATOR:




This type of voltage regulators arc monolithic integrated cireuits
designed as fixed voltage regulators for a wide variety of applicatiors
including local, on card regulation . These regulators employ internal current
limiting, thermal shutdown, and safe area compensation . With  adequate
heat sinking they can deliver output cuirents in excess of 1.0 A . Although
designed primarily as a fixed voltage regulator , these devices can he used

with external components to obtain adjustable voltages and currents .

¢ Output Current in Excess of 1.0 A

& No External Components Required

& Internal Thermal Overload Protection
& Internal Short Circuit Current Limiting

< Output Voltage Offered in 2% and 4% Tolerance

» REG1117 Positive Regulator:

The REG1117 is a family of easy-to-use three — terminal voltage
regulators . The family includes a variety of fixed and adjustable - voltage

versions, two currents (800mA andlA) and two package types (SOT-223 and

DDPAK) .
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Output voltage of the adjustable versions is set with two external
resistors . The REGT117s low dropout voltage allows Rt

to use wilh ahitie as

IV input — output voltage differential .

Laser trimming assures excclient outpul voltage accuracy without

adjustment . An NPN output stage allows output stage drive to contribute to

the load current for maximum efficiency .

(4) SWITCHES:

» DPDT SWITCH AND SPST:

Double pole double throw switch is used here for selection
of input signal and mode of operation . The single pole single throw
switch used here for head seiection. These switches are ordinary

movable switch .These are placed on top of the cabm.

(5) ODM-SERIES LCD DOT MATRIX MODULE:

The Oriole’s Display Module 1s a dot matrix liquid crystal display
that displays alphanumeric, Japanese characters and symbols . The built in
controller and driver LSIs provide convenient connectivity between a dot
matrix LCD and most 4 or 8 bit microprocessors or microcontrollers . All the

functions required for dot matrix liquid crystal display drive are internally



provided . The CMOS technology makes the device ideal for applications 1

hand held, portable and other battery powered instruments with fow power

consumption . Some of the features in ODM module are

& Built-in Dot Matrix LCD controller with font 5x7 or 5x10 dots .

<% Display Data Ram for 80 characters (80x8 bits ) .

& Character generator ROM ,with 160 characters in font 5x7 and 32
characters in 5x10 dots .

& Internal automatic reset circuit on power ON.

% Built in Oscillator circuit .

% Wide range of instruction functions .



WLA ¢ , s
i\ﬁlvﬂ%%a | ﬁw

pxal
e =1, w3

——
AN

.Tas . 9&/.

< #Iawan Cuatvat!

—

R1RYRARI
[
>

m

M3 M g ul B

_4 SR
L etecs _
ﬂ\T.Bd.ﬂ L%d

/.\.j%l\uﬂ*o.r_
— s e

9
£

NOLH XY ¥

X

o/ U9d
o/9'9d
ov/c8d




3%

CONNECTION DESCRIPTION AND PROCEDURE:

The components that are used in this project are as follows:
a) MSP430F149A controller
b} JTAG connector
¢) Op-amp OP07C
d) SN74LVCA4245
e) DPDT switches
f) Potentiometer
g) Regulators - REG7805, REGI 117

b) ORIOLE LCD Module

PIN ALLOTMENTS AND COMPONENT WORKING:

The components that are connected to the micro-controller are as

follows .
a) OPERATIONAL AMPLIFIER:

The OPAMP gets input from MH15/MH20 capacitive transducer and
the amplified output is given to the port pin p6.0 of the MSP430 .This pin
function acts as an ADC converter . The opamp is designed for differentiel
amplifier . The amplification of the differential amplifier is designed different

for different modes . For the calibration mode and for dc value calculation the



gain is as that output is half the input. For the festing mode the gam s kept
at 15 times the input .

The inputs to the op-amp Is given as follows . The nput to the
opamp from measuring head is given to the inverting terminal . The non-
inverting terminal input is as reference which is given from potentiometer
which can be varied between -3 t0 +3 v . Certain initial conditions arc sct for

the opamp to ensure the safety of the device . The non-inverting input POT 1s

adjusted for +3 v initially.

The calibration here is done by making the de voltage of measuring
head at inverting equal to same voltage at the non-inverting input . Thus the
output of amplifier is zero . This procedure is done In calibration mode. In

the testing mode the variation from the de value after thread is inserted into

the measuring head .

b) SWITCHES (DPDT):

In the circuit two DPDT switches are used . Each for different
purpose . One of the DPDT switch is used for the mode selection and input
selection . The one output of it is given to the port pin p2.0 and other to the
inverting terminal of the op-amp. This is in synchronous with the other

DPDT switch in such a way that in mode selection of other switch here



switches will give the feedback resistance of the amplifier . This implics that
in calibration mode the feedback will be different that of testing mode . Thus

other switch will be connected with reguired feedback resistance .

¢) REGULATORS:
The regulators that are uscd arc 1) RIEG7805 11 REGHITT . These are

used for converting from available voltage ‘o required veltage and also for

regulated power supply . Here the REG7805 is used for comverfing voltage
from +12to 5v. The regulated supply is given to REG1117, level shifter and
oriole module . The voltage from this given to the REG1117 will convertit
to 3.3 v. This will supply power for MSP430 . This also goes to the ievel
shifter. The MSP pins AVCC and DVCC gets an regulated voltage from this
regulator .
d) BI-DIRECTIONAL LEVEL SHIFTER:

This level shifter is connected to the MSP430 port pins pS and p4 .
The data lines and control lines for the LCD is given through this port pins .
This level shifter acts as an function of converting an 3.3v data signal from
MSP to an LCD module which logic operating at 5 v. Thus also the data
and control from LCD can be got by MSP as level shifter is bi-directional

ie from 5vto3.3v.Thus an flexible approach is got in using the LCD



module . This level shifter is supplied power from the two regulators used In

the circuit . The 3.3v side 1s connected to the MSP ports and the Sy oside 18

connected to the LCD module port.

¢) ORIOLE LCD MODULE:

The ORIOLE display uscd here is 20x4 line display . This

G
%

(i

control signals from the MSP through an lovel shifter. The supply o this 1s
given from the REG7805 output as it operates on s v. The contrast for the led
can be adjusted using the trimpot used here . The display is mitialized by
series of simple routine and then characters for display is send . this display

is used for viewing the ADC output and the present calibration .

f) JTAG CIRCUIT:
This circuit here is to load the program from cpu to the flash

memory in the MSP . This pins are connected to various pins of the

controller as shown in the circuit diagram .



SOFTWARE IMPLEMENTATION:

The following algorithm and flow chart grve an overview of the

flow of operation of the measuring head testing device,

GENERAL ALGORITHM:

The measuring head testing device has two modes of operations,

a) Calibration mode
b) Testing mode

CALIBRATION MODE:

1} Here before calibrating , the DC voltage of the measuring head without
any filament in its chamber is noted down . It is for noting the output

voltage change with respect to its surrounding and atmospheric conditions.

2) The ADC is activated for the particular sampling time . The start of
conversion and end of conversion are given after the sampling time. Then

the DC voltage is converted to digital and stored in its allotted memory

locations.

3) The DC converted voltage will be in hexadecimal value. This value is
converted to decimal values. This is done by repeated addition of the

single bit resolution for that operating voltage( Ov-3.3v). This gives the



single bit resolution of 8.0495658113x10™° The hexadecural value is
compared with the middle e 7FI;; of the total range of 12 bits of ADC,
If the value is more than TEF 1. then the number i recounized as

‘negative’ number. If otherwisc | the number is recognized as ‘positive’

number . The correspending symbol is displayed on the output.

4) The resolution for DC calibration is kent as 0.0016111328125 . This reading
is stored in memory permanently and is given to the display routine. To

calibrate its output the resolution per bit is given as 8.0495658!13x10™

5) This voltage is then claraped to zers using the opamp as an clamper |

This is done using an potentiometer.

6) The output values are continuously checked for zero . If it is found , then

the display will display that the output is calibrated.

7) The switch position of the DPDT switch is checked again to get the

users decision on which routine to go next, depending on the choice the

nex{ routine is called.



TESTING MODE:

1) In this mode too the Dc voltage is displayed from the memory location.
This is for user identification.

2) The purpose for this mode is that  to see the voltage shift in the
measuring head when inserting the filament.

3) The output voltage is again converted to digital using ADC . This is again
converted to decimal with the resolution of 8.0495658113%107 per bit .

4) The switch position of the DPDT switch is checked again to get the
users decision on which routine to go next, depending on the choice the

next routine is called.
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H CALIBRATION OF CAPACITIVE TRANSDUCER USING MSP430F149A

3

33 ek o s o R R oo ROK SR R RSB R sl SR ol RS DI R R R T ok R ROl o s o R SR R R R S R e
3
#include "msp430x14x.h"

2

2

H LABLES INTALYZATION

RwW equ 0x001 o - o
RS equ 0x002

E equ 0x004

fdefine ANSD3  0x0206
#define ANSD2 0x0204
#define ANSD1  0x0202
#define ANSA  0x0200
#define countl 0x0600
#define count2  Ox0610
#define templ 0x0620
#define first 0x0210

#define second  0x0211
#define third 0x0212

#define fourth 0x0213

#define fifth 0x0214

#define sixth 0x0215

#define seventh 0x0216
#define dc_sign  0x0310
#define dc_first 0x0211
#define de_second 0x0312
#define dc_third 0x0313
#define dc_fourth 0x0315
#define dc_fifth  0x0316

RSEG CSTACK
bS 0

RSEG CODE
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LCD INITIALISATION ROUTINE (FUNCTION SET)

led_initl mov.b #0x38,&P40UT ;function set

bis.b #E,&P50UT ;enable enable

call #lcd_stable ;to stabilize enable
led mit2 mov.b #0x38,&P40UT function set

bis.b #E.&P50UT .enable enable

call #lcd_stable ;to stabilize enable
led_1nit3 mov.b #0x38,&P40OUT function sct

bis.b HIL &PSOUT ;enable cnable

call #lcd_stable ;to stabilize enable

jmp led_1nit4

3 S,

DELAY ROUTINES

L

b

led_rise mov #0x0006,r4
repeat_1 mov.w #WDT_MDLY 32.&WDTCTL  ; WDT ~32ms interval timer
bis.b #WDTIE &IE] ; Enable WDT interrupt
eint ; Enable interrupts
bis.w #CPUOQOFF,SR . CPU off
nop
dec rd
jnz repeat_1
clr r4
mov.w #WDTPW+WDTHOLD,&WDTCTL ; Stop WDT
bic.b #E.&P50UT ;clear enable
bic.b #RS,&P50UT
ret

led_stable mov #0x000A,r4
~ repeat_2 mov.w  #OxS5ATA&WDTCTL ; WDT ~0.5ms interval timer

bis.b #WDTIE &IE] ; Enable WDT interrupt
eint ; Enable interrupts

bis.w  #CPUOFF,SR ; CPU off

nop

dec r4

nz repeat 2

clr 4

mov.w #WDTPW+WDTHOLD,&WDTCTL ; Stop WDT
bich #E &P50UT ;clear enable

bicb #RS,&P50UT
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ret

led_busy
repeat 3

mov  #0x0003,r4

mov.w HOXSATA&WDTCT]. ; WDT --0.5ms interval tumer
bisb #WDTIE &IF] ; Enable WDT interrupt
eint ; Enable interrupts

bis.w #CPUOFF,SR JoPU off

nop

dec 14

jnz  repeat 3

clr r4

mov.w #WDTPW+WDTHOLD,&WDTCTL : Stop WDT
bicb  #E,&P50UT .clear enable

bicb  #RS,&PS50UT

ret

led_1 second

mov  #0x001fr4

repeat_4 mov.w #O0x5A18,&WDTCTL ; WDT ~G.5ms interval timer
bisb #WDTIE,&IE] ; Enable WDT interrupt
eint ; Enable interrupts
bis.w #CPUOFF SR ; CPU ofl
nop
dec 14
jnz  repeat 4
cr 4
mov.w #WDTPW+WDTHOLD,&WDTCTL ; Stop WDT
bicb #E,&P50UT :clear enable
bicb #RS,&PS50UT
ret
R ROUTINE TO CLEAR DISPLAY
cle_disp call  #led_busy "CLEAR DISPLAY ROUTINE"
mov.b #0x01,&P40UT ;clear display
bisb #E,&P50UT :Enable enable
call  #lcd_stable ;check LCD busy flag
ret

TO GIVE THE ON/OFF CONTROL,CLEAR DISPLAY ENTRY MODE
FORTHE LCD




led_init4 mov.b #0x0e,&P40UT ;display ON/OFTF control word
' bis.b #E &PSOUT :Enable enable
call #Hled_busy delay
next mov.b #0x06,&P40OUT ;display ON/OT'F control word
bis.b #E,&P50UT ;Enable enable
call #led_ busy ;check LCD busy flag
mov.b #0x01,&P40UT :Entry mode set
bis.b #E,&PSQUT ;Enable enable
call #led_busy ;check LCD busy flag
jmp next ] Jump to display routine
; MAIN MODULE PROGRAM.
start mov #SFE(CSTACK),SP cstack mmtahization
mov #WDTHOLD+WDTPW,&WDTCTL - stoping watch dog timer
mov.b  #O0xff&P4DIR cports 2,345 intalization
mov.b  #O0xff&P5DIR
mov.b  #0x00,&P3DIR
mov.b  #0x00,&P2DIR
clrb &P50UT ;clearing output registers
clrb &P40UT : of ports 4&5
call #lcd rise
jmp led_initl ;Jump to LCD intalization routine
; AROUTINE TO DISPLAY IN LCD AS
; | PREMIER POLYTRONICS |
; | |
next 1 call #lcd_stable
mov.b  #0xc0,&P40UT ;select H line of 20x4 1LCD
bis.b #E,&P50UT ;Enable enable
call #lcd_busy ;check if LCD busy?
mov #0x00000,r14 ;¢lr PC count value
disp_1 cmp  #0x000a0,r14 ;1s char disp over?
jz nxt_rout 1 ;'yes',clear display
call #lookup 1 ;call lookup 1
bis.b  #RS,&P50UT ;Enable RS
bis.b  #E &P50UT ;enable enable



call
add
jmp
nxt_rout_1 call
jmp

k]

#lcd_busy
#0x00008,r14
disp 1
#lcd_stable
next 2

;check LCD busy flag

;inc PC count vatue to next char

;jump to disp next char

52

»

; THE LOOK UP TABLE FOR DISPLAYING 'PREMIER POLYTRONICS'

7

lookup 1 add rl4,pc :add with PC to goto next char

mov.b #0x50 &P40UT ;display P!
ret

mov.b #0x32,&P40UT display 'R
ret

mov.b  #0x45 &P40UT display I
ret

mov.b #0x4d &P40QUT ;display "M
ret

mov.b #0x49 &P40UT ;display 'T
ret

mov.b #0x45 &P40UT ;display 'IZ'
ret

mov.b #0x52,&P40UT .display 'R’
ret

mov.b #0x20,&P40UT ;display "'
ret

mov.b #0x50,&P40UT ;display P!
ret

mov.b #0x4f&P4QOUT ;display 'O
ret

mov.b #0x3¢,&P40UT ;display 'L
ret

mov.b #0x59,&P40UT ;display 'Y
ret

mov.b #0x54 &P40UT ;display 'T
ret

mov.b  #0x52,&P40UT .display 'R
ret

mov.b #0x4f&P40OUT +display 'O
ret

mov.b #0x4e &P40UT ;display 'N'
ret

mov.b #0x49,&P40UT ;display T
ret
mov.b  #0x43,&P40UT

;display 'C’



ret

mov.b  #0x53,&P40UT -display 'S’
ret

; A ROUTINE TO DISPLAY IN LCD AS

; e ———— —-

; | |
: | COIMBATORE

next_2 call #lcd_stable
mov.b #0x94,&P40OUT ;select I line of 20x4 L.CD
bis.b #E &P50UT ;Enable enable
call #led_busy ;check if LCD busy?
mov #0x00000,r14 ;clr PC count value
disp 2 cmp #0x00080,r14 ;1s char disp over?
jz nxt_rout 2 ;'ves',clear display
call #lookup 2 ;call 'lookup 1
bis.b #RS,&P50OUT :Enable RS
bis.b #E,&P50UT ;enable enable
call #led_busy ;check LCD busy flag
add #0x00008,r14 ;inc PC count value to next char
jmp disp 2 Jump to disp next char
nxt_rout 2 call iHed 1 second delay

jmp next 3

]

; THE LOOK UP TABLE FOR DISPLAYING 'COIMBATORE'
iookup_2 add rl4,pc ;add with PC to goto next char

mov.b #0x20,&P40UT ;display '

:E)v.b #0x20,&P40UT ;display "'

:::)V.b #0x20,&P40UT ;display "'

:t)v.b #0x20,&P40UT ;display "'

::Jv.b #0x20,&P40UT ;display "’

::Zv.b #0x43, &P40UT ;display 'C'

:Zv.b #0x4f,&P40UT ;display 'O

ret



mov.b
ret
mov.b
ret
mov.b
ret
mov.b
ret

#0x49 &P4OUT
#0x4d,&P4QUT
#0x42, &P4OUT

#0x41.&P40UT

mov.b #0x54,&P40QUT

ret
mov.b
ret
mov.b
ret

#0x4£.&PAOUT

#0x52,8P40UT

mov.b #0x45 &P40UT

ret

;display 'T'

.display ‘™M’
display '3
display 'A'
display '
display 'O
:display 'R’

;display 'E'

; |

t

; | MEASURING HEAD |

: AROUTINE TO DISPLAY IN 1.CD AS

next 3 call #lcd_1_second
call #clr_disp
call #lcd_stable
mov.b #0xc0,&P40UT
bisb  #E.&P50UT
call #lcd_busy
mov  #0x00000,r14

disp 3 cmp  #0x00088,rl14
jz nxt_rout_3
call  #lookup 3
bis.b  #RS,&P50UT
bis.b #E,&P50UT
call  #led_busy
add  #0x00008,r14
jmp disp 3

nxt rout_3

call  #lcd_stable

jmp next 4

;select I line of 20x4 1.CD
;Enable enable

;check if LCD busy?

;clr PC count value

;15 char disp over?
;'yes'.clear display

;call 'lookup 1!

;Enable RS

;enable enable

;check LCD busy flag

;inc PC count value to next char
Jump to disp next char

; THE LOOK UP TABLE FOR DISPLAYING 'MEASURING HEAD'.



(]
n

lookup 3

add rldpc ;add with PC to goto next char
mov.b #0x20,&P40UT ;display '
ret
mov.b #0x20,&P40UT ;display '
ret
mov.b #0x20,&P40UT ;display '
ret
mov.b #0x4d,&P40QUT display ‘M’
ret
movb #0x45,&PA0UT .display 'E!
ret
mov.b  #0x41,&P40UT display ‘A’
ret
mov.b #0x33,&P40UT ;display 'S
ret
mov.b #0x55,&P40UT ;display 'U'
ret
mov.b #0x52,&P40UT ;display 'R
ret
mov.b  #0x49,&P40UT ;display '
ret
mov.b #0x4e &P40QUT ;display 'N'
ret
mov.b #0x47.&P40UT Jdisplay 'G
ret
mov.b  #0x20,&P40UT ;display !
ret
mov.b  #0x48 &P4QUT ;display 'H'
ret
mov.b  #0x45 &P40QUT .display 'E'
ret
mov.b #0x41 &P40UT ;display 'A'
ret
mov.b  #0x44 &P40UT .display 'D'
ret
: AROUTINE TO DISPLAY IN LCD AS
; | I
; | TEST |
next_4 call #lcd_stable



mov.b
bis.b
call
mov
disp_4 cmp
]z
call
bis.b
bis.b
call
add
jmp
nxt_rout 4

#0x94,&P40UT
#E,&P50UT
#led_busy
#0x00000,r14
#0x00060,r14
nxt rout 4
#lookup 4
#RS,&P50UT
#E,&P50UT
#lcd_busy
#0x00008,r14
disp_4

call #lcd stable
Jmp  next 5

;select Il line of 20x4 1.CD
;Enable enable
;check iIf LCD busy?
;clr PC count value
.1s char disp over?
yves'elear display
;call 'lookup I!
;Enable RS
.enable enable
;check LCD busy flag
:nc PC count value to next char
Jump to disp next char

2>

THE LOOK UP TABLE FOR DISPLAYING "TEST"

iookuphcl add
mov.b

ret

mov.h

ret

mov.b

ret

mov.b

ret

mov.b

ret

mov.b

ret

mov.b

ret

mov.b

ret

mov.b

ret

rld,pc
#0x20,&P40UT

#0x20,8&P40UT
#0x20,&P4OUT
#0x20,&P40UT
#0x20,&P40UT
#0x54,&PAOUT
#0x45 &P4OUT
#0x53,&P4OUT

#0x54,&P40UT

mov.b #0x20,&P40QUT

ret

mov.b #0x20,&P40UT

ret

mov.b

ret

#0x20,&P40UT

mov.b #0x20,&P40UT

;add with PC to goto next char
(display '

;display '
;display '
;display "
;display "'
;display 'T'
.display 'E'
;display 'S'
;display 'T'

;display '

; display '
.display '

;display '



ret
mov.b #0x20,&P4QUT Jdisplay "
ret

; [SELECT MODE;_ | TODISPLAY THE CHARACTERS IN [ LINE,
;1ext_5 call #led_1_second T T -
call #clr_disp ;call clear display routine
call #lcd_stable
mov.b  #0x80,&P40UT ;select [ line of 20x4 L.CD
bis.b #E &P50UT ;Enable enable
call #lcd_busy ;check If LCD busy?
mov #0x00000,r1 4 ;eir PC count value
disp_5 cmp #0x00060,r. 4 ;18 char disp over?
1z next_6 ;'yes\,goto 'next_line'
call #lookup 5 ;call fookup 2
bis.b #RS,&P50UT ;Enuble RS
bis.b #E &PSQUT ;enable vnable
call #led_busy ;check LCD busy flag
add #0x00008,r14 ;inc PC count value to next char
jmp disp_5 Jump to disp next char
; THE LOOK UP TABLE FOR DISPLAYING 'SELECT MODE."
lookup_5 add rl4,pc ;add with PC to goto next char
mov.b #0x53,&P40QUT ;display 'S'
ret
mov.b #0x45,&P40UT .display 'E'
ret
mov.b #0x4¢,&P40UT ;display 'L
ret
mov.b #0x45,&P40UT ;display 'E'
ret
mov.b #0x43 &P40UT ;display 'C'
ret
mov.b #0x54,&P40UT ;display 'T'

ret



mov.b #0x20,&PA0OUT
ret
mov.b #0x4d,&P40QUT
Tet
mov.b #0x4f &P40UT
ret

mov.b #0x44 &PA0UT
ret

mov.b #0x45,&P40UT
ret

mov.b #0x3a,&P40UT

ret

;display

;display '™’
;display 'O’
display 'D'
.display 'E'

;display "'

AROUTINE TO DISPLAY IN LCD AS

INITLINE,

disp 6

call  #lcd stable

bisb #E.&P50UT
call  #lcd busy
mov  #0x00000,r14
cmp  #0x00088 14
jz next_7

call  #ookup 6
bisb  #RS,&P50UT
bisb #E,&P50UT
call  #lcd_busy
add  #0x00008 r14
jmp  disp_6

#0xc0,&P40UT

iselect IF line of 20x4 LCD

;Enable cnable

;check if LCD busy?
;elr PC count value

;1s char disp over?
;'yes',goto ‘next_line 2
;call 'lookup 3
;:Enable RS

enable enable

;check LCD busy flag

;inc PC count value to next char

Jump to lisp next char

W owe ws e

THE LOOK UP TABLE FOR DISPLAYING 'CALIBRATION MODE".

Iookup 6

add rl4,pc

mov.b #0x43 &P40UT
ret

mov.b #0x41 &P40QUT
ret

mov.b #0x4¢ &P40UT
ret

;add with PC to goto next char

;display 'C'
;display ‘A’

;display 'L
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mov.b #0x49 &P40QUT display 'T'

Irrff)v.b #0x42 . &P40UT :display 'B’
;sz)v.b #0x52,&P4QUT ;display 'R
Iﬁgv.b #0x41,&P40UT ;display ‘A’
;iv.b #0x54,&P40QUT display 'T
:‘EE)V.b #0x49 &P4QUT display '

:z)v.b #0x4f,&P40UT ;display 'O’
;:([)v.b #0x4e, &P40UT ;display 'N'
ﬁfwb #0x20,&P40UT ;display "

:Ef)v.b #0x4d,&P40UT ;display "™
;sf)v.b #0x4f,&P40UT ;display 'O’
:rel:)v.b #0x44,&P40UT ;display ‘D’
:‘zf)v.b #0x45,&P40UT ;display 'E'
ret

; AROQUTINE TO DISPLAY INLCD AS

; [SELECT MODE: |
; |CALIBERATION MODE | TO DISPLAY THE CHARACTERS IN Il LINE.
; [TESTING MODE _ l
. ) ]
next_7 call  #lcd stable
mov.b #0x94 &P40UT ;select Il line of 20x4 L.CD
bis.b #E,&P50UT ;Enable enable
call  #lcd_busy ;check if LCD busy?
nop
mov  #0x00000,r14 ;clr PC count value
disp_7 cmp #0x00060,r14 ;1s char disp over?
jz time ;'yes',clear display
call  #lookup 4 ;call 'lookup_4'
bis.b #RS,&P50UT ;Enable RS

bisb #E,&P50UT ;enable enable
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60

call  #lcd_busy ;check LCD busy flag
add  #0x00008 r14 ;inc PC count value to next char
jmp disp 7 ;Jump to disp next char

2
3

-

THE LOOK UP TABLE FOR DISPLAYING 'TESTING MODE'

lockup 7 add rldpc ;add with PC to goto next char N .
mov.b #0x54 &P40UT ;display T
ret
mov.b #0x45 &P4QUT ;display 'E
ret
mov.b #0x53 &P40QUT display 'S
ref
mov.b #0x54 &P40UT ;display 'T'
ret
mov.b #0x49 &P40UT ;display 'T'
ret
mov.b #0x4e &P40OUT ;display 'N'
ret
mov.b #0x47 &P40UT display 'G'
ret
mov.b #0x20,&P40UT :display '
ret
mov.b #0x4d &P4QUT ;display ‘M
ret
mov.b #0x4f &P40QUT .display 'O’
ret
mov.b #0x44 &P40UT ;display ‘D
ret
mov.b #0x45,&P40UT ;display 'E'
ret

; ARROW HEAD DISPLAY(I)

ARROW

bitb  #BITOPZIN B

Ic ARROW 11

mov.b  #0xA6,&P40OUT ;hine T arrow

bis.b #¥E . &P50UT ,Enable enable

cali #lcd_busy ;check if LCD busy?
mov.b  #0x020,&P40UT

bis.b #RS,&P50UT . 2nable RS

bis.b  #E&P50UT ;enable enable



call #led _busy

mov.b  #0xD2,&P40UT ;select I line of 20x4 LCD
bis.b  #E,&PSOUT ;Enable enable
call #lcd_busy ;check if LCD busy?
mov.b #0x07f&P40UT
bisb  #RS,&P50UT :Enable RS
bish  #E&P50UT enable
call #lcd_busy ;check LCD busy flag
Jmp GOBACK
ARROW_II movb #0xD2,&P40UT ;select I line of 20x4 LCD
bis.b #E.&P50UT :Enable enable
call #lcd_busy ;check if LCD busy?
movb  #0x020,&P40UT
bis.b #RS, &P50UT :Enable RS
bisb  #E,&P50UT ;enable enable
call #led busy ;check LCD busy flag
mov.b #0xA6,&P40UT ;select Il line of 20x4 LLCD
bish #E&P50UT ;Enable enable
call #lcd_busy ;check 1f LCD busy?
mov.b  #0x07F &P40UT
bis.b  #RS,&P50UT ;:Enable RS
bis.b  #E,&P50UT ;enable enable
call #led_busy ;check LCD busy flag
GOBACK ret
; TIMER COUNT
time mov  #0x0006,r12
REPEAT mov  #0x001frl1
TIMER
bis.b #¥WDTIE &IF1 ; Enable WDT interrupt
eint ; Enable interrupts
SetupWDT mov.w #OxSAIZ.&WDTCTL ; WDT ~32ms interval timer

bis.w #CPUOFF SR

nop
dec ril
jnz  TIMER
clr ri3

mov rl2,r13

dec rl13

add #0x030,r13

. CPU off



call #led stable

mov.b #0xES,&P40UT select I line of 20x4 1L.CD
bis.b #E &P50UT ;Enable enabie

call #led_busy cheek 1IFLCD busy?

mov.b rl3,&P40UT

bisb  #RS,&P50UT :Enable RS

bis.hb  #E,&P50UT .enable enable

call #lcd busy :check LCD busy flag

call #ARROW

dec rl2

jnz  REPEAT
StopWDT1 mov.w #WDTPW+WDTHOLD &WDTCTL ; Stop WDT
clr 111
cle rl2
clr 13

; DC VOLTAGE CALCULATION

DC_ADC call #lcd_stable
clr  &countl
clr  &count2
clr  &templ
clre
SetupADCI12_dc
mov  #ADCI20N+#SHTO_15,&ADCI2CTLO : ADC120N

bisb #01h,&P6SEL ; P6.0 ADC option select
Mainloopl_dc

bis #ENC+ADCI12SC,&ADCI12CTLO ; Sampling open

bic #ADCI128C,&ADC12CTLO ; Sampling closed, start

; conversion

L1 dc bit #ADCI12BUSY,&ADCI12CTL1 ; ADC12BUSY?

jnz L1 dc
testiFG dc bit #BIT0,&ADCI2IFG ; Conversion done?

Jjz  testlFG dc ; No, test again

addc &ADC12MEMO,&temp! : Move result

inc  &countl
bic #ENC,&ADC12CTLO
bic #BIT0,&ADCI2IFG
cmp  #0000ah,&countl
jnz  Mainloopl_d¢
mov &templ R4
clre




63

clr 15
loop dc sub  &countl 4
jnc  out de

me 15
Jjmp  loop dc
out_dc nop
mov 15,14
mainloop_dc
nop
clr 110
clr 8

clrb &dc_first
clrb &dc second
clrb  &dc_third
cle.b &de fourth
clrb &dc_fifth
clr  &ANSA
clr  &ANSDI
clr  &ANSD2
clr  &ANSD3
cmp  #007fth,r4
jeq ansequ
cmp  #007{th r4
jn anssub
mov.b #02dh,&dc_sign
sub  #007fth,r4
loopl _dc clre
dadd #08125h,&ANSD3
dadc &ANSD2
dadd #01132h,&ANSD2
dadc &ANSDI1
dadd #00016h,&ANSDI
dadc &ANSA
dec 14
jnz  loopl_dc
jmp adju_dc

ansequ mov.b #020h,&dc_sign
clr &ANSA
clr &ANSDI1
clr &ANSD2
clr &ANSD3
jmp adju_dc
anssub  mov.b #02bh,&dc_sign
mov  #007fth,r8
sub r4r8



loop2_dc clrc
dadd #08125h,& ANSD3
dadc &ANSD2
dadd #01132h,&ANSD2
dade &ANSDI
dadd #00016h,&ANSDI
dadc &ANSA
dec 18
mz  loop2 dc

; BCD TO ASCII CONVERSION

adju_dc clr 15
clr 14

mov  &ANSA 15

and.b #000fh,r5

add.b #0030h,5

mov.b r5,&dc first ; first data after sign
clr 13

clr 4

mov &ANSDI 15

and #0fO00h,r5

mov  #0000ch,r4
firstl dc ma 15

dec 14

jnz  firstl dc

and.b #000fh,r5

add.b #0030h,r5

mov.b r5,&dc_second ; second data after sign

clr 15

clr r4

mov  &ANSDI s
and #00f00h rs
mov  #00008h,r4
secondl dc

ma 15
dec r4d
Jjnz  secondl_dc
and.b #000fh,r5
add.b #0030hr5



mov.b r5,&dc_third ; third data after sign
clr 15
clr rd

mov  &ANSDI 15
and #000fOh,r5
mov  #0004h,r4

thirdl dc
rra 15
dec 4

jnz  thirdl dc

and.b #000fh 15

add.b #0030h,r5

mov.b 15,&dc_fourth ; fourth data after decimal
clr 5

cr r4

mov  &ANSDI1. 15
and.b #000fh,r5
add.b #0030h,r5
mov.b 15,&dc_fifth

05

clr 5
clr 4
CHECK FOR MODE

bitb #BIT0,&P2IN ;check input of the port2 {1AND(p2in)}

1z next 8 Jump to calibration mode

Jmp nextl2 Jump to testing mode

ROUTINE TO DISPLAY (C)

next_8 call #clr_disp ;clear display

mov.b  #0x590,&P40UT ;select I line of LCD display for ¢ splay of (C)

disp_8

bis.b  #E,&PSOUT
call #lcd_busy

mov  #0x00000,r14 ;clr PC count value
cmp  #0x00018,r14 ;1s char disp over?

]z next 9

call #lookup_8 ;call 'lookup &'

bis.b #RS,&P50UT :Enable RS



bis.b
call

#E,&P50UT
#led_busy

add #0x00008 r14
ijmp  disp 8

.enable enable
;check LCD busy flag

;inc PC count value to next char

Jump to disp next char

THE LOOK UP TABLL FOR DISPLAYING (c) .

iookup_S add

ri4,pc

mov.b #0x28 &P40UT

ret

mov.b #0x43 &P40UT

ret

mov.b #0x29 &P40UT

ret

; DISPLAY dc value

' ;add with PC to goto next char

;display (!
display '

;display '

next 9 call #lcd_stable
mov.b  #0xCO,&P40UT
bis.b #E,&P50UT
call #lcd_busy
clr rl4
disp_9 cmp #0x00098 r14 ;1s char disp over?
iz next 10 ;'yes',goto 'next_line'
call #lookup 9 ;call 'lookup 9
bis.b #RS,&PS0UT ;Enable RS
bis.b #E &P50UT ;enable enable
call #led_busy ;check LCD busy flag
add #0x00008,r14 ;inc PC count value to next char
Jmp disp 9 Jump t3 disp next char

;select 11 line of the 20x4 LCD display

0y

f WM M e e e

THE LOOK UP TABLE FOR DISPLAYING 'DC VALUE "

o

iookup

add

rld,pc

mov.b #0x44 &P40QUT

ret

mov.b #0x43,&P40UT

ret

mov.b #0x20,&P40UT

ret

;add with PC to goto next char

;display 'D'
;display 'C'

;display '



mov.b #0x56,&P4QUT ;display 'V

:sc:w.b #0x41 &P40UT ;display 'A'

Lffw.b #0x4¢,&P4OUT display 'L

:Egv.b #0x55,&P40UT display 'U'

Ir’ﬁz}v.b #0x45,&P40UT .display 'E'

:gj)v.b #0x3a,&P40UT :display '

ret

mov.b &dc_sign, &P40UT sign

ret

mov.b &dc¢_first, &P40OUT ; first digit

:i:)v.b &dc_secord,&P40UT : second digit
mltn)it.b &dc_third &P40UT ;third digit
m;\efb &dc_fourth,&P40OUT fourth digit
m(ffb #0x2e,&P40UT ;display '
mottb &dc_fifth,&P40UT fifth digit
mol;fil:) #0x20,&P40UT ; display '
mo:.::a #0x6d,&P40UT ;display 'm'
moﬁ; #0x76,&P40UT ;display 'v'

ret

DISPLAY " TUNE UNTIL ZERO"

e wr W s oW

next 10 call #lcd_stable
mov.b #0x094,&P40UT  ;select Il line of 20x4 LCD

bis.b  #E,&P50UT ;Enable enable

call #lcd_busy ;check if LCD busy?

clr ri4 ;clr PC count value
disp_10 cmp #0x00080,r14 :1s char disp over?

)z calib_adc J'ves' goto'next line 3"



call  #lookup 10
bis.b #RS,&P50UT
bis.b #E,&PSQUT
call  #lcd_busy

add  #0x00008,r14
jmp  disp 10

68

;eall lookup 5
;Enable RS
:enable enable
;check LCD busy flag
;inc PC count value to next char
Jump to disp next char

THE LOOK UP TABLE FOR DISPL AYING 'TUNE UNT.L ZERO'

lookup 10

add rl4,pc

mov.b #0x54.&P40UT
ret

mov.b #0x55 &P40QUT
ret

mov.b #0x4E &P40UT
ret

mov.b #0x45,&P40UT
ret

mov.b #0x20,&P40UT
ret

mov.b #0x55,&P40UT
ret

mov.b #0xde &P40OUT
ret

mov.b #0x54,&P40UT
ret

mov.b #0x49 &P40UT
ret

mov.b #0x4¢ &P40UT
ret

mov.b #0x20,&P40UT
ret

mov.b #0x5A,&P40UT
ret

mov.b #0x45,&P40UT
ret

mov.b #0x52,&P40QUT
ret

mov.b #0x4f &P40UT
ret
mov.b #0x3A &P40OUT
ret

;add with PC to goto next char
.display 'T'

.display 'U'
;display 'N'
;display 'E'
;display "
;display 'U
; display 'N'
;display 'T"
;display T
;display 'L
;display '
; display 'Z
;display 'E'
;display 'R
;display 'O’

;display "'



; ADC ROUTINE FOR CALIBRATION MODE

. -

calib_ade  call #lcd stable

clr  &countl

clt  &count2

clr  &templ

clre
SetupADCI2 ¢

mov #ADCI20N+SHTO 15,&ADCI12CTLO  ; ADCI20N

bis.b #01h,&P6SEL ;P6.0 ADC option select
Mainloopl ¢

bis #ENC+ADCI12SC,&ADCI12CTLO ; Sampling open

bic #ADCI12SC,&ADCI2CTLO  ; Sampling closed, start conversion
Ll ¢ bit #ADCI2BUSY,&ADCI2CTLY ; ADCI2BUSY?

jnz L1 c
testlFG ¢
bit #BIT0,&ADCI12IFG ; Conversion done?
jz  testlIFG ¢ ; No, test again

adde &ADCI12ZMEMO,&templ : Move result
mmc  &countl

bic #ENC,&ADCI2CTLO

bic #BIT0,&ADCI2IFG

cmp #0000ah,&countl

Jjnz  Mainloopl ¢

mov &templ R4

clr 15
loop_¢ sub é&countl,r4

jnc  out ¢

¢ 15

jmp loop ¢
out_¢ nop

mov 15,14
mainloop _c

nop

clr rl0

clr  &ANSA

clr &ANSDI

clr  &ANSD2

clr  &ANSD3
loop2 ¢ clrc

dadd #00625h,&ANSD3



dadc &ANSD2

dadd #05664h,& ANSD2
dadc &ANSDI1

dadd #00080h,&ANSD1
dadc &ANSA

dec 14

jnz  loop2 c¢

jmp adju ¢

jmp next 8

first® ¢

cir second

clr  third

clr fourth

clr fifth

clr  sixth

clr 15

clr r4

mov &ANSATS
and #000fOh,r5
mov  #00004h,r4
rra 15

dec r4

jnz  first0 ¢
and.b #0000fh,r5
add.b #030h,r5
mov.b r5,&second ;data after sign
clr 5

clr 4

mov  &ANSA 5
and  #0000fh, rS
and.b #000fh,r5
addb #0030h,r5

mov.b r5,&third ; data after decimal
clr s
clr 4

mov &ANSDI1 15
and #0000, 15
mov #000ch,r4



firstl ¢ rra 5
dec r4
jnz firstl ¢
and.b #000fh r5
add. #0030h,5
mov.b 15 &fourth . second data after decimal
clr 5
clr 4
mov  &ANSDI1 5
and #00£00h 15
mov  #00008h,r4
second] c¢
ma 15
dec 4
jnz  secondl ¢

and.b #000fh,r5
add.b #0030h,r5
mov.b 15 &fifth

. third data after decimal

clr rs

clr 4

mov  &ANSDI1, 5

and  #000fOh,r5

mov  #0004h r4
thirdl_c

ma s

dec 14

jnz  third]l_c

and.b #000fh,r5
add.b #0030h,r5
mov.b r5,&sixth

clr 5
cr 4

’ mov  &ANSDI 15
and  #0000h,r5

and.b #000fhr5
add.b #0030h,r5

mov.b r15,&seventh

clr
clr

S
4

: fourth data after dzcimal

; DISPLAY 'OUTPUT



next_11 call  #lcd_stable S —

mov.b #0xd4,&P40UT ;select IV line of 20x4 LCD

bisb #E &PSOUT ;Enable enable
call  #lcd_busy ;check 1f LCD busy?
mov  #0x00000,r14 ;¢lr PC count value
disp_11 cmp #0x00038,r14 ;1s char disp over?
1z chk mod 1 J'yes'poto 'next lineg 2
call  #lookup 1] ;call Tookup 11
bisb  #RS,&P50UT ;Enable RS
bisb #E &P50UT .enable enable
call  #lcd busy ;check LCD busy flag
add  #0x00008 14 ane PC count value to next char

jmp  disp 11

lookup_11 add rl4,pc

mov.b &first &P40UT ;display sign
ret
mov.b &second &P40UT ;display first digit
ret
mov.b #0x2e &P40UT ;Cisplay !
ret
mov.b &third &P40UT ;cisplay second digit
ret
mov.b &fourth,&P40OUT ;cisplay third digit
ret
mov.b &fifth,&P40UT ;cisplay fourth digit
ret
mov.b &sixth,&P40UT ;cisplay fifth digit
ret
; CHECK FOR MODE
chk_mod_1  bitb #BIT0,&P2IN ;check input of the port2 {1AND(p2in)}
Jz  calib_adc Jump to calitration mode
Jjmp nextl2 Jump to testing mode
; DISPLAY (T)
next12 call #clr_disp ;clear display
mov.b #0x90,&P40UT ;select I line of LCD display

;for display of (T)



bis.b #E,&P50UT
call #lcd busy

mov  #0x00000,r14 ;clr PC count value
disp_12 cmp  #0x00018,r14 ;1s char disp over?

jz  next 13
call  #lookup 12 ;eall Tookup_8'
bis.b #RS &P50OUT ;Enable RS
bis.b #E,&P50UT ;enable enable
call  #lcd busy ;check LCD busy flag
add  #0x00008 14 ;ine PC count value to next char
jmp disp 12 dump to disp next char

; THE LOOK UP TABLE FOR DISPLAYING (T .

L

lockup_12 add rl4,pc ;add with PC 1o goto next char
mov.b #0x28 &P40UT display (!
ret
mov.b #0x54,&P40UT display T
ret
mov.b #0x29 &P40UT .display "y
ret
; DISPLAY QUTPUT
next 13 mov.b #0xCO0,&P40UT ;sefectIline of the 20x4 LCD display
bis.b #E,&P50UT
call #lcd_busy
mov #0x00000,r14 ;eir PC count value
disp_13 cmp #0x00098,r14 ;18 char disp over?
jz next 14 ;'ves',goto 'next_line'
call #lookup 13 ;call 'lookup 9
bis.b #RS,&PSOUT :Enable RS
bis.b #E,&PS50UT ;enable enable
call #lcd_busy ;check LCD busy flag
add #0x00008,r14 ;inc PC count value to next char
jmp disp_13 Jump to disp next char

;temp_1 jmp next 8

3

; THE LOOK UP TABLE FOR DISPLAYING 'DC VALUE:

b




lookup_13 add rld,pc ;:add with PC to goto next char

mov.b #0x44 &P40UT scisplay 'D’
I::)v.b #0x43 &P40OUT ;display 'C'
nl;ztv.b #0x20.&P40UT cdisplay '
i::)v.b #0x56,&P40UT display 'V
;:Jv.b #0x41,&P40UT ;display 'A’
::z)v.b #0x4¢,&P40UT ;display 'L
izf)v.b #0x45,&P40UT ;display 'U'
I‘:)V.b #0x3a,&P40UT ;display "'
;I?JV.b #0x20,&P40UT ;display '
;I?E)V.b &dc_sign,&P40UT s1gn
;zf)v.b &de_first, &P40OUT  first digit
lr‘st)v.b &dec_second,&P40UT ;second digit
:Sf)v.b &dc_third,&P40UT ;third digit
irl?c:)v.b &dc_fourth,&PAOUT  ;fourth digit
:::f)v.b #0x2e, &PAOUT ;display "
I;e;v.b &dc_fifth &P40UT fifth digit
r;e(:V.b #0x20,&P40UT .display '
nff,f,.b #0x6d,&P40UT display 'm'
m:)e‘j.b #0x76,8&P40UT display V'
ret

: DISPLAY OUTPUT

. e e




next 14 call  #lcd_stable
mov.b #0x94 &P4QUT ;select I line of 20x4 LCD
bisb #E,&P50UT ;Enable enable
call  #lcd_busy ;check if LCD busy?
mov  #0x00000,r14 ;clr PC count value
disp_14 cmp #0x00038,r14 ;1s char disp over?
jz cal_adcpresent J'yes',goto 'next line'
call  #lookup 14 ;call 'lookup 6
bis.b  #RS,&P50UT :Enable RS
bis.b #E &P50UT ;enable enable
call  #lcd_busy ;check LCD busy flag
add  #0x00008.r14 ;in¢ PC count value to next char
Jjmp  disp_14 Jump to disp next char
: THE LOOK UP TABLE FOR DISPLAYING OUTPUT:
lookup_14 add rl4,pc ;add with PC to gote next char
mov.b #0x4f,&P40UT ;display 'O
ret
mov.b #0x55,&P40UT ;display 'U'
ret
mov.b #0x54,&P40UT ;display 'T'
ret
mov.b #0x50,&P40UT ;display P’
ret
mov.b #0x55,&P40UT .display 'U'
ret
mov.b #0x54,&P40UT ;display T
ret
mov.b #0x3a,&P40UT isplay '
ret

; ADC CONVERSION(To calculate present value)

cal_adcpresent call #lcd_stable
clr  &countl
clr  &count2
clr  &templ
clre
SetupADCI12 t
mov
bis.b #01h,&P6SEL

#ADCI20N+SHTO_15,&ADCI12CTLO

;ADCI20N

; P6.0 ADC option select



Mainloopl _t
bis #ENC+ADCI12SC,&ADC12CTLO ; Sampling open

bic #ADCI12SC,&ADCI12CTLO ; Sampling closed, start conversion
bit #ADCI2BUSY,&ADCI12CTL] ; ADCI2BUSY?

L1_t

jnz L1t

testIFG t

bit #BIT0,&ADCI12IFG

76

; Conversion done?

jz  testIFG t ; No, test again
adde &ADCI12MEMO,&temp] ; Move result

inc  &countl

bic #ENC,&ADCI2CTLO

bic #BIT0,&ADCI12IFG
cmp #0000ah,&countl
jnz  Mainloopl t

mov  &templ, R4

clre

3

loop_t

out t

clr 15
sub  &countl,r4
jnc  out t
inc 15
jmp  loop_t
nop
mov 15,14

mainloop t

loop2_t

nop

clr  rl0

clr  &ANSA
clr  &ANSDI1
clr  &ANSD2
clr  &ANSD3

clre

dadd #00625h,& ANSD3
dadc &ANSD2

dadd #05664h,& ANSD2
dade &ANSD!

dadd #00080h,&ANSD]
dade &ANSA

dec 14

jnz  loop2 t

jmp adju_t

temp_2

jmp temp 1

>



L

BCD TO ASCI CONVERSION

adju_t

first0

clr  second

clr  third

clr  fourth

clr  fifth

clr  sixth

clr 5

clr 4

mov  &ANSA 15
and #000f0h,r5
mov  #00004h,r4
ra rd
dec 14
jnz  firstQ
and.b #0000fh,r5
add.b #030h,r5
mov.b r5,&second ;data after sign
clr 5
clr 4

mov  &ANSArS
and #0000fh,rs
and.b #000fh,r5
add.b #0030h,r5
mov.b r3,&third
clr S

cr 4

; data after decimal

firstl

mov  &ANSDI r5
and #0f000h,r5
mov  #000ch,r4
ma 15

dec 14

Jjnz  firstl

and.b #000fh,r5
add.b #0030h,r5
mov.b r5,&fourth
clr 5

clr r4

; second data after decimal

mov &ANSDI1,15
and  #00fO0h,r5
mov  #00008h,r4



secondl

ma 15

dec r4

jnz  secondl
and.b #000fh 5
add.b #0030h,r5
mov.b r5,&fifth
clr 15

clr 14

; third data after decimal

third1

mov  &ANSDI1 r5
and #000fOh,rs
mov  #0004h,r4
ma 5

dec r4

Jnz  thirdl

and.b #000fh,r5
add.b #0030h,r5
mov.b r5,&sixth ; fourth
clr 15

clr 4

data afier decimal

mov  &ANSDI 15
and #0000tk 5
and.b #000fh,r5
add.b #0030h15
mov.b 15,&seventh
clr r5

clr r4

DISPLAY 'OUTPUT

next 15

disp_15

mov.b #0xd4,&P40UT
bis.b #E,&PSOUT
call  #led_busy
mov  #0x00000r14
cmp  #0x00048.r14
jz chk_mod 2
call  #lookup 15
bis.b #RS &PSOUT
bis.b #E,&P50UT
call  #lcd_busy
add  #0x00008,r14
jmp disp 15

;select IV line of 20x4 LCD

;Enable enable

;check if LCD busy?
;¢Ir PC count value

;1s char disp over?
J'yes',goto 'next line 2!
;call fookup 171
:Enable RS

.enable enable

;check LCD busy flag

;inc PC count value to next chzr




lookup_15  add rl4,pc

mov.b &first, &P40UT :display sign

ret

mov.b &second,&P4QUT .display first digit
ret

mov.b &third, &P40QUT ;display second drgit
ret

mov.b &fourth &P40UT ;display third digrt
ret

mov.b #0x2e &P4QUT ;display '

ret

mov.b &fifth,&P4QUT ;display fourth digit
ret

mov.b &sixth,&P40UT -display fifth digit
ret

mov.b #0x6d,&P40OUT display 'm’

ret

mov.b #0x76,&P40UT display v
ret

: CHECK FOR MODE
chk_mod_2  bitb #BIT0.&P2IN ;check input of the port2 {1AND(p2in)!

jz  temp 2 Jump to calibration mode

Jmp  cal_adcpresent Jump to testing mode

2

WDT ISR:
bic  #10h,0(sp)
reti

)

?
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COMMON INTVEC
ORG WDT VECTOR
DW WDT_ISR

OFRG RESET VECTOR
DW start

e e e st b oo e P o ot et s et e e e e e e Pt et oo e ettt e e et
2

END
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PROJECT IMPLEMENTATION:

1) Component selection criteria were as follows:
» Aimed at being a hand held compact device ,one mmportant criterion for

component selection is size. The size should be ideal to fit a hand held

device.

> Since the power to the testing device is actually tapped from the lince to
the measuring head . The power consumption of all the peripherais and

devices should be made as minimum as possible.

2) The choice of the components are justified as follows -

» The micro controller , MSP430F149A is chosen for its altra low power
consumption , its ability to operate over a wide range of voltages, and its
internal flash memory.It has also inbuilt ADC converter which in turn

reduces the size of the system.

> The SN7ALVC4245A ,is a veltuge converter , which converis +3.3v to +5v.
This is used to interface the port output voltages of the controller to the

display module . The power consumed by this module is very low.

» The ORIOLE LCD module is a display component that consumes

minimum power while operating . It has a permanent back lit LED whose



R0
power can be reduced.

3) After the proper choice of the components , cach of the modules is tested
separately for desired behaviors and their characteristics are noted Any

changes to be made to alter the module behaviors on the basis of the

derived information.

4) When each of the modules was successfully tested , the modules were

interconnected and tested for the desired behavior.
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CONCLUSION:

Hand held transducer calibrater eliminates the need to
detach the measuring head from factory site and carry to lab for checking the
error. Without sinking current from the electronic unit now it is possible to
rectify the error. It can be also programmed in a such a manner it can be
used with different types of measuring heads ke MHI5 or MI20 If (e
standard thread value is already known it is possible now 1o program the

microcontroller to display the error & percentage deviation .
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MSP430x13x, MSP430x14x
MIXED SIGNAL MICROCONTROLLER

SLAS272A — JULY 2000 - REVISED JULY 2000

® Low Supply-Voltage Range, 1.8V ...3.6V ®  On-Chip Comparator
® Ultralow-Power Consumption: ¢ Serial Onboard Programming,
- Standby mode: 1.3 pA No External Programming Voltage Needad
~ RAM Retention Off Mode: 0.1 1A Programmable Code Protection by Security
® Low Operating Current: Fuse
- TpAat 32 kHz, 2.2V ¢  Family Membaers include:
- 250 pA at1 MHz, 2.2V ~ MSP430F133T: BKB Flash Memory,
® Five Power-Saving Modes 256B RAM

® Wake-Up From Standby Mode In 6 s MSP430F135t: 16KB Flash Memory,

512B RAM
® 16-Bit RISC Architecture, — M3P430F147T: 32KB Flash Memory,
125-ns instruction Cycle Time 1KB RAM

® 12-Bit A/D Converter With Internal

MSP430F1481: 48KB Flash Memory,

Refarence, Sample-And-Hold and Autoscan 2KB RAM
Feature - MSP430F1491: 60KB Flash Mer.ory,

® 16-Bit Timer With Seven 2KB RAM
Capture/Compare-With-Shadow Registars, ® Avallable In 64-Pin Quad Flat Pack {QFP)
Timer_B

® 16-Bit Timer With Three Capture/Compare Tadvanced Information

Reglsters, Timer_A
description

The Texas Instruments MSP430 series is an ultralow-power microcontroller family consisti ng of several devices
featuring different sets of modules targeted to various applications. The microcontroller is designed to be battery
operated for use In extended-time applications. The MSP430 achieves maximum code efficiency with its 16-bit
RISC architecture, 16-bit CPU-integrated registers, and a constant generator. The digitally-controlled oscillator
provides wake-up from low-power mode to active mode in less than 6 ps. The MSP430x13x and the
MSP430x14x series are microcontroller configurations with two bullt-in 16-bit timers, a fast 12-bit A/D converter,
one or two universal serlal synchronous/asynchronous communication interfaces (USART), and 48 1O pins.

Typlcal applications include sensor systems that capture analog signals, convert them to digital values, and
process and transmit the data to a host system. The timers make the configurations idea! for industria! contro]
applications such as ripple counters, digital motor control, EE-meters, hand-held meters, etc. The hardware
multiplier enhances the performance and offers a broad code and hardware-compatible family so.ution.

Please ba aware that an important notica concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCT PREVIEW information products n e formative or Copyright & 2000, Texas Instruments Incorparated
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MSP430x13x, MSP430x14x
MIXED SIGNAL MICROCONTROLLER

SLASZT2A — JULY 2000 -- REVISED JULY 2000

pin designation, MSP430F147, MSP430F148, MSP430F149

PM PACKAGE
(TOP VIEW)
T x
- 2 %0
- o = b
2x82 Ez2E 25
SR e85 20k =%
Ubo?zi"ddd@éEEgNNui 5 0
3::4:0_&.9.. I—I—l—l——;;&ﬂ_ﬂ_
( I_II._II._]LJI_.II_II_IL.JL_JI_IL._AL._H_"_JI_JL_J TN
06463626160595857565554535251 50 49 .
DVec 1 48[ P5.4/MCLK
P6.3/A3 [] 2 47[] P5.3/UCLK1
P6.4/A4[] 3 48[] P5.2/50MI1
P6.5/A5[] 4 45[] P5.1/511401
P6.6/A6 [] 5 44{] P5.0/STE1
P6.7/A7 |1 6 43[] P4.7/TBCLK
VRrer+ |17 a2[| P4.6TB6
XIN[ls 41f] Pa.57B5
XOUT/TCLK [] 9 40[] Pa.aTE2
Vergr-+ [J 10 39[) Pa3TR:
VRerF/Verer_ [J 11 38[} P4.2rTR2
P1.0/TACLK [] 12 37[] Pa.1/T31
P1.1TA0 {312 &[] P4.0T30
P1.2/TA1 {1 14 3s[§ P3.7/URXD1
P1.3mAz2 [ 15 4[] P3.6UTXD1
P1.4/SMCLK [J 16 33[] P3.5/URXDO
118 19 20 2122 23 24 25 26 2728 29 30 31 32
Lﬁr‘!ﬁhr‘lﬁﬁﬁﬁmﬁr‘lﬁhﬁh S
L= o Y ¥y O~ Oy oo ooo
<<$_14<<§ g_ld:UJOEXD
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MSP430x13x, MSP430x14x
MIXED SIGNAL MICROCONTROLLER

SLAS272A~ JULY 2000 — REVISED JULY 2000
e

functional block diagrams

MSP430x14x
XN XOUTTCLK DVCC  DVSS  AVCC  AVSS RST/NMIE Pi P2  P3 ps Ps P8
R e U i i SV S S s A O S
| r )
_ . [
Roso Oscliator - ACLK 80 kB Flash] |2xBRAM] | 12 Bt ADC VG Port 12| | 1O Port 34 YO Port 5 VO Port e |
XT2m System | SMCLK |45 k8 Fiasn| |28 Raw] | & harmos 18 U0s, Wiy | 1e10s 8 0e B YO |
xrzour ok 3248 Flash| |1 k8 Ram| J<t0psc promspt 7] [ - — ||
HECony Capaoilty [ l
I MCLK VAN 4/\; 1/\ 4/\r 4 /} 4 1 I
I Y |
I || Test 16 Bit N L o |
| mir MAS, - - - MAB, 4 Bit + |
l crU [ MCB J ]
( Incl, 18 Reg|__| | ]
| - E’é - NS N NZ R/ N N N |
| ] 2= (‘MDB. 18 Bt Qs <‘ _} |
| MDB, & Bit {
| |
z X 4 4 |
Watchdag [ | Tner_g7 [ Tmer_a3 - USARTO [T usaRTy [ | |
timer | B P%:"" [~ Comparatod [} |
ACLK —-] 7 cCreg| [3 coreg Kot A UART Mods| | UART Mada [
1571881)] | shadow SPI Mods SPI Moda |
Reg.
| 1616 B8 [
MSP430x13x
XIN XOUTITCLK DVCC pvsSs AVCC AVES  RSTINMI P1 P2 P3 P4 P5 P&
— ———
| 4 !
L._’. Y . T |
R“"l Oscilator =P ACLK 12 BRADG vo Pt 122| | 10 Port 344 G Port 5 YO For & |
XT2N | Systan Ly syoik (1848 Flashl |srep amf | Channat 1B v0s, M | 16 140s B 1/0s B0y |
xT200T p—| Clock & kB Flash | [ 2563 RaM i interrupt — =1 — |
i <10 s Cony Capablity ] [ ] |
I MCLK AAL 4/\ 4/\ 1 /\ 4 /\. 1 I
[ Y [
| 1 Test N ¥ |
MAB, 16 Bt >
| ] JTaG -~ MAB, 4 Bit [ 3 |
— ~
| cru [ MCB i
| Incl. 16 Reg|___ |
] 5= . L L
| g A N/ N/ R NS NS z R |
— 8
I o K MDB, 16 B o < S
| E MDB, 8 Bit |
| I
™S z . . 4 i
TEK Watchdog{ | Tuner_B3 || Timar_a3 . | usarTo |
wmer ™1 1 [ Power }— 1 -_— l
on
ToI ACLK — H+ 3 CC-Reg| | 3CC-Rag Resot C““?f“"”‘ ug:'ruuoaa |
TOOTD! SMOLK 157 16 Bt ~ E_g;d ode 1

X3
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MSP430x13x, MSP430x14x
MIXED SIGNAL MICROCONTROLLER

SLASZT2A ~ JULY 2000 ~ REVISED JULY 2000

Terminal Functions

TERMINAL
NAME NO. ro DESCRIPTION
Aeo 64 Analog supply voltage, positive terminal, Sunplies only the analog portion of the analog-to-digital converter.
AVgs €62 Analog supply voltage, negative terminal, Supplies only the analog portion of the anaiog-to-digital converter.
DVee 1 Digital supply valtage, positive terminal, Supplies all dighal parts.
DVgg 63 Digital supply voltage, negative terminal, Supplies all digltal parts.
P1.OTACLK 12 VO | General digital /O pin/Timer_A., clock signal TACLK input
P1.1TAD 13 VO | Genaral digital /O pin/Timer_A, capture: CCI0A input, compare: Out0 output
P1.2TA1 14 YO | Generai digital IO pin/Timer_A, capture: CCHA input, compare: Out1 output
P1.3TA2 15 VO | General digital ¥O pin/Timer_A, capture: CCI2A input, compare: Out2 output
P1.4/SMCLK 16 IO | Genaral digital I/O pin/SMCLK signaf outpu?
P1.5/TAD 17 VO | General digital IO pin/Timer_A, compare: Outd output
P1.6TA1 18 VO | General digital IO pin/Timer_A, compare: Out1 output
P1.7TA2 19 VO | Genaral digitat /O pin/Timer_A, compare: Out2 output/
P2.0/ACLK 20 | VO | General digital 11O pinfACLK output
PZATAINCLK 21 /O | Genaral digital /O pinsTimer_A, clock signal at INCLK
P2.2ACACUTITAG 22 Y0 | General digital /O pin/Timer_A, capture; CCi0OB inputComparatar_A output
P2.3ICAQNTA1 23 VO | General digital I0 pirvTimer_A, compare: Oul1 output/Comparator_A input
P2.4ICA1TA2 24 VO | General digital HO pinfTimer_A, compare: Oui2 output/Comparator_A input
P2.5Rosc 25 | VO | General-purpose digital /O pin, input for extemal resistor defining the DCO nominal frequency
PZGADCI12CLK 26 | ¥O [General digital YO pin, conversion clock — 12-bit ADC
P2.7TITAQ 27 VO | General digital /O pin/Timer_A, compare: Outd output
P3.0/STED 28 VO ) General digttal /O, slave transmit enable — USARTO/SP| mode
P3.1/SIMOO 29 VO | Ganeral digital Y0, slave in/master out of USARTO/SPI mode
P3.2/S0MI0 30 | O | Gensral digital VO, slave out/master in of USARTO/SPI mode
P3.30UCLKO K3 | YO | General digltal YO, extemal clock input - USARTO/UART or SPI mode, clock output — USARTO/SP! mode
P3.4UTXD0 32 | VO | General digital VO, transmit data out — USARTO/UART mode
P3.5URXD0 ) O | General digtal /O, receive data in — USARTO/UART mode
P3.6ATXD 1t 34 VO | General digital /O, transmit data out — USART1/UART mode
P3,70URXD1T 35 VO | General digital IO, receive data in — USART/UART mode
P4.Q/TBO 38 VO | General-purpose digital 110, captura /P or PWM output port — Timer_B7 CCRO
P4.1/TB1 ar VO | General-purpose digital /0, capture P or PWM output part — Timer_B7 CCR1
P4.2TB2 38 VO | General-purpose digital 1/O, capture /P or PWM output port — Timer_B7 CCR2
P4.3TB3t 39 VO | General-purpose digital 110, capture I/P ar PWM output port — Timer_B7 CCR3
P4.4TB41 40 VO | General-purpose digital /0, capture VP or PWM cutput port - Timer_B7 CCR4
P4.5TBST 41 | VO | General-purpose digital 110, capture UP or PWM output port — Timer_B7? CCR5
P4.&TB6T 42 VO | General-purpose digital /O, capture i/P or PWM output part — Timer_B7 CCR§
P4.7/TBCLK 43 VO | General-purpose digital O, input clock TBGLK — Timer_B7
P5.0/STE1T 44 VO | General-purpose digital /0, slave transmit enable - USART1/SPI mode ]
P5.1/8IMO1T 45 YO | General-purpose digital /O slave in/master out of USART1/SPI mode
P5.2SOMI1T 46 YO | General-purpose digital I/0, slave out/master in of USART1/SP| mode
P5.3UCLK1T 47 VO | General-purposedigital VO, extemal clock ir put—USART1/UARY or SPI mode, clock output - USART1/SPI
mode
P5.4MCLK 48 IO | General-purpose digital 1/0, main system clock MCLK output
P5.5/SMCLK 49 VO | General-purpose digital I/0, submain system clock SMCLK output
- T 14x devices only

P
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MSP430x13x, MSP430x14x
MIXED SIGNAL MICROCONTROLLER

SLAS272A - JULY 2000 - REVISED JULY 2000
e e e

Terminal Functions {Continued)

TERMINAL [fs] DESCRIPTION T
NAME NO.
P5.6/ACLK 50 VO | General-purpose digital VO, auxiliary clock ACLK output
P5.7/TboutH 51 Vo General-purpose digital /O, switch all PN, digitai output ports to high impedance - Timer_B7 TROto TRE
P6.0/A0 59 VO | Generai digital 110, analog input a0 ~ 12-bit ADC
P6.1/A1 60 VO [ General digttal yO, analog input a1 - 12-bit ADC
P6.2/A2 61 VO | General digital 10O, analog input a2 — 12-bit ADC
P6.3/A3 2 VO | General digitai 10, analog input a3 — 12-bi: ADC
P6.4/A4 3 0 | General digital Y0, analog input a4 - 12-bit ADC
P6.5/A5 4 VO | General digital VO, analog input a5 — 12-bj: ADC
P8.6/A6 5 VO | General digital Y0, analag input a6 — 12-bit ADC
PE.7/AT | YO |General digttal YO, analog input a7 — 1201 ADC )
MI 58 I | Reset input, nonimaskable interrupt input port, or cootstrap loader start (in Flash devices).
TCK 57 ! 1Test dock. TCK is the clock Input port for device programming test and bootstrap toader start {in Flash
davices).
TDI 55 | Test data input. TDi is used as a data input port. The device protection fuse is connected to TDI.
TROMDI 54 VO | Test data output port. TDO/TD! da‘a output or programming data input terminal
™S 56 || Test mode salect. TMS is used as an input port for devics programming and test.
VeReF+ 10 UP | Input for an extemal rafarence voltage o the ADC
VREF+ 7 © | Oulput of positive terminat of the reference voltage in the ADC
VREF-_VeRgr_ 1 O | Negative Terminal for the ADC's reference voltage for bath saurces, the internal referenca voltage, or an |
external applied referance voltage
XIN 8 | Input port for crystal oscillator XT1. Standard or watch arystals can be connacted.
XOUT/TCLK 9 YO | Output tarmina] of crystal ascillator XT1 or test dock input
XT2IN 53 I'__[ Input port for crystal oscillator XT2. Only standard crystals can bg connected.
XT20UT 52 O { Output terminal of crystal oscillator XT2

short-form description
processing unit

CPU

The CPU has sixteen
reduced instruction exe

Peripherals are connected to the CPU using a :
data address and control bus, and can be easily "
handled with all memo

tions.

cution time. This reduces
the register-to-register operation execution time L
to one cycle of the processor frequency.

Four of the registets are reserved for special use
as program counter, stack pointer, status register,
and constant generator. The remaining registers
are available as general-purpose registers,

L Program Counter PC/RO
Stack Pointer I SP/R1

Status Reglster j SRICG1R2

registers that provide

Constant Generator CG2R3

l GeneralPurpose Reglster R4

Eeneral-Purposa Raglster RS

ry manipulatlon instruc- Genenal-Putpose Reglster R14

General-Purpose Register R15
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ELECTRICAL CHARACTERISTICS (Vin =10V, 15 =500 mA, T = T to 1 high [Note 13, uniess ctherwise: noted,

MC7800 Series

)
MCT7B05B MC7805C
Characteristic Symbo} Min Typ Max Min Typ Max Unit
Output Voitage (T = 25°C) Vo 438 5.0 5.2 48 5.0 52 Vdc
Output Voltage Vo Vde
(50MA<InS1.0A PpsisSW) :
7.0 Vde £ Vip 5 20 Vde - - - 475 50 ¢ 5725
8.0 Vdc £ Vi £ 20 Vde 475 5.0 5.25 - - 5 -
Line Regulation, T; = 25°C (Note 2) Regjing ? my
70Vdcs Vin £ 25 Vde - 5.0 100 - 50 | 100
8.0 Vdc < Vi, < 12 vdc 1.3 50 3 4 50
Load Regulation, T = 25°C {Nate 2} Fegioad my
50mAsIgs1.5A - 1.3 100 - 1.3 100
250 mA <1 < 750 mA - 0.15 50 - 2.15 50
Quiescant Current (T, = 25°C) g - 3.2 8.0 - 3z 8.0 ma
Quiescant Current Change Alg mA
7.0 Vde < Vi £ 25 Vde - - - - - 13
8.0 Vdc < Vi 5 25 vdc - - 13 - - -
S50mASInS1.0A - - 0.5 - - 0.5
Ripple Rejection RR daB
8.0 Vdc < Vin < 18 Vidc, f= 120 Hz - 68 - - 66 -
DOropout Voltage (Ig = 1.0 A, T = 25°C) Vi~ Vo - 20 - - 2.0 - vde
Output Noise Voltage (Ta = 25°C) Vn uviNVg
10Hz <f <100 kHz - 10 - - 10 -
Qutput Resistance f = 1.0 kHz o) - 0.9 - - 0.9 - m{2
Short Circuit Current Limit (T, = 25°C) Ise A
Vin =35 Vde - 0.2 - - 0.2 -
Peak Output Current (T = 25°C) Imax - 22 - - 22 - A
Average Temparature Coefficient of Output Voltage TCVg - -03 - - -0.3 ~ mVC
ELECTRICAL CHARACTERISTICS Min=10V, 10 =1.0A, Ty= Tigu ta Thigh [Nate 1], unless otherwise nated )
MC7805AC ]
Characteristic Symbol Min Typ Max Unit
Cutput Voltage (T 3 = 25°C) Vo 49 50 5.1 Ve
Qutput Voltage Vo i Vdc
(5.0mAsSInS10A PpsisW) 4.8 50 | 52
7.5 Vdec < Viq < 20 Vde
Line Regulation {Note 2) Regjine mv
7.5 Vdc £ Vi €25 Vdc, Ig = 500 mA - 50 50
8.0 Vde < Vip £ 12 Vde - 13 | 50
8.0 Vde 5 Vip£12Vde, T = 25°C - 13 25
73Vde 5 Vin 20 Vde, T) = 25°C - 45 50
Load Regulation (Note 2) Regipag mv
50mAsin<1.5A T =25C - 1.3 100
S0mAzIn<1.0A - 0.8 100
250 mA <l <750 mA - 0.15 50
Quiescent Current 12} - - 6.0 mA
(Ty=25°C}) - 32 60
Quiescent Current Change Alg mA
8.0 Vdc < Vi £ 25 Vdc, I = 500 mA - - 0.8
7.5 Vde £ Vip £ 20 Vde, Ty = 25°C - - 08
50mASIns 1.0A - - 0.5

NOTES: 1. Tigy = 0°C for MCTBXXAC, C Thigh = +125°C for MC78XXAC, C, B

= —40°C for MCTBXXB

2.1.0ad and line regulation are specified at constant junction
separately. Pulse tasting with low duty cycie is used.

temparatura. Changes in V¢ due to heating effects must be tzken 1nto account

MOTOROLA ANALOG IC DEVIGE DATA




MC7800 Series

ELECTRICAL CHARACTERISTICS {continued) (v, =10 v, 0= 1T0A T = Tigy to Thigh [Note 1], unless otherwise noted.)

MCT805AC [ |
Charactaristic Symbol | Min | Typ | Max | unit
Ripple Rejection RR dB
8.0 Vde < Vin < 18 Vdc, f = 120 Hz, Iy = 500 mA - 88
Dropout Voltage (1o = 1.0 A, T)=25°C) Vi-vVg - 20 - Vde
Output Naise Voltage (Ta = 25¢C) Vn LMV
10Hz <f <100 kHz - 10 -
Output Resistance (f = 1.0 kHz) o) - 09 - me
Short Circuit Current Limit (Tp, = 25°C) s A
V;" = 35 Vde - 0.2 —
Paak Output Current (T = 25°C) Imax - 2.2 - A
Average Temperature Coefficlent of Qutput Voltags TCVqo - -0.3 - mvVFEC
ELECTRICAL CHAFRACTERISTICS MVin=MVIp=500mA, T, = Tiputo Thigh [Nota 1}, unless otherwise noted.)
MZ7806B MZ7806C
Characteristic Symbal Min Tp Max Min Typ Max Unit
Output Voltage (T = 25°C) Vo 575 6.0 625 §.75 6.0 5.25 Vde
Output Voltage Vo Vdc
(80mA<Igs1.0A PpsisW)
8.0 Vde < Vi, < 21 vde - - - 57 6.0 T3
9.0 Vde s Vi s 21 Vide 57 6.0 6.3 - - -
Line Regulation, Tj = 25°C (Note 2} Regling my
8.0 Vdc < Vip < 25 Vde - 55 120 - 55 120
9.0 Vdc € Vi < 13 Vide - 14 60 - "4 50
Load Regulation, T,j = 25°C {Note 2) Regipag mv
50mAsgins15A - 1.3 120 - 1.3 120
250mA <l S 750 mA - 0.2 60 - 6.2 60
Quiescent Current (T ) = 25°C) Iz - 33 8.0 - 33 8.0 mA
Quiescent Current Change alg A
80Vvdcs Vin <25 Vde - - - - - 1.0
8.0 Vde 5 Vi < 25 Vde - - 1.3 - - -
50mASIn<1.0A - - 05 - - 05
Rippla Rejection RR cB
9.0 Vdc S Vi <19 Vde, =120 Hz - 65 - - 65 -
Dropout Voltage (Ig = 1.0 A, Tg=25°C) Vi-Vp - 20 - - 2.0 - Vdc
Output Noise Voltage (Ta = 25°C) Vn pVVE
10Hz <f<100 kHz - 10 - - 10 -
Output Resistanca f= 4.0 kHz ro - 0.9 - - 08 - me}
Short Circuit Current Limit (Ta = 25°C) Isc A
Vin = 35 Vde - 0.2 - - 0.z -
Peak Output Current (T = 25°C) Imax - 22 - - 22 - A
Average Temperature Cosfficient of Qutput Voltage TCvp - -0.3 - - -0.3 - mvieC
NOTES: 1. Tigy, = 0°C for MCTBXXAC, C Thigh = +125°C for MCT8XXAC, C, B
= —40°C for MCTBXXB

2. Load and line regulation are spacified at constant junclion temparature. Changes in Vg due to heating effects must be takan inte accoyrt
soparately. Pulse testing with low duty cycie is used,

MOTOROLA ANALOG IC DEVICE DATA



MSP430x13x, MSP430x14x
MIXED SIGNAL MICROCONTROLLER

SLAS272A - JULY 2000 - REVISED JULY 2000
e —

comparator_A

The control bits are:
CAOUT, 05Ah, bitd Comparator output

CAF, 05Ah, bit1 The comparator output is transparent or fed through a small filter
P2CAD, 05Ah, bit2 0: Pin P2.3/CAQ/TA1 is not connected to Comparator_A,

1. Pin P2.3/CADTA is connected to Comparator_A.
P2CA1, 05Ah, bit3 0: Pin P2.4/CA1/TAZ is not tonnected to Comparator_A,

1: Pin P2.4/CA1/TAZ is connected to Comparator A.
CACTL2.4  05AN, bit4 Bits are implemented but do not control any hardware in this device.

to

CATCTL2.7 05Ah, bit7

CAIFG, 058h, bitd Comparator_A interrupt flag

CAIE, 058h, bit1 Comparator_a interrupt enable
CAIES, 059h, bit2 Comparator_A interrupt edge select bit

0: The rising edge sets the Comparator_A interrupt flag CAIFG
) 1: The falling edge set the Comparator_A interrupt flag CAIFG
" CAON, 059h, bit3 The comparator is switched on.
CAREF, 058h, bit4,5 Comparator_A reference

0: Internal reference Is switched off, an external reference can be applied.
10 0.25 x VCC reference selected,
2: 0.50 x VCC reference selected.
3: A diode reference selected.

CARSEL, 059h, hit6 An internal reference VCAREF selected by CAREF bits, can be appiied to
signal path CAQ or CA1. The signal Voarer is only driven by a voltags
source if the value of CAREF control bitsis 1, 2, or 3.

CAEX, 058h, bit7 The comparator inputs are excha ngded, used to measure and compensale
the offset of the comparator,

Eight additional bits are implemented into the Comparator_A module. They enable the software to switch off
the input buffer of Port P2. A CMOS input buffer can dissipate supply current when the input is not nea

or Vee. Control bits CAPIG to CAIP7 are initially reset and the pertinput buffer is active.
Is inactive if the corresponding control bit is set.

A/D converter

r VSS
The portinput bufier

The 12-bit analog-to-digital converter (ADC) uses a 10-bit weighted capacitor array plus a 2-bit resistor string.
The CMOS threshold detector in the successive-approximation conversion technique delerrnines each bit by
examining the charge on a series of binary-weighted capacitors. The features of the ADC are:

® 12-bit converter with +1 SR differential (DNL) and +1 |.S8 integral nonlinearity (IN L)
®  Built-in sample-and-hold

® Eight external and four internal analog channels. The external ADC input terminals ars shared with digital
port I/O pins.

internal reference voltage VREF+ 0f 1.5V or25vy, software-selectable by control bit 2_5V
Internal-temperature diode for temperature measurement

Battery-voltage measurement: N = 0.5 x {AVee - AVgg) x 41)96/1.5V: VREFt is selected for 1.5 v/

_—I
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AlD converter (continued)

® Source of positive reference voltage level Vg, can be selected as internal (1.5Vor2.5Vv), external, or AVe .
The source is selected individually for each channel.
® Source of negative reference voltage level Vi _can be selected as external or AVgg. The source is selected
individually for each channel.
® Conversion time can be selected from various clock sources: ACLK, MCLK, SMCLK, or the internal
ADC12CLK oscillator. The clock source fs divided by an Integer from 1 to 8, as selected by software.
® Channel conversion: indivigual channels, a group of channels, or repeated conversion of a group of
channels. If conversion of a group of channels is selec'ed, the sequence, the channels, and the number
of channels in the group can be defined by software. For example, al-a2.a5-a2-a2-
® The conversion is enabled by the ENC bit, and can be triggered by software via sample and conversion
control bit ADC125C, Timer_A3, or Timer_Bx. Most of the control bits can be modified only if ENC control
bitis low. This prevents unpredictable results caused b unintended modification.
® Sampling time can be 4 x n0 x ADC12CLK or 4 x n1 x ADC12CLK. It can be sefected to sample as iong
as the sample signal is high (ISSH=0) or low (ISSH=1). SHTO defines n0 and SHT1 defines n1.
® The conversion result s stored In one of sixteen registers. The sixteen registers have individual addresses
and can be accessed via software. Each of the sixteen registers is linked to an 8-bit register that defines
the posliive and negative reference source and the channel assigned.
Verer* 25w RERON e oan
) VREF: Vieps I -
o V Vi 1.5V or 25V an en
- REFJ ~REE: ver : Relerance AVEG
ADC12CTLx.0.3 AYSS AVCC Roef_X
L ! 4 socrzsse, |
. > ADGILCN ADC120Iv .
P.1A1 . ADG12CTLx 4.8 'S ADGC12050
P8.2IA2 b
PE.YA3 » Aoy Ve VRe . "DC1ciK Divida by CT———acix
P8, » Sample 123458738 O—F—4——nck
PB.5/AS . ::‘:: L 2 12-bit AID converter core SHTO O—T———sucix
P8, » How S —» P2.8ADCT1ZCLK
Pezar L 1ol 124 - SHP
ol a8 M L Sampling ADC128C
F
9 SAMPCON w—- Timer Or—4—Tiver_A3 Outs
_r :10 O—4—Timer_Bx Oug
att Busc O~—4—Timer_Bx.Cut1
[ 12-bt SAR _ ] [ comemoncr. ]
AVCC ¥
Rel X  0140h ADC12MEMO ~|___ADG32CTLo 080N SH8
0142h ADC12ZMEM1 - ADC12CTLY 081th
0144h ADCIZMEM2 ADC12CTL2 042n
0148h ADC1ZMEM3 ADCI12CTLA 083h
0148h ADC12MEM4 ADC12CTL4 584h
Y 014Ah ADC12MEMS ADC12CTLS 085h
b T ouch ADC12MEMS ADC12CTLE 088n
% O14En ADCI2MEMT? ADC42CTL? 087h
AVSS 0150n ADGIZMEME ADC12CTLS 083h
01s2h ADCTZMEM9 ADC12CTLG 083h
0154h ADCI2MEM1G ADC12CTL10 084h
0158h ADC12ZMEM 11 ADRC12CTL11 Gdsh
0158n ADC12MEM12 ADC12CTL12 08CH
015Ah ADCIZMEM13 ADC12CTL13 080h
015Ch ADC12MEM14 ADCI2CTL 14 Q8Eh
D1SER ADC1ZMEM 15 ADC12CTL1S 08Fh
18 x 12-bit 16 x B—bit
ADC Memory (leading bits 15 to 12 @m0} ADC Memary Control
“ N —
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A/D converter (continued)

Table 4. Reference Voitage Configurations

SREF VOLTAGE AT VR+ VOLTAGE AT VR-
0 AVee AVgg
1 VREF+ {intarnal) AvVgg
2,3 VeREF+ (axternal) AVsg
AVee VREF/VeREF_ (internal or external)
5 VREF+ (internal) VREF/VeREF_ (intemal or extarnal) T
6.7 VBREF+ (extemal) VREF/VeREF - (intemal or external)

control registers ADC12CTLD and ADC12CTL1

All control bits are reset during POR. POR is active after Vo or a reset condition is applied to pin RST/NMI.
A more detalled description of the control bit functions is found in the ADC12 module description (in the user's
guide). Most of the control bits inregisters ADC12CTLOD, ADCHY 2CTL1, and ADC12MCTLx can only be modified

if ENC is low.

The foliowing iustration highlights these bits. Six bits are excluded and can be unrestrictedly m
ADC12SC, ENC, ADCH 2TOVIE, ADC120VIE, and CONSEQ.

The control bits of control registers ADC12CTLO and ADC12CTL1 are:

odified:

15 0
ADC12CTLO @E R oo o o om0 oo con o Ry :w.o:‘.‘-.-.o\:‘; %EF"\V :‘K:B:-:No:‘ ADC12 D ADC‘lZ
01A0h :—*;- SR *r»»msrﬂ:.]:.»:-r:-.m.w e, i el Msc z-sv.a 1\9'1 N OVIE ¢0W1E2 ENC 5C
rw—(0) rw—(0) rw—(0) rw-{0) w—{0) rw—{0) rw—(0) rw—{0) rw—(0) rw—{0}
ADC128C Sample and convert. The ADC12SC bit is used to centrol the conversion by software. It
01A0h, bit0 Is recommended that ISSH=0,
SHP=1; Changing the ADC12SC bit from 0 to 1 starts the sample and conversion
operation. BitADC125C is automatically reset when the conversion is complete
(BUSY=0),
SHP=0: Ahigh level of bit ADC128C determines the sample time. Conversian starts once
it is reset (by software). The conversion takes 13 ADC12CL K cycles.
ENC Enable conversion. A conversioncan be started by software (via ADC1 2SC})orbyexternal
01ALh, bit1 signals, only if the enable conversion bit ENC s high. Most of the control bits in
ADC12CTLO and ADC12CTL1, and all the bitg in ADCMCTL x can only be changed if ENC

Is low,
0 :No conversion can be started. This is the initial state,

1: The first sample and conversion starts with the first rising edge of the sampling
The operation selected proceeds as long as ENC is set,

signal.
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control registers ADC12CTLO and ADC12CTL1

ADC12TOVIE
01AOh, bit2

ADC120VIE
01AOh, bit3

ADC120N
01AOCh, bit4

REFON
01AOh, bit5

2_5v
01AOh, bité

MSC
01AOh, bit7

SHTO
01AQh, bitg—11

SHT1
01A0h, bit12-15

Conversion time overflow interrupt enabie.

The timing overflow takes place and a timing overflow vector is generated if another start
of sample and Conversion is requested while the current conversion or sequence of
conversions is still active. The timing overflow enable, if set, may request an interrupt.

Switch on the 12-bit ADC core. Make sure thatthe settling timing constraints are metif ADC
Core is powered up.

0: Power eonsumption of the core is off. No conversion is started.

1. ADC core is Supplied with powar. If no A/D conversion is required, ADC120N can be
reset to conserve power.

Reference voltage on

0: The internal reference voltage is switched off. No POwWer is consumed by the reference
voltage generator.

1: The internal reference voltage is svitched on and Consumes additional power. The
settling time of the reference voltage should be over before the first sample and
conversion is started.

Reference voltage level
0: The intemal-reference voltage is 1.5 V if REFON = 1.
1: The Internal-reference voltage 's 2.5 V if REFON = 1.

Multipie sample and conversion, Works only when the sample timer is selected to generate

the sample signal and to repeat single channel, sequence of channel, or when repeat
Sequence of charine! (CONSEQ#0) is selecteq.

0 :Only one sample is takzn.

1:f8HP Is setand CONSEQ={1, 2, or 3}, then the rising edge of the sample timer's input
signal starts the repeat and/or the sequence of channel mode. Then the second and all

Sample-and-hold Time0

Sample-and-hold Time 1
The sample time is a multiple of the ADC12CLK x 4:

SHTOHM 0 1 2 3 4 5 B 7 8 9 10 ] 14 12-15
n 1 2 | 4 B 116 |24 [ 32 | 48 B4 | 96 | 128 | 182 258

The sampling time defined by SHT0 is used when ADC12MEMO through ADC12MEMT
are used during conversion. The sampling time defined by SHT1 is used when
ADC12ZMEMS through ADC12MEM15 are used during conversion,
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control registers ADC12CTLO and ADG12CTL1 (continued)

15 8 7 0
ADC12CTL1 ST R 22 T r— T _— T
= Startadd : H v ADC12SSEL;| CONsga |ADC12
01A2h s e e st ey | Busy
{0} rw—{0) rw—{0) rw-(0} rw(0) rw=(0) rw—{0) rw—{0) rw—0) rw—{(0) rw=(0) rw-{0} rw~(0) rw~(0) rw—(0} r —{0)
ADC12BUSY The BUSY signal indicates an active sample and conversion operation.
01A2h, bitd 0: No conversion s active, The enable conversion bit ENC can be reset normally.
1: A sample period. Conversion or conversion sequence is active.
CONSEQ

01A2h, bit1/2

ADC12SSEL
01A2Zh, bit3/4

ADC12DIV
01AZh, bit5,6,7

Select the conversion mode. Repeat mode is on if CONSEQ. 1 (bit 1) is set.
0: One singie channel Is converted

1: One single sequence of channels is converted

2: Repeating conversion of one single channel

3: Repeating conversion of a sequence of channels

Selects the clock source for the converter core

0: Internal oscillator embedded in the ADC"2 module
1: ACLK

2: MCLK

3: SMCLK

Selects the division rate for the clock saurce: selected by ADC12SSEL. The clock-opera-
tion signal ADC12CLK is used in the converter core. The conversion, without sampling
time, requires 13 ADC12CLK clocks.

0to 7: Divide selected clock source by integer from 1 to 8

ISSH Invert source for the sample signal
01A2h, bit8 0: The source for the sample signal is not inverted.
1: The source for the sample signal is inverted.
SHP Sample-and-hold pulse, programmabis iength of sample pulse
01A2h, bit9 0: The sample operation lasts as long as the sample-and-hold signatl is 1. The conversion
operation starts if the sample-and-hold signal goes from 1 to 0.
1: The sample time (sample signal is high) is defined by nx4x(1/apc1 2CLK)- SHTx holds
the data for n. The conversion starts when the sample signal goes from 1 to 0.
SHS Source for sample-and-hold

01AZ2h, bit10/11

CStartAdd
01A2h, bit12 to
bit15

0. Control bit ADC125C triggers sample-and-hold followed by the A/D conversicn.

1: The trigger signal for sample-and-hold and conversion comes from Timer_A3.EQU1.
2: The trigger signal for sample-and-hold and conversion comes from Timer_B.EQUG.
3: The trigger signal for sample-and-hold and conversion comes from Timer_B.EQU1,

Conversion start address CstartAdd Is used to define which ADC12 control memory is
usedto starta (first) conversion. The value of CstartAdd ranges from 0 to OF h, corespond-

Ingto ADC12MEMO to ADC12MEM15 and the assoclated control registers ADC12MCTLO
to ADC12MCTL15.

e —————— S
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control register ADC12MCTLx and conversicn memory ADC12MEMx

All control bits are reset during POR. POR is active after application of Ve, or after a reset condition is appiied
to pin RST/NML. Control registers ADC12MCTL.x can be modified only if enable conversion control bit ENC is
reset, Any instruction that writes to an ADC12MCTLx register while the ENC bit is reset has no effect. A more

detailed description of the controt bit functions is found in the ADC12 module description (in the MSP430x 1xx
User's Guide).

There are sixteen ADC12MCTLx 8-bit memory control registers and sixteen ADC12MEMx 16-bit registers.
Each of the memory contro! registers Is associated with one ADC12MEMx register; for example, ADC12MEMO
is assoclated with ADC12MCTLO, ADC12MEMA . is assoclated with ADC12MCTLA1, etc.

7

ADC1ZMCTLx E S R R R R SRR R RAR0 Ba
3 EOS \g e Sref, Source of Reference 2
080h....08Fh U B T Ay B i R
\ v, Y, /
rw=(0) rw={0) rw=(0)

The control register bits are used to select the analog channel, the reference voltage sources for Vr+andVg_,
and a control signal which marks the last channe! in a group of channels. The sixteen 18-bit registers
ADC12MEMx are used to hold the conversion results.

The followlng illustration shows the conversion-resuilt registers ADC12MEMO to ADC12MEM15:

12
ADC1ZMEM 150 - - . :.:ssl T I I I J I T T T T Lg‘
0140h...015Eh !_— I"""i———'"“] ————-—-————H____.._,I

1 I | | |
00 0 rwe{0) rW—{0) rw—(0) rwW—{0) rw—{0} rw—(0} rw—{0) rw—{0} rw—() rw~(0) rw—(0) rw—(0)

ADC12MEMO 0140h, bitD, ~ The 12 bits of the conversion result are stored in 16 control registers
to ADC12MEMO to ADC12MEM15,

ADC12MEM15  D15Eh, biti5 The 12 bits are right-justified and the upper four bits are always read as 0.

ADCA12 Interrupt flags ADC12IFG.x and enable registers ADC12IEN.x

There are 16 ADC12IFG.x Interrupt flags, 16 ADC12IE x interrupt-enable bits, and one interrupt-vector word.
The 16 interrupt flags and enable bits are associated with the 16 ADCA 2MEMx registers. For example, register

ADC12MEMO, interrupt flag ADC12IFG.0, and interrupt-enable bit ADC12IE,0 form one conversion-result
block.

ADC12IFG.0 has the highest priority and ADC12IFG.15 has the lowest priority.

Allinterruptflags and Interrupt-enable bits are reset during POR. POR is active after application of Vg or after
a reset condition is applied to the RST/NMI pin.

ADC12 interrupt vector register

The 12-bit ADC has one interrupt vector for the overflow flag, the timing overflow fiag, and sixteen interru ptflags.
This vector indicates that a conversion result is stored into registers ADC12MEMx, Handling of the 18 fiags is
assisted by the interrupt-vector word. The 16-bit vector word ADC12]V indicates the highest pending interrupt.
The interrupt-vector word is used to add an offset to the program counter so that the interrupt-handier software
continues at the coresponding program location according to the interrupt event. This simplifies the interrupt-
handler operation and assigns each interrupt event the same five-cycle overhead.
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peripheral file map
PERIPHERALS WITH WORD ACCESS
Watchdog Watchdog Timer contro! WDTCTL 0120h
Timer_B7 Timer_B interrupt vector TBiV 011Eh
E:‘::Izg 0 Timer_B control TBCTL 0180h
Capture/compare control 0 CCTLo 0182h
Capture/compare control 1 CCTL1 0184k
Capture/compare control 2 CCTL2 01838h
Capture/compare control 3 CCTL3 0188h
Capture/compare control 4 CCTL4 018Ah
Capture/compare control 5 CCTLS 018Ch
Capture/compara control 6 CCTL6 018Eh
Timer_B register TBR 0190h
Capture/compare register 0 CCRO 3192h
Caplure/compare register 1 CCR1 0194h
Captiure/compare register 2 CCR2 0196k
Capture/compara register 3 CCR3 0198k
Capture/compare register 4 CCR4 018Ah
Capture/compare register 5 CCRS 019Ch
Capture/compare register 6 CCRE 019Eh
Timer_A3 Timer_A interrupt vector TAIV 012Eh
Timer_A control TACTL 0160k
Capture/compare control 0 CCTLO 0162t
Capture/compare control 1 CCTL1 0164h
Capture/compare cantrol 2 CCTL2 0166h
Reserved 0168h
Reserved 016Ah
Reserved 016Ch
Reserved 016Eh
Timer_A register TAR 0170h
Capture/compare register 0 CCRC 0172h
Capture/compare register 1 CCR1 0174h
Capture/compare register 2 CCR2 0176h
Reserved 0178h
Reserved 017Ah
Reservad 017Ch
Reserved G17Eh
Multiply Sum extend Sumgx! G13Eh
L’LE‘SN%xW Result high word ResHi 813ch
Result low word ResLe 013Ah
Second operand Qp_2 0138h
Multiply signed +accurmulatefoperand1 MACS 0136h
Multiply+accumulate/operand 1 MAC 0134h
Multiply signed/operand1 MPYS 0132h
Multiply unsigned/operand1 MPY 0130h

NOTE 10: Timer_B7 in MSP430x14x family has 7 CCR, Timer_B3 in MSP430x13x family has 3 CCR.
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peripheral file map (continued)

PERIPHERALS WITH WORD ACCESS (CONTINUED)
Flash Flash control 3 FCTL3 012Cnh
Flash control 2 FCTLZ 012Ah
Flash controf 1 FCTL1 G128h
ADC12 Conversion memary 15 ADCH12MEM15 | 015Eh
See also Peripherals | Conversion memory 14 ADC12MEM14 | 015Ch
with Byte Accass Conversion memory 13 ADC12MEM13 | 015AN0
Caonversion memaory 12 ADC12MEM12 | 0158h
Conversion memory 11 ADC12MEM11 | 0186h
Conversion memory 10 ADC12MEM10 | 0154h
GConversion memory 9 ADC12MEMS 0152h
Conversion memory 8 ADC1ZMEME 0150h
Conversion memory 7 ADC12MEM7 C14Eh
Conversion memory 6 ALC12MEME 014Ch
Conversion memary 5 ADC12MEMS 14Ah
Conversion memory 4 ADC12MEM4 0148h
Conversion memory 3 ADC12MEM3 0146h
Conversion memory 2 ADC12MEMZ 1 0144h
Conversion memory 1 ADC1ZMEM1 0142h
Conversion mermory 0 ADC12MEMO 0140h
Interrupt-vector-word register ADC12IV Q1ABh
Inerrupt-enable register ADC12ZIE 01ABh
Ineryupt-f.ag register ADC12IFG 01adh
Cantrol register 1 ADC12CTLY 01AZh
Control register 0 ADC12CTLO Q1A0h
ADC12 ADC memory-control register!s ADC12MCTL15 | 08Fh
ADC memnory-control registeri4 ADC12MCTL14 | 0BEh
ADC metnary-control register12 ADC12MCTLA3 | 08Dh
ADC mernory-control register12 ADC12MCTL12 | 08Ch
ADC memory-control register 11 ADC12MCTL1t | 0BBh
ADC memory-cantrol register10 ADCAZMCTLI0 | 08Ah
ADC memory-control register2 ADC12MCTLE | 08%h
ADC memory-control registers ADCY12MCTLE | 088h
ADC memory-cantrol register? ADC1ZMCTLY | 0BTh
ADC memory-control registeré ADC12MCTLE | 086h
ADC memary-control registerd ADC12MCTLS | 085h
ADC memory-control registerd ADC12MCTL4 | 084h
ADC memory-control register3 ADC12MCTL3 | 083h
ADC memary-control register2 ADG1ZMCTL2 | 08Zh
ADC memory-control register1 ADC12MCTL1 | 0B1h
ADC memory-contral registerd ADC12MCTLE | 080N

PRONLICT PREVIEW
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peripheral file map (continued)

A RN B W e -

PERIPHERALS WITH BYTE ACCESS
UART1 Transmit buffer UTXBUF.1 G7Fh
(Only in ‘x14x) Receive buffer URXBUF.1 07Eh
Baud rate UBR1.1 07Dh
Baud rate UBRO.1 07Ch
Modulation control UMCTL 1 07Bh
Receive control URCTL A 07AhR
Transmit control UTCTLA 079h
UART controf UCTLA 078h
UARTO Transmit buffer UTXBUF.0 077h
Receive buffer URXBUF.0 076h
Baud rate UBR1.0 075h
Baud rate UBRO.O 074h
Modulation control UMCTL..0 073h
Receiva control URCTI.Q 072h
Transmit control UTCTL.Q 071h
UART control UCTL.0 070h
Comparator_ A Comp._A port disable CAPD 058h
Comp._A control2 CACTLZ2 05AR
Comp._A control1 CACTLY 059h
System Clock Basic clock system contrpl?2 BCSCTL2 058h
Basic clock system cantrold BCSCTLY 057h
DCO clock fraquency control DCOCTL 056h
Port P& Port P& selection PESEL 037h
Port Pé direction P&DIR 036h
Port P6 output P&OUT G35h
Port P& input PGIN G34h
Port P5 Port P5 selection PSSEL 033h
Port P5 direction PSDIR 032h
Port P5 output PSOUT 031h
Port P§ input P5IN 030h
Port P4 Port P4 selection P4SEL 01Fh
Port P4 direction P4DIR Q1Eh
Port P4 output P4AOUT 01Dh
Port P4 input P4IN 01Ch
Port P3 Port P3 selection P3SEL 01Bh !
Port P3 direction P3DIR o1An !
Porl P3 output PIOUT 019h !
Port P3 input PaIN 018h |
Port P2 Port P2 selaction P2SEL 02Eh !
Port P2 interrupt enable P2IE 02Dh |
Port P2 interrupt-edge select P2IES och !
Port P2 interrupt flag P2IFG 02Bh :
Port P2 direction P2DIR 02an |
Port P2 output P20UT p29n
Port P2 input P2IN 028h
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peripheral file map {continued)

PERIPHERALS WITH BYTE ACCESS

Port P1 Port P14 selaction P1SEL 026h |
Port P1 interrupt enable P1IE 025h
Port P1 interrupt-edge select PIIES ozah |
Port P1 interrupt flag P1IFG 023n
Port P1 direction P1DIR 022h
Port P1 output F10UT 021h
Paort P1 input P1IN 020h
Speclal Functions | SFR module enable 2 ME2 005h
SFR module enabie 1 ME1 004h
SFR interrupt flag2 IFG2 003h
SFR interrupt flag1 IFG1 002h
SFRinterrupt enable2 IEZ 001h
SFR interrupt enablel IE1 (30h

absolute maximum ratings over operating free-air temperature (unless otherwise noted)?

Voltage applied at Vg fo Vgg
Voltage applied to any pin (referenced to Vgg)
Diode current at any device terminal .
Storage temperature (unprogrammed device)
Storage Temperature {programmed device)

—03Vio+4.1V

-0.3VtoVpe+03V
...................................................... 12 mA

-55°C to 150°C

.......................................... -40°C to 85°C

t Stresses beyond those listed under “absolute maximum ratings” may cause perrnanent damage to the device. These are stress ratings only, and
functional cperation of the device at these or any other conditions beyond those indicated under "recommended operating conditions™ is not
implied. Exposure to absolute-maximum-rated concitions for extended periods may affect devics reliabitity.

NOTE: All voltages raferenced to Vssg.
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recommended operating conditions

PARAMETER MIN | NOM MAX | UNITS
Supply voltage during program execution, Vo (AVoe = DVee = Vo) mgﬁ:ggg:i: 18 36 v
Supply voltage during flash memory programming, Voo MSP430F13x, 5 36 v
{AVce = DVee = Vee) MSP430F 14x ‘ :
Supply voltage, Vgg 0.0 0.0 3
Operating free-air tomperature range, Ta mg E:gg:}g: —40 85 “C
LFXT4 ol fro ( LF selected, XTS=0 | Watch crystal 32768 Hz
crystal fraquency, f FxT1 = -
(see Notes 10, 11) { ) XT1 selected, XTS=1 | Ceramic resonator 450 8000 kHz
XT1 selected, XT7S=1 | Crystal 1000 B8OOGS kHz
Ceramic resonator 450 BOOO .
XT2 erystal frequancy, fixT2) Crystal 1000 e
Vpn =22 (8] 5
Processor frequency (signal MCLK), fsystem) Vgg — : oC ) MHz
Flash-timing-generator frequency, f(FTG) mgg:ggi}i: 257 476 kHz
. Voo =2T7VI3EYV
Cumulative program time, YCPT) (sea Note 12) MSP430F13x 3 ms
MSP430F 14x
Low-lavelinput voltage {TCK, TMS, TDI, RST/NMI), VL (excluding Xin, Xout) | Voo = 22Vi3 V Vg Vgg +0.6 v
High-level input voltage (TCK, TMS, TDI, RST/NMI), Vi _
(excluding Xin, Xout) Vec=22viev 0.8vee vee v
WV i Voo =223V Y 0.2xV v
Input levels at Xin and Xout I (Xin, Xout) e J S5 oS
VA {Xin, Xout 0.8xvee Ldelo!

NOTES: 11. In LF mode, the LFXT1 oscillator requires a watch erystal and the LFXT1 osciltator requires a 5.1-MQ2 resistor from XOUT to VSS
when VCC < 2.5 V. In XT1-mode, the LFXT1. and XT2 oscillators accept a ceramic resonator or a crystal frequency of 4 MRz at
Vg 22.2V.In XTi-mode, the LFXT1 and XT2 oscillators accept a ceramic resonator or an 8-MHz erystal frequency at Vg 2 2.8 V
12. InLF mode, the LFXT1 oscillator requires a watch crystal. LFXT1 accepts a ceramic rasonator or a crystal in XT1 modte,
13. The cumulative program time must not be exceeded during a sagment-writa cperation.

f (MHz) 4 Suppiy voltage range, 'F13x/14x
during programming of the
flash memory

gOMHz——————————
Supply voltage range, 'F13x/14
during program executio
40MHz T~ — '—I

v

1
18V 27V 3V 36V
Supply Voitage -- V

Flgure 3. Frequency vs Supply Voltage, MSP430F13x or MSP430F14;
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MSP430x13x, MSP430x14x
MIXED SIGNAL MICROCONTROLLER

— SLASZ72A — JULY 2000 - REVISED JULY 2000
e e

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

supply current into AVgc + DV excluding external current, fisystem) = 1 MHz

PARAMETER TEST CONDITIONS MIN | NOM| MAX] UNIT
Activa mode, . . Voo=22V 225 | TBD
I(AM) ;(rgm:; s%ﬂSCaL':(z) =1 MHZ. Fj‘ggn TA = ..40°C to B5°C ],J,A
S=0, SELM=(0,1) vee=3V 340 | 7BD
Active mode,
= = =22V
AMCLK) = HSMCLK) = 4 096 Hz, C13s Vgo=22 TBD| T8BD
lAam) f(ACLK) = 4,096 Hz F149' Ta = —40°C to 85°C LA
§=0, SELM=(0,1) =3y
XTS=0, SELM=3 Voo 78D} TBD
F135, Voo =22V 65| TBD
LPmo)  Low-power mode, (LPMO) F149 Ta = —40°C 1o 85°C Veos 3V 701 Teo LA
. Voo=22V 1] T8D
iLPz)  Low-power mode, (LFPM2) Ta = —40°C to 85°C Voo =3V pro —— HA
Tp = —40°C 1 TBD
Tp = 25°C Vg =22V 091 TED| pA
Low-power made, (LPM3) Tp = 85°C 27| TBD
LPM3)  fMCLK) = [SMCLK) = 0 MHz, - a0
fACLK) = 32,768 Hz, SCGO = 1 Ta = 40"C 2| TED
Ta =25°C Voo =3V 191 TBD HA
Tp = B5°C 39| TED
Tp = —40°C 04| TBD
Ta = 25°C Vee =22V 0.1f TBD| uA
Low-power mode, (LPM4) Ta = 85°C 16| TED
M4y fimcLk) =0 MHz,  fispmoL) = 0 MHz, ——
é(ACLK)"' oMz Songt Ta = 40°C 01| TED
Ta = 25°C Voo =3V 01 TBD| A
Ta = 85°C 19| TBD

¢ Texas
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MSP430x13x, MSP430x14x
MIXED SIGNAL MICROCONTROLLER

SLAS272A — JULY 2000 — REVISED JULY 2000
P

elactrical characteristics over recommended operating free-air temperature (unless otherwise
noted) {continued)

Current consumption of active mode versus system frequency, F-version
I(AM) = I(AM} [1 MHZ] x f(System) [MHz]
Current consumption of active mode versus supply voltage, F-version

lam) = liam) (3 vy + 120 pAV x (Ve -3 V)
SCHMITT-trigger inputs — Ports P1, P2, P3, P4, P5, and P§

PARAMETER TEST CONDITIONS | MIN TYP MAX| UNIT
Voo=22V 1.1 13
ViT+ Posltive-going input threshold voltage £e vV
Voo =3V 1.5 1.8
' ) Vop =22V 04 0.9
VIT- Negative-going input threshold voltage v
Veg=3V 0.90 12
Vop=22V 03 1
Vi-Vp Inputioutput voltage differential, (hysteresis) <C v
Vee =3V 05 14
standard Inputs — RST/NMI; JTAG: TCK, TMS, TDI, TDO/TDI
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V] Low-level input voltage v Vgg+0.6 v
IL p g Voo =22V/3V SS 3z}
ViH High-level Input voltage 0.8<Vee Voo Y
outputs — Port 1: P1.0 to P1.7; Port 2: P2.0 to P2,5 (see Note 13)
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
IoH(max) =-1-5mA, V=22V, SesNote 14 | Voc—0.25 Veo
[ =6mA, Vpoc=22V, SeeNotet5 | Vv .6 Vi
Vor  High-level sutput voltage [ OHimax) ce = ce? i v
IOH(max) = —1.5mA, Voo=3YV, See Note 14 | Vi—0.25 vee
IoH(max} =6 mA,  Vgg=3V, See Note 15 | V0.6 Voo
|OL(max) =1.5mA, Veo=22Y, SesNotei14 Vgs Vgg+0.25
l =6 mA, Veo=22Y, SeeNotsai5 v Vgg+0.6
VoL Low-level output vollage OL(max) CC S3 SS v
IQL{max)=1.5mA,  Vpo=3V, See Note 14 Vag Vgg5+0.25
10L (max) = 6 MA, Voo =3V, See Note 15 Vag Vgg+0.6

NOTES: 14. In LF made, the LFXT1 oscillator requires a 5.1-MQ resistor connected from XOUT te Vgg when Ve < 2.8V, All inputs are tied to
0V orto Vg e. Outputs do not source or sink any current. The current censumptions in LPM2, LPM3, and LPM4 are measured with

active ACLK selected.
15. The maximum total current, loH(max) and loL{max), for all outputs combined, should not excead +12 mA to satisfy the maximum
spacified voltage drop.
16.  The maximum total current, loH(max) and lot (max), for all outputs combined, should not exceed +48 mA to satisfy the maximum
specified voltage drop.
Input frequency — Ports P1 to PG
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Voo =22V 8
fny ) = 4L cc Mtz
Voo =3V 10

“.’P TeEXAS
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MSP430x13x, MSP430x14x
MIXED SIGNAL MICROCONTROLLER

SLASZT2A — JULY 2000 — REVISED JULY 2000

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

12-bit ADC, power supply and Input range conditlons (see Note 29)

PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
AVe e and DV are connected togsther
Aeo Analog supply voltage AVgs and DVgg are connected together 18 36 W
Viavss) = Viovss) =0V
. e 2_5V = 1 for 2.5 V built-in reference | 3 v 2.4 25 256
VREF+ SOI:t;ltlve b‘:m itn reference 2_5V =0tfor 1.5 V built-in reference W
oltage ouipu W(REF)* < 1 mA 22vi3v 144 15 1.56
Load current out of VREF+ 22V 0.01 -05
WREF+ terminal 3y =1 ™
W(REF)+ = 500 pA +/- 100 pA 22V 1| LsB
Analog input voltage ~0.75 V;
IL Load-current ragulation 25V=0 3V =1
(VREF)+ VREF+ terminal lV(REF)"’ = 500 MA + 100 pA
Analog i/p volltage ~1.25 V; av 11 LSB
2 5v=1
. W(REF}* =100 pA — 900 pA, CvREF+=0 pF 600
| IoLvRER)+ \Lﬂ:EdFT{;e"':i;Z?”lam“ VCC=3V, ax 0.5 x VREF + ne
Error of conversion result s 1 LSB | CVREF+=5 kF 20
Positive external :
VeREF+ reference voltaga input VeREF+ > VeREF-VeREF- (see Nota 30) 14 Vavec | v
Negative external Vavee ,
VREF- VeREF-  ofarence voltage input VeREF+ > VeREF—VeREF- {3¢0 Note 31) 0 “yalov
(VeREF+ =~ Differential external
VREF-/VeREF—) reference valtage input VeREF+ > VeREF-/VeREF - {see Nota 32) 14 Va/Ce v
. All PG.0/AD 1o PE.7/AT terminals. Analog inputs
ViP6.xiAxX) Analag input voltage selected in ADC12MCTLx register and P6Sel.x=1 0 Voo vV
range (see Nole 33) X Mg
0<x<7; Viavss) € VPe xtAx S V(AVED)
Oparating supply current - 22V 0.65 1.3
lanc12 into AV e temminal E\Sg 11228[5 K= 1 SRUEr;lg:J =0 mih
{see Note 34) ' v 08 18
Operating supply current | fapcizeLk = 5.0 MHz
IREF+ into AV terminal ADC120N =0, 3V 0.8 08| ma
(see Note 35) REFON=1,Z2_5V =1
Operating supply current fADC"ZCLl’E =5.0MhRz 2.2V 0.5 0.8
IREF+ {see Note 35) ADC120N =0, me
REFON=1,2.6V=0 KRY 0.5 0.8
NOTES: 290. The leakage current is dafined in the Jeakage cument table with P6.x/Ax parameter.
30. The accuracy limits the minimum positive external reference voltage. Lower reference voltage levels may be applied with reduced
accuracy requirements.
31. Theaccuracy limits the maximum negative external reference voitage. Higher reference voltage ievels may be appiied with reduced
accuracy requirements.

32. The accuracy limits minimum external differential reference voltage, Lower differential reference voltage levels may be applied with

reduced accuracy requirements.

33. The analog Input voltage range must be within the selected reference voltage range VR to VR.- for valid conversion resuls.

34, The internal reference supply current is not included in curent consumption parameter iAnC12-

35. The intemal reference current is supplied via terminal AV;. Consumption is independent of the ADC120N control bit, unless a
conversion is active. The REFON bit enables to settle the built-in reference bafore starting an A/D conversion.
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MSP430x13x, MSP430x14x

MIXED SIGNAL MICROCONTROLLER

SLAS272A — JULY 2000 — REVISED JULY 2000

electrical characteristics over recommended operating free-air temperature (unless otherwise

noted) {continued)

12-bit ADC, built-In referance (see Note 39)

PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
Static input curren! (see
lVeREF+ Note 3s)p ¢ 0V 2VeREF+ = VAVCGC 22Vi3V ERN TP
Static input curent {(see
WREF-/VBREF—  pote 36;) ¢ OV < VaREF- < VaAvVCC 22VRV ] pA
Capacitance a! pin REFON =1,
CVREF+ VREF+ (s80 Note 37) 0 mA £ IWVREF+ % W(REF)+{max) 22VBV 200 Pk
Input capacitance (see REFON =1,
Gi Note 38) 0 mA < W(REF* S V(REF)+(max) 22vi3v 5 nF
Only one terminal can be sefected at one
, Input MUX ON e PB X 22V 1B 30
4 resistance(see Note 38) - f
- 0V <Vay SVayce 3V 2000
Temperature coefficient | ly(REF)* is @ constantin the range of o
TREF+ of built-in referance 0 mA £ hy(REF)* < 1mA 22Vi3V 20 1000 4 ppmv°C
NOTES: 36.

follow the recommendations on analog-source impedance to allow the charge to sattle for 12-bit accuracy.
37. Theinternal buffer operational amplifier and the accuracy specifications require an external capacitor. The extemnal capacitance has
twa limits: the first is a capacitance of 0 to the maximum data (pF-range), and the second is an extemal capacitor of greater than

tha minimum data {uF-range). The cutput amplifier operates in the safe area in both ranges.

The extemal referencs is used during conversion to charge and discharge the capacitance array. The dynamic impedanca should

38. Theinput capacitance is also the dynamicload for an external referenca during conversion. The dynamicimpedanca of the reference

39.

nF of the reference supply allows the charge to setlle for the 12-bit accuracy.

supply shouid follow the recommendations on analog-source impedance to allow the charge to settle for 12-bit accuracy.
Tha voltage source on VaREF+ and VREF-/VeREF--) needs to have low dynamic impedance for 12-bit accuracy. Aminimum of 470
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MSP430x13x, MSP430x14x
MIXED SIGNAL MICROCONTROLLER

SLASZY2A — JULY 2600 ~ REVIEED JLLY 2000

electrical characteristics over recommended operating free-air temperature (unless ctherwise
noted) (continued)

12-bit ADC, timing parameters

PARAMETER TEST CONDITIONS MIN NOM MAX [ UNIT
WREF)+=05mA, C +=10pF,
Settla time of Intermal V&REF 3 =15V, VAVC‘YC(:iEZF-)Z V 171 ms
tREF(ON) reference voltage (see - - - -
Figure 11 and Note 40) 'VéREF)+-°-5 mA, 0<CyiREF)* < 200pF VREF- =} 5 47 207 s
15V, Vayoo =22V "
; AVEC(min) = VAVCC $ AVEC(man):
g;ﬁ::':l;n time (sse CyREE-+ 2 5 yF, Intemal oscillator, 27 3.6 us
fogc =4 MHz to 6 MHz
{CONVERT A
WCG(min) S VAVCC $ AVCC(max),
M 13xADC12DIVX
Conversion time Extemal fADC12(CLK) from ACLK or MCLK or 15 Hs
SMCLK: ADC12SSEL + 0 ADC12(CLK)
tADC120N  Settle time of the ADC | AvCC{min) S VAVCGC £ AVCC(max) (see Note 41) 100 ns
VAVCC(min) £ VAVCE < VAVCC(max av 1220
tsample Sampling time Rigsource) = 400 £, Z= 1000 02, Cj= 30 pF ns
1 = [Ri(source) X* Zi} x Cj(ses Nots 42) 22V | 1400
NOTES: 40. The condition is that the errorin a conversior started after triF(On) is less than 20.5 LSB. The settling time depends on the external
capacitive load. The feedback of the binary -weighted capacitor emay tc the reference voltage requires .3 farge extemnal capacitor.
Small extemal capacitors need greater conversion tim (decreased faL,G12CLK)-
41. The condition is that the eror in a conversion started after tanc 120N ks less than £0.5 LSB. The reference used is alreacy seflied
42,

Ten Tau {t) are needed 1o get an ervor of less than £0.5 LSB. tgample * 10 % (Ri + Zi) + 800 ns

CVREF+ 4
100 pF + + Voo =3V
VREf+™ 2.5V
F 4 +
10w s oVeem2.2V
. Vi =15V
10F 1 iy REf+
//.
s
00 nF - y
1 ni //./
/.
10nF + //‘/
o
- s
inF ///'
100 pF T v
ot
s
/.
] : —o L } L . P
1us 10 s 100 s 1ms 10 ms 100ms  tREF(ON}

Figure 11. Maximum Settling Time of Internal Reference tRgr(oN) VS External Capacltor on VRgp+
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MSP430x13x, MSP430x14x
RIXED SIGNAL MICROCONTROLLER

SLAS272A — JULY 2000 — REVISED JULY 2000
SR

electrical characteristics over re

commended operating free-air temperature (unless otherwise
noted) (continued)
flapc1zcLK(max))
5MHz 1- e ————— — =
2.5 MHz
0,625 MHz -[
I X -
100 pF 200 pF 5uF Capacltor at VREF+
Figure 12. Maximum Frequency fADCA2{CLK) VS External Capaclitor on VRgp-
42-bit ADC, linearity parameters

PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
E, |ntegral linearity emor (VeREF+"VREFJVeREF-—)minS(VeREF+-'VREF—NeR zp ) 122VAV £ TBD | LSB
gp Dfforonialinsarty | (gcer, - VrerNeREFJmin's VeREF « -VREF Vo 7 |22vBY £ TEO| LSB

(VeREF+ - VREFNVeREF-Imin S (Vi REF+~-VREF-/VeREF-):
Eg Offsetemor In;"ﬂ'f;hpe‘;}anw R <1000 22VI3V 42 TBD| LSB
Eg Gainarror (VeREF+— VREF-VeREF)min 3 (VBREF+"VREF—N5REF—) 22V YV 111 TBD| LSE
Er :‘:.?: unadjusted (VoREF +~ VREFVeREF-Imin s (VeREF + ~ VREF NeRizF-) | 22VBY 2 TBD| LSB
B Texa
S
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MSP430x13x, MSP430x14x
MIXED SIGNAL MICROCONTROLLER

SLAG27ZA — JULY 2000 — REVISED JULY 2000

electrical characteristics over
noted) (continued)

recommended operating fre

12-bit ADC, tempaerature sensor and bulit-In Vmid

e-air temperature {unless otherwise

PARAMETER | TEST CONDITIONS
ISENSOR Operating supply current Into VRerFoN = O INCH = OAh,
N AV terminal (sea Note 43) ADC120N=NA_, Tp = 25°C
VSENSOR ADC120N = 1, INCH = DA, Ta = 0°C 086157
= ' = . A = )
986 986:5%
22V 355  3.55£39
TCSENSOR ADC120N = 1, INCH = 0Ah \W \\ e 4,37//0\ v
N . uat ‘a
Ometime i channel 10 s selected | ADC120N =1, INCH = 0Ah, l22v | 25
ISENSORION)  (see Note 44) Errar of conversion result < 1158 FV \ 24 He
i = = 22V NA
hMiD Current into divider at channel 11 ":DOS‘?;N 1, INCH = 0Bh, (see ‘m “ —erl uh
i ADC120N = 1, INCH = 08h 22V | 09 0.90:004
A AV divider at channet 11 ; ' ' W
Mo ce VD is =05 x VAVCC v | 15 150:0.04
On-time if channel 11 is selectad ADG120N = 1, INCH = 0Bh, 22V | NA.
tON(VMID) {see Nota 46) Error of conversion result 5 1 LSB av | e

NOTES: 43. The sensorcurrentlSENsoRisconsumed if (ADC120N =1 and VREFON=1), 6F {ADG120N=1 AND WNCH=0Ah andsample signal

is high).

44, The typical aequivalent impedance of the sensor is 51 k2 The sample time needed is the sensor-on time ISENSOR(ON]

45. No additional curentis needed. The V(D is anyway used during conversion.

46. The on-time tON/MID) Is identical to sampling ime tSample:

JTAG, program memory and fuse

no addtional on time is neaded.

PRODUCT PREVIEW

PARAMETER TEST CONDITIONS ™ Ve | MW [nom] max| UNT
" 22v__| DC \ E
TCK frequen WH
freky JTAGITest quency " 3v_ | oc | | 10 ’
Pullup resistors on TMS, TCK, TO! (see Note 2y | zaviav | [ eo| ool
VEB p Fuse-biow voltage, F versions (see Nate 49) ‘ 22VRV l 60 | _I 7.0 ‘
JTAGHKuse -
IFa (see Note 48) Supply current on TOH with fuse blown l l l l 100 ‘ mA l
Time to biow the fuse | { | | 1 | ms
{DD-PGM) F-varsions only Current from DV when programming is active l 27T VI3ENV l 3 l 5 ‘ mA
(DD-Erase) F-versions only Programming time, single pulse 27ViBeV | 3 5] mA
E ) \ Writafarase cycles 1041 108 cycles
i varsions onl
Yretention) sonly  [hata retention Ty = 25°C l | 100] | I yearss |
NOTES: 47. TMS, TOI, and TCK pull-up resistors are implemented in all F versions.
48. Once the fuse is blown, no further access to the MSP420 JTAG/test feature is possible. The JTAG Dloc: is switched 10
pypass made.
49. The supply voltage 1o plow the fuse is applied o the TDI pin.
§0.

by fFTG) applied to the fiash timing cantroiter. it can pe calculated as follows:

tward write) = WX UFETG

t{segment write, byte 0} = 321 X ETG)

Y{segment write, byta 1~ g3y = 20%
t{mass arase) = 5296 x WH(FTG)
t{page erase) = 4817 X VR(FTG)

METG)

frroKy may be restricted tomestthe timing requirements of the module selected. Duration of the programierasa &y e is determings

POST
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OP07C, OPO7D
PRECISION OPERATIONAL AMPLIFIERS

SLOS099D ~ OCTOBER 1983 — REVISED FEBRUARY 2002
® Low Nolse OPO7C ... DOR P PACKAGE
- opP ...D,P, {3
® No External Components Required 070 ?rgpt\);s:g PACKAGE
® Replace Chopper Amplifiers at a Lower T
Cost OFFSET N1[l 4 8§} OFFSET N2
® Wide Input-Voltage Range IN-(] 2 7l Vee-
...0to+14 V Typ IN+[} 3 s[louT
® Wide Supply-Voltage Range Vee- [} 4 sfinc
..¥3Vio 18V _ .
® Essentially Equlvalent to Falrchild pA714 NG=Nointemal connection
Operational Amplifiers
® Direct Replacements for PMI OP07C and
OPO7D
description
These devices offer low offset and long-term stabilty by means of a low-noise, chopperless,
blpolat-input-transistor amplifier circuit. For most applications, external components are not required for offset
nulling and frequency compensation. The true differential input, with awide input-voltage range and outstanding
common-mode rejection, provides maximum flexibility and performance in high-noise environments and in
noninverting applicatlons. Low bias currents and extremely high input impedances are maintained over the
entlre temperature range. The OP07 is unsurpassed forlow-noise, high-accuracy amplification of very-low-level
signals.
These devices are characterized for operation from 0°C to 70°C.
AVAILABLE OPTIONS
PACKAGE
Vio MAX
TA AT 25°C SMALL OUTLINE PLASTIC DIP
(D, PS) (P)
OPO7CD QPO7CP
0°Cto 70°C 150 pv OPO7DD
CPOTDPS ORO70P
The D package Is available taped and reeled. Add the suffix R to the device type
{e.g., OPOTCDR). The PS package Is available cnly taped and reeled.
symbol

OFFSET N1
IN+

ouT
IN—

OFFSET N2

Please be aware that an important notica concerning availability, standard warranty, and use in critical applications ¢f
Texas Instrumentis semiconductor products and disdaimers thereto appears at the end of this data sheet.

PRODUCTION DATA Infarmation 1s current a8 of lpublcluon dats, Copyright @ 2002, Texas Inslruments Incorporated
Products canfonn to apecifications per the terms of Texss Instrunwnts i

standard Production pr ing does not iy Inciude

watieg of W paramaters. EXAS

INSTRUMENTS
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P07C, OP07D
RECISION OPERATIONAL AMPLIFIERS

OS080D ~ OCTOBER 1883 — REVISED FEBRUARY 2002

:chematic
7 Voo
OFFSETN1 _' I 1 i} g
OFFSETN2 2 r \ . ﬁ|
| L \
hﬁ ¥ Lj § ouT
IN+ —
2
TN= —a 1
Y N
COMPONENT COUNT |
Resistors 28 {‘7
Transistors 39
Capacitors 4 l l 4 vee-

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T
Supply voltage: Vec+ (SBENOME 1) +oevoeeseermmrne et
Vee- (see Note O —22vV
Differential input voltage (see Note 2)

........................................................ +30V
Input voltage, Vi {either input, see Note B) e T 22V
Duration of output short Circut (568 NOte 8) . oomneree s ... Unlimited
Package thermal impedance, 8)a (see Note 5Y: D paCKAgE -~ - oe st 97°CMW

P pACKAgE ..o e T B5°CMW

PS PACKAGE .- oo g5°CMW
Lead temperature 1,6 mm (1/16 inch) from case for 10 SECONAS ... vevmv oo 260°C
Storage ternperature range, Tatg oo vereesrreee s -65°C to 150°C

1 Stresses bayond those listed undar *absolute maximum ratings” may cause permanent damage to the devica. These arg slress ratings only, and

functional operation of the device at thess or any other conditions beyond those indicated under “racommended operating conditions” is nat

implled. Exposure 1o absolate-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltage values, unless otherwise noted, are with respect to the midpoint between VGG
. Differential voitages are at IN+ with respect to IN—.

The magnitude of the input voltage must naver exceed the magnitude of the supply voitage or 15 V, whichever

The outpul may be shorted to ground or either power supply.

. The package thermal impedance is calculated in accordanca with JESD 51-7

+and VoG-

i5 less.

e wN

recommended operating conditions

MIN MAXl UNIT
w3 18| v

Vee: | Suppl voltage

1
vic Common-mede input voltage lVCCt =115V l -3 13 l \Y J
Ta Operating frae-air temparature | o 70 oec J
P TEXAS
. INSTRUMENTS
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OPQ7C, OPOTD

PRECISION OPERATIONAL AMPLIFIERS

SLOS099D - OCTORER 1983 - REVISED FEBRUARY 2K12
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0P07C, OPO7D
PRECISION OPERATIONAL AMPLIFIERS

SLOS50080 — OCTOBER 1883 — REVISED FEBRUARY 2002

operating characteristics, Voo =15V, T =25°C

OPOTC |} OPO7D
PARAMETER coNboNst e
f=10 Hz 10.5 105
Vn Equivalent input noise voltage =100 Hz 10.2 10.3 | nviiH7
f=1kHz 9.8 98
VN(pp) Peak-to-peak equivalent Input noise voltage f=0,1Hzto 10 Hz 0.38 0.38 ryv
f=10Hz 0.35 0.35
In ' Equivalent input noise current f=100Hz 0.15 0.15 | pA~Hz
f=1kHz 0.13 013
IN(pp) Peak-to-peak equivalent input noise current f=01Hzto$0Hz 15 15 pA
SR Slew rate RLz2kQ 0.3 03| Vs

¥ All characteristics are measured under open-loap conditions with zera common-mode input voltage, unless otherwisa noted.

APPLICATION INFORMATION

QFFSET N1

Figure 1. Input Offset-Voltage Null Clrcult
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Burr-Brown Products
from Texas Instruments

REG1117
REG1117A

iy

SBVSDO1B - OCTOBER 2007

800mA and 1A Low Dropcut Positive Regulator
1.8V, 2.5V, 2.85V, 3.3V, 5V, and Adjustable

FEATURES

® FIXED AND ADJUSTABLE VERSIONS
@ 2.85V MODEL FOR SCSI-2 ACTIVE TERMINATION

® OUTPUT CURRENT:
REG1117: 800mA max
REG1117A: 1A max

@ OUTPUT TOLERANCE: 1% max

® DROPOUT VOLTAGE:
REG1117: 1.2V max at |5 = 800mA
REG1117A: 1.3V max at lp = 1A

® INTERNAL CURRENT LIMIT
® THERMAL OVERLOAD PROTECTION
@ SOT-223 AND DDPAK SURFACE-MOUNT PACKAGES

APPLICATIONS

® SCSI-2 ACTIVE TERMINATION

@ HAND-HELD DATA COLLECTION DEVICES
@ HIGH EFFICIENCY LINEAR REGULATORS

® BATTERY POWERED INSTRUMENTATION

® BATTERY MANAGEMENT CIRCUITS FOR
NOTEBOOK AND PALMTOP PCs

® CORE VOLTAGE SUPPLY: FPGA, PLD, DSP, CPU

A

PRODUCTION DATA information ks currert aa of
Products

biication dats.

Please be aware that an imporiant notice concerning availability, standard wamanty, and use in
Texas Instruments semiconductor products and disclaimers therelo appears at the end of this data sheet.

DESCRIPTION

The REG}117 is a family of easy-to-us¢ three-lerminal
voltage regulators. The family includes a variety of fixed-
and adjustable-voltage versions, two currents (BO0mA and
1A) and two package types (SOT-223 and DDPAK). See the
chart below for available options.

Output voltage of the adjustable versions s sel with two
external resistors. The REG1117's low dropout voltage
allows its usc with as little as 1V input-output voltage
diffcrential.

Laser trimming assures excellent outputl volage accuracy
without adjustment. An NPN output stage allows output
stage drive to contribute to the load current for maximum
efficiency.

BOOmA 1A

voLTAGE | sorz22 | oorak | sor-zz | porak
1.8V v v
2.5V v v
285V v
3.3V v v ]

5V v v o

Ad). v v v J

critical applications of

Copyrighl @ 1992, Burm-Brown Corporation

contorm 1o apecifications per the tetis of Texas instrumants %
standard wamanty. Preduciion processing does not trecessartly inchuds EXAS
festing o 28 parpmetur: INSTRUMENTS

www.ti.com



CKAGE/ORDERING INFORMATION

SPECIFIED '
PACKAGE TEMPERATURE PACKAGE ORDERING TRANSPORT
RODUCT Vol PACKAGE-LEAD | DESIGNATOR RANGE MARKING NUMBER MEDIA, QUANTITY
00mA Output 1
EG1117-2.85 | 2.85/800mA S0T223-3 Doy 0°C 1o +125°C BB11172 REG1117-2.85 Rzils, 80 :
" " " " " REG1117-2.85 | Tape and Raal, 250 1
{EG1117-3.3 | 3.3/800mA 5072233 DCY 0°C 10 +125°C BB11174 REG1117-3.3 Ralls, 80 ;
- " " " " REG1117-3.3 Tape and Real, 2500
EGI1MTE-33 | 3.3/800mA DDPAK-3 KYT 0°C 1o +125°C BB1117F4 REG1117F-3.3 Rails, 48
" """ " " " REG1117F-33 | Taos and Rest, 500
REG1117-5 5V/800mA 50T223-3 ocY 0°C 1o +125°C BB 175 REG1117-5 Rails, 80
* " " b r REG1117-5 Tape and Real, 2500
REG111T Ad)./800mA S0T223-3 DCcY 0°C to +125°C BB1117 REG1117 Rails, 80
" " " " " REG1117 Tape and Roa!, 2500
1A Output
REG111TA-1.8 1.8VI11A $0T223-3 ooy 0°C to +125°C R111718 REG1117A-18 Rails, BU
" " " - " REG1117A-1.8 Tapo and Reol, 2504
REG1117FA-1.B] 1.B/1A DDPAK-3 KTT ¢C 1o +125°C | REGI1TFALE | REGIT.7FA-1.8 Rails, 49
“ "™ - " " REG1117FA-1.8 | Taoe and Reel, 500
REG1117A-2.5 2.51A §0T223-3 DCY 0°C 1o +125°C R111725 REG1117A-2.5 Rails, 80 ‘
" " " " - REG1117A-25 | Tare and Reel, 2500
REG111TFA-2Z5| 2.5/1A DDPAK-3 KTT 0°C 1o +125°C | RIG111"FAZS | REGUII7FA-Z5 Rails, 49
by " " " " REG1117FA-2.5 Tape and Reei, 500
REG1117FA-5 B1A DDPAK-3 KTT °C 1o +125°C | REGI11TFASD | REGI17FA-S0 Ral's, 49
" " " " " REG1117FA5.0 | Tape and Reel, 300
TEGI117A Adj.HMA S0T223-3 DCY 0°C to +125°C BB1117A REG1117A Rails, 80
: " W " " - REG1117A Tape and Resl, 2500
REG1117FA Adj. 1A DDPAK-3 KTT 0°C 1o +125°C REG111TFA REG1117FA Rails, 49
" " " " " REG1117FA Taps and Reai, 500 l

ABSOLUTE MAXIMUM RATINGS(™

Power Dissipation Intemally Limited
Input Voltage .15V
Qperating Junction Temparature Range.... ... 0°C to +125°C
Storage Temperature Range ........- . —65°C o +150°C
Lead Temparature (soldaring, 10s)2 +300°C

NOTE: (1) Stresses above these ratings may causs parmanent damage. (2) See
*Soidering Mathods.”

CONNECTION DIAGRAM

Front View
Plastic 50T-223

Plastic DDPAK

Ground Vour Vi
{Adi)n

NOTE: (1) Adjustable-Voltage Madsl.

A

EXAS
5 INSTRUMENTS

www.t.com

ELECTROSTATIC
DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Texas Instru-
menis recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degrada-
tion to complete device failure. Precision integrated circuits
may be more susceplible to damage because very smiall
parametric changes could cause the device not 1o meet its
published specifications.

REG1117, REG1117A

SBVSOOE



ELECTRICAL CHARACTERISTICS

At T, = +25°C, unlass otherwise noted.

\- REG1117, REG1117A
PARAMETER CONDITIONS MIN | TYP MAX UNITS
OUTPUT VOLTAGE
REG1117-2.85 Ip= 10mA, Vi = 4,85 2.820 2.85 2880 Y \
See Nota 1 15= 0 10 BOOMA, V= 4.05 10 10V 2.7%0 2.85 2.910 W 1
REG1117-3.3 1= 10mA, V=53V 3,270 3.30 3.330 i ‘l
See Note 1 Jo= 0 10 BOOMA, Vg = 4810 10V 3.240 3.30 3.360 i
REG1117-6 lo= 10mA, V= TV 4,850 5.00 5.050 I‘
Sea Note 1 o= 0 10 BOOMA, Vi ® 6.5 10 1oV 4.900 5.00 5.100 0 |
REG1117A-18 o= 10mA, V= 3.6V 1.782 18 1818 v i
Sae Note 1 1g= 010 1A, V= 3.8V 10 10V 1.764 18 1.836 J [
REG1117A-25 lo= 10MA, Ve = 4.5V 2.475 2.5 2,525 W '\
See Note 1 o= @10 1A, Vn= 4.5 to 10V 2.450 2.5 2.350 W l‘
REG111TA-5 1o = 10mA, V=7V 4.950 5.0 5050 W i
Sea Nate 1 lo= 010 1A, Yy & TV 10 10V 4.900 50 5400 v !
REFERENCE VOLTAGE |
REG1117 (Adjustable) lo® 16mA, V= Vo= 2V 1.238 1.250
Sea Note 1 1o = 10 1o BAOMA, V= Vo = 1.4 10 10V 1,225 1250
REG1117A (Adjustable) fg= 10mA, Vi — Vo= 2V 1.238 1250
Sae Note 1 1= 10mA to 1A, V- Vo= 1410 10V 1,225 1.250
UINE REGULATION
REG1117-2.85% o= 0, Vu=4251%0 10V 1 v i v |
REG1147-3.3% 1g= 0, V= 4810 1OV 2 7 i |
REGA117-5" tg= 0, Vey = 6.5 10 15V 3 3 \
REG1117 (Adjustable} lo= 10mA, Vi = Vo= 4510 1375V 04
REG1117A (Adjustabie)" 1p = 10mA, Vi~ Vo= 1.5t 13.75V 0.4
REG1117A-1.8(" lg= 0, Vg = 3.8V 1010V 1
REG1147A-2.5 1o = 0, Vp = 45V 10 1OV .
REG1117A5.04 1g= 0, V= 7V 10 15 3
LOAD REGULATION
REG1117-2.85% 1o = 0 to B00MA Vi 425V 2
REG1117-3.3% lo = © 1o B00MA, Yoy = 4.8V 3
REG1117-5( 1= 0 1o B0OMA, Vi ® B.5V 3
REG1117 (Adjm\ab'.e)l‘m lg= 10 to BOOMA, V= Vo= 3V 04
REG1117A (Adjustable}® 1g= 10mA to 1A V= Vo= 3V 0.1
REG1117A-18 1% 010 A Vg = 3.8V 2
REG1117A-25 o= 010 1A Vin= 4.5V 3
REG111TA-B 3
DROPOUT VOLTAGE™
All Modelst 1.00
See Note 1 1.05
REG1147 Moda!s™ 1.10
REG1117A 1.2
See Nole 1 12
CURRENT LIMIT
REG1117 Models 800 950
REG1117A 1000 1250
WINIMUM LOAD CURRENT

Adjustable Modals! &

QUIESCENT CURRENT |
Fixad-Valtage Motalst) ] 4 e oo
Adjust PIn Current! @ Vo= 10mA, V= Vo= 1.4 10 10V 50 120 WA
vs Load Current, REG1117W 1g= 10mA 10 BOOMA, Ve - Vo= 1.4 1o 10V ) 5 A
vs Load Current, REG111TALH lg= 10mA ta 1A, V- Vp= 1410 10V 0.5 5 \ b
THERMAL REGULATION
All Models™ 30ms Pulse 0.04 a4
RIPPLE REJECTION
All Models {= 120HZ, Y~ VYour = 3y + 1Vp-p Ripplé 62 aB
TEMPERATURE DRIFT
Fixed-Vottage Models T,=0°Clh +125°C 0.5 %
Adjustable Models T,=0°Cte +125°C 3 | %
"9 TEXAS
SBYSOMEB www.il.com



LECTRICAL CHARACTERISTICS (Cont.)

[yx +25°C, unless otherwise noled.

REG1117, REG111TA
ARAMETER CONDITIONS MIN TYP MAX UNITS
ONG-TERM STABILITY
All Models T, # +125°C, 1000Hr 0.3 %
JUTPUT NOISE
rms Noise, All Models f = 10Hz to 10kHz 0.003 %
rHERMAL RESISTANCE
Operating Junction Temperalure Range 1] +125 “C
Storage Range -85 +150 . *C
Thermal Resistance, 8¢ {Junction4c-Case at Tab} |
3-Lead SOT-223 Surface-Mount 15 SCIW
3-Lead DDPAX Surface-Mount > 50Hz 2 *CIW
dc 3 O
Thermal Resistance, 84 (dunction4o-Case at Tab)
3-Lead DDPAK Surface-Mount Ng Heal Sink 65 “CrwW

JOTES: (1) Specification appiies over the {ull operating Junction temp!
ninimum joad current for £3% regulation. (3) Dropout voltage is the input voltage minus ou
{4) Parcantage change in unloaded output voltage before versus aftar a

1.4V (Reading taken 10ms after pulse}.

arature rangs, 0°C to +125°C. (2) REG1117 and REG1117A adjustable versions reguira &
tput voltage that produces a 19, decreasa in output voltage.

30ms powar puise of 1o = BOOMA (REG1117 madats), |, = 1A (REG111TA), Vy = Vo ®

SIMPLIFIED SCHEMATIC
—0 Vi
I
Tharmal T
Limit
D SV
10X
{Substra‘e)
Ground (Fixed-Vollage Moda's)
-0 Adi. (Adjustable-Valtage Modal)

Q’ TEXAS
INSTRUMENTS
www ti.com
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SN74LVC4245A
OCTAL BUS TRANSCEIVER AND 3.3-V TO 5-V SHIFTER

WITH 3-STATE OUTPUTS

SCASITSF - MARCH 1994 - REVISED AUGLST 2002

Bldirectional Voltage Translator DB, DW, OR PW PACKAGE
5.5V on A Port and 2.7 V to 3.6 V on B Port (TOP VIEW)
Latch-Up Performance Exceeds 250 mA Per 5V Vecaldt = [ Veep (3.3 V)
JESD 17 oirf]2 23[] Vees (33 V)
ESD Protection Exceeds JESD 22 atfls 22Ot
— 2000-V Human-Body Model (A114-A} m2fla 218
- 200-V Machine Model {A115-A) Asls 0] B2
— 4000-V Charged-Device Modet (C101) asfle  19flBa
asll7 18] B4
descriptionfordering information rslte 17[l 85
This 8-bit {octal) noninverting bus transceiver ig% io 1?% z?,
contains two separate supply rails; B port has ano e 140 B8
Veeg. which is set at 3.3V, and A perthas Voea, ano ]2 130 GND
which Is set at 5 V. This allows for translation from

a 2.3-V to a 5-V environment, and vice versa.

The SN74LVC4245A Is designed for asynchronous communication between data buses. The device transmits
data from the A bus to the B bus or from the B bus to the A bus. depending on the logic level at the
direction-control (DIR) input. The output-gnable (OE) input can be used to disable the device so the buses are
effectively isolated.

The SN74LVC4245A pinout allows the designer to switch to a normal ali-3.3-V or all-5-V 20-pin '245 device
without board re-layout. The designer uses the data paths for pins 2-11 and 14-23 of the SNT74LVC4245A 10
align with the conventional *245 pinout.

ORDERING INFORMATION

ORDERABLE TOP-SIDE !
Ta PACKAGET PART NUMBER MARKING

Tube SN74LVCA245ADW

SOIC - DW LVC4245A
Tapa and real SNTALVCA24 5ADWR

—40°C to 85°C
5S0P-DB | Tapaand reel SN74LVC4245ADBR LJ245A
TSSOP - PW | Tape and real SN74LVCA245APWR LJ245A

1 Package drawings, standard packing fuantities, thermal data, symbalizaticn, and PCB design
guidelines are avallable at www.i.convsc/package.

FUNCTION TABLE
{NPUTS
— OPERATICN
OE DIR
L L B datato A bus
L H Adata tc B bus
H X Isclation

Piease be aware that an important notice concerning availability, standard warranty, and use in critical apptications o
Texas Instrurments semiconductor products and disclaimers thersto appears at the end of this data sheet.

PRODUCTION DATA nkemation la cument &8 of publication duts. Copyright & 2002, Texas Instruments Incorporalad
s e e oty bt !
fasting of ol penmetecs. TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75285 4



74LVC4245A

TAL BUS TRANSCEIVER AND 3.3-V TO 5-V SHIFTER
rH 3-STATE OUTPUTS

$375F — MARCH 1984 — REVISED AUGUST 2002

jic diagram (positive legic)

Yo Seven Othor Channols

ibsolute maximum ratin%s over operating free-air temperature range for Voca = 45Vto 355V
unless otherwise noted)

SUpPlY VOAGE FANGE, VEEA « -« -w v eer s sr s se e m e T -05Vtio85Y
Input voitage range, Vy: A port (5B8 NOTE 1) .. v 05Vt Veeat 05 WV
COMEONIMPULS .+« vv o eeecememensmr e s -05VtoBY

Output voltage range, Vo: A port (588 NOLE 1) ...\ rvvvcn e ~05VioVepa 00V
Input clamp current, Y ) T ~50 mA
Output clamp current, lok (Vo < ) R R ~50 mA
CoONtNUOUS OUIPUE CUITEME, 10 « v v e v owmm s e s es s s s e m s m s £50 mA
Continuous current through each Voca of GND oottt e £100 mA
Package thermal impedance, 0, (see Note 2): DB PACKAGE ... onnaer e B3°CIW
DW PACKAQE ..o vv o oemmren s 48°CIW

PW PACKAGE . .ovvevnrmemrrmrs s BB C/W

Storage temperature Fange, Tgeg -« - -xre v sorsrrmss st —65°C to 150°C

+ Stresses beyond those listed under “absalute maximum ratings” may cause permanent damagatothe davice. These ara stress ratings onty, and
functional operation of the devica at these or any other conditians beyond those indicated urider “recommended operating conditions” is not
impiied. Exposure to absalute-maximum-rated conditions for extended periods may affact device raliability.

NOTES: 1. Thisvalue is limited to 8 v maximum.

2. The package thermal impadance Is calculated in accordance with JESD §1-7.

"u" TEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN741LVC4245A
OCTAL BUS TRANSCEIVER AND 3.3-V TO 5-V SHIFTER

WITH 3-STATE QUTPUTS

SCASITSF — MARCH 1994 — REVISED AUGUST 2002

absolute maximum ratinq_s over operating free-air temperature range for Veep = 2.7V to 3.6 A
(unless otherwise noted)

Supply voltage range, Vees
Input voltage range, V). B port {(see Note 3)

Output voitage range, Vo B port (see Note 3)
Input clamp current, i V< 0)

........................................................... ~50 mA
Output clamp current, lox (VD € O« eeeermnnmeemnms e mes e —50 mA
ContNUOUS OUEPUE CUITENE, I <<+« cccen s sensss st s s eeemm s 50 mA
Continuous current through Veep of GND  +oeeeeee e T +100 mA
Package thermal impedance, 6,4 (see Note 2): DB package -.....cc-coerrimsmrers 63°CW

DW PaCKAgE . -vonorrrenm e 46°CIW

PW PACKAGE ... «ooovnersensrrn 88°C/W
Storage temperature range, Tatg «rverrreermrr e ~65°C to 150°C

1 Stresses beyond those listed under "absclute maximum ratings” may cause permanent lamage tothe device. These are sress ratings only, and
functional operation of the device at these or any other conditions beyond those indic ated under “recommended oparating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended perlods may at'act device reliability.
NOTES: 2. The package thermal impadance Is calcutated in accordance with JESD $1-7.

3, This value Is limited 10 4.8 V maximum.

recommended operating conditions for Vgca = 4.5V 10 5.5V (see Note 4)

MIN MAX | UNIT

VoA Supply voltage 45 55 v

ViH High-level input voltage 2 \Y

ViL Low-tevel Input voitage 0.8 v

Vi Input voltage 0 Veca v

\/e} Output voltage 0 VGcA v
loH High-lavel output current ~24] mA
Tor__ Low-level output curent 24| mA
Ta Operating free-gir tamperatice —40 8| C |

NOTE4: Allunused tnputs of the device must be held atthe assaciated VGO or GND to ensure proper device operation. Refer tothe T1 application
report, implications of Slow or Floating CMOS inputs, literature rumber SCBAQQ4.

recommended operating conditions for VeeB = 2.7V to 3.6 V (see Note 4)

wn wax] uniT |
Veep  Supply voltage 27 a6 v
VIH High-lave! input voltage Voep =27V BV 2 A
ViL Low-lavel input voltage Veoe=2TVio 36V 0.8 \Y
Vi Input voltage 0 Voce Y
Yo Output voltage 0 Vees v
0 i Voo =27V -12
OH High-level output cument Vocp =3V 2 mA
loL  Lowdevel output cument \\';z‘éz: ";LV ;24 md
T Operaling free-alr temperature —40 85| C |

NOTE4: Aliunused inputs of the devicemust baheld at the asscciated Vog or GND to ensure proper device pperation. Refer tothe Tl application
report, impiications of Slow or Floating CMOS Inputs, litarature number SCBAD04.

"-'? TeEXAS
INSTRUMENTS

POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265 3



SN74LVC4245A

JCTAL BUS TRANSCEIVER AND 3.3-V TO 5-V SHIFTER

NITH 3-STATE OUTPUTS

3CAS3I75F — MARCH 1884 — REVISED AUGUST 2002

slectrical characteristics over recommended operating free-air temperature range for

Veea = 4.5 V to 5.5 V (unless otherwise noted) (see Note 5)

PARAMETER TEST CONDITIONS Veca | MIN Typt  max| umir
45V 43
loH =-100
OH uA 55V 5.3
VoH 45V 37 v
10K = ~24 mA - :
OH 55V 47
45V 0.2
I, = 100
OL bA 55V 0.2
VoL 45V i
loL = 24 mA - -
oL 55V 0.55
l Controt inputs | V| = Voga or GND 55V £1 LA
lozt |Aport Vo= Voca of GND 55V 51 A
leca V1=Veca or GND, =0 585V 80 A
Alooal One inputal 3.4V, Other inputs at VA of GND 55V 15] ma
G Control inputs | Vi = Voo or GND Cpen [ pF
Cio A port Vo = Voea or GND 5V 11 pF

T All typlcal values are measured at Vo = 5V, Ta = 25°C.
¥ For /O parts, the parameter Iz includes the input leakage cuirent.

§ This is the increase in supply current for each input that is at one of the specified TTL voltage levels, rather than 0 \ or the associated V.
NOTES: Veeg=27Vied6V

elactrical characteristics over recommended operating free-air temperature range for
Vecp=2.7Vto 3.6 V (unless otherwise noted) (see Note 6)

PARAMETER TEST CONDITIONS VceB MiN  TYPT mMax( UNIT
lon = =100 pA 27Vte38V | Veo-0.2
VOH loH=-12mA 27y 22 v
av 24
loH = —24 mA 3V 2
loL = 100 pA 27Vi036V 0.2
VoL lo =12 mA 27V 0.4 \%
oL = 24 mA 3V 0.55
lozt Bpot |Vo=Vces or GND 36V 5| pA
cce V| = Veog of GND, Ig=0 36V 50| uA
AlCCB§ QneinputatVeeg - 0.6V, Otherinputs at Vegg of GND | 27 V103.6V 0.5 mA
Cia |Bpot  {Vo=Vocgor GND 33V 1 pF

T For VO ports, the parameter |z includes the input leakage current.

§ This s the increase in supply cument for each input that is at one of th

11 All typica! values are measured at Vi = 3.3 V, T = 25°C.
NOTEB: Voca=5V105V

e specified TTL voltage levels, rather than 0V or the associaled Vo

"«.’* TEXAS
INSTRUMENTS

4 POST OFFICE BOX 655303 @ DALLAS, TEXAS 752685



SN74LVC4245A
OCTAL BUS TRANSCEIVER AND 3.3-V TO 5-V SHIFTER

WITH 3-STATE QUTPUTS

SCASI75F - MARCH.1994 — REVISED AUGUST 2002

switching characteristics over recommended operating free-air temperature range, Ci = 50 pF

(unless otherwise noted) (see Figures 1 and 2)

VeeaT5V=0.5Y,
: FROM TO
v =27VTO36V
PARAMETER (NPUT) (OUTRUT) CCB UNIT
MIN MAX
1tPHL A B ! 53 ns
tPLH 1 67
1PHL B A ! 61 ns
tpl‘_-H 1 5
pZL — 1 9
L E A
tsz o 1 81 ns
— 1 8.8
tPZL oF B s
tpzH 1 98
— 1 7
PLz OE A ns
tPHZ 1 58
—_ % 77
Lz OE B ns
PHZ 1 78

operating characteristics, Veca = 4.5V 0 3.5 V,Vcep =2.7Vto 3.6V, Ta =25°C

PARAMETER TEST CONDITIONS TYP | UNIT
) . ) Qutputs egnabled 395
Cpd Power dissipation capacilance per transceiver - f=10MHz pF
Outputs disabled 5

power-up considerationst

Ti level-transiation devices offer an opportunity for successful mixed-voltage signal design. A
sequence always should be followed to avol
anomalies caused by Improperly blased device pins. Take these precautionsto g

problems.

d excessive supply current, bus contention, oscil

1. Connect ground before any supply voltage is applied.

Next, power up the control side of the device (Vo for all four of these devices).

2
3. Tie OF to Vgca With a pullup resistor so that it ramps with Veea
4

Depending on the direction of the data path, DIR can be high or low. If DIR high i
ramp it with Ve Otherwise, keep DIR low.

1T Refer 1o the T) application raport, Texas Instruments Voltage-Level-Translation Devices, liter

ature number SCEAQ21.

proper power-up
lations, or other
uard against such power-up

s needed (A data to B bus),

"J Texas
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