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Synopsis




SYNOPSIS:

This project is aimed at generating the temperature profile for the
Reflow Soldering System (4036 — 1.7) SEHO Seitz & Hohnerlein and the test
cabins at Premier Polytronics Pvt. Ltd.

The profile generated, provides the temperature that existed in the
heating zones, through which the Printed Circuit Boards passed through, for
the soldering of the surface mountable devices or components. This can be
compared with the ideal values, depending on which, the Printed Circuit
Board soldered could be rejected or sent for further testing.

This project caters to the need at Premier Polytronics Pvt. Ltd. for
temperature monitoring and profile generation for the Reflow Soldering
System and the test cabins.

The same system designed for the Reflow Soldering System could be
used to monitor the temperature within the test cabins where products,
involving transducers, manufactured by Premier Polytronics Pvt. Ltd., are

caliberated.
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The need for the Project




THE NEED FOR THIS PROJECT:

1. The products that are tested at the test cabins employ a variety of
transducers to convert physical parameters into electrical signals. These
transducers need to be calibrated at a specific condition for ensuring 1its
performance over the entire range of measurement values in either a
linear form or as per a curve that is characteristic in nature of the

transducer.

7 To eliminate the assignable causes that could influence the performance

of the transducer with respect to temperature.

3 To control the process variations in terms of the ambient conditions,
with respect to temperature, that could influence the decision of

accepting or rejecting a transducer produced.

4 To reduce the assignable causes with respect to soldering of the devices
onto the Printed Circuit Board in terms of solder temperature variation

that is acceptable by the device.



5 As the number of Printed Circuit Boards to be soldered is of varied
dimensions and component count, the profile of heat applied to solder
needs to be changed and hence to arrive at a profile suitable for each

type of PCB, the profile generator needs to be deployed.
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INTRODUCTION: ph”

This project is aimed at generating the profile of the temperature that
existed in the Reflow Soldering System heating zones, when a batch of Printed
Circuit Boards are sent through it. The system is used to solder the Surface
Mountable Devices or components on to the Printed Circuit Boards.

When the Surface Mountable Devices are to be soldered, they pass
through three heating zones and a cooling zone. In the first zone, the heating 1s
up to approximately 145 OC with a gradual change of 2 OC per second as the
conveyor belt moves on. The purpose of this zone is the evaporation of
solvents. The Printed Circuit Boards exist in the second zone for duration
range of 60 to 120 seconds. Here the temperature is maintained at 145 °C for
the activation of fluxes and chemical reduction. In the third zone, the
temperature is raised to approximately 210 OC to 225 °C. The purpose of it is
to melt the metallic content in the solder paste. After the peak is attained, the
Printed Circuit Board is cooled using a fan and the maximum temperature 18

183 °C and is gradually reduced for 60 seconds. This is done to prevent any



thermal shock on the temperature sensitive components. The grouping of the
heating zones and a sample profile are shown on page 14.

Though the Reflow Soldering System is designed to cause no errors, the
actual temperature existing in the machine might vary and this can cause
damages to the Mountable Devices or can cause faulty soldering which will
lead to the improper working of the entire Printed Circuit Board. The faulty
boards are generally detected by testing each board individually. Instead of the
usual routine, the profile of the heat that existed during soldering could be
generated and the Printed Circuit Boards could be directly rejected without
testing or sent for further testing depending on the profile obtained. This leads
to our project.

To accomplish the profile generation, we use a thermocouple as the
temperature sensor. This is passed through the Reflow Soldering System,
along with the Printed Circuit Boards. The electrical signal generated by the
thermocouple in rtesponse to the temperature variations, is digitized and
processed at the thermocouple end using a processing unit. This signal 1s

transmitted to the Personal Computer located far apart from the Reflow



Soldering System and near the user, by UART. The received signal at the
Personal Computer end is processed, and the profile generated.

The block or modular diagram of the profile generation process 1S
shown on page 15.

The same system can be used to monitor the temperature existing within
the test cabins, where the transducer involving products manufactured by

Premier Polytronics Pvt. Ltd. are calibrated.
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Project Modules




PROJECT MODULES:

The entire project can be sub-divided into different modules depending
on the functionality. The modules are:
1. Signal Conditioning Unit
2. Processing Unit
3. Communication Unit

4. Profile Generation Unit

The Signal Conditioning Unit and the Processing Unit are attached to
the end of the Thermocouple. The Processing Unit is present immediately after
the Signal Conditioning Unit, since the sensor output is feeble. This reduces
the errors.

The Communication Unit consists of the Transmission Circuitry at the
Processing Unit end and the Reception Circuitry at the Personal Computer
end.

The Profile Generation Unit consists of the Personal Computer with the

necessary coding in C language for reception of data and profile generation.



wQost

<« —»
LINQY LIN{1
NOLLVYANID LINN LIN(] | g ONINOILIANOO V
{—> >
AT1104d NOISSINSNVAL DNISSHOOUd TVNDIS

TAVIOVIA OO0

ATdNODONIHHL




SIGNAL CONDITIONING UNIT:

The Signal Conditioning Unit consists of three parts, the thermocouple,
the amplifier and the filter.

The thermocouple to be used for this project has been selected to be the
K-Type thermocouple. The choice has been made, after analyzing the
properties of various thermocouples. The range of temperature to which the
thermocouple is to be subjected to is 0 °C to 300 "C. The output of the
thermocouple is directly connected to the input of the amplifier.

The block diagram of the Signal Conditioning Unit is provided on the
next page.

The amplifier used here is the Instrumentation amplifier. This amplifier
is chosen to reduce errors. The circuit diagram of the amplifier is provided on
page 28.

The amplifier output is fed to the Low Pass Filter. The filter is included
to remove all the high frequency noise signals. The output of this stage is fed

to the Processing Unit.
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PROCESSING UNIT:

The function of the Processing Unit is to digitize the signal, process it
and transmit it by asynchronous transmission.

The Processing Unit mainly consists of the MSP430F149
microcontroller. Considering its features, which tend to reduce the circuitry
necessitated by the Processing Unit, this microcontroller is chosen.

The Features of MSP430F149:

1. Low supply voltage range

2. Ultra low power consumption

3. Low operating current

4. 16-bit RISC architecture

5 12-bit A/D converter with internal reference, sample-and-hold and
autoscan feature.

6. 16-bit Timer with three capture/compare registers

7. On-chip comparator

The input from the Signal Conditioning Unit is fed into channel a0 of

the analog multiplexer inputs of the microcontroller.



The microcontroller is programmed to digitize the input at channel a0.
"he input signal range 1s set to be within OV to 1.5V. The microcontroller has
, built in clock, which is used here for sampling.

The 12 - bit analog to digital converter is built in. Each channel has a
separate memory o store the corresponding digital value. The cabin inputs
could be connected to other channels.

The digital three-nibble value is separated into individual nibbles. A
conversion is performed on each nibble. The ASCII value of each is obtained
through programming and this is transmitted. A zero nibble is added in front
of the three nibbles to make it a 2-byte data. The ASCII value of Space is
transmitted between each data for clarity at the reception side.

The transmission is done in the UART mode. The MSP430F149 is
configured for Asynchronous Transmission. The output of the microcontroller
is of the TTL level. This voltage level is feeble for transmission over a
distance of 250 meters. This difficulty is overcome in the Communication
Unit.

The circuitry for the Processing Unit is provided on page 29. The

coding for the microcontroller programming is provided on page 37.



ARCHITECTURAL OVERVIEW:

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

memory architecture, a common address space for all functional blocks, and

a reduced instruction set applicable to all functional blocks. The MSP430

von-Neumann architecture has RAM, ROM, and peripherals in one address

space, both using a single address and data bus. This allows using the same

instruction to access RAM, ROM, or peripherals and also allows code

execution from RAM.

The following diagram shows the architecture of MSP430F149:

...................

hmm”-—




CENTRAL PROCESSING UNIT:

The CPU incorporates a reduced and highly transparent instruction 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 pointer
(SP), status register (SR), and constant generator (CGx). The constant
generator supplies instruction constants, and is not used for data storage. The
CPU control over the program countet, 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 any
of the least-significant address lines of the memory address bus (MAB) as
required to access the memory locations. Blocks of memory arc

automatically selected through module-enable signals. This technique



reduces overall current consumption. Program memory is integrated as
programmable or mask-programmed memory. In addition to program code,
data may also be placed in the ROM section of the memory map and may be
accessed using word or byte instructions; this is useful for data tables, for
example. This 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 mterrupt
vectors at the top of the 64-kilobytes address space from OFFFFh down to

OFFEOh.

DATA MEMORY:

The data memory is connected to the CPU through the same two
buses as the program memory (ROM): the memory address bus (MAB) and
the memory data bus (MDB). The data memory can be accessed with full
(word) 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 MSP430 devices, and provides valuable, easy-to-use

Adehiiocoine canabilitv.



CPU REGISTERS:

Sixteen 16-bit registers (R0, R1, and R4 to R15) are used for data and
addresses and are implemented in the CPU. They can address up to

64 Kbytes without any segmentation.

SPECIAL FUNCTION REGISTERS:

THE PROGRAM COUNTER (PC):

The 16-bit program counter points to the next instruction to be
executed. Each instruction uses an even number of bytes (two, four, or six),
and the program counter is incremented accordingly. Instruction accesses are
performed on word boundaries, and the program counter is aligned to even

addresses.

THE SYSTEM STACK POINTER (SP):

The system stack pointer must always be aligned to even addresses

because the stack is accessed with word data during an interrupt request



service. The system SP is used by the CPU to store the return addresses of
subroutine calls and interrupts. It uses a predecrement, postincrement
scheme. The advantage of this scheme is that the item on the top of the stack
is available. The SP can be used by the user software (PUSH and POP

instructions), but the user should remember that the CPU also uses the SF.

THE STATUS REGISTER (SR):

The status register SR contains the CPU status bits. They are:

o V Overflow bit

e SCGI System clock generator control bit 1
e SCGO System clock generator control bit 0
e OscOff Crystal oscillator off bit

e CPUOLf CPU off bit

o GIE General interrupt enable bit

e N Negative bit

o 7 Zero bit

e C Carry bt



THE. CONSTANT GENERATOR REGISTERS CG1 AND CG2:

Commonly used constants are generated with the constant generator
registers R2 and R3, without requiring an additional 16-bit word of program
code. The constant used for immediate values is defined by the addressing

mode bits.

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.

DIGITAL 1/O:

There are six 8-bit I/O ports implemented—ports P1 through P6. Ports

b1 and P2 use seven control registers, while ports P3, P4, P5, and P6 use



only four of the control registers to provide maximum digital input/output
flexibility to the application:
e All individual /O bits are independently programmable.
e Any combination of input, output, and interrupt conditions is possible.
o Interrupt processing of external events is fully implemented for all
eight bits of ports P1 and P2.

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

WATCHDOG TIMER:

The primary function of the Watchdog Timer (WDT) module is to
perform a controlled system restart after software upset has occurred. A
system reset is 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 a selected time interval.
The Watchdog Timer counter (WDTCNT) is a 15/16-bit up-counter not

directly accessible by software.



USARTO and USART1:

There are two USART peripherals implemented in the MSP430x14x:
USARTO and USARTI1. They use different pins to 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 seral communications. The
USART supports synchronous SPI and asynchronous UART communication

protocols, using double-buffered transmit and receive channels.

TIMER A:

The timer module offers one sixteen-bit counter and three
capture/compare registers. The timer can be fully controlled (in word
mode)—it can be halted, read, and written; it can be stopped, run
continuously, or made to count up or up/down using one compare block to
determine the period. The blocks are configured by the application to run in
capture or compare mode. The capture mode is mostly used to individually
measure internal or external events from any combination of positive,

negative. or positive and negative edges. The compare mode is mostly used



o generate timing for the software or application hardware, or to generate
ulse-width modulated output signals for various purposes like D/A

sonversion functions or motor control.

TIMER B:

Timer B is identical to Timer A, except for the following:

The timer counter can be configured to operate in 8, 10, 12, or 16-bit
mode. The function of the capture/compare registers is slightly different
when in compare mode. In Timer B, the compare data is written to the
capture/compare register, but is then transferred to the associated compare

latch for the comparison. Timer B has seven capture compare registers.

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



e 12-bit converter with £1 LSB linearity

e Built-in sample-and-hold

e Eight external and four internal analog channels.

e Internal reference voltage V REF+ of 1.5 Vor25V.

e Internal-temperature sensor for temperature measurement

e T=(V_SENSOR(T) - V_SENSOR(0C)) / TC_SENSOR in °C

The conversion result is 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 positive

and negative reference source and the channel assigned.

FLASH MEMORY:

Flash memory has n segments of main memory and two segments of
information memory (A and B) of 128 bytes each. Each segment in main
memory is 512 bytes in size. Segments 0 to n may be erased in one step or
each segment may be individually erased. Segments A and B can be erased
individually, or as a group with segments 0-n. Segments A and B are also

called information memory. Program and erase timing is controlled by

4 1 T .



yrogram O erase, no code can be executed from flash memory and all
nterrupts must be disabled. If a user program requires execution concurrent
with a flash program or erase operation, the program must be executed from

memory other than the flash memory (e.g., boot ROM, RAM).

GLOBAL INTERRUPT STRUCTURE:

There are four types of interrupts:
System reset, Maskable, Non-maskable & Maskable
Maskable interrupts are caused by:
e A watchdog-timer overflow (if timer mode is selected)
e Other modules with interrupt capability
Non-maskable interrupts are not maskable in any way. No individual
interrupt enable bit is implemented for them, and the general interrupt enable
bit (G]E) has no effect on them.
Maskable interrupts are not masked by the general interrupt enable bit
(GIE) but are individually enabled or disabled by an individual interrupt
enable bit. The RETI (return from interrupt) instruction has no effect on the

individual enable bits of the maskable interrupts.



COMMUNICATION UNIT:

The Communication Unit comprises of the circuitry involved in the
communication of data between the Processing Unit and the Profile
Generation Unit.

The output of the microcontroller is the TTL level. Since this is low, it
has to be converted to another standard for efficient communication. Since the
distance of transmission is around 250 meters, the RS485 standard is chosen.
The standard accepted by the Personal Computer is the RS232 standard. So
the Communication Unit is divided into two sub modules:

1. TTL to RS485 Conversion sub module
7 RS485 to RS232 Conversion sub module

The TTL to RS485 Conversion sub module is at the Processing Unit
end. The RS485 to RS232 Conversion sub module is connected to the TTL to
RS485 Conversion sub module by a 250-meter cable. The RS485 to RS232

Conversion sub module output is connected to the Personal Computer.

P~



TTL to RS485 Conversion sub module:

The TxD signal from the microcontroller is fed into this module. This
signal is fed to the comparator to produce logic 1 or logic 0 signals depending
on the input level. This is done to correct the levels, if they have suffered
attenuation. This signal is fed to an optical isolator, which electrically isolates
the rest of the circuit from the comparator and the microcontroller. The signal
from the optical isolator is fed to a TTL to RS485 converter, MAX488. The
output of this is sent to the RS485 to RS232 Conversion sub module.

Circuit has also been designed to receive signal from the RS485 to
RS232 Conversion sub module. This is fed to the comparator through an
optical isolator and then to the microcontroller. This has been provided for
future development.

The TTL to RS485 Conversion sub module circuitry is provided on

page 30. The block diagram of the Communication Unit is on page 25.



RS485 to RS232 Conversion sub module:

Here the RS485 standard is converted to the Personal Computer
compatible RS232 standard. The received RS485 standard signal is fed to the
MAX488 IC to convert it to the TTL level. This signal is again fed to the
MAX232 IC to convert it to the RS232 level. This signal is fed to the Personal
Computer through a 9-pin connector.

Signal from the Personal Computer can also be fed to the TTL to RS485
Conversion sub module through the MAX232 and MAX485 ICs.

The RS485 to RS232 Conversion sub module circuitry is provided on

page 31. The block diagram of the Communication Unit is on page 25.
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RS - 485:

RS 485 allows multiple devices (upto 32) to communicate at half
duplex on a single pair of wires plus a ground wire at distances upto 1200
metres. RS 485 uses a different principle: Each signal uses one twisted pair
(TP) line - two wires twisted around themselves - Differential voltage

transmission'. It uses differential transmitters with alternating voltages 0 and

5V.

RS 485 is used for multipoint communications. More devices may be
connected to a single signal cable - similar to e.g. ETHERNET networks,
which use coaxial cable. Most RS 485 systems use Master/Slave
architecture, where each slave unit has its unique address and responds only
to packets addressed to this unit. These packets are generated by Master (e.g.

PC), which periodically polls all connected slave units.

For a basic RS 485 system, an /O driver with differential outputs and
an 1/O receiver with differential inputs is required. Noise and interference 1s
introduced into the line; however, since the signal is transferred via a twisted

pair of wires, the voltage difference (between A and B) of this interference 1S



most zero. Due to the differential function of the RS 485 input amplifier of

he receiver, this interference is eliminated.

RS 485 circuits are more complex, and thus more expensive. Higher
data transfer speeds require correctly connected and matched terminations,
which can be a problem in systems where the number of connected devices
changes. Since the data transfer is bidirectional, the line needs to have a

terminating resistor at both ends.

From a network point of view, the RS 485 incorporates 2 bus
topology. Since Slave stations have no means of starting the communication
without a risk of collision, they need to be assigned a 'right to transmit' by

the Master station.

RS 485 networks can typically maintain correct data with a difference
of -7 to +12 V. If the grounds differ more than this amount, the data will be
lost and the port will be damaged. Hence common ground is used. If the
differences between the signal grounds are too much, optical isolation is

preferred.



RS-232:

RS-232 provides serial connections using single ended signals, which
may vary between -3 to -25 volts to +3 to +25 volts. Minimal signals for bi-
directional communication are signal ground/common, Transmit (Tx) and
Receive (Rx) Data or TD and RD. IBM PC compatible RS-232C ports
provide handshaking lines, DSR and DTR and flow control handshaking
lines, CTS and RTS. Modem control lines for RI (Ring Indicator) and CD
(Carrier Detector) are supported. Data is transferred serially using
Asynchronous data, with a start bit, data bits, stop bit/bits. Flow control can
be performed by software using X-On/X-Off, or by hardware handshaking if

available.

The truth table for RS232 is:
Signal > +3v =10
Signal <-3v=1

The output signal level usually swings between +12v and -12v. The "dead
area” between +3v and -3v is designed to absorb line noise. Many receivers

designed for RS-232 are sensitive to differentials of 1 volt or less.



The standards for RS-232 and similar interfaces usually restrict RS-
232 to 20kbps or less and line lengths of 15m (50 ft) or less. RS-232 1s
simple, universal, well understood and supported everywhere. However, it

has some serious shortcomings as an electrical interface.

Firstly, the interface presupposes a common ground between the DTE
and DCE. This is a reasonable assumption where a short cable connects a
DTE and DCE in the same room. There are some spectacular electrical

events causes by "uncommon grounds”.

Secondly, a signal on a single line is impossible to screen effectively
for noise. By screening the entire cable one can reduce the influence of
outside noise, but internally generated noise remains a problem. As the baud
rate and line length increase, the effect of capacitance between the cables
introduces serious crosstalk until a point is reached where the data itself is

unreadable.

Crosstalk can be reduced by using low capacitance cable. Also, as it 18
the higher frequencies that are the problem, control of slew rate in the signal
also decreases the crosstalk. These limitations are largely eliminated by

using balanced line interface.



PROFILE GENERATION UNIT:

The profile generation is done using the C language. The received data

is converted to its equivalent in temperature using conversion formula

obtained form the thermocouple properties and the amplification used.

Using graphics, the temperature profile and the graph are displayed to

the user.

The coding in the C language is provided on page 41.
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Software




ASM FLOW CHART :

( START )

INITIALIZE OSCILLA"y

A

INITIALIZE UART MODE

v

INITIALIZE ADC AND
PORTS OF MSP430F149

©

START ANALOG TO
DIGITAL CONVERSION ON
CHANNEL a_

d
Al

IS END OF

NO

CONVERSION?

TRANSMIT '0'

4
hl

IS
TRANSMISSIO

NO

FROM UTXBUF
DONE?




%*J
CONVERT THIRD NIBBLE

OF SAMPLED VALUE TO
ITS ASCII VALUE

A

TRANSMIT THIRD NIBBLE

IS
TRANSMISSION
DONE ?

NO

CONVERT SECOND NIBBLE OF
SAMPLED VALUE TO ITS ASClI
VALUE

TRANSMIT SECOND
NIBBLE

IS
TRANSMISSION
DONE ?

NO

CONVERT FIRST NIBBLE
OF SAMPLED VALUE TO
ITS ASCII VALUE

TRANSMIT FIRST NIBBLE

J



IS
TRANSMISSION

TRANSMIT 'SPACE'

&

IS
TRANSMISSION

NO

CONVERSIONS
PERFORMED ?

TRANSMIT 'N' TO MARK
END OF TRANSMISSION
CYCLE

IS
TRANSMISSION
DONE ?




ASM CODING:

# include “msp430x14x.h”  // standard equations
’ RSEG CSTACK
DS 0
NAME ADC12_01
RSEG CODE
’Setup ; Set up modules
’RESET mov #SFE(CSTACK), SP ; Initialize Stack pointer
StopWDT mov HWDTPW+WDTHOLD, &WDTCTL; Stop
Watchdog

SetupBC bic.b #XTOFF, &BCSCTLI1; XT2 on
SetupOsc bic.b #OFIFG, &IFG1; Clear Osc fault flag

Mov. W #0FFh, R15 ; R15 = delay
SetupOscl dec.w R15 ; additional delay to ensure start

jnz SetupOscl

bit.b #OFIFG, &IFG1 ; Osc fault flag set?

jnz SetupOsc ; Osc fault, clear flag again

bis.b 4#SELM1+SELS, BCSCTL2 ; MCLK = SMCLK =

XT2

SetupUARTO mov.b #CHAR, &UCTLO ; 8-bit characters

mov.b #SSEL1, & UTCTLO ; UCLK = SMCLK

mov.b #000h, & UBROO ; 6.144 Mhz / 2400 -2560

mov.b #00Ah, &UBRI10;

mov.b #00h, &UMCTLO ; No Modulation

bis.b #UTXEO+URXEOQ, &ME]1 ; Enable USARTO

TXD/RXD

SetupP3 bis.b #010h,&P3SEL ; P3.4 = USARTO option select

bic.b #010h, &P30UT ; Set transmission pin to low
SetupADC12 mov #SHP+ADC12SSEL 1, &ADCI12CTL1 ; use

sample timer, ADC core



mov.b

bis.b

- runs at ALCK, single channel
#00h, &ADC12MCTLO ; end of sequence(EOS)
- =0 is not required for single channel
: mode, Vreft+ = AVcc, Vref- = Avss
: input channel AO.
#01h, &P6SEL ; set port 6.0 pin to ADC function

- NOTE : Loading of ADC12MCTLO not actually required in this example since it
powers up as all zeros just included here in remainder

mov

HREFON+ADC120N+ENC, & ADC12CTLO
-Sample time x1, single sample

- NOTE: ADC12CTLO set ENC last, since set ENC bit prevents some bits in
ADC12CTL1, ADC12CTLO & ADC12MCTLx from being changed.

bis #ENC, & ADC12CTLO ; Set ENC bit
Main Loop ; Take ADC reading on channel 0
mov #O1FEh, R15
testdelay mov #OFFFFh, R8
delay7a dec R8
cmp #0h, R8
jnz delay7a
dec R15
cmp #0h, R15
jnz testdelay
mov #504, RO
Loop nop
bis #ADC12SC, &ADC12CTLO ; Start A/D conversion
testEOC bit #BITO, &ADCI12IFG ; End of convert?
- (ADC12IFG.0 = 17)
jz testEOC ; no, test again
mov &ADC12MEMO, R4 ; yes, result moved to R4, flag
. is automatically cleared
mov.b #48h, & TXBUFO ; tx 0-Digit 3



txck

delayla

delaylb

delaylc

delayld

delayle

TX1

mov.b
bic.b
cmp.b
iz

mov
dec
cmp
jnz

mov
dec
cmp
jnz

mov
dec
cmp
jnz

mov
dec
cmp
jnz

mov
dec
cmp
jnz

bit.b

1z

mov
Ira
rra
rra
Ira
Ira
Ira
Ima

#OFEh, R5 ; Tx check
&UTCTLO, R5

#01h, RS

txck

#09C40h, R8 ; delay
R8

#0h, R8

delayla

#09C40h, R8 ; delay
R8

#0h, R8

delaylb

#09C40h, R8 ; delay
R8

#0h, R8

delaylc

#09C40h, R8 ; delay
R3

#0h, R8

delayld

#09C40h, R8 ; delay
R8

4#0h, RS

delayle

HUTXIFGO, &IFG1 ; USARTO TX buffer ready?
TX1 ; Jump if TX buffer not ready.

R4, RS

R5 ; Transmit digit 2
RS

RS

RS

RS

R5

RS



hta2?2

hta21

tx2

delay2a

delay2b

delay2c

delay2d

ITa

bic.b
mov.b
cmp.b
jge
add
mov.b

jmp

sub.b
add.b
mov.b

nop

mov.b
bic.b
cmp.b
jz

mov
dec
cmp
jnz

mov
dec
cmp
jnz

mov
dec
cmp
jnz

mov
dec
cmp
jnz

mov

R5

#OFOh, R5 ; hta2
#0Ah, R6

R6, RS

hta22

#48 RS

RS, &TXBUFO
hta21

#10, RS
#65, RS
RS, &TXBUFO

#OFEh, R7  ; transmit check

&UTCTLO, R7
#01h, R7
tx2

#09C40h, R8 ; delay

R8
#0h, R8
delay2a

#09C40h, R8 ; delay

R8
#0h, R8
delay2b

#09C40h, R8 ; delay

R8
#0h, R8
delay2c

#09C40h, R8 ; delay

R38
#0h, R8
delay2d

#09C40h, R8 ; delay



delayZe

htal2

htall

tx1

delay3a

delay3b

delay3c

dec
cmp
jnz

bit.b

JZ

mov
rra
ra
rra
rra
bic.b
mov.b
cmp.b
jge
add
mov.b

jmp

sub.b
add.b
mov.b

nop

mov.b
bic.b
cmp.b
jz

mov
dec
cmp
jnz

mov
dec
cmp
jnz

mov
dec

R8
#0h, RS
delay2e

#UTXIFGO, &IFG1 ; USARTO TX buffer ready?
TX2 ; Jump if TX buffer not ready.

R4, R5

R5  transmit digitl
R5

RS

R5

#O0FOh, RS ; htal
#0Ah, R6

R6, RS

htal2

#48, RS

RS, &TXBUFO
htall

#10, RS
465, RS
R5, &TXBUFO

#OFEh, R7  ; transmit check
&UTCTLO, R7

#01h, R7

tx1

#09C40h, R8 ; delay
R8

#0h, RS

delay3a

#09C40h, R8
R38

#0h, R8
delay3b

#09C40h, R8
RS



delay3d

delay3e

TX3

hta02

htaO1l

tx0

delay4a

cmp
jnz

mov
dec
cmp
jnz

mov
dec
cmp
jnz

bit.b

JZ

mov
bic.b
mov.b
cmp.b
jge
add

mov.b
jmp

sub.b
add.b
mov.b

nop

mov.b
bic.b
cmp.b
jz

mov
dec
cmp
jnz

mov

#0h, R8
delay3c

#09C40h, R8
R8

#0h, R8
delay3d

#09C40h, R8
RS

#0h, R8
delay3e

#UTXIFGO, &IFG1 ; USARTO TX buffer ready?
TX3 ; Jump if TX buffer not ready.

R4, R5 ; transmit digit O
#0FOh, R5 ; htaO

#0Ah, R6

R6, R5

hta02

#48 RS

R5, &TXBUFO

htaO1l

#10, RS
#65, RS
RS, &TXBUFO

#OFEh, R7  ; transmit check
&UTCTLO, R7

401h, R7

tx0

#09C40h, R8 ; delay
R8

#0h, R8

delay4a

#09C40h, R8



delay4b

delay4c

delay4d

delay4e

TX4

txck2

delaySa

delay5b

delaySc

dec
cmp
jnz

mov
dec
cmp
jnz

mov
dec
cmp
nz

mov
dec
cmp
jnz

bit.b
jz

mov.b
mov.b
bic.b
cmp.b
jz

mov
dec
cmp
jnz

mov
dec
cmp
jnz

mov
dec
cmp
jnz

R8
#0h, R8
delay4b

#09C40h, R8
R8

#0h, R8
delay4c

#09C40h, RS
R8

#0h, R8
delay4d

#09C40h, R8
R8

#0h, R8
delay4e

#UTXIFGO, &IFG1 ; USARTO TX buffer ready?
TX4 ; Jump if TX buffer not ready.

#32 &TXBUFO ; transmit space
#OFEh, RS

&UTCTLO, RS

#01h, RS

txck2

#09C40h, R8 ; delay
R8

#0h, R8

delaySa

#09C40h, R8
R8

#0h, R8
delay5b

#09C40h, R3
R8

#0h, R8
delay5c



delay5d

delaySe

X5

txck3

delay6a

delay6b

delay6c

delay6d

mov
dec
cmp
jnz

mov
dec
cmp
jnz

bit.b
jz

dec
cmp
nz

mov.b
mov.b
bic.b
cmp.b
jz

mov
dec
cmp
jnz

mov
dec
cmp
jnz

mov
dec
cmp
jnz

mov
dec

#09C40h, R8
R8

#0h, R8
delay5d

#09C40h, RS
R38

#0h, RS
delay5Se

#UTXIFGO, &IFG1 ; USARTO TX buffer ready?
TX5 ; Jump if TX buffer not ready.

R9S
#0, RS
Loop

#78, & TXBUFO ; transmit N for end
#OFEh, R5

&UTCTLO, RS

#01h, RS

txck3

#09C40h, R8 ; delay
R38

#0h, R8

delay6a

#09C40h, R8
RS

#0h, RS
delay6b

#09C40h, R8
R8

#0h, R8
delay6c

#09C40h, R8
RS



cmp #0h, R8
jnz delay6td
mov #09C40h, R8
delaybe dec RS
cmp #0h, R8
jnz delay6e
TX6 bit.b HUTXIFGO, &IFG1 ; USARTO TX buffer ready?
jz TX6 ; Jump if TX buffer not ready.
hitl jmp hitl
jmp Main Loop ; Loop again
COMMON INTVEC ; Interrupt Vectors
ORG RESET_VECTOR
DW RESET

END



C PLUS PLUS (C++):

C++ has been chosen as the programming language for profile
generation at the Personal Computer end, due to its capability to the access
of the hardware through software and data encapsulation. C plus plus can be
used to program the Personal Computer to receive data by serial
communication in the RS232 standard. Graphics is used to display the
profile in this project.

The coding in C++ for this project has been provided on the next

page.



C PLUS PLUS FLOW CHART FOR PROFILE GENERATION:

SET BIOS FOR
RS 232 RECEPTION

ET GRAPHICS MODE
FOR DISPLAY

NO

IS DATA
READY?

RECEIVE DATA
(SINGLE BYTE)

IS DATA=N'
(TRANSMISSION \ VO
END

1S DATA=SPACE
OR (A-F)
OR (0-9) ?

YES CSPACE)

START NEW SAMPLED
VALUE COLLECTION

1L 5



CONVERT EACH NIBBLE IN
ASCII VALUE TO INTEGER

l

CONVERT EACH INTEGER
NIBBLE VALUE TO
HEXADECIMAL VALUE

l

SHIFT INDIVIDUAL NIBBLES
APPROPRIATELY AND ADD
TO PRODUCE ACTUAL
SAMPLED 4 NIBBLE VALUE

l

CALCULATE THE
EQUIVALENT IN
TEMPERATURE

l

DISPLAY THE VALUE




CPP CODING:

# include<stdio.h>

# include<conio.h>

# include<bios.h>

# include<dos.h>

# include<graphics.h>
# include<stdlib.h>

# define COM1 0

# define DATA READY 0x100

# define SETTINGS (0xA0]0x03]0x00]0x18)
# define YELLOW 14

static int xx = 55,
FILE *fp;

void disp(int result)

{

double mulfac, temp;

int yyy, yy;

mulfac = 5.0 / 4095.0;

mulfac /= 150.0;

mulfac = (mulfac / 40.0) * 1000000.0;
temp = (mulfac*result) + 25;

yyy = 1.3 * (temp +18.0);

yy =417 - yyy;

if (xx ==155)
moveto(55, 417);
if (xx == 559)
xx = 55;
lineto(xx, yy);
xx+=1;

}

static int count = 0;
static int temp = 0;

void convinttohex (int x, int y, int z, int w)

{

int x1, y1, z1,w1, result;



if (x>9)
x1 = OxA + (x-10);

else
x1 =0x0 + x;
if (y>9)
yl = 0xA + (y-10);
else
yl =0x0+y;
if (z>9)
z1 = O0xA + (z-10);
else
z1 =0x0 + z;
if (w>9)
wl = 0xA + (w-10);
else
wl =0x0 + w;
z] = z1<<4;
yl =yl1<<8;
x1 = x1<<12;

result = x1 +yl +z1 +wl;

switch(count)
{

case 0:
temp = result;
count-++;
break;

case 1:
temp += result;
count++;
break;

case 2:
temp += result;
count++;
break;

case 3:
temp += result;
count++;
break;

case 4:



case 5:

case 6:

case 7:

case 8:

case 9:

temp += result;
count+t;
break;

temp += result;
count++t;
break;

temp += result;
count++;
break;

temp += result;
count++;
break;

temp += result;
count++;
break;

temp += result;
count++;
break;

case 10:

temp += result;
count++;
break;

case 11:

temp += result;
count-++;
break;

case 12:

temp += result;
count++;
break,

case 13:

default:

temp += result;
temp/=14,
count = 0;
disp(temp);
break;

2



}

int convatoint (int p)

{

}

int retval;

if ((p<65) && (p>=48))
retval = p-438;
else
retval = 10+p-65;

return retval,

static int jj = 0, aa, bb, cc, dd;
static int flag;
static int no;

void send (unsigned in)

{

if ((in = = 32) && (jj == 0))

{
flag = 1;
=L
}
if ((in = = 32) && (jj! = 0))
{
flag =1,
=5
}
if ((in! = 32) && (flag == 1))
switch (jj)
{
case 1:
aa = convatoint (in);
i+t
putc (in, fp);
break;
case 2:

bb = convatoint (in);
i+



pute (in, fp);
break;

case 3:

cc = convatoint (in);

putc (in,fp);
it
break;

case 4:

dd = convatoint (in);

i=0;

putc (in, fp);
unsigned iin;
iin=32;
putc (iin, fp);
flag = 0;

no ++;

convinttohex (aa, bb, cc, dd);

break;

default:

2

}

int main (void)
{
int gdriver = DETECT, gmode, errorcode;
int X, v,
initgraph (&driver, &gmode, “”);
errorcode = graphresult();
if errorcode != grok)

{

printf(“Graphics error ! %s\n”,grapherrormsg(errorcode));
printf(“Press any key to halt:”);

getch();
exit(1);

setcolor(CYAN),
outtextxy(242, 15, “PROFILE GENERATION");
setcolor(getmaxcolor());



ine(55, 40, 55, 417); /] y-axis left
suttextxy(30, 37, “2727); // loc of 272°
outtextxy(30, 414, “-187); // loc of -18°
outtextxy(30, 288, “797), // loc of 79°
setcolor(LIGHT GREEN),

outtextxy(30, 196, “1507); // loc of 150°
setcolor(WHITE),

outtextxy(30, 162, «176™); // loc of 176°
setcolor(LIGHT BLUE);

outtextxy(30, 154, “1827); // loc of 182°
setcolor(LIGHT RED);

outtextxy(30, 118, “2107); // loc of 210°
setcolor(CYAN);

outtextxy(15, 395, “Deg C”); // loc of Deg C
outtextxy(525, 430, “Time”); // 1oc of Time
setcolor(WHITE),

line(55, 417, 559, 417); /] x bottom
line(55, 40, 559, 40); // x top

line(559, 40, 559, 417), /'y right

line(87, 419, 87, 427), // 11

outtextxy(89, 420, “00:00 m”);

line(182, 419, 182, 427); // 12
outtextxy(184, 420, “01:00 m”);

line(276, 419, 276, 427); // 13
outtextxy(278, 420, “02:00 m”);

line(370, 419, 370, 427), // t4
outtextxy(372, 420, “03:00 m”);

line(465, 419, 465, 427); // t5
outtextxy(467, 420, “04:00 m”);
setcolor(LIGHT RED),

line(87, 413, 163, 413); // Heating Zone 1
line(87, 411, 163, 411); // Heating Zone 1
outtextxy(95, 401, “Heating 1),
setcolor(LIGHT BLUE),

line(163, 413, 239, 413), // Heating Zone 2
line(163, 411, 239, 411); // Heating Zone 2
outtextxy(171, 401, “Heating 27);
setcolor(LIGHT GREEN);

line(239, 413, 315, 413), // Heating Zone 3
line(239, 411, 315, 411), // Heating Zone 3
outtextxy(247, 401, “Heating 37);
setcolor(LIGHT GRAY);,

line(315, 413, 334, 413), /] Leer

line(315, 411, 334, 411); // Leer



uttextxy(311, 401, “Leer”),

ne(315, 398, 334, 398); // Leer
etcolor(LIGHT MAGENTA);
ine(334, 413, 410, 413); // Peak
ine(334, 411, 410, 411); // Peak
yuttextxy(360, 401, “Peak’);
setcolor(BROWN);

ine(410, 413, 559, 413); // Cooling
line(410, 411, 559, 411), // Cooling
outtextxy(455, 401, “Cooling”);
setcolor(WHITE);
setlinestyle(USERBIT_LINE, 1, 1);
line(55, 291, 559, 291); // Horizontal
setcolor(LIGHT GREEN);

line(55, 199, 559, 199); // Horizontal
setcolor(WHITE),

line(55, 165, 559, 165); // Horizontal
setcolor(LIGHT BLUE);

line(55, 157, 559, 157); // Horizontal
setcolor(LIGHT RED),

line(55, 121, 559, 121); // Horizontal
setcolor(WHITE),

line(87, 40, 87, 417); // Vertical
line(163, 40, 163, 417), // Vertical
line(239, 40, 239, 417); // Vertical
line(315, 40, 315, 417); /I Vertical
line(334, 40, 334, 417); // Vertical
line(410, 40, 410, 417); // Vertical
setlinestyle(SOLID_LINE, O, 1); // End of graph formatting

setcolor(YELLOW),

int 1 =30,

unsigned in, out, status;

_bios_serialcom(0, COM1, SETTINGS);

sleep(5);

cpxintf(“__BIOS_SERIALCOM [ESC] to exit \r\n”);
fp= fopen(“prjadc.txt”,”w+7);

while(l)
{
status = _bios_serialcom(3, coMl, 0);

if (status & DATA_READY)



if ((out = _bios_serialcom(Z2, COM1, 0) & 0x7F)!=0)
{

if ((out!="N") && ((out!="") || (out!="A’) ||
(out!="B’) || (out!="C") || (out!="D") || (out!="E} |i
(out!="F") || (out!t="0") || (out!="1") || (out!="2") ||
(out!="3") || (out!="4") || (out!="5") || (out!="6") 1
(out!="7") || (out!="8") || (out!="9") || (out!="a") I
(out!="b") || (out!="c’) || (out!="d") || (out!="¢") |

(out!t="f")))
send (out);
3
else
if (out == ‘N’)
break;
}
}
fclose(fp);
getchar();
return 0;

}



Future development




FUTURE DEVELOPMENT:

This project could be further developed into an advanced system by

1. Providing numerous user inputs at the Reflow Soldering System end for
better performance.

2. Multiple machines could be connected to the same Personal Computer

to monitor various activities simultaneously.



Conclusion




CONCLUSION:

The project replaces the void left for the profile generation for the
Reflow Soldering System and the monitoring of the temperature within the
test cabins, at Premier Polytronics Pvt. Ltd.

The project could be further developed into a stand-alone system, which

would benefit the industry, in general.
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®

oP07C

VERY LOW OFFSET

SINGLE BIPOLAR OPERATIONAL AMPLIFIER

W EXTREMELY LOW OFFSET: 150pV/ max.
B LOW INPUT BIAS CURRENT: 1.8nA
B LOW V,, DRIFT : 0.5uV/°C

B ULTRA STABLE WITH TIME :
2uV/month max.

B WIDE SUPPLY VOLTAGE RANGE :
+3V to x22V

DESCRIPTION

The OPO07 is a vety high precision op amp with an
offset voltage maximum of 150pV.

Offering also low input current (1.8nA) and high
gain (400V/mV), the OPO07C is patticularly suitable
for instrumentation applications.

ORDER CODE
Package
Part Number | Temperature Range n
OP0O7C -40°C, +105°C .

N = Dual in Line Package (DIP)

-

N
DIP8
(Plastic Package)

PIN CONNECTIONS (top view)

OffsetNul 1 1 N~ ] 8 Offset Nul2
Inverting Input 2 [:D_\'] 7 Veo* Q
Non-inverting Input 3 [ j 6 Output ;
Veo- 4 1 5 NC. 1’




OP07C

SCHEMATIC DIAGRAM

I
|
O Offset Null 1
Offset Nuii 2
Veo!

ABSOLUTE MAXIMUM RATINGS )
Eymbol Parameter Value l Unit |
Vee | Supply Voltage +22 i \ ’I
Vs |Differential Input Voltage +30 ‘ v
Vi Input Voltage 22 \ Voo

Toper | Operating Temperature -40 to +105 \ °C

Tetg Storage Temperature -65 to +150 \ °C



OP07C

ELECTRICAL CHARACTERISTICS
Vee = £15V, Tamb = 25°C (unless otherwise specified)

1.  Long term input offset voltage stability refers to the average trend fine of Vio vs time over extended periods after the first 30 days cf operation.

Symbol t Parameter Min. Typ. | Max. Uniz‘
Input Offset Voltage 60 150
) uv
1o 0°C € Tamp < +105°C 250
Long Term Input Offset - Voltage Stability - note R 0.4 2 pv/ MOJ
DV, |Input Offset Voltage Drift 05 1.8 pV/°L‘
i Input Offset Current (Vic=0V) 0.8 6 nA
o 0°C € Tamp £ +105°C 7 ‘
!
Dijo ‘ Input Offset Current Drift 15 50 pA/°C
Dljp [ Input Bias Current Drift 15 50 pA/°C
Ro .Open Loop Output Resistance 60 Q|
Rid ]Differential Input Resistance 33 MQ
Ric \ Common Mode Input Resistance 120 l GQ J
. Input Common Mode Voltage Range 13 +13.5 ‘ vV
fem 0°C < Tamp < +105°C +13 ;
c Common-mode Rejection Ratio (Vic = Viem min) 100 120 E 4B
MR 0°C < Ty < +105°C 97
Supply Voltage Rejection Ratio (Vg = £3 to £18V) 90 104 ' ;
SVR o o B8
0°C < Tgmp < +105°C 86
Large Signal Voltage Gain ‘
Ve = £15, R = 2kQ, Vo = =10V 120 400 | ,
Avd 0°C < Tamp < +105°C 100 | VimV
Vgg = 23, R = 5000, Vo = +0.5V 100 400 \
Output Voltage Swing
Ry = 10kQ £12 +13
Vopp R, =2kQ +11.6 +12.8 b
RL = 1kQ +12
0°C < Tgmp < +105°C RL = 2kQ =11 .
SR |Slew Rate ( R = 2kQ, C__ = 100pF) 0.17 Vs |
GBP | Gain Bandwidth Product (R, = 2kQ, C| = 100pF, f= 100kHz) 0.5 MHz
Supply Current - no load 27 5
lee 0°C < Tymp S +105°C 6 mA
VCC =3V 0.67 1.3
Equivalent Input Noise Voltage
o f = 10kHz 11 20 nV
n f = 100Hz 10.5 13.5 JHAzZ
f = 1kHz 10 | 115 |
Equivalent Input Noise Current
i f = 10kHz 0.3 0.9 pA
n f = 100Hz 0.2 .3 JAz
f=1kHz 0.1 0.2

i

i
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® Low Supply-Voltage Range, 1.8V . .. 36V ® Serial Onboard Programming,
® Ultralow-Power Consumption: No External Programming Voltage Needed
— Standby Mode: 1.6 pA Programmable Code Protection by Security
- RAM Retention Off Mode: 0.1 pA Fuse
® Low OPerating Current: e Family Members Include:
- 25pAat 4kHz, 22V — MSP430F133:
- 280 pA at 1 MHz, 2.2V 8KB+256B Flash Memory,
. . 256B RAM
® Five Power-Saving Modes . — MSP430F135:
® Wake-Up From Standby Mode in 6 us 16KB+256B Flash Memory,
® 16-Bit RISC Architecture, 512B RAM
125-ns Instruction Cycle Time — MSPA30F147:
e 12-Bit A/D Converter With Internal 32KB+256B Flash Memory,
Reference, Sample-and-Hold and Autoscan 1KB RAM
Feature — MSPA430F148:
e 16-Bit Timer With Seven ;BKKBB;i"'fB Flash Memory,
CaptureICompare-With-Shadow Registers, MSP430F149:
Timer_B B y
L ] 60KB+256B Flash Memory,
L 1G-B.|t T|me1f'W|th Three Capture/Compare 2KB RAM
Registers, Timer_A e Available in 64-Pin Quad Flat Pack (QFP)
® On-Chip Comparator
description

The Texas Instruments MSP430 series is an ultralow-power microcontroller family consisting 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-controlied oscillator
provides wake-up from low-power mode to active mode in less than 6 us. The MSP430x13x and the
MSP430x14x series are microcontroller configurations with two built-in 16-bit timers, a fast 12-bit A/D converter.
one or two universal serial synchronous/asynchronous communication interfaces (USART), and 48 /O pins.

Typical applications include sensor systems that capture analog signals, convert them to digital values, anc
process and transmit the data to a host system. The timers make the configurations ideal for industrial 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 fami'y sotutior.

AVAILABLE OPTIONS
PACKAGED DEVICES

TA PLASTIC 64-PIN QFP
(PM)

MSP430F133I1PM
MSP430F135IPM
-40°C to 85°C MSP430F1471PM
MSP430F 148IPM
MSP430F1421PM

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

o Y T
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n designation, MSP430F147, MSP430F148, MSP430F149

PM PACKAGE
(TOP VIEW)
T 5
—_ _ 3 [&]
v oS <LZ Ezg3E L8
3B Y-S EXL=-QNNE B3
>>>coto<orc50200|—|—mmm
<D<n.o.n.lr|—|-—|-v—><><n.n_n.
/O_DI_JI_JL_IL_II_.II._II__II_JI_IL_II_JI_IL_IL_JI_.I
64 63 6261 60 59 58 57 56 5554 53 52 51 50 49
DVec [ 4BE P5.4/MCLK
P6.31A3 [] 2 47[] P5.3/UCLK1
P6.4/A4[] 3 4[] P5.2/SOMI
P6.5/A5 [] 4 4s[{ P5.1/SIMO1
P6.6/A6 |1 5 44[] P5.0/STE"
P6.7/A7 |1 6 43[] P4.7/TBCLK
Vree+ D 7 42[| P4.6/TB6
XNl 8 41[] P4.5/TB5
xouT/TCLK [ 9 40[] P4.4/TB4
Vergr+ H 10 3o[] P4.3TB3
VRerJ/VereF- J 11 38[] P4.2/TB2
p1.0mACLK [J 12 37} P4.4/TB1
p1.1/TA0 [ 13 36[] P4.0/TBO
p1.2/TA1 ) 14 35[] P3.7/URXD1
p1.3ma2 ) 15 34[] P3.6/UTXD1
P1.4/SMCLK ] 16 33[] P3.5/URXDO
L 1718 19 20 21 22 23 24 25 26 27 28 29 30 31 32
I—'Il—'ll'_ll_lﬁl'ﬂl_lr_lﬁl—lr"ll—ll‘lf_ll—lm_/
O~ NY ¥ O <o VY © O OO O O
2z Id¥XX2IdgIIWOSXQ
CEEEgQgEEEERER=E33E
BoRLzESSsS=275 OoE
Q.Q.D.NEOQQNDO.m".va
YEZza30d oo o
A ad  F oo oo
N N Sy
o o




30x13x, MSP430x14x
) Sl NAL MICROCONTROLLER

C— JULﬁ 2000 - REVISED FEBRUARY 2001
i
onal block diagrams

30x14X
XIN XOUT/TCLK DVCC DVSS AVCC AVSS RSTNMI p1 P2 FP3 P4 P5 PG
L A S e
| ﬁ Y _1 Y
S I
¢ Oscilator | ACLK  |go kB Fiasn] |28 RAM] | 12BitADC 1o Port 12| | Vo Port 3 110 Port 5 110 Port 6 i
N | System omok  las ke rasn] |2 k8 RaM| | 8 channets 16yos, wi| | 1610s 81/0s 81/0s i
T | Ciock 40 kB Flash . Interrupt || | |
'l asl 1 kB RAM 10 ps Conv} Capability h I
| MCLK T\ . . ﬂ Y |
| A |
| Test [iAB, 16 Bt ' 3 3 |
| JTAG MAB, 4 Bit ] i
et -9
| cru [ MCB |
| Incl. 16 Reg! - l
1 82 < < <
| 53 AN \ AN AN IRER
] Bus
| B2 /\IDB, 16 Bit | &, ) ]
| MDB, 8 Bit 1
!
| |
MS Muliipy __1 A A A ; !
rcK MPY, MPYS Watchdog || Timer_B7 || Timer_A3 poner |- | usarTo USART1 |
MAC,MACS Timer Comparator] — |
! | ax8 Bit ACLK —>- Ly 7 cC-Reg| |3 CC-Reg. Reset A UART Made UART Mode |
816 Bit 15/ 16 Bit SPI Mode SPI Mode
/TDI 16x8 Bit SMCLK — %l’eladﬂw I
1 16x16 Bit |

2430x13x
XIN XOUT/TCLK DVCC DVSS AVCC AVSS RSTNMI pr P2 P3 P4 P6
— o R R GV D ___1r___,
I 1 !
: |
Rosc Oscillator |- ACLK 12 BitADC 110 Port 112| | 1O Port 31 10 Port 5 O Port 6 } i
(T2IN System smcik | '® kB Flash| |512B RAM| | o o oels 16 1/0s, With 16 1/0s 81/0s 81/0s - i
>OUT '____ Clock 8 kB Flash | 12568 RAM| | c Interrupt § | | |
| 10ps Conv Capability "‘ ‘
_ ' -
MCLK » N Y >
| | Test ["mpB. 16 Bit 3 . 2 i
| JTAG MAB, 4 Bit 3 ]
_— >
i cru [ MCB [
l Incl. 16 Reg < l
| — £2 \} N L A N RER
— 22 MDB 16 Bit Bus K*
I uJE Canv ﬁ———/ E
| H U MDB, 8 Bit i
| an
™S A 3 i
; I

TCK Watchdog [ | Timer_B3 || Timer_A3 USARTO L
Timer P%ﬁr:el' u C — %
~ ACLK—D 18| ] anarion 3CC-Reo. Reset e UQ:TMMME ]
DO/TDI ( SMCLK —P~ Shadaw ade i
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Terminal Functions

TERMINAL 1o} DESCRIPTION
NAME NO.

ATCC 64 Analogsupply voltage, positive terminal. Supplies only the analog portion of the analog-to-digital converter.
Wss 62 Analog supply voltage, negative terminal. Supplies only the analog portion ofthe analog-to-digital converter.

DVee 1 Digital supply voltage, positive terminal. Supplies all digital parts.

DVss 63 Digital supply voltage, negative terminal. Supplies all digital parts.

P1.0/TACLK 12 70 | General digital /O pin/Timer_A, clock signal TACLK input

P1.1/TAO 13 VO | General digital VO pin/Timer_A, capture: CCIOA input, compare: Out0 output

P1.2/TA1 14 70 | General digital /O pin/Timer_A, capture: CCI1A input, compare: Out1 output

P1.3/TA2 15 VO | General digital /O pin/Timer_A, capture: CCI2A input, compare: Out2 output

P1.4/SMCLK 16 10 | General digitat /O pin/SMCLK signal output

P1.5/TAO 17 O | General digital /O pin/Timer_A, compare: Qut0 output

P1.6/TA1 18 7O | General digital /O pin/Timer_A, compare: Out1 output

P1.7/TA2 19 70 | General digital /O pin/Timer_A, compare: Out2 output/

P2.0/ACLK 20 170 | General digital /O pin/ACLK output

P2.1/TAINCLK 21 VO | General digital /O pin/Timer_A, clock signal at INCLK

P2.2/[CAOUT/TA0 22 170 | General digital /O pin/Timer_A, capture: CCI0B input/Comparator_A output

P2.3/CA0TA1 23 VO | General digital /O pin/Timer_A, compare: Out1 output/Comparator_A input

P2.4/CA1TA2 24 7O | General digital /O pin/Timer_A, compare: Out2 output/Comparator_A input

P2.5/Rosc 25 /O | General-purpose digital /O pin, input for extemal resistor defining the DCO nominal frequency

P2.6/ADC12CLK 26 7O | General digital I/O pin, conversion clock - 12-bit ADC

P2.7TAO 27 10 | General digital YO pin/Timer_A, compare: Out0 output

P3.0/STEO 28 1O | General digital /O, slave transmit enable — USARTO/SPI mode

P3.1/SIMO0 29 70 | General digital /O, slave in/master out of USARTO/SPI mode

P3.2/SOMIO 30 /0 | General digital /O, slave out/master in of USARTO/SPI| mode

P3.3/UCLKO 31 VO | General digital /O, external clock input — USARTO/UART or SPI mode, clock output — USARTO/SPI mode

P3.4/JTXDO 32 VO | General digital I/0, transmit data out — USARTO/UART mode

P3.5/URXDO 33 170 | General digital /O, receive data in — USARTO/UART mode

P3.6/UTXD1t 34 10 | General digital YO, transmit data out — USART1/UART mode

P3.7/URXD1T 35 7O | General digital I/O, receive data in — USART1/UART mode

P4.0/TBO 36 10 | General-purpose digital /O, capture |/P or PWM output port — Timer_B7 CCRO

P4.1/TB1 37 V0 | General-purpose digital I/0, capture I/P or PWM output port — Timer_B7 CCR1

P4.2/TB2 38 170 | General-purpose digital /O, capture /P or PWM output port — Timer_B7 CCR2

P4.3mB3T 39 10 | General-purpose digital 1/O, capture 1/P or PWM output port — Timer_B7 CCR3

P4.4/TB4T 40 VO | General-purpose digital I/O, capture 1/P or PWM output port — Timer_B7 CCR4

pPa.5mB5T 41 O | General-purpose digital /0, capture 1/P or PWM output port — Timer_B7 CCRS

P4.6mBet 42 VO | General-purpose digital I/O, capture I/P or PWM output port — Timer_B7 CCR6

P4.7/TBCLK 43 VO | General-purpose digital VO, input clock TBCLK — Timer_B7

p5.0/STETT 44 /O | General-purpose digital I/0, slave transmit enable — USART1/SP! mode

P5.1/SIMO1T 45 /0 | General-purpose digital /O slave in/master out of USART 1/SPI mode

P5.2/SOMIT 46 O | General-purpose digital /O, slave out/master in of USART1/SP| mode

P5.3/UCLK1T 47 VO | General-purpose digital /O, external clockinput—USART1/UART or SPImode, clock output —USART1/SP!

mode
P5.4/MCLK 48 110 | General-purpose digital /O, main system clock MCLK output
P5.5/SMCLK 49 O | General-purpose digital /O, submain system clock SMCLK output

1 14x devices only
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Terminal Functions (Continued)

TERMINAL
1o DESCRIPTION

NAME NO.

ACLK 50 170 | General-purpose digital /O, auxiliary clock ACLK output

ThboutH 51 /0 | General-purpose digital /O, switch all PWM digital output ports to high impedance — Timer_B7 TBO to TB6
AQ 59 /0 | General digital /0, analog input a0 — 12-bit ADC

A1 60 /0 | General digital /O, analog input a1 — 12-bit ADC

A2 61 110 | General digital 1/O, analog input a2 — 12-bit ADC

A3 2 110 | General digital /O, analog input a3 - 12-bit ADC

Ad 3 /0 | General digital I/O, analog input a4 — 12-bit ADC

A5 4 /O | General digital /O, analog input a5 — 12-bit ADC

/MG 5 110 | General digital /O, analog input a6 — 12-bit ADC

AT 6 /0 | General digital /O, analog input a7 — 12-bit ADC

Wl 58 1 Reset input, nonmaskable interrupt input port, or bootstrap loader start (in Flash devices).

57 | Test clock. TCK is the clock input port for device programming test and bootstrap loader start (in Flash i
devices).
55 1 Test data input. TDlis used as a data input port. The device protection fuse is connected to TDI.

)/TDI 54 /0 | Test data output port. TDO/T Dl data output or programming data input terminal

3 56 | Test mode select. TMS is used as an input port for device programming and test.

EF+ 10 1P | input for an extemal reference voltage to the ADC

= 7 O | Output of positive terminal of the reference voltage in the ADC

-F-_/VeREF— 11 O | Negative terminal for the ADC’s reference voltage for both sources, the internal reference voltage, or an |

external applied reference voltage

| 8 | Input port for crystal oscillator XT1. Standard or watch crystals can be connected.
UT/TCLK 9 /0 | Output terminal of crystal oscillator XT1 or test clock input
2IN 53 | Input port for crystal oscillator XT2. Only standard crystals can be connected.
QUT 52 O | Output terminal of crystal oscillator XT2

ort-form description

cessing unit

The processing unit is based on a consistent and orthogonal CPU and instruction set. This design structure
results in a RISC-like architecture, highly transparent to the application development and notable for its ease
of programming. All operations other than program-flow instructions are consequently performed as register
operations in conjunction with seven addressing modes for source and four modes for destination operand.

r Program Counter J PC/RO

The CPU has sixteen registers that provide
reduced instruction execution time. This reduces
the register-to-register operation execution time
to one cycle of the processor frequency.

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

Peripherals are connected to the CPU using a
data address and control bus, and can be easily
handled with all memory manipulation instruc-
tions.

| Stack Pointer J SPIR1

r Status Register J SRICG1/R2

r Constant Generator l CG2/R3

Feneral-Purpose Register R4

| General-Purpose Register J R5

rGeneral-Purpose Register R14

|T':‘ene|a|-Purpose Register R15
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N

hort-form description (continued)

'struction set

The instruction set for this register-to-register architecture constitutes a powerful and easy-to-use assembler
language. The instruction set consists of 51 instructions with three formats and seven address modes. Table 1
provides a summary and example of the three types of instruction formats; the address modes are listed in
Table 2.

Table 1. Instruction Word Formats

R4 + R5 —>R5
PC —>(T0OS), R8—>PC
Jump-on-equal bit = 0

e.g. ADD R4,RS
eg.CALL R8
e.g. INE

Dual operands, source-destination

Single operands, destination only

Relative jump, un/conditional

Each instruction operating on word and byte data is identified by the suffix B.

Examples: WORD INSTRUCTIONS BYTE INSTRUCTIONS
MOV  EDE, TONI MOV.B  EDE,TONI
ADD #235h,&MEM ADDB  #35h,&MEM
PUSH R5 PUSHB RS
SWPB RS —

Table 2. Address Mode Descriptions

ADDRESS MODE |S|D SYNTAX EXAMPLE OPERATION
Register 124 Ud MOV Rs,Rd MOV R10.R11 R10 —>R11
Indexed 174 Ud MOV X(Rn),Y(Rm) MOV 2(R5),6(R6) M(2+R5)—> M(6+R6)

Symbolic (PC relative) |+~ |+~ MOV EDE,TONI M(EDE) —> M(TONI)
Absolute 1| MOV &MEM,&TCDAT M(MEM) —> M(TCDAT)
Indirect v MOV @Rn,Y(Rm) MOV @R10,Tab(R6) M(R10) —> M(Tab+R6)
_hdredt 1| | MoveRnRm | Mov@RIGRT s o
Immediate v MOV #X,TONI MOV #45,TONI #45 —>M(TONI)
NOTE: S =source D = destination

Computed branches (BR) and subroutine call (CALL) instructions use the same address modes as other
instructions. These address modes provide indirect addressing, which is ideally suited for computed branches
and calls. The full use of this programming capability results in a program structure which is different from
structures used with conventional 8- and 16-bit controllers. For example, numerous routines can be easily
designed to deal with pointers and stacks instead of using flag-type programs for flow contral.

operating modes and interrupts

The MSP430 operating modes provide advanced support of the requirements for ultralow-power and uitralow-
energy consumption. This goal is achieved by intelligent management during the different operating modes of
modules and CPU states and is fully supported during interrupt event handling. An interrupt event awakes the
system from each of the various operating modes and returns, using the RET/ instruction, to the mode thatwas
selected before the interrupt event occurred. The different requirements on CPU and modules—driven by
system cost and current consumption objectives—require the use of different clock signals:

e Auxiliary clock ACLK, sourced by LFXT1CLK (crystal frequency) and used by the peripheral mocules
® Main system clock MCLK, used by the CPU and system
® Subsystem clock SMCLK, used by the peripheral modules
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w-poWer consumption capabilities

The various operating modes are handled by software by controlling the operation of the internal clock system.
This clock system provides a large combination of hardware and software capabilities to run the application
while maintaining the lowest power consumption and optimizing system costs. This is accomplished by:

® Use of the internal clock (DCO) generator without any external components
® Selection of an external crystal or ceramic resonator for lowest frequency and cost

e Selection and activation of the proper clock signals (LFXT1CLK, XT20ff, and/or DCOCLK) and clock
predivider function. Control bit XT20ff is embedded in control register BCSCTL1.

e Application of an external clock source

The control bits that most influence the operation of the clock system and support fast turnon from low power
operating modes are located in the status register SR. Fourbits control the CPU and the system clock generator:
SCG1, SCGO, OscOff, and CPUOf.

15 9 8 7 0
Reserved For Future . !
Enhancements \Y SCG1 SCGO0 OscOff | CPUOff GIE N VA o J
\ I
—
rw-0

CPUOff, SCG1, SCGO, and OscOff are the most important bits in low-power control when the basic function
of the system clock generator is established. They are pushed to the stack whenever an interrupt is accepted
and saved forreturning to the operation before an interrupt request. They can be manipulated via indirectaccess
+o0 the data on the stack during execution of an interrupt handler so that program execution can resume in
another power operating mode after return-from-interrupt.

CPUOA: Clock signal MCLK, used with the CPU, is active when the CPUOff bit is reset or stopped when

set.
SCG1: Clock signal SMCLK, used with peripherals, is enabled when the SCG1 bit is reset or stopped
when set.
OscOff: Crystal oscillator LFXT1 is active when the OscOffbitis reset. The LFXT1 oscillator can be inac-

tive only when the OscOff bit is set and it is not used for MCLK. The setup time to start a crystal
oscillation requires special consideration when the off option is used. Mask-programmable de-
vices can disable this feature and the oscillator can never be switched off by software.
SCGO: The dcgeneratoris active when the SCGO bitis reset. The DCO can be inactive only ifthe SCGO
bit is set and the DCOCLK signal is not used as MCLK or SMCLK. The dc current consumed
by the dc generator defines the basic frequency of the DCOCLK.
When the current is switched off (SCG0=1) the start of the DCOCLK is slightly delayed. This
delay is in the microsecond range.
DCOCLK:  Clocksignal DCOCLK is stopped ifnotused as MCLK or SMCLK. There are two situations when
the SCGO bit can not switch the DCOCLK signal off:
The DCOCLK frequency is used as MCLK (CPUOff=0 and SELM.1=0), or the DCOCLK
frequency is used as SMCLK (SCG1=0 and SELS=0).
If DCOCLK is required for operation, the SCGO bit can not switch the dc generator off.
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pt vector addresses

he interrupt vectors and the power-

he veetor contains the

up starting address are loc
16-bit address of the appropriate interrupt-

ated in the address range OFFFFh — OFFEQh.
handler instruction seguence.

ﬁRRUPT SOURCE INTERRUPT FLAG SYSTEM INTERRUPT WORD ADDRESS PRIORITY
Power-up WDTIFG Reset OFFFEh 15, highest
External Reset KEYV
Watchdog (see Note 1)
Flash memory
NMI NMIIFG (see Notes 1 & 4) (Non)maskable
Oscillator Fault OFIFG (see Notes 1 & 4) (Non)maskable OFFFCh 14
h memeory access violation ACCVIFG (see Notes 1 & 4) (Non)maskable
Timer_B7 (see Note 5) BCCIFGO (see Note 2) Maskable OFFFAh 13
. BCCIFG1 to BCCIFG6 Y
Timer_B7 (see Note 5) TBIFG (see Notes 1 & 2) Maskable OFFF8h 12
Comparator_A CAIFG Maskable OFFF6h 1"
Watchdog timer WDTIFG Maskable OFFF4h 10
USARTO receive URXIFGO Maskable OFFF2h 9
USARTO transmit UTXIFGO Maskable OFFFOh 8
ADC ADCIFG (see Notes 1 &2) Maskable OFFEEh 7
Timer_A3 CCIFGO (see Note 2) Maskable OFFECh 6
CCIFG1,
Timer_A3 CCIFG2, Maskable OFFEAh 5
TAIFG (see Notes 1 & 2)
P1IFG.0 (see Notes 1 & 2)
1/O port P1 (eight flags) To Maskabie OFFE8h 4
P1IFG.7 (see Notes 1 & 2)
USART1 receive URXIFG1 Maskable OFFE6h 3
USART 1 transmit UTXIFG1 OFFE4h 2
P2IFG.0 (see Notes 1 & 2)
1/0 port P2 (eight flags) To Maskable OFFE2h 1
P2IFG.7 (see Notes 1 & 2)
OFFEOh 0, lowest
‘ES: 1. Muttiple source flags
2. interrupt flags are located in the module.
3. Nonmaskable: neither the individual nor the general interrupt-enable bit will disable an interrupt event.
4. (Non)maskable: the individual interrupt-enable bit can disable an interrupt event, but the general-interrupt enable can not disabie

o

it.
. Timer_B7 in MSP430x14x family has 7 CCRs; Timer_B3 in MSP430x13x family has 3 CCRs; in Timer_B3 there arz only interrunt

flags CCIFGO, 1, and 2, and the interrupt-enable bits CCIED, 1, and 2 integrated.

ecial function registers

Most interrupt and module-enable bits are collected in the lowest address space. Special-function register bits
not allocated to a functional purpose are not physically present in the device. This arrangement provides simple
software access.
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le enable registers 1 and 2

Iress 7 6
UTXEO URXEO
USPIEO
rw-0 rw-0
URXEO: USARTO, UART receive enable
UTXEO: USARTO, UART transmit enable
USPIEO: USARTO, SPI (synchronous peripheral interface) transmit and receive enable
dress 7 [ 5 4 3 2 1 o
h UTXE1 URXE1
USPIE1
rw-0 rw-0
URXE1 USART1, UART receive enable
UTXEA1 USART1, UART transmit enable
USPIE1 USART1, SPI (synchronous peripheral interface) transmit and receive enable

nory organization

Bit Can Be Read and Written
Bit Can Be Read and Written.
SFR Bit Not Present in Device

It Is Reset by PUC.

ol MSP430F133 MSP430F135 MSP430F147 MSP430F148 MSP430F149
nory Size 8kB 16kB 32kB 48kB 60kB
n: interrupt vector Flash | OFFFFh — OFFEOh OFEFFh —OFFEOh | OFFFFh - OFFEOh | OFFFFh —OFFEOh OFFFFh — OFFEOh
n: code memory Flash | OFFFFh —OEQOO OFFFFh —0C000h | OFFFFh — 08000h | OFFFFh —04000h OFFFFh —01100h
mmation memory Size 256 Byte 256 Byte 256 Byte 256 Byte 256 Byte
Flash | 010FFh —01000h 010FFh —01000h | O10FFh —_01000h | 010FFh —01000h 010FFh —01000h
ot memery Size 1kB 1kB 1kB 1kB 1kB
ROM | OFFFh-—-0C00h OFFFh —0CO0h OFFFh — 0CO0h OFFFh ~0CO0h OFFFh —0C00h
M Size 256 Byte 512 Byte 1kB 2kB 2kB
02FFh —0200h 03FFh —0200h 05FFh —0200h Q9FFh — 0200h 09FFh —0200h
ripherals 16-bit | 01FFh —0100h 01FFh —0100h 01FFh —0100h 01FFh —0100h 01FFh —0100h
8-bit OFFh —010h OFFh--010h OFFh-—010h OFFh—-010h OFFh — 010h
8-bit SFR OFh —00h OFh —00h OFh - 00h OFh —00h CFh —00h

ot ROM containing bootstrap loader

The intention of the bootstrap loaderistod
erase operations are needed for a proper

devices.

nctions of the bootstrap loader:

Definition of read:

write:

nprotected functions
Mass erase, erase of the main memory (segment O to

segment B

Access to the M
can be performed. The 25

)

Apply and transmit data o
Read data from pin P2.2 (

SP430 via the bootstrap loader is pro
6 bits in OFFEOh to

ownload data int
download environment. The bootstra

f peripheral registers or
BSLRX) and write them into flash memory

segment n

o the flash memory module. Various write, read, and
p loader is only available on F

memory to pin P1.1 (BSLTX)

) and information memory (segment A and

tected. It must be enabled before any protected function
OFFFFh provide the access key.
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ash memory

Flash memory has n segments of main memory and two segments of information memory (A and B) of 128
bytes each. Each segment in main memory is 512 bytes in size.

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

Segments A and B can be erased individually, or as a group with segments 0-n.
Segments A and B are also called information memory.

A security fuse burning is irreversible; no further access to JTAG is possible afterwards

Internal generation ofthe programming/erase voltage: no external Vpp has to be applied, but V¢ increases
the supply current requirements.

Program and erase timing is controlled by hardware in the flash memory — no software intervention is
needed.

The control hardware is called the flash-timing generator. The input frequency of the flash—timing generator
should be in the proper range and should be maintained until the write/program or erase operation is
completed.

During program or erase, no code can be executed from flash memory and all interrupts must be disabled
by setting the GIE, NMIIE, ACCVIE, and OFIE bits to zero. If a user program requires execution concurrent
with a flash program or erase operation, the program must be executed from memory other than the flash
memory (e.g., boot ROM, RAM). In the event a flash program or erase operation is initiated while the
program counter is pointing to the fiash memory, the CPU will execute JMP $ instructions until the flash
program or erase operation is completed. Normal execution of the previously running software then
resumes.

Unprogrammed, new devices may have some bytes programmed in the information memory (needed for
test during manufacturing). The user should perform an erase of the information memory prior to first use.




30x13x, MSP430x14x

) SIGNAL MI

CROCONTROLLER

C — JULY] 2000 — REVISED FEBRUARY 2001

-

!
memory (continued)

8 kB

OFFFFh

OFEOOh
OFDFFh

OFCO00h
OFBFFh

OFAQOh
OF9FFh

0E400h
OE3FFh

0E200h
OE1FFh

0E00Ch
010FFh

01080h
0107Fh

01000h

16 kB

OFFFFh

OFEOOh
OFDFFh

O0FCO00h
O0FBFFh

OFA00h
OF9FFh

0C400h
0C3FFh

0C200h
0C1FFh

0C000h
010FFh

01080h
0107Fh

01000h

32kB

OFFFFh

O0FEOOh
OFDFFh

0FCO0h
OFBFFh

0FA00h
OF9FFh

08400h
083FFh

08200h
081FFh

08000h
010FFh

01080h
0107Fh

01000h

48kB

OFFFFh

OFEOCh
OFDFFh

0FCO0h
OFBFFh

O0FAOCh
O0F9FFh

04400h
043FFh

04200h
041FFh

04000h
010FFh

01080h
0107Fh

01000h

60 kB

OFFFFh

OFEOOh
OFDFFh

0FCO0h
OFBFFh

OFAOOh
OF9FFh

01400h
013FFh

01200h
011FFh

01100h
010FFh

01080h
0107Fh

01000h

Segment 0

w/ Interrupt Vectors \‘

Segment 1
Segment 2
L Main
. | Memory
- oy
s 1
Segment n-1
Segmentn
Segment A
Information
Memory
Segment B
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lash rhemory, control register FCTL1

All control bits are reset during PUC. PUC is active after application of Ve, application of a reset condition to
the RST/NMI pin, expiration of the Watchdog Timer, occurrence of a watchdog access violation, or execution
of an improper flash operation. A more detailed description of the control-bit functions is found in the
flash-memory module description (in the MSP430x1xx user’s guide, literature number SLAU049). Any write to
control register FCTL1 during erase, mass erase, or write (programming) will end in an access violation with
ACCVIFG=1. In an active segment-write mode the control register can be written if the wait mode is active
(WAIT=1). Special conditions apply during segment-write mode. See the MSP430x1xx user’s guide for details.

Read access is possible at any time without restrictions.

The bits of contro! register FCTL1 are:

15 8 7 0

FCTL1 SEG

WRT WRT | res. | res. | res. |MEras|Erase| res.
0128h

rw-0 rw-0 r0 r0 r0 rw-0  rw-0 rG
FCTL1 Read: 4— 096h —p
FCTLA Write: <« 0A5h —>
Erase 0128h, bit1 Erase a segment

0: No segment erase will be started.

1: Erase of one segment is enabled. The segment to be erased is defined by a
dummy write into any address within the segment. The erase bit is
automatically reset when the erase operation is completed. See Note 8.
MEras 0128h, bit2 Mass erase, Segment0 to Segmentn are erased together.
0: No erase will be started
1: Erase of Segment0 to Segmentn is enabled. A dummy write to any address in
Segment0to Segmentn starts mass erase. The MEras bit is automatically reset
when the erase operation is completed. See Note 8.
WRT 0128h, bité  Bit WRT should be set for a successful write operation.
An access violation occurs and ACCVIFG is set if bit WRT is reset and write
access to the flash memory is performed. See Note 8.
SEGWRT  0128h, bit7 Bit SEGWRT may be used to reduce total programming time.

Segment-write bit SEGWRT is useful when larger sequences of data have to be
programmed. After completion of programming of one segment, a reset and set
sequence has to be performed to enable access to the next segment. The WAIT
bit must be high before executing the next write instruction.

0: No segment write accelerate is selected.

1: Segment write is used. This bit needs to be reset and set between segment
borders.

NOTE 8: Only instruction-fetch access is allowed during program, erase, or mass-erase cycles. Any other access to the flash memory
during these cycles will result in setting the ACCVIFG bit. An NMI interrupt should handle such violations.
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men{ory, control register FCTL1 (continued)

Table 3. Valid Combinations of Control Bits for Flash Memory Access (see Note 9)

FUNCTION PERFORMED SEGWRT | WRT | MERAS ERASE | BUSY | WAIT | LOCK

word or byte 0 1 0 0 0 0 0
word or byte in same segment, segment write mode 1 1 0 0 0 1 0

. one segment by writing to any address in the target segment 0 0 0 1 0 o] 0
Esegments (0 to n) but not the information memory (segments A 0 0 1 0 0 0 0

)

> all segments (0 ton, and A and B) by writing to any address in 0 0 1 1 0 0 Q

ash memory module

'9: The table shows all possible combinations of control bits SEGWRT, WRT, MEras, Erase, and BUSY. All other combinaticns will result
in an access violation.

h memory, timing generator, control register FCTL2

The timing generator (Figure 1) produces all the timing signals necessary for write, erase, and mass erase (see
NOTE below) from the selected clock source. One of three different clock sources may be selected by control
bits SSELO and SSEL1 in control register FCTL2. The selected clock source should be divided to meet the
frequency requirements specified in the recommended operating conditions.
NOTE:
The mass erase duration generated by the flash timing generator is at least 11.1 ms. The

cummulative mass erase time neededis 200 ms. Thiscan be achieved by repeating the mass erase
operation until the cumulative mass erase time is met (a minimum of 19 cycles may be required).

The flash-timing generator is reset with PUC. It is also reset if the emergency exit bit EMEX is set. Contrc!
register FCTL2 may not be written to if the BUSY bit is set; otherwise, an access violatior will occur
(ACCVIFG=1).

Read access is possible at any time without restrictions.

15 8 7 0
FCTL2
sseL1] ssELol FNs | FN4 | FN3 [ FN2 FN1 | FNO
012Ah
w-0 rw-1 rw0 rw0 rw-0 w-0 w1 rw-0
FCTL2 Read: 4— 096h —>
FCTL2 Write: «4— 0A5h —p

The control bits are:
FNOto  012Ah, bit0 These six bits determine the division rate of the clock signal. The division rate is 1

FN5 012Ah, bits to 64, depending on the value of FN5 to FNO plus one.
SSELO  012Ah, bit0 Determine the clock source
SSEL1 0: ACLK

1: MCLK

2: SMCLK

3: SMCLK
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#li

jash fhemory control register FCTL3

There are no restrictions on modifying this control register. The control bits are reset or set (WAIT) by a PUC,
but key violation bit KEYV is reset with a POR.

8 7 0

FCTL3
012Ch

res. | res. |EMEX| Lock | WAIT A|(|::%v KEYV | BUSY

FCTL3 Read: 44—

r0 r0 rw-0 rw-1 r1 rw-0  Tw-(0) r{iw)-0

096h —»

FCTL3 Write: <—

BUSY

KEYV,

ACCVIFG,

WAIT,

Lock

EMEX,

012Ch, bit0

012Ch, bit1

012Ch, bit2

012Ch, bit3

012Ch, bit4

012Ch, bit5

0A5h —p

The BUSY bit shows if an access to the flash memory is correct (BUSY=0), or if an access
violation has taken place. The BUSY bit should be tested before each write and erase cycle.

0: Flash memory is not busy.

1: Flash memory s busy. It remains in busy state if segment-write function is in wait mode.

Key violated

0: Key 0ASh (high byte) was not violated.

1: Key 0A5h (high byte) was violated. Violation occurs when a write access to register
FCTL1, FCTL2, or FCTL3 is executed and the high byte is not equal to 0ASh. If the
security key is violated, bit KEYV is set and a PUC is performed.

Access-violation interrupt flag

The access-violation interrupt flag is set only when a write or erase operation is active.

Access violation can only happen if the flash-memory module is written or read while itis

busy. An instruction can be fetched during write, erase, and mass erase, but not during

segment write. When the access-violation interrupt-enable bitis set, the interrupt-service
request is accepted and the program continues at the NMI interrupt-vector address.

Reading the control registers will not set the ACCVIFG bit.

In the segment-write mode, the WAIT bit indicates that the flash memory is prepared to
receive the (next) data for programming. The WAIT bit is read only, but a write to WAIT bit
is allowed.

0: Segment-write operation is started and programming is in progress
1: Segment write operation is active and programming of data has been completed

The lock bit may be set during any write, erase of a segment, or mass erase request. The
active sequence is completed normally. In segment-write mode, the SEGWRT and WAIT
bits are reset and the mode ends in the regular manner. The software or hardware controls
the lock bit. If an access violation occurs during segment-write mode, the ACCVIFG and
LOCK bits may be set.

0: Flash memory may be read, programmed, erased, and mass erased.

1: Flash memory may be read but not programmed, erased, and mass-erased. A current
program, erase, or mass-erase operation will complete normally. The access-violation
interrupt flag ACCVIFGis setwhen the flash-memory module is accessed while thelock
bit is set.

Emergency exit. The emergency exit should only be used if a flash memory write or erase
operation is out of control.

0: No function
1: Stops the active operation immediately and shuts down all internal parts in the flash
memory controller. Current consumption immediately drops back to the active mode

jevel. All bits in control register FCTL1 are reset. Since the EMEX bit is automatically
reset by hardware, the software always reads EMEX as 0.
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yeripherals

Peripherals are connected to the CPU through data, address, and control busses, and can be easily handled
using all memory-manipulation instructions.

yscillator 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 LEXT1CLK (crystal frequency) and used by the peripheral modules.

Following a POR the DCOCLK is used by default, the DCOR bitis reset, andthe DCO is set to the nominal initial
frequency. Additionally, if either LFXT1CLK (with XT1 mode selected by XTS=1) or XT2CLK fails as the source
for MCLK, DCOCLK is automatically selected to ensure fail-safe operation.

SMCLK can be generated from XT2CLK or DCOCLK. ACLK is always generated from LFXT1CLK.

Crystal oscillator LFXT1 can be defined to operate with watch crystals (32,768 Hz) or with higher-frequency
ceramic resonators or crystals. The crystal or ceramic resonator is connected across two terminals. No external
components are required for watch-crystal operation. 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 LFXT1 oscillator starts after application of VCC. If the OscOff bit is set to 1, the oscillator stops when it is
not used for MCLK.

Crystal oscillator XT2 is identical to oscillator LFXT1, but only operates with higher-frequency ceramic
resonators or crystals. The crystal or ceramic resonator is connected across two terminals. External capacitors
from XT2IN to VSS and XT20UT to VSS are required as specified by the crystal manufacturer.

The XT2 oscillator is off after application of VCC, since the XT2 oscillator control bit XT20ff is set. If bit XT20ff
is set to 1, the XT2 oscillator stops when it is not used for MCLK or SMCLK.

Clock signals ACLK , MCLK, and SMCLK may be used externally via port pins.

Different application requirements and system conditions dictate different system-clock requirements,
including:

e High frequency for quick reaction to system hardware requests or events

® Low frequency to minimize current consumption, EMI, etc.

e Stable peripheral clock for timer applications, such as real-time clock (RTC)
® Start-stop operation that can be enabled with minimum delay

multiplication

The multiplication operation is supported by a dedicated peripheral module. The module performs 16x186, 16x8,
8x16, and 8x8 bit operations. The module is capable of supporting signed and unsigned multiplication as well
as signed and unsigned multiply and accumulate operations. The result of an operation can be accessed
immediately after the operands have been loaded into the peripheral registers. No additiona’ clock cycles are
required.

digital /O

There are six 8-bit I/O ports implemented-—ports P1 through P86. Ports P1 and P2 use seven control registers,
while ports P3, P4, P5, and P8 use only four of the control registers to provide maximum digital input/output
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.
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1 1/0 ﬂcontinued)

‘he seven control registers are:

» Input register 8 bits at ports P1 through P6
» Output register 8 bits at ports P1 through P6
» Direction register 8 bits at ports P1 through P6
» Interrupt edge select 8 bits at ports P1 and P2

® Interrupt flags 8 bits at ports P1 and P2

® Interrupt enable 8 bits at ports P1 and P2

® Selection (port or module) 8 bits at ports P1 through P6

Each one of these registers contains eight bits. Two interrupt vectors are implemented: one commonly used
for any interrupt event on ports P1.0to P1.7, and another commonly used for any interrupt event on ports p2.0

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

chdog Timer

The primary function of the Watchdog Timer (WDT) module is to perform a controlled system restart after a
software upset has occurred. A system reset is generated if the selected time interval expires. If an application
does not require this watchdog function, the module canwork as an interval timer, which generates an interrupt
after a selected time interval.

The Watchdog Timer counter (WDTCNT) is a 15/16-bit up-counter not directly accessible by software. The
WDTCNT is controlied using the Watchdog Timer control register (WDTCTL), which is an 8-bit read/write
register. Writing to WDTCTL in either operating mode (watchdog ortimer) is only possible when using the correct
password (05Ah) in the high-byte. If any value other than 05Ah is written to the high-byte of the WDTCTL, &
system reset PUC is generated. The password is read as 069h to minimize accidental write operaiions to the
WDTCTL register. The low-byte stores data written to the WDTCTL. In addition to the Watchdog Timer contrci
bits, there are two bits included in the WDTCTL that configure the NMI pin.

ARTO and USART1

There are two USART peripherals implemented in the MSP430x14x: USARTO and USART1; but only one in
the MSP430x13x configuration: USARTO. Both have an identical function as described in the applicable
chapters of the MSP430x7xx User’s Guide. They use different pins to 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 communica-
tions. The USART supports synchronous SPI (3- or 4-pin), and asynchronous UART communicaticn 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 is to be processed. This option reduces power consumption.

Two dedicated interrupt vectors are assigned to each USART module—one for the receive anc cne for the
transmit channels.
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yarator_A

The control bits are:
CAOUT, 05Ah, bit0 Comparator output

CAF, 05Ah, bit1 The comparator output is transparent or fed through a small filter
P2CAO, 05Ah, bit2 0: Pin P2.3/CAO/TA1 is not connected to Comparator_A.

1: Pin P2.3/CAO/TA1 is connected to Comparator_A.
P2CA1, 05Ah, bit3 0: Pin P2.4/CA1/TA2 is not connected to Comparator_A.

1: Pin P2.4/CA1/TA2 is connected to Comparator_A.
CACTL2.4 05Ah, bit4 Bits are implemented but do not control any hardware in this device.

to

CATCTL2.7 05Ah, bit7

CAIFG, 059h, bit0 Comparator_A interrupt flag

CAIE, 059h, 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, 059h, bitd,5 Comparator_A reference

0 Internal reference is switched off, an external reference can be applied.
1: 0.25 x VCC reference selected.
2: 0.50 x VCC reference selected.
3: A diode reference selected.

CARSEL, 059h, bité An internal reference VoaREF selected by CAREF bits, can be applied to
signal path CAO or CA1. The signal VcaREF is only driven by a voltage
source if the value of CAREF control bits is 1,2, 0r3.

CAEX, 059h, bit7 The comparator inputs are exchanged, used {o measure and compensate
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 near Vgg
or Vgg. Control bits CAPIO to CAIP7 are initially reset and the port input buffer is active. The port input buffer
is inactive if the corresponding control bit is set.

D converter

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 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 LSB linearity
® Built-in sample-and-hoid

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

® Internal reference voltage Vrgp+ of 1.5V or 2.5V, software-selectable by control bit 2_5V

® Internal-temperature sensor for temperature measurement
T = (V_SENSOR(T) - V_SENSOR(0°C)) / TC_SENSOR in °C

® Battery-voltage measurement: N =0.5 X (AVoc - AVgg) x 4096/1.5V; VRerF+ is selected for 1.5 V.

® Source of positive referencevoitage level VR+ canbe selected as internal (1.5V or2.5V), external, orAVge.
The source is selected individually for each channel.
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A/D converter (continued)

e Source of negative reference voltage level VR. can be selected as external or AVgs. The source is selected
individually for each channel.

e 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 of channels, or repeated conversion of a group of
channels. If conversion of a group of channels is selected, the sequence, the channels, and the number
of channels in the group can be defined by software. For example, a1-a2-a5-a2-a2-....

@ The conversion is enabled by the ENC bit, and can be triggered by software via sample and conversion
control bit ADC12SC, Timer_A3, or Timer_Bx. Most of the control bits can be modified only if ENC controt
bit is low. This prevents unpredictable results caused by unintended modification.

® Sampling time can be 4 x n0 x ADC12CLK or 4 x n1 x ADC12CLK. It can be selected to sample as iong
as the sample signal is high (ISSH=0) or low (ISSH=1). SHTO defines n0 and SHT1 defines nt.

® The conversion result is 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 positive and negative reference source and the channel assigned.

VeREF* 25v REPON e oan
_ | VRee« VReF+
. VREF- VeREE- 18V or2.5v } on on
> REF REE: Reference AveC
ADC12CTLX0..3 AVSS (LAVCC Ref_X 47
! ! * 1) $ AVSS ADC12SSEL lm_ema
P8.0/AR > ADC120N Oscillator
P6.1/A1 > ADC12CTLx4..6 n ABC120lV T ADCA20SC
P6.2IA2 , " m B
P6.3/A3 | Analog VR VRs ADC12CLK Divideby || O—1T—4——ACLK
P6.4/Ad4 ) Sample 1,23,456,7.8 O—1T—4——MCLK
P6.8/A5 » ;A:;: | & 12--bit A/D converter core SHTO © ¢ SMCLK
P6.64 Hold SHT1 - P
> P» P2 6/ADC12CLK
P6.T/AT. p 1201 _ SHP
» a8 SH T Sampling ISSH - WADC12SC
a9 (— SAMPCON W Timer SYNG O—t—Timer A3.0ut1
» at0 Oo—< SHI > Ot Timer_Bx.Out0
] att W msC O-—€—Timer_Bx Out1
[ 12-bit SAR [ conversioncTL__| NG T
AVCC +
o Ref_X 0140h ADC12MEMO - ADC12CTLO 080h SH3
0142h ADC12MEM1 ADC12CTL1t 081h
0144h ADC12MEM2 ADC12CTL2 082h
0146h ADC12MEM3 ADC12CTL3 083h
0148h ADC12MEM4 ADC12CTL4 084h
014AR ADC12MEMS ADC12CTLS 085h
T  o14ch ADC12MEM6 - ADC12CTL6 086h
014Eh ADC12MEM7 ADC12CTL7 087h
AVSS 0150h ADC12MEMS8 ADC12CTL8 088h
0152h ADC12MEM9 - ADC12CTLS 089h
0154h ADC12MEM10 ADC12CTL10 08Ah
0156h ADC12MEM11 ADC12CTL11 08Bh
0158h ADC12MEM12 ADC12CTL12 08Ch
015Ah ADC12MEM13 ADC12CTL13 08Dh
015Ch ADC12MEM14 ADC12CTL14 08Eh
015Eh ADC12MEM15 ADC12CTL15 08Fh
16 x 12-bit 16 x 8-bit

ADC Memoly (leading bits 15 to 12 are 0)  ADC Memory Control
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converter (continued)

Table 4. Reference Voltage Configurations

SREF VOLTAGE AT VR+ VOLTAGE AT VR~
0 AVce AVSS
1 VREF+ (internal) AVgg
2,3 VeRgF + (extemal) AVss
AVee VREF_/VeREF- (interal or external)
5 VREF + (internal) VREF_/VeREgF- (intemal or external)
6,7 VeRgE+ (external) VREF—/VeREF- (intemal or external)

trol registers ADC12CTLO and ADC12CTLA1

All control bits are reset during POR. POR is active after Vgc or a reset condition is applied to pin RST/NML.
A more detailed description of the control bit functions is found in the ADC12 module description (in the user’s
guide). Most of the control bits in registers ADC12CTLO, ADC12CTL1, and ADC12MCTLx can only be modified
if ENC is low.

The following illustration highlights these bits. Six bits are excluded and can be unrestrictedly modifiec:
ADC12SC, ENC, ADC12TOVIE, ADC120VIE, and CONSEQ.

The control bits of control registers ADC12CTLO and ADC12CTL1 are:

15 8 7 0

i ADC12| ADC12 Enc |ADC12
1 OVIE | TOVIE sC

ADC12CTLO

01A0h
rw—{0) rw—(0) rw—0) rw—0) rw—0) rw—(0) rw—0) rw-{0) rw—{0:
ADC12SC Sample and convert. The ADC12SC bit is used to control the conversion by software. i
01A0h, bit0 is recommended that ISSH=0.
SHP=1: Changing the ADC12SC bit from 0 to 1 starts the sample and conversion
operation. Bit ADC12SC is automatically reset when the conversion is complete
(BUSY=0).
SHP=0: Ahighlevelofbit ADC12SC determinesthe sample time. Conversion starts once
it is reset (by software). The conversion takes 13 ADC12CLK cycles.
ENC Enable conversion, A conversion can be started by software (viaADC1 28C) or by external
01AOh, bit1 signals, only if the enable conversion bit ENC is high. Most of the control bits in
ADC12CTLOand ADC12CTL1, and ali the bits in ADCMCTL x can only be changed ifENC
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 signat.
The operation selected proceeds as long as ENC is set.




#ﬁ
control registers ADC12CTLO and ADC1 2CTL1

ADC12TOVIE
01AOh, bit2

ADC120VIE
01AO0h, bit3

ADC120N
01AOh, bit4

REFON
01AO0h, bit5

2_5V
01AOh, bit6

MSC
01AO0h, bit7

SHTO
01AOh, bitg—-11

SHT1
01AOh, bit12—-15
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Conversion time overflow interrupt enable.

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.

Overflow interrupt enables the individual enable for the overflow-interrupt vector.

The overflow takes place if the next conversion result is written into ADC memory
ADC12MEMx but the previous result was not read. If an overflow vector is generated, the
overflow-interrupt enable flag ADC120VIE and the general-interrupt enable GIE are set
and an interrupt service is requested.

Switch on the 12-bit ADC core. Make sure that the settling timing constraints are met if ADC
core is powered up.

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

1: ADC core is supplied with power. 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 power is consumed by the reference
voltage generator.

1: The internal reference voltage is switched on and consumes additional power. The
settling time of the reference voltage should be over before the first sampie and
conversion is started.

Reference voltage level
0 The internal-reference voltage is 1.5 V if REFON = 1.
1: The internal-reference voltage is 2.5 V if REFON = 1.

Multiple sample and conversion. Works only when the sample timeris selected to generate

the sample signal and to repeat single channel, sequence of channel, or when repeat

sequence of channel (CONSEQz0) is selected.

0 :Only one sample is taken.

1 :1fSHP is set and 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
further conversions are immediately started after the current conversion is completed.

Sample-and-hold TimeO

Sample-and-hold Time1
The sample time is a multiple of the ADC12CLK x 4.
tsample = 4 X ADC12CLK x n

SHTO/1 o |1 2 3|45 |67 |89 ]10]|M 1215

n 1 2 14 |8 |16 |24 |32]48 |64 |96 |128]192 256

The sampling time defined by SHTO is used when ADC12MEMO through ADC12MEM7
are used during conversion. The sampling time defined by SHT1 is used when
ADC12MEMS through ADC12MEM15 are used during conversion.
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rol rebisters ADC12CTLO and ADC12CTLA1 (continued)

15 8 7 0
ADC12CTL1 os ADCA2DIV CONSEQ ABDch1y2
01A2h A s e D b ]

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) rw—{0) r (0}
ADC12BUSY The BUSY signal indicates an active sample and conversion operation.
01A2h, bit0 0: No conversion is active. The enable conversion bit ENC can be reset normally.
1: A sample period. Conversion or conversion sequence is active.
CONSEQ Select the conversion mode. Repeat mode is on if CONSEQ.1 (bit 1) is set.
01A2h, bit1/2 0: One single 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
ADC12SSEL Selects the clock source for the converter core
01A2h, bit3/4 0: Internal oscillator embedded in the ADC12 module
1: ACLK
2: MCLK
3: SMCLK
ADC12DIV Selects the division rate for the clock source selected by ADC12SSEL. The clock-opera-
01A2h, bit5,6,7  tion signal ADC1 2CLK is used in the converter core. The conversion, without sampling
time, requires 13 ADC1 2CLK clocks.
0 to 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, programmable length of sample pulse
01A2h, bit9 0: The sample operation lasts as long as the sample-and-hold signal is 1. The conversion
operation starts if the sample-and-hold signal goes from 1to 0.
1: The sample time (sample signal is high) is defined by nx4x(1/fADc12CLK)- SHTx hoids
the data for n. The conversion starts when the sample signal goes from 1 to 0.
SHS Source for sample-and-hold

01A2h, bit10/11

CStartAdd
01A2h, bit12 to
bit15

0: Control bit ADC12SC triggers sample-and-hold followed by the A/D conversion.

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.EQUO.
3: The trigger signal for sample-and-hold and conversion comes from Timer_B.EQU".

Conversion start address CstartAdd is used to define which ADC12 controi memory is
used to start a (first) conversion. The value of CstartAdd ranges from O to OF h, correspond-
ing to ADC12MEMOto ADC12MEM?15 and the associated control registers ACC12MCTLD
to ADC12MCTL15.
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:ontrél register ADC12MCTLx and conversion memory ADC1 2MEMX

All control bits are reset during POR. POR is active after application of V¢, of after a reset condition is applied
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 control bit functions is found in the ADC12 module description {in the MSP430x1xx
User’s Guide).

There are sixteen ADC12MCTLx 8-bit memory control registers and sixteen ADC12MEMx 16-bit registers.
Each of the memory control registers is associated with one ADC12MEMX register; for example, ADC12MEMD
is associated with ADC12MCTLO, ADC12MEM1 is associated with ADC12MCTLA1, etc.

0

ADC12MCTLx
080h....08Fh

—N\

vV VT

rw—(0) rw—(0) rw—0)
The control register bits are used to select the analog channel, the reference voltage sources for Vr+ and VR—
and a control signal which marks the jast channel in a group of channels. The sixteen 16-bit registers
ADC12MEMXx are used to hold the conversion results.

The following illustration shows the conversion-result registers ADC12MEMO to ADC12MEM1S:

15 12 1 0
ADC12MEM T | | | | | | | T | !

|
e _ - _r r ‘- '@ LSB !
0140h...015Eh o | 0 | 0| 0 |MsB ‘

| | | I ] 1 | I i | I i
ro r0 r0 r0 rw—{0) rw—{(0) rw—(0) rw—{0) rw—(0) rw—(0) rw—{0) rw—(0) rw—(0) rw—(0) rw—{(0) rw—(0)

ADC12MEMO 0140h, bitd, The 12 bits of the conversion result are stored in 16 coantrol registers
to ADC12MEMO to ADC12MEM15.

ADC12MEM15  015Eh, bit15 The 12 bits are right-justified and the upper four bits are always read as C.

ADC12 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 ADC12MEMx 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.

Allinterrupt flags and interrupt-enable bits are reset during POR. POR is active after application of V¢ 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 flag, and sixteen interrupt flags.
This vector indicates that a conversion result is stored into registers ADC12MEMX. Handling of the 18 flags is
assisted by the interrupt-vector word. The 16-bit vector word ADC121V indicates the highest pending interrupt.
The interrupt-vector word is used to add an offset to the program counter so that the interrupt-handler software
continues at the corresponding 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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pheral file map

PERIPHERALS WITH WORD ACCESS
Watchdog Watchdog Timer control WDTCTL 0120h
Timer_B7 Timer_B interrupt vector TBIV 011Eh
Timer_B3 Timer_B control TBCTL 0180h
(see Note 10)
Capture/compare control 0 CCTLO 0182h
Capture/compare control 1 CCTL1 0184h
Capture/compare control 2 CCTL2 0186h
Capture/compare control 3 CCTL3 0188h
Capture/compare control 4 CCTL4 018Ah
Capture/compare control 5 CCTLS 018Ch
Capture/compare control 6 CCTL6 018Eh
Timer_B register TBR 0190h
Capture/compare register 0 CCRO 0192h
Capture/compare register 1 CCR1 0194h
Capture/compare register 2 CCR2 0196h
Capture/compare register 3 CCR3 0198h
Capture/compare register 4 CCR4 019Ah
Capture/compare register 5 CCR5 019Ch
Capture/compare register 6 CCR6 019Eh
Timer_A3 Timer_A interrupt vector TAIV 012Eh
Timer_A control TACTL 0160h
Capture/compare control 0 CCTLO 0162h
Capture/compare control 1 CCTL1 0164h
Capture/compare control 2 CCTL2 0166h
Reserved 0168h
Reserved 016Ah
Reserved 016Ch
Reserved 016Eh
Timer_A register TAR 0170h
Capture/compare register 0 CCRO 0172h
Capture/compare register 1 CCR1 0174h
Capture/compare register 2 CCR2 0176h
Reserved 0178h
Reserved 017Ah
Reserved 017Ch
Reserved 017Eh
Multiply Sum extend SumExt 013Eh
lonn:\;SP430x14X Result high word ResHi 013¢Ch
Result low word ReslLo 013Ah
Second operand OP_2 0138h
Multiply signed +accumulate/operand1 MACS 0136h
Multiply+accumulate/operand MAC 0134h
Muttiply 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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peripi\eral file map (continued)

PERIPHERALS WITH WORD ACCESS (CONTINUED)
Flash Flash control 3 FCTL3 012Ch
Flash control 2 FCTL2 012Ah
Flash control 1 FCTL1 0128h
ADC12 Conversion memory 15 ADC12MEM15 | 015Eh
See also Peripherals | Conversion memory 14 ADC12MEM14 | 015Ch
with Byte Access Conversion memory 13 ADC12MEM13 | 015Ah
Conversion memory 12 ADC12MEM12 | 0158h
Conversion memory 11 ADC12MEM11 | 0156h
Conversion memory 10 ADC12MEM10 | 0154h
Conversion memory 9 ADC12MEMS 0152h
Conversion memory 8 ADC12MEMS8 0150h
Conversion memory 7 ADC12MEM7 014Eh
Conversion memory 6 ADC12MEMS6 014Ch
Conversion memory 5 ADC12MEMS5 014Ah
Conversion memory 4 ADC12MEM4 0148h
Conversion memory 3 ADC12MEM3 0146h
Conversion memory 2 ADC12MEM2 0144h
Conversion memory 1 ADC12MEM1 0142h
Conversion memory 0 ADC12MEMO 0140h
Interrupt-vector-word register ADC12iV 01A8h
Inerrupt-enable register ADC12iE 01ABh
Inerrupt-flag register ADC12IFG 01A4h
Control register 1 ADC12CTL1 01A2h
Control register 0 ADC12CTLO 01ACh
ADC12 ADC memory-control register15 ADC12MCTL15 | 08Fh
ADC memory-control register14 ADC12MCTL14 | 08Eh
ADC memory-control register13 ADC12MCTL13 § 08Dh
ADC memory-control register12 ADC12MCTL12 | 08Ch
ADC memory-control registert1 ADC12MCTL11 | 08Bh
ADC memory-control register10 ADC12MCTL10 | 08Ah
ADC memory-control register9 ADC12MCTLS }08%h
ADC memory-control register8 ADC12MCTL8 | 088h
ADC memory-control register7 ADC12MCTL7 |087h
ADC memory-control registeré ADC12MCTL6 ] 086h
ADC memory-control registers ADC12MCTLS | 085h
ADC memory-control register4 ADC12MCTL4 }084h
ADC memory-control register3 ADC12MCTL3 | 083h
ADC memory-control register2 ADC12MCTL2 |082h
ADC memory-control register1 ADC12MCTL1 | 081h
ADC memory-control registerQ ADC12MCTLO {080h
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heral file map (continued)

PERIPHERALS WITH BYTE ACCESS

UART1 Transmit buffer UTXBUF.1 07Fh
(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 07Ah
Transmit control UTCTL.1 07%h
UART control UCTL.1 078h
UARTO Transmit buffer UTXBUF.0 077h
Receive buffer URXBUF.0 076h
Baud rate UBR1.0 075h
Baud rate UBRO0.O 074h
Modulation control UMCTL.0 073h
Receive control URCTL.O 072h
Transmit control UTCTL.O 071h
UART control UCTL.0 070h
Comparator_A Comp._A port disable CAPD 058h
Comp._A control2 CACTL2 05Ah
Comp._A control1 CACTL1 059h
System Clock Basic clock system control2 BCSCTL2 058h
Basic clock system control1 BCSCTLA1 057h
DCO clock frequency control DCOCTL 056h
Port P6 Port P6 selection P6SEL 037h
Port P6 direction P6DIR 036h
Port P6 output PeOUT 035h
Port P6 input P6IN 034h
Port P5 Port P5 selection P5SEL 033h
Port P5 direction P5DIR 032h
Port P5 output P50UT 031h
Port P5 input P5IN 030h
Port P4 Port P4 selection P4SEL 01Fh
Port P4 direction PADIR 01Eh
Port P4 output PAOUT 01Dh
Port P4 input P4IN 01Ch
Port P3 Port P3 selection P3SEL 01Bh
Port P3 direction P3DIR 01Ah
Port P3 output P30UT 019h
Port P3 input P3IN 018h
Port P2 Port P2 selection P2SEL 02Eh
Port P2 interrupt enable pP2iE 02Dh
Port P2 interrupt-edge select P2IES 02Ch
Port P2 interrupt flag P2IFG 02Bh
Port P2 direction PZDIR 02Ah
Port P2 output P20UT 029h
Port P2 input P2IN 028h
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peripi\eral file map (continued)

PERIPHERALS WITH BYTE ACCESS
Port P1 Port P1 selection P1SEL 026h
Port P1 interrupt enable P1iE 025h
Port P1 interrupt-edge select P1IES 024h
Port P1 interrupt fiag P1IFG 023h
Port P1 direction P1DIR 022h
Port P1 output P10OUT 021h
Port P1 input P1IN 020h
Special Functions | SFR module enable 2 ME2 005h
SFR module enable 1 ME1 004h
SFR interrupt flag2 IFG2 003h
SFR interrupt flag? IFG1 002h
SFR interrupt enable2 IE2 001h
SFR interrupt enable IE1 000h

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

Voltage applied at VEG IO VS «« v vvvvhvovr i -0.3Vio+41V
Voltage applied to any pin (referenced to VGE) v vvvemmer e £03VtoVpeet03V
Diode current at any device terminal . ... 2 mA
Storage temperature (unprogrammed dBVICE) ..t -55°C to 150°C
Storage temperature (programmed deviCe) ... —40°C to 85°C

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

NOTE: All voltages referenced to Vs,
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>mmejnded operating conditions

PARAMETER MIN NOM MAX | UNITS
' . MSP430F 13x,
»ly voltage during program execution, Veg (AVeC = DVce =Veo) MSP430F 1 4§ 1.8 36 \
;E voltage during flash memory programming, Vee MSP430F 13x, 27 26 Y
~c =DVec =Veo) MSP430F 14x ’ ’
ply voltage, Vssg 0.0 0.0 Vv
. . MSP430x13x s
rating free-air temperature range, T MSP430x14x -40 85 C
| LF selected, XTS=0 | Watch crystal 32768 Hz
T1 crystal frequency, f(LFXT1) XT1 selected, XTS=1 | Ceramic resonator 450 8000 kHz
 Notes 10 and 11)
XT1 selected, XTS=1 | Crystal 1000 8000 kHz
, tal fr ; Ceramic resonator 450 8000 IHz
) crystal frequency,
rystal requency, (xT2) Crystal 1000 8000
fre canal MCLI). £ Vee=18V DC 4.15 H
ssor frequel signal , z
cessor frequency (sig ). f(System) Veg=36V oC 3
sh-timing-generator frequency. fFTG) mgiigggii 257 476 kHz
L Voo =27 V38V
mulative program time, {CPT) (see Note 13) MSP430F 13x 3 ms
MSP430F 14x
ss erase time, t(MEras) (See also the flash memory, timing generator, _
trol register FCTL2 section, see Note 14) Vece=27VI38V 200 ms
v-level input voltage (TCK, TMS, TDI, RST/NMI), V| (excluding Xin, Xout) [Vee=22VI3V Vgs Vgg +0.6 \
h-level input voltage (TCK, TMS, TDI, RST/NM), ViH _ .
cluding Xin, Xout) Vec=22Vi3V | 08Vce vee| v
VIL(Xi Voo =22Vi3V Y 0.2xV \
ut levels at Xin and Xout IL(Xin, Xout) ce SS SS
_ VIH{Xin, Xout) 0.8xVce vee
TES: 11. In LF mode, the LEXT1 oscillator requires a watch crystal and the LEXT1 oscillator requires a 5.1-MQ resistor from XOUT to VSS
when VCC < 2.5 V. In XT1 mode, the LFXT1. and XT2 oscillators accept a ceramic resonator or a 4-MHz crystal frequency at
Ve 22.2V.InXT 1 mode, the LEXT1 and XT2 oscillators accept a ceramic resonator or an 8-MHz crystal frequency atVeg 2287,
12. In LF mode, the LFXT1 oscillator requires a watch crystal. In XT1 mode, FXT1 accepts a ceramic resonator or a crystai.
13. The cumulative program time must not be exceeded during 2 segment-write operation. This parameter is only relevant if segment
write option is used.
14. The mass erase duration generated by the flash timing generator is at least 11.1 ms. The cummulative mass erase time needed

is 200 ms. This can be achieved by repeating the mass erase operation until the cumulative mass erase time is met {a minimum

of 19 cycles may be required).
f (MHz) W

L4

S8OMHz T - ——— T T T

Supply voltage range,
'F13x/'F14x, during

415 MHZT— —

1 1
27V 3

A 36V

Supply Voltage -V
Figure 3. Frequency vs Supply Voltage, MSP430F13x or MSP430F14x

WOVVITTIERRRRRERE__ A

v

Supply voltage range, 'F13x/'F14x,
during flash memory programming
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ical ¢haracteristics over recommended operating free-a

i) (continued)

ir temperature (unless otherwise

~urrent 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

liam) = [am) 3 V] + 175 BAV X Vee-3V)

VITT-trigger inputs ~ Ports P1, P2, P3, P4, P5, and P6
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
. L Veo=22V 1.1 15
Positive-going input threshold voltage \
Vec=3V 15 19
] o Vee=22V 0.4 0.9
Negative-going input threshold voltage \%
Vec=3V 0.90 13
Inout voltage hysteresis (ViT+ = ViT-) Veg=22Y 03 oy
nput voltage hysteresis - VT2
p ge hy: IT+ = VIT: Voc =3V 05 1
dard inputs — RST/NMI; JTAG: TCK, TMS, TDI, TDO/TDI
PARAMETER TEST CONDITIONS MIN TYP MAX { UNIT
Low-level input voltage \% Vggt+0.6 \%
— L g Vog=22V/3V SS SS
High-level input voltage 0.8xVce Vee \
puts — Ports P1, P2, P3, P4, P5, and P6
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
IoH(max) = —1mA, Vcc=22V, See Note 17 | Vcc—0:25 vVee
[ —_34mA, Voc=22V, SeeNot 18 | vec06 \Y
H High-level output voltage m £C e T0° ce ce Y
IoH(max) = ~1 mA, Vge=3V See Note 17 | Vcc—0-25 Vee
10H(max) = -34mA, Vec=3V, See Note 18 | Vcc-06 Voo
loL(max) = 15mA, Veoc=22V, See Note 17 Vss Vgg+0.25
| =6 mA, Ve =22V, SeeNote 18 V Vggt0.6
L Low-level output voltage OL(max) e - SS SS W
101 (max) = 15mA, Vcc=3V. See Note 17 Vss Vgg+0.25
10L(max) = 6 mA, vVee=3V, See Note 18 Vss Vggt+0.6

TES: 17. The maximum total current, IoH(max) and o} (max), for all outputs co

specified voltage drop.
18. The maximum total current, loH(max) an
specified voltage drop.

mbined, should not exceed 6 mA to satisfv the maximum

d 1oL (max), for all outputs combined, should ot exceed £24 mA to satisfy the maximim
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10K~ High-Level Output Current —mA

TYPICAL LOW-LEVEL OUTPUT CURRENT

Vs
LOW-LEVEL OUTPUT VOLTAGE
16
|

1
Veg =22V TaA=25°C
14 |- P27 DRSS
12 ‘
Ta=85°C
10

/AR
4 -

S |

0 0.5 1.0 1.5 2.0 2.5
VoL- Low-Level Output Voltage — v

Figure 4

TYPICAL HIGH-LEVEL OUTPUT CURRENT

vs
HIGH-LEVEL OUTPUT VOLTAGE

0 T
vee =22V
P2.7
-2

Ta=25°C
1

-14

0 0.5 1.0 1.5 2.0 2.5
VOH - High-Level Output Voltage -V

Figure 6

P14, P2, P3, P4, P5, and P6 (continued)

{ oL — Low-Level Output Current —mA

loH- High-Leve! Output Current—mA
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TYPICAL LOW-LEVEL OUTPUT CURRENT

Vs
LOW-LEVEL OUTPUT VOLTAGE

25 T | }
Vec =3V i
P27 Ta = 25°C
20
Ta = 85°C
|
15
|
! 1
1 V
10
o
5 —
'§
|
L

0 05 10 15 20 25 3.0 35
VoL — Low-Level Output Voltage —V

Figure 5

TYPICAL HIGH-LEVEL OUTPUT CURRENT

vs
HIGH-LEVEL OUTPUT VOLTAGE

-10

-25
Ta=25°C

i i
i
| I
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
VOH - High-Level Output Voltage -V
Figure 7
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air temperature (unless otherwise

rical characteristics over recommended operating free-

) (continued)

frequency — Ports P1, P2, P3, P4, P5, and P6
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
vee=22V 8
th) =4 - MHz
Vee=3V 10
ire timing _ Timer_A3: TAO, TA1, TA2; Timer_B7: TBO to TB6
PARAMETER TEST CONDITIONS MIN TYP MAX]| UNIT
vee=22VIBV 1.5 Cycle
Ports P2, P4: =
External trigger signal for the interrupt flag (see Notes 19 and 20) Vec=22V 62 ns
Veg=3V 50
is met. it may be set even with trigger signals shorter than t(int).

? 19. The extemal signal sets
The conditions to set the flag must

the interrupt flag every time t(int)
be met independently o

20. The external signal needs additional timing because of the maxi

f this timing constraint. t(nt) s defined in MCLK cycles.
mum input-frequency constraint.

ut frequency
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
TA0..2, TBO-TBS,
( internal clock source, SMCLK signal | C = 20 pF DC fgystem
applied (see Note 21)
— MHz
LK,
LK,  P5.6/ACLK, P5.4/MCLK, P5.5/SMCLK | CL = 20 pF fSystem
CLK
P2.0/ACLK fACLK = fLExT1 = fXT1 40% 60%
C| =20 pF, fACLK = fLFXT1 = fLF 30% 70%
Voo =22V I3V Finc k= fLEXT1n 50%
fsMCLK = fLEXT1 = fXT1 40% 60%
c Duty cycle of output frequency, o1 A/SMCLK fSMCLK = fLEXT1 = fiLF 35% 65%
- ' 50%-— 50%
Cp =20 pF, fSMCLK = fLFXT1/n 5re % 15ns
Veg=22VI/3V
_ 50%- 50%—
fsmcLK = fDCOCLK 15ns 0% 15ns
not exceed the limits. MCLK and SMCLK

TE 21: The limits of the system clock MCLK has to be met; the system (MCLK) frequency should

frequencies can be different.

ternal interrupt timing
j PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Ports P1. P2: Voo =22Vi3V 15 Cycle
nt)  Extemal 'trigg.er signal for the interrupt flag (see Notes 22 and 23) Vec=22V 62 ns
Ve =3V 50
set even with trigger signals shorter than t(irt).

TES: 22. The extemal signal sets the interru
The conditions to set the flag must

23. The external signal needs additional timing

pt fiag every time {(jnt) is met. It may be
be met independently of this timing con
because of the maximum input-

straint. t(int) is defined in MCLK cycles.
frequency constraint.

ake-up LPM3

- PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
B f=1MHz 6

LPm3) Delaytime f=2MHz Voo =22Vi3V 61 us
_ f=3 MHz 3
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; S
yctrical characteristics over recommended operating free-air temperature (unless otherwise
ted) (continued)

ain DCO characteristics

Individual devices have a minimum and maximum operation frequency. The specified parameters for
fDCOx0 to fDCOXT are valid for all devices.

All ranges selected by Rsel(n) overlap with Rsel(n+1): Rsel0 overlaps with Rsel1, ... Rsel6 overlaps with
Rsel7.

DCO control bits DCOO, DCO1, and DCO2 have a step size as defined by parameter SDCO.

Modulation control bits MODO to MOD4 select how often fDCO+1 is used within the period of 32 DCOCLK
cycles. The frequency f(DCO) is used for the remaining cycles. The frequency is an average equal o
f(DCO) x (2MOD/32),

-rystal oscillator, LFEXT1 oscillator (see Note 31)

T PARAMETER TEST CONDITIONS MIN NOM MAX UNIT_J
B XTS=0; LF oscillator selected 12 l
Ve =22V3 \ o
XCIN Integrated input capacitance X791, X7 1 osaillator soiected X pr e
Veg =22ViBV {
XTS=0; LF oscillator selected 12 ‘q
XcouT Integrated output capacitance Veg 22V Y pF
XTS=1; XT1 oscillator selected 9
Vee =22V
XINL input leveis at XIN, Xout Vee =22ViRYV Vgs 02xVce v
XiNH Voo =22Vi3 A 08xVce Vee vV
NOTE 31: The oscillator needs capacitors at both terminals, with values specified by the crystal manufacturer.
crystal oscillator, XT2 oscillator (see Note 32)
PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
XCIN Integrated input capacitance Vee =22 VI3V 2 pF
XcouT Integrated output capacitance | Vcc = 2.2VIi3V 2 pF
XINL input levels at XIiN, XOUT Voo =22VRV Vss 02xVce \
XINH Voo =22ViBV 0.8xVce \ole \
NOTE 32: The oscillator needs capacitors at both terminals, with values specified by the crystal manufacturer.
USARTO, USART1 (see Note 33)
PARAMETER TEST CONDITIONS MIN  NOM  MAX UNIT
) USARTO/1: deglitch time Veg =22V 00 430 800}
Vee = 3V 150 280 500

NOTE 33: The signal applied to the USARTO/1 receive signalfterminal (URXDO/1) should meet the timing requirements of {(t) to ensure that the

URXS flip-flop is set. The URXS flip-flop is set with negative pulses meeting the minimum-timing condition of {(t)- The operating
conditions to set the flag must be met independently from this timing constraint. The deglitch circuitry is active only or negative
transitions on the URXDO/1 line.
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haracteristics over recommended operating free-air temperature (unless otherwise

rical
i) (continued)
. ADC, power supply and input range conditions (see Note 34)
PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
AVcc and DVcc are connected together
Analog supply voltage AVgg and DVgg are connected together 22 3.6 v
_ V(avss) = Vovss) =0V
. e 2 5V =1 for 2.5V built-in reference |3V 24 25 26
4 ng:w::uut"t:tn reference |5 5y = o for 1.5 V built-in reference v
@ P IVREF+) S I(VREF+)max 22VIBV 144 1.5 1.56
Load current out of VREF+ 22V 0.01 051 A
F+ terminal 3V —1
IVREF)+ = 500 pA +/= 100 uA 22V 2| LSB
Analog input voltage ~0.75 V;
t Load-current regulation 25V=0 3V *2
REF)+ VREE + terminal IV(REF)* = 500 pA + 100 gtA
Analog input voltage ~1.25 V; 3V 2| LSB
2.5V=1 |
. IV(REF)* =100 KA = 900 kA,
VREF) +F Load current. regulation VCC=3'V, ax ~0.5 X VREF + CVREF+=5 IF -0 s
) VREF+ terminal
Error of conversion result < 11L.SB
Positive extemal
EF+ reference voltage input VeREF+ > VeREF/VeREF - (see Note 35) 1.4 vavee ! v
Negative external
-F— VeREF—- ,ef,‘;’,ence voltage input VeREF+ > VeREF—/VeREF- (see Note 36) 0 127 VO
REF+— Differential external ’ :
-F_/VeREF—) reference voltage input VeREF+ > VeREF-/VeREF - (se® Note 37) 14 Vavce Voo
Analog input voltage All P6.0/AQ to P6.7/AT terminals. Analog inputs
6.x/AX) rangeg(se‘; Note 3%) selected in ADC12MCTLx register and P6Sel.x=1 0 vavee| Vv
B 0<x<7; Viavss) S VP6.x/Ax S VAVCC)
Operating supply current | fADC12CLK = 5.0 MHz 22V 0.65 1.3
C12 into AVcc terminal ADC120N =1, REFON =0 mA
(see Note 39) SHT0=0, SHT1=0, ADC12DIV=0 3V 08 1.6
Operating supply current | fADC12CLK = 5.0 MHz
4+ into AV terminal ADC120N =0, 3V 0.5 28] mA
(see Note 40) REFON=1,2_5V=1
R Operating supply current fADC120LK_= 5.0 MHz 22V 0.5 0.8
=F+ (see Note 40) ADC120N =0, mA
REFON=1,2.5V=0 3V 0.5 0.8

gproduction tested, limits characterized
ot production tested, limits verified by design

TES: 34.
35.

36.

37.

38.
39.

40.

The leakage current is defined in the leakage current table with P6.x/Ax parameter.
The accuracy limits the minimum positive external reference voltage. Lower reference voltage levels may be applied with reduced

accuracy requirements.
The accuracy limits the maximum negative external reference voltage. Higher reference voltage jevels may be applied with reduced

accuracy requirements.
The accuracy limits minimum extemal differential reference voltage. Lower differential reference voitage levels may be applied with

reduced accuracy requirements.

The analog input voltage range must be within the selected reference voltage range VR+ 10 VR— for valid conversion results.
The internal reference supply current is not included in current consumption parameter IADC12-

The intemal reference current is supplied via terminal AVCC. Consumption is independent of the ADC120N coniroi bit, unless a
conversion is active. The REFON bit enables to settle the built-in reference before starting an A/D conversion.




ectrical characteristics over recommended operating free-

oted) (continued)
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air temperature (unless otherwise

2-bit ADC, built-in reference (see Note 41)

: PARAMETER TEST CONDITIONS MIN NOM  MAX| UNIT
VeREF+ ﬁﬁicjg;) ut current (See | 5/ <veREF+ < VAVCC 22ViBV | pA
\VREF—VeREF— ﬁ‘ff;",{g)" ut current (8¢ gy < VeREF— < VAVCC 22VI3V ] pA
S\TEH S;p:::\'ﬁg:: ;to ;tJ;n43) g?niogl\j;gpp € REF) (e 22VI3V 5 10 uF

Ci + I;'llg;.uet Z:facitance (see t?:‘Ig ?:rée xtﬁ:rxninal can be selected at one 22V 40 of

7t 'r';‘;:’sttﬂg(ge': Noto 44) | 0V'S VA s Vavee 3V 2000] ©
el o Waacterir SN ol

'leot production tested, limits characterized

I Not preduction tested, limnits verified by design
The voltage source on VeREF+and VREF—/VeREF

NOTES: 41.

to settle for this accuracy (See Figures 12 and 13).

42. The external reference is used during conversion
follow the recommendations on analog-source impedance

to charge and discharge the capacitance
to allow the charge fo settle for 12-bit accuracy.

43. The intemal buffer operational amplifier and the accuracy spegcifications require an external capacitor.
conversion. The dynamicimpe

44. Theinputcapacitanceis also the dynamic
supply should follow the recom
and DNL tests usestwo capacitors between pins V(R

ceramic.

mendations on analog-

load for an external reference during
source impedance to a
EF+)and AVSSand V(REF

_)needsto have low dynamicimpedance for 12-bit accuracy to allow the charge
array. The dynamic impedance should
dance ofthe reference

llow the charge to settle for 12-bit accuracy. All INL
NV(eREF-)and AVSS: 10 uF tantalumand 100 nF




430x13x, MSP430x14x
:D SIGNAL MICROCONTROLLER

9C — JULY 2000 — REVISED FEBRUARY 2001

rical Echaracteristics over recommended operating free-air temperature (unless otherwise
d) (continued)

t ADC, timing parameters
PARAMETER TEST CONDITIONS MIN NOM MAX § UNIT
Settle time of intemal _ -
:(ON)T reference voltage (see |¥/(REF)+= 1%5\;‘3\ CV(FiEzF )2+V 10 wF, 17 ms
Figure 15 and Note 45) REF+ =15 V. VAVCC ™=
| ADC12DiV=0 [f(ADC12CLK) 22V
C120SC) —{ADC120SC)] v 37 63| MHz
AVCC(min) £ VAVCC < AVCC(max) 22V/
Conversion time CVREF+ 25 UF, Internal oscillator, 3.V 2.06 3.51 us
fosc = 3.7 MHz to 6.3 MHz
NVERT
Aycc(min) S VAVCC < AVCC(max),
I 13xADC12DIVx
Conversion time External fADC12(CLK) from ACLK or MCLK or oy us
SMCLK: ADC12SSEL #0 ADC12(CLK)
C1 ooNT  Settle time of the ADC Avcc(min) S VAVCC S AVCC(max) (see Note 46) 100 ns
VavCC(min) < VAVCC < VAVCC(max)
Ri(source) =400 © Zi = 1000 Q. 3V 1220 -

mpIeI Sampling time Ci=30p

T= [Ri(source) x+ Zi] x Ci-(see Note 47) 22V 1400

t production tested, fimits characterized
t produgtion tested, limits verified by design
'ES: 45. The condition isthatthe errorina conversion started after tREF(ON) is ess than +0.5 LSB. The settling time depends on the external
capacitive load.
46. Theconditionisthattheemorin aconversionstartedaftertADC120N islessthan +0.5LSB. The reference andinputsignaiare already
settled.
47. Ten Tau (z) are needed to get an emror of less than +0.5 LSB. tgample = 10X (Ri + Zi) x Ci+ 800 ns

CVREF+ j‘
100 pF T
10 uF {REF(ON) ~ 0.66 x CVREF+ [ms] With C[VREF+]in uF
1pF T
0 } } —p

1ms 10ms 100ms  tREF(ON)
Figure 15. Typical Settling Time of Internal Reference tReF(ON) VS External Capacitor on VRer*
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actrical characteristics over recommende
ted) (continued)

d operating free-air temperature (u

nless otherwise

-bit ADC, linearity parameters
PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
_ - 14V < (VeREF+ — VREF-/VeREF-) min < 16V +2
(1) Integral linearity error - 22VI3V LSB
16V < [V(eREF+) - V(REF-)V(eREF-)] min < V(avCe)l 17
. Differential linearity (VeREF+—VREFVeREF-)min S (VeREF+ ~VREF/VeREF-)»
D eror COUREF+) = 10 F (tantalum) and 100 n” (ceramic) 22VBV £1] LS8
(VeREF+— VREF—/VeREF-)min < (VeREF+— VREF—/VeREF-):
- Offset error! intemnal impedance of source R;j <100 &, 22VI3V +2 +4 LSB
C(VREF+) =10 pF (tantalum) and 100
. (VeREF+~- VREF/VeREF-)min <(VeREF+—VREF/VeREF-): \
Eg  Gainermort C/REF +) = 10 uF (tantalum) and 100 nF (ceramic) 22VIBV 4 2] LS8
Total unadjusted (VeREF+— VREF—-/VeREF—min <(VeREF+—VREFJVeREF-): ‘
ET  arort C(VREF+) = 10 uF (tantalum) and 100 nF (ceramic) 22VBV 2 i LSB‘J

" Not production tested, limits characterized




ﬂiNational Semiconductor

M1 39/LM239/LM339/LM2901ILM3302
Low Power Low Offset Voltage Quad Comparators

General Description

The LM139 series consists of four independent precision
voltage comparators with an offset voltage specification as
low as 2 mV max for all four comparators. These were
designed specifically to operate from a single power supply
over a wide range of voltages. Operation from split power
supplias is also possible and the low power supply current
drain is independent of the magnitude of the power supply
voltage. These comparators ~ also have a unique
characteristic in that the input common-mode voltage range
includes ground, even though operated from a single power
supply voltage.

Application areas include limit comparators, simple analog to
digital converters; pulse, squarewave and time delay
generators; wide range VCO; MOS clock timers;
multivibrators and high voltage digital logic gates. The
LM139 series was designed to directly interface with TTL
and GCMOS. When operated from both plus and minus power
supplies, they will directly interface with MOS logic— where
the low power drain of the LM339 is a distinct advantage
over standard comparators.

August 2000

Features
= Wide supply voltage range

m LM139/139A Series 210 36Vpge oOrxito +18 Vpe
m LM2901: 210 36 Vpe or 110 £18 Vpe
= LM3302: 21028 Vpe or 1 to £14 Vpe
m Very low supply current drain (0.8 mA) — independent

of supply voltage

Low input biasing current:

Low input offset current:

Offset voltage:

Input common-mode voltage range includes GND
Differential input voltage range equal to the power
supply voltage

Low output saturation voltage: 250 mV at 4 mA
Output voltage compatible with TTL, DTL, ECL, MOS
and CMOS logic systems

25 nA
+5 nA
+3 mV

Advantages

High precision comparators

Reduced Vg drift over temperature
Eliminates need for dual supplies

Allows sensing near GND

Compatible with all forms of logic

Power drain suitable for battery operation

One-Shot Multivibrator with input Lock Out
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Adsolute Maximum Ratings (Note 10)

It Military/Aerospace specified
Office/Distributors for avatlability and specifications.

Supply Voltage, v+

devices are required, please contact the National Semiconductor Sales
LM139/LM239/L M339
LM139AILM239AILM339A LM3302
LM2901
36 Vg O £18 Ve 28 Vpe O 14 Vpe
36 Vpe 28 Vpe

Differential Input Voltage (Note 8)
Input Voltage
input Current (Vin<-0.3 Voe)s
(Note 3)
Power Dissipation (Note 1)
Molded DIP
Cavity DIP
Small Outline Package
Qutput Short-Circuit to GND,
(Note 2)
Storage Temperature Range
Lead Temperature
(Soldering, 10 seconds)
Operating Temperature Range
LM339/LM339A
LM239/LM239A
LM2901
LM139/LM139A
Soldering Information
Dual-in-Line Package
Soldering (10 seconds)
small Outline Package
Vapor Phase (60 seconds)
infrared (15 seconds)

devices.
ESD rating (1.5 kQ in series with 100 pF)

Electrical Characteristics
(V*=5Vpe, Ta = 25°C, unless otherwise stated)

Conditions

Parameter

_Input Offset Voltage
Input Bias Current

(Note 9)
ling OF e with Output in
Linear Range, (Note 5), Vem=0V

See AN-450 “Surface Mounting Methods and Their Effect on Product

input Offset Current iy =hiNgy Vem=0V

Input Common-Mode V+=30 Vpe (LM3302,
V+=28 Vpo) (Note 8)

R =c° on all Comparators,
R, =c°, V*=36V,

(LM3302, V+=28 Vpe)

R 215 kQ, V=15 Voe
V.= 1Vpcto 11 Vee
Vn=TTL Logic swing, Veer=
1.4 Vpe, VRL=5 Voo,

R =5.1 kQ

Va=5 Voc, R =5.1 kQ,

Voltage Range

Supply Current

Voltage Gain ‘

Large Signai
Response Time

Response Time

~0.3 Vpe 10 +36 Vi ~0.3 Vpe to +28 Voo

50 mA 50 mA
1050 mW 1050 mW

1190 mW

760 mW
Continuous Continuous

-65°C to +150°C —65°C to +150°C

260°C 260°C |
—40°C 1o +85°C
0°C to +70°C

_25°C to +85°C

—~40°C to +85°C

_55°C to +125°C
260°C 260°C
215°C 215°C
220°C 220°C

Reliability” for other methods of soldering surface mount

600V 600V
LM139A LM239A, LM339A LM139 Units
Min Typ Max | Min Typ Max | Min Typ Max

10 20 1.0 20 20 50 | mVpe
25 100 25 250 25 100 nApc
3.0 25 50 50 3.0 25 nApc

0 v+-15| © v+-151 0O v—1.5 | Voc
08 20 08 20 08 20 | mApc
10 25 10 25 | mAgc

!

50 200 50 200 50 200 i V/imV

300 300 300 | ns

1.3 1.3 1.3 us




rical CharacteristiCs (Continued)

oe: Ta=257C, unless otherwise stated)
rameter Conditions

Viney=1 Voo Vinen=0:
Vos1.5 Voo

VlN(—)=1 Voe, VIN(+)=0:
Vine=1 Voo Vine=0:
Vo=5 Ve

ink Current

n Voltage

zoeen v/ LOBZW/6EEN1/6ECN/6E HNT

ctrical Characteristics

Voc, Ta = 25°C, unless otherwise stated)
Parameter Conditions LM239, LM339 LM2901 LM3302 Units
Min Typ Max | Min Typ Max Min Typ Max i
ffset Voltage (Note 9) 20 50 20 70 3 20 | mVpe
jas Current Tines OF hine with Output in 25 250 25 250 25 500 : NApc
| i

Linear Range, (Note 5), Ven=0V 3

Hftset Current |,N(*)—|,NL£ICM=0V 50 50 5 50 3 100 | nApc !
Sommon-Mode V*+=30 Vpg (LM3302, 0 v+-15| O v+-15| O Ve-15| Vpe \
age Range Vv+=28 Vpc) (Note 6) :

y Current R =c on all Comparators, 08 20 08 20 08 20 | MAgc l[
R, =0, V*=36V, 10 25 10 25 10 25 | mApc |
‘ (LM3302, V*=28 Vo) “
je Gain R.=15 kQ, V*=15 Vpc 50 200 25 100 2 30 v/my
Vo=1Vpc to 11 Voe

i

i

y Signal V\n=TTL Logic swing, Vrer= 300 300 300 | ns }
sponse Time 1.4 Vpe, Va=5 Voc: |
R\_=5.1 kQ, ‘

yonse Time V=5 Voc: R =5.1 kQ, 1.3 1.3 1.3 | us
(Note 7) ! |
ut Sink Current V=1 Voo, Vinem=0: 60 16 60 16 60 16 | mAoc |
V<15 Voo
iration Voltage Vinoy=1 Voe: Vine=0 250 400 250 400 250 500 | mVpe 3
IS4 MA 3
put Leakage Vine=1 Voo Vine=0: 0.1 0.1 0.1 | nAoc |
urrent Vo=5 Vpc i ‘

“lectrical Characteristics 1
+ = 5.0 Vpe, (Note 4)) !

Parameter Conditions

ut Offset Voltage
yut Offset Current
yut Bias Current

hnacay=tiney Vem=0v
Tingsy OF DN with Output in
Linear Range, Veu=0V (Note 5)
put Common-Mode V+=30 Vpe (LM3302,
itage Range +=28 Vpe) (Note 6)
aturation Voltage Vine=1 Voo Vingy=0:




r Electrical Characteristics (Continued)
(V* = 5.0 Vpg, (Note 4))

LM139A LM239A,
Parameter Conditions LM339A

Min Typ Max |Min Typ Max |Min Typ Max

Output Leakage Current Vinw=1 Voo Vine—=0: 1.0 1.0
V=30 Vpg, (LM3302,
Vo=28 Voe)

Differential Input Voltage Keep all Viy's20 Vpe (OF V-, 36

if used), (Note 8)

Electrical Characteristics
(V* = 5.0 Vpc, (Note 4))

Parameter Conditions LM239, LM339 LM2901 LM3302 4[ Units
Min Typ Max | Min Typ Max Min Typ Max |
Input Offset Voltage (Note 9) 9.0 9 15 40 | mVpo
Input Offset Current Ting—hiney Ven=0V 150 50 200 300 nAgc
Input Bias Current fingsy OF hingy with Output in 400 200 500 1000 | NApc
Linear Range, Vem=0V (Note
5) .
input Common-Mode V=30 Vpe (LM3302, V*=28 v+201! O v+20! O V+-2.0 E Ve
Voo)
Voltage Range (Note 6} |
Saturation Voltage Vine=1 Voo Vine=0, 700 400 700 700 | MVpe
lginks4 MA ‘
Output Leakage Current Vinw=1 Voo Viney=0, 1.0 \ 1.0 1.0 4w
V=30 Vpg, (LM3302, V=28 \ 1
Vpe) i
Differential Input Voltage | Keep all Vi's20 Vpe (0T V7, 36 36 28

if used), (Note 8)

(Pp<100 mW), provided the output transistors are allowed to saturate.

current is approximately 20 mA independent of the magnitude of V*.

1o a value greater than ~0.3 Vpe (at 257)C.

no loading change exists on the reference or input lines.
voltage range is V* -1 5V at 25°C, but either or both inputs can go 1o +30 Vpc without damage (25V for LM3302), independent of the magnitude of ¥~

characteristics section.
Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range,

supply, if used) (at 25°C).

For LM3302, V* from 5 Vpg to 28 Vpc.
Note 10: Refer to RETS139AX for LM139A military specifications and to RETS 139X for LM139 military specifications.

Note 1: For operating at high temperatures, the LM339/LM339A, LM2901, LM3302 must be derated based on a 125°C maximum junction temperature and a
thermal resistance of 95°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM23¢ and LM139 must be derated
based on a 150°C maximum junction temperature. The low bias dissipation and the “ON-OFF” characteristic of the outputs keeps the chip dissipation very small

Note 2: Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output

Note 3: This input current will only exist when the voltage at any of the input Jeads is driven negative. it is due 1o the collector-base junction of the input PNP
transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action
on the IC chip. This transistor action can cause the output voltages of the comparators to go to the V+ voltage level (or to ground for a large overdrive) for the time
duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns

Note 4: These specifications are fimited to -55°C<Tp<+125°C, for the LM139/LM139A. With the LM239/LM239A, all temperature specifications are limited to
—25°C<T ps+85°C, the LM339/LM339A temperature specifications are limited to 0°C<TA<+70°C, and the LM2801, LM3302 temperature range is —40°C<T p$+85°C.
Note 5: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independert of the state of tre outpul s0

Note 6: The input common-made voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper 2nd of the common-made

Note 7: The response time specified is a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained. see typical performance

comparator will provide a proper output state. The low input voltage state must not be less than —0.3 Vpg (or 0.3 Vpcbelow the magnitude of the negative power

Note 9: At output switch point, Vo=1.4 Vpc, Rg=00 with V* from 5 Vpg to 30 Vpg; and over the fult input common-mode range (0 Vpc to ¥V =15 ¥ag,. & 25'C.



.al Performance Characteristics

139/1.M239/LM339, LM139A/LM239A/LM339A, LM3302

Current Input Current Output Saturation Voltage
n 1
T - T 1
Ta=-S5°C Vinew * o;.,c 2 ouT OF
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| t=tC é ° Ry 5
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e | 1a=-55C ]
] = Ta «425°C 2 4 ! l ] Tp = 4125°C
o E o Ta=EC E 01
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Tp =H125°C 4 | < R l A
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0 J s.00
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onse Z‘me for Various Response Time for Various
Overdrives— Negative Input Overdrives —Positive
sition Transition
. 60
= INPUT OVERDRIVE 80
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Typical Performance Characteristics Lm2001 (Continued)
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Application Hints

The LM139 series are high gain, wide bandwidth devices
which, like most comparators, can easily oscillate if the
output lead is inadvertently allowed to capacitively couple to
the inputs via stray capacitance. This shows up only during
the output voltage transition intervals as the comparator
changes states. Power supply bypassing is not required to
solve this problem. Standard PC board layout is helpful as it
reduces stray input-output coupling. Reducing this input
resistors to < 10 kQ reduces the feedback signal levels and
finally, adding even a small amount (1 to 10 mV) of positive
feedback (hysteresis) causes such a rapid transition that
osciltations due to stray feedback are not possible. Simply
socketing the IC and attaching resistors to the pins will cause
input-output oscillations during the small transition intervals
unless hysteresis is used. If the input signal is a pulse
waveform, with relatively fast rise and fall times, hysteresis is
not required.

All pins of any unused comparators should be tied to the
negative supply.

The bias network of the LM139 series establishes a drain
current which is independent of the magnitude of the power
supply voltage over the range of from 2 Vpc to 30 Vpe.

It is usually unnecessary to use a bypass capacitor across
the power supply line.

Typical Applications (v =50 Veo)

Basic Comparator

vt

VN

“Vper O

DS005706-3

Driving CMOS

Response Time for Various
Input Overdrives-Positive
Transition

.0
i’ :' L \wPUT OVERDRIVE = 100 mV
a
a X
E g 4 . 5mV|
52
5>
2 20 I
2 wyY
=) 18 “ l ave =
g '4' Y v —:’
E; 100 o
SO o A
TE 4 Ll 1
& 11111
k

1 s 13 1.6 24

TIME {usec)
DS005706-43

The differential input voltage may be larger than V* without
damaging the device. Protection should be provided to
prevent the input voltages from going negative more than
—0.3 Vpe (at 25°C). An input clamp diode can be used as
shown in the applications section.

The output of the LM139 series is the uncommitied collector
of a grounded-emitter NPN output transistor. Many collectors
can be tied together to provide an output OR'ing function. An
output pull-up resistor can be connected to any available
power supply voltage within the permitted supply voltage
range and there is no restriction on this voitage due to the
magnitude of the voltage which is applied to the v+ terminal
of the LM139A package. The output can also be used as a
simple SPST switch to ground (when & puil-up resistor is not
used). The amount of current which the cutput device can
sink is limited by the drive available (which is independent of
v+) and the p of this device. When the maximum current limit
is reached (approximately 16 mA), the output transistor will
come out of saturation and the output voitage will rise very
rapidly. The output saturation voltage ‘s limited by the
approximately 60Q Rgar Of the output transistor. The low
offset voltage of the output transistor (1 mV) allows the
output to clamp essentially to ground level for smali load
cutrents.

priving TTL

+5 Vpe

10k 1/4 DM5AXX

1/4 MMBACXX

DSH05706-5

DS005706-4




Connection Diagrams

Dual-In-Line Package
QuTPUT 3 OUTPUTE GND INPUT 4+ INPUT &~ INPUT 3¢ INPUT 3-

1% 13 12 " 10 L) ]

1 2 3 4 5 6 1
QUTPUT'2 OUTPUT I v INPUT 1~ INPUT 1¢ INPUT 2-  INPUT 2+
TOP VIEW

DS005706-2

Order Number LM139J, LM139J/883 (Note 11), LM139AJ,
LM139AJ/883 (Note 12), LM239J, LM239AJ, LM339J
See NS Package Number J14A

Order Number LM339AM, LM339AMX, LM339M, LM339MX or LM2901M

See NS Package Number M14A
Order Number LM332N, LM339AN, LM2901N or LM3302N
See NS Package Number N14A

1

14
[——10uTPUT3

QUTPUT 2 °

OUTPUT 1 l_"—_:z'. '1_‘3::':.1 OUTPUT 4
Ve 2 onp

WPUT 1- ] LM139W - inpUT 4+

INPUT 1+ T Ho——1 INpUT 4~

INPUT 2- ] & INPUT 3+

weut 2+ 2 INPUT 3-

DS005706-27

Order Number LM139AW/883 or LM139W/883 (Note 11)
See NS Package Number wW14B,
LM139AWGRQMLV (Note 13)

See NS Package Number WG14A

Note 11: Available per JM38510/11201
Note 12: Available per SMD# 5962-8873901
Note 13: See STD Mil Dwg 5062R06738 for Radiation Tolerant Device



SFH600

v

'URES

yh Current Transfer Ratios

'H600-0, 40 to 80%

H600-1, 63 to 125%

'H600-2, 100 to 200%

'H600-3, 160 to 320%

slation Test Voltage (1.0 s), 5300 Vrms
Esat 0-25 (<0.4) V, Ip=10 mMA, Ic=2.5 mA
gh Quality Premium Device

ng Tenm Stability

orage Temperature, —55° to +150°C
eld Effect Stable by TRIOS (TRansparent
n Shield)

nderwriters Lab File #E52744

/2 VDE 0884 Available with Option 1

SCRIPTION

SFHB00 is an optocoupler with a GaAs LED emit-
nich is optically coupled with a silicon planar pho-
nsistor detector. The component is packaged ina
tic plug-in case, 20 AB DIN 41866.

coupler transmits signals between two electri-

s isolated circuits. The potential difference

veen the circuits to be coupled is not allowed to
sed the maximum permissible insulating voltage.

ximum Ratings

itter

0rSe VORAQE oo 60V
Forward Current........c.cccooeeiiiiiiinnnn 60 mA
ge Forward Current (tp=10 BS) oo 25A
3l Power Dissipation..........coooee 100 mw
lector

lector-Emitter Voltage..........cooooviens 70V
itter-Base Voltage ... 70V
HECtOr CUMTENE .. vvicvre e 50 mA
lector Current (t=1mMS) .......ccooviienee 100 mA
ver Dissipation ... 150 mwW

ckage
lation Test Voltage (between emitter and
Jetector referred to climate DIN 40046,

vart 2, Nov. 74) (t=1.08) ....cccoovrnee. 5300 Vgpms
BEPAGE vt >7.0 mm
arance 7.0 mm
lation Thickness between Emitter &

EOCIOT 1ot 20.4 mm
mparative Tracking Index per

DIN [EG 112/VDEQ303, part 1. 175

lation Resistance
R VAT L o — 210120

/10=500 V, Ty=100°C .ocorsrrsrrsr 210t Q

rage Temperature Range.....-55°C to +150°C
v oM aa s 40000

TR ST U TR o PR

TRIOS® Phototransistor Optocoupler

[F1 2] 1]

Dimensions in inches (mm)

pinone ID

248 (6.30)
1256 (6.50)

Anode

Ty
335 (8.50)
343 (8.70)

.048 (0.45)

Cathode [_T_}

ne [3]

300 (7.62) _

E Base

LL <E Collector

E Emitter

—

039 e fa
(1.00) "] [ [T022(055) 4 \ typ- l
Min. l 7 130(3.30)
F y 150 (3.81) ‘
° 18° 1
4 ' 8 \/s 114 (2.90)
031 (0.80) min. 3-9°| .130 (3.0)
. .010¢( 25) ) T
031 (0.80) \ -
.018(0.45) | ~~ 035 (0 90) ‘
.022 (0. 55) .300—.347 i
.100 (2.54) typ. (762-8.81)
Characteristics (13=25°C)
Symbol \ \ Unit | Condition \
Emitter J
Forward Voltage Ve | 1.95(<1.65) |V 1£=60 mA 1
Breakdown Voltage VeR 26.0 Ig=10 pA \
Reverse Current I 0.01 (<10) uA Vg=6.0V ﬂ
Capacitance | Co 25 pF V=0V :
: =1.0 MHz
Thermal Resistance Rryyamp | 750 } KW —
Detector 1
Capacitance " pF | f=1.0MHz 1
Collector-Emitter Cce 5.2 P Veg=5.0V 1_
Collector-Base Ces 8.5 Veg=5.0Y |
Emitter-Base Ces 9.5 ‘ Veg=5.0V !
Thermal Resistance Ryyjamp | 500 \ KW 1 -
Package
: S R
Saturation Voltage, Ie=10mA i
Collector-Emitter VeEsat 0.25(<0.4) |V ic=2.5mA :
Coupling Capacitance | Cio 0.6 ofF | Yio=0 !
" =1.0 MHz




1. Curirent Transfer Ratio and Collector-emitter Leakage Current

ash Number
meter Dash No. Unit | Condition
\T -1 -2 -3 ?
at Veg=5.0V ‘ 40-80 63-125 100-200 | 160-320 | % ;=10 mA
at Vee=5.0V ‘30 (>13) | 45 (>22) | 70 (>34) |90 (>56) =10 mJ
octor-Emitter | 2.0 (<35)]2.0(<35)| 20 (£35)]5.0(<70)| nA Vep=10V \
kage Current
o) ]
re 1. Linear Operation (without saturation)
I R.=75 Q
= — ¥ Veo=5 V
47 Q e
10 MA, Vc=5.0 V, 15=25°C, Typical
ad Resistance Ry 75 Q J
m-On Time foN 3.2 us
se Time Ir 20 \
irn-Off Time toFF 3.0
1l Time L 25 J
ut-off Frequency Fco 250 kHz 4}
ure 2. Switching Operation (with saturation)
_I_F’ 1KQ
Veo=5 V
47 Q ——90
ble 2. Typical
arameter Dash No. Unit
-0 -1 and -2 -3
(Ie=20 mA) (Ze=10 mA) {Ig=5.0 mA)
urn-On Time IoN 3.7 4.5 58 us
ise Time R 25 3.0 40
urn-Off Time 1oFF 19 21 24
all Time I 1 12 14 #
VCESAT 0.25 (£0.4) \ v j

Figure 3. Current Transfer Ratio versus
Diode Current {13=-25°C, Vcg=5.0V)
Ic/IF=f {Ie)
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Figure 4. Current Transfer Ratio versus
Diode Current (14=0°C, Vcg=5.0 V)
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Figure5. Current Transfer Ratio versus
Diode Current (14=25°C, Vcp=5.0 V)
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5. Current Transfer Ratio versus
surrent (13=50°C, Vcg=5.0 V)
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e 7. Current Transfer Ratio versus
e Current (13=75°C, Vcg=5.0 V)
=f (If)

103 . QHODOS04
P A ——-Dc
5 ==« Pylsbetrish

Pulse

]

L i
10t ittt 3 7 E;.
5 s

o
1,2 p
o j'nr/
1
10!
5
109 i
107 5 10° SmA10!

-l

ure 8. Current Transfer Ratio
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Figure 9. Transistor Characteristics
(HFE =550} SFH600-2, -3 lc=f(VCE)
{Tp=25°C, Ir=0)
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Figure 10. Output Characteristics
SFH600-2, -3 (14=25°C) Ie=f{Vee)

() 4 T oovaess
R
= == Pylsbairieb \
mA Pulse
Ie \
‘ 30
[r-‘{!:\k-
1> i
,/’— fp=12mA
20 ape=r="]
" Je=10mA
I .._.1.__.
= 7mA
——‘l"-d
0 Jr= SmA
|
/= 1mA 7l= 2mA
0 t :
0 H 10 v u
N

Figure 11. Forward Voltage Ve=f (/f)
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Figure 12. Collector Emitter
Off-state Current Icgo=f (V. T}
(Tp=25°C, Ig=0)
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Figure 13. Saturation Voltage
versus Collector Current and
Modulation Depth SFH600-0
Veesat=F Uc) {Ta=25°C}

10

10° 500 £ 0imk
—— I
Figure 14. Saturation Voltage versus

Collector Current and Modulation
Depth SFHE00-1 Vcesar=T Uc) {7A=257C)




e 15. $aturation Voltage versus
ctor Current and Modulation

h SFHB00-2 Vipsar=f (Ic) (Ta=25°C)
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o1 o7 e -

I 3xI(J T (489
0 L L . -
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ire 16. Saturation Voltage versus
ector Current and Modulation
th SFH600-3 Vpsar=f ([c) {1p=25°C)

Figure 17. Permissible Pulse Load
D=parameter, 13=25°C, Ig=f (t;)
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Figure 18. Permissible Power
Dissipation for Transistor and Diode
P10t=f (TA)
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Figure 19. Permissible Forward
Current Diode Py=f (1)

Figure 20. Transistor Capacitance
C=f(vg) (15=25°C, f=1.0 MHz)
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

General Description Features

MAX481, MAX483, MAX485, MAX487—MAX491, and ¢ |n pMAx Package: Sma“est 8_Pin SO
11487 are low-power transceivers for RS-485 and RS- .
communication. Each part contains one driver and one + Slew-Rate Limited for Error-Free Data
iver. The MAX483, MAX487, MAX488, and MAX489 Transmission (MAX483I487I488/489)
ure reduced slew-rate drivers that minimize EMI and ¢ 0.1pALow-Current Shutdown Mode
\ce reflections caused by improperly terminated cables, MAX4 2/48
 allowing error-free data transmission up to 250kbps. ( 81/48 7)

driver slew rates of the MAX481, MAX485, MAX490, ¢ Low Quiescent Current:

X491, and MAX1487 are not limited, allowing them to 120pA (MAX483I487I488/489)
smit up to 2.5Mbps.

. 230pA (MAX1487)
.se transceivers draw between 120pA and 500uA of 300pA (MAX481 1485/490/491)

ply current when unloaded or fully loaded with disabled

rers. Additionally, the MAX481, MAX483, and MAX487 ¢ -7V to +12V Common-Mode Input Voltage Range
e a low-current shutdown mode in which they consume "

y 0.1uA. All parts operate from a single 5V supply. ¢ Three-State Outputs

. - ¢ 30ns Propagation Delays, 5ns Skew
vers are short-circuit current fimited and are protected
inst excessive power dissipation by thermal shutdown (MAX481/485/490/491/148T)

~uitry that places the driver outputs into & high-mped- ¢ Full-Duplex and Half-Duplex Versions Available
ce state. The receiver input has a fail-safe feature that .0 te f Single 5V S I
arantees a logic-high output if the input is open circuit. perate from a Single upply

e MAX487 and MAX1487 feature guarter-unit-load + Allows up to 128 Transceivers on the Bus

~eiver input impedance, allowing up to 128 MAX487/ (MAX487/MAX1487)
AX1487 transceivers on the bus. Full-duplex communi- 1 imiti
tions are obtained using the MAX488-MAX491, while ¢ Cu.rrent Limiting and Th.e rmal Shutdown for
. MAX481, MAX483, MAX485, MAX487, and MAX1487 Driver Overload Protection
e designed for half-duplex applications.
Applications Ordering Information

Low-Power RS-485 Transceivers
Low-Power RS-422 Transceivers

TEMP. RANGE

PIN-PACKAGE |
MAXa81CPA 0°C1o470°C  8PlasticDP |
MAX481CSA 0°C to +70°C 880 |
MAX481CUA 0°C 1o +70°C___ B UMAX B
MAX481C/D 0°C to +70°C Dice* J
Ordering Information continued at end of data sheet. '
*Contact factory for dice specifications.

Selection Table

Level Translators

Transceivers for EMI-Sensitive Applications

Industrial-Control Local Area Networks

PART | HALF/FULL | DATA RATE |SLEW-RATE | LOW-POWER RECEIVER/ | GUIRENT. (NUMBER OF & | PN
NOMRER | DUPLEX | (Mbps) | LIMITED | SHUTDOWN |  ENABLE LA e > | COUNT

MAXA48B1 Haif 25 No
MAX483 Half 0.25 Yes

MAXsBS | Half ES | No |
MAX487 Half | 025 Yes |
MAX488 FilL | 025 Yes |
MAX489 Fll | 025 Yes |
MAX490 Fll | 25 No |
MAX491 Fai | 25 No |
e | | 2s | MNo | !

L8V IXVIN/L6PXVIN-L8VX VIN/SSYXVIN/ESEXVIN/E8YXVIN



w-Power, sSlew-Rate-Limited
3-485/RS-422 Transceivers

OLUTE MAXIMUM RATINGS

Y VOMAGE (VOC) rsrowwirrssrsssssssssss o oo 12V 14-Pin SO (derate 8.33mW/°C above +70°C)

ol Input Voltage (RE, 5] ) JUSOTUPSO -0.5V to (Ve + 0.5V) 8-Pin UMAX (derate 4.1mW/°C above +70°C)

- Input Voltage (D1)........... .05V to (Vcc + 0.5V) 8-Pin CERDIP (derate 8 00MW/°C above +70°C)......... 640mW

- Output Voltage (A, B)..o.cesmes -8V to +12.5V 14-Pin CERDIP (derate 9.09mW/°C above +70°C)....... 727TmW

ver Input Voltage (A, B) .o o -8V to +12.5V Operating Temperature Ranges

ver Output Voltage (RO)......ccccoveeneer -0.5V to (Ve +0.5V) MAX4__C_ _/MAX1487C_ A s 0°C to +70°C

nuous Power Dissipation (TA = +70°C) MAX4_ _E_ _/MAX1487E_A ... _.-40°C to +85°C

in Plastic DIP (derate 9.09mW/°C above +70°C) .T72TmW MAX4_ _MJ_/MAX1487TMIA ...cccooes _55°C to +125°C

Pin Plastic DIP (derate 10.00mW/°C above +70°C) ..800mW Storage Temperature Range ... -65°C to +160°C
mW/°C above +70°C)....cveen: 471mW Lead Temperature (soldering, 10sec) +300°C

in SO (derate 5.88
ses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage 0 the device. These are stress ratings only, end functional
tion of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure o

lute maximum rating conditions for extended periods may affect device reliability.

 ELECTRICAL CHARACTERISTICS

s = 5V £5%, TA = TMIN to TMAX, unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS m UNITS

erential Driver Output (no load) VoD1
A.j,_.,,,

ferential Driver Qutput R = 50Q (RS-422) 2
Vop2 - ‘
th load) R = 270 (RS-485), Figure 4 15 5 3

hange in Magnitude of Driver }
tforential Output Voltage for AVOD R = 27Q or 50Q, Figure 4 'l 02 i+ v

smplementary Output States 1 ‘
iver Common-Mode Output ) l ‘ _;4,,
itage R = 27Q or 509, Figure 4 | 3 ' ‘
hange in Magnitude of Driver T
ommon-Mode Output Voltage AVOD R = 27Q or 50Q, Figure 4 \ 0.z v ‘
r Complementary Output States ‘ ‘
yput High Voltage ViH DE, DI, RE 2.0 v
\put Low Voltage DE, DI, RE 08 |V
S R |

Vec = 0V or 5.25V,
nput Current all devices except
liN2 MAX487/MAX1487

A.B) —
MAX487/MAX1487, (VN=12V | 055 |

DE = 0V, Vcc = OV or 5.25V Y m#. \

—

Receiver Differential Threshold |y, o2
Voltage

Receiver Input Hysteresis AVTH Vem =0V 70
Receiver Output High Voltage VOH 10 = -4mA, V|p = 200mV 3.5
Receiver Output Low Voltage VoL o =4mA,VID = -200mV

Three-State (high impedance)

Output Current at Receiver 0.4V <Vo<24V

lozrR

.7V < VcM <€ 12V, all devices except
. MAX487/MAX1487

Receiver Input Resistance
7V < VoM £ 12V, MAX487/MAX1 487



Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

'ELECTRICAL CHARACTERISTICS (continued)

. = 5V 25%, TA = TMIN to TMAX, unless otherwise noted.) (Notes 1, 2)

PARAMETER [SYmBOL | CONDITIONS MIN __TYP _ MAX | UNITS |
: ,
MAX488/MAX489, i ‘
DE, DI, RE = OV or Vce 120 20 |
MAX490/MAX491, |
DE, DI, RE = OV or Vce !
\
»-Load Supply Current MAX481/MAX4ES, ;
- tiLag A |
ote 3) lcc RE = OV or VcC u ‘
M_AX‘I 487,

RE = OV or Vce DE =0V
MAX4SIMAXAS7, | DE =5V | Ira0d 350  B5C | |
BE - OV/or Voo B MAX487 | 250 400 | |
[ DE=0V ‘; 120 25G | ]
Jpply Current in Shutdown | ISHDN | MAX481/483/487, DE = OV, RE = VeC ' 01 0 uA |
. . . H \
river Short-Clrcu;t Current, losp1 7V £ Vo <12V (Note 4) L oan 950 1 mA |
o = High \ ; i
rgv:rLSorJVort-chuit Current, lospz | -7V < Vo <12V (Note 4) \ 35 250 ‘ mA “
eceiver Short-Circut Current | losR | OV<VosVee 7 9 | mA T

WITCHING CHARACTERISTICS—MAX481/MAXA485, MAX490/MAX491, MAX1487

~G = 5V £5%, TA = TMIN to TMAX, unless otherwise noted.) (Notes 1, 2)

PARAMETER [ SYMBOL CONDITIONS MIN TYP
. tPLH Figures 6 and 8, RDIFF = 54, 10 30
driver Input to Output e~y Cir = CLo = 100pF 70 o)
Sriver OLtput Skew to Output | tskew | Figures 6 and 8. ROIFF = 542, CiLt = CLz = 100pF | 5
Figures 6 and 8, [ MAX481, MAX485, MAX1487] 3 15
Driver Rise or Fall Time iR, tF RDIFF = 54, MAX490C/E, MAX491C/E 5 15
CL1 = CL2 = 100pF| MAX490M, MAX491M 3 15
Driver Enable to Output High tzH Figures 7 and 9, CL = 100pF, S2 closed 40
Driver Enable to Output Low tzL Figures 7and 9, CL = 100pF, 81 closed \ 40
Driver Disable Time from Low tLz Figures 7and 9, CL = 15pF, S1 closed ‘ 40
Driver Disable Time from High Hz Figures 7 and 9, CL = 15pF, S2 closed "‘ 40
Figures 6 and 10, | MAX481, MAX485, MAX1487| 20 a0
Receiver Input to Output tPLH, tPHL | RDIFF = 54Q, MAX490C/E, MAX491C/E J 20 90
CL1 = CL2 = 100pF[ MAX490M, MAX491M | 20 9
I tpLH - tpHL | Differential tSKD Figures 6 and 10, RDIFF = 54, \ 13
Receiver Skew CL1 = CL2 = 100pF : l
Receiver Enable to Output Low t7L Figures 5 and 11, CRL = 15pF, S1 closed ~ 20 50 1 ns |
Receiver Enable to Output High tZH Figures 5 and 11, CRL = 15pF, S2 closed \ 20 50 ' ns Bl
Receiver Disable Time from Low tLz Figures 5 and 11, CRL = 15pF, S1 closed 20 50 ns .
Receiver Disable Time from High tiz | Figures 5 and 11, CRL = 15pF, S2 closed TL 20 50 ns |
Maximum Data Rate fMAX EE Mbps |
Time to Shutdown tSHON | MAX481 (Note 5) | 50 200 600 rs |

18V LXVIN/L6PXVN-L8YXVIN/S8YX VYW/ESTXVIN/L8PXVIN



pw-Power, Slew-Rate-Limited
S-485/RS-422 Transceivers

NATCHING CHARACTERISTICS—MAX481/MAX485, MAX490/MAX491, MAX1487 (continued)

~ = 5V £5%, Ta = TMIN to TMAX, unless otherwise noted.) (Notes 1, 2)

PARAMETER ‘SYMBOL ‘ CONDITIONS MIN TYP MAX ’ UNITS M
j\{g{jfﬂ%t;\le(az%zq;ndown to tzH(SHDN) | Figures 7 and 9, CL = 100pF, S2 closed \l 40 1 E? ‘Pﬂrjs B
L:\tI:LtE C:Vksl(eNfIerxrrlssr)utdown to tzL(SHDN) | Figures 7 and 9, CL = 100pF, S1 closed “ 40 10C ns ‘
?gﬂrsgtagﬁl?&mg?;ndown {ZH(SHDN) ilg_;uBre:s 2Svamd 11, CL = 15pF, S2 closed, ‘\ 200 1000 ‘ s |

Figures 5 and 11, CL = 15pF, S1 closed, : 300 1003 | ns

I T
B-A=2V ‘1 ﬁ

NITCHING CHARACTERISTICS—MAX483, MAX487/MAX488/MAX489

¢ = 5V 5%, TA = TMIN to TMAX, unless otherwise noted.) (Notes 1, 2)

eceiver Enable from Shutdown

, Output Low (MAX481) tZL(SHDN)

PARAMETER | SYMBOL ( CONDITIONS MIN TYP MAX UNlTS’l
: tPLH | Figures 6 and 8, RDIFF = 54Q, 2000
Yriver Input to Output oL CL1 = CL2 = 100pF

Yriver Output Skew to Output ‘ tSKEW ‘ 281”":3% Sza:d1 g(.)sFmFF = 54Q,

Yriver Rise or Fall Time tR. tF E‘S:"fscﬁ::i (S)OSFD IFF = 5482,

Driver Enable to Output High tzH ’ Figures 7and 8,CL = 100pF, S2 closed
Driver Enable to Output Low tzL \ Figures 7and 9, CL = 100pF, $1 closed
Driver Disable Time from Low tLz ' Figures 7 and 9, CL_ = 15pF, 81 closed

tPLH Figures 6 and 10, RDIFF = 542,

Driver Disable Time from High l tHZ \ Figures 7and 9, CL = 15pF, S2 closed 00 |
| —~  ns

Receiver Input to Qutput vy CL1 = CLa = 100pF
| tpLH - tpHL | Differential Figures 6 and 10, RDIFF = 542, ‘ | |
Receiver Enable to Output Low l tzL Figures 5and 11, CRL = 15pF, $1 closed ‘ 20 50 ns 4‘
Receiver Enable to Output High tzH Figures 5 and 11, CRL = 15pF, S2 closed 20 50 | ns i
Receiver Disable Time from Low tLz Figures 5 and 11, CRL = 15pF, 81 closed 20 50 | ns |
Receiver Disable Time from High tHz Figures 5and 11, CRL = 15pF, 82 closed \ 20 mj
Maximum Data Rate l fMAX PLH, tPHL < 50% of data period 250 I kbps |
Time to Shutdown | tsHON_| MAX483/MAX487 (Note 5) B 50 200 €00 . ne ;l
CD)rL:\tlg\: tEQia;t;]le from Shutdown to {ZH(SHDN) IE:ALA):(418§(§I’\)AFA,>’(S428;,°FS|g:reS 7and 9, \l 5900 e
griver Enable from Shutdown to {ZL(SHDN) MAX483/MAX487, Figures 7 and 9, : 23—(;—_—’;—-\
utput Low CL = 100pF, 81 closed { I
ieg?éegtﬂgﬁle from Shutdown {ZH(SHDN) hCAﬁ?g{)h'/—_lAé;B;o I:S:;res 5and 11, L 5500 | ns ‘
“Receiver Enable from Shutdown MAX483/MAX487, Figures 5 and 11, ! -
bo Qutput Low tZL(SHDN) CL = 15pF, 81 closed “ 2500 ns “

as Awil Al
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OUTPUT LOW VOLTAGE (V)

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

ES FOR ELECTRICAL/SWITCHING CHARACTERISTICS

1: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device
ground unless otherwise specified.

All typical specifications are given for Vce = 5V and TaA = +25°C.

Supply current specification is valid for loaded transmitters when DE = 0V.

Applies to peak current. See Typical Operating Characteristics.

ahoN

The MAX481/MAX483/MAXABT are put into shutdown by bringing RE high and DE low. If the inputs are in this sta:e for less
than 50ns, the parts are guaranteed not to enter shutdown. If the inputs are in this state for at least 800ns, the parts are

guaranteed to have entered shutd

own. See

Low-Power Shutdown Mode section.

Typical Operating Characteristics

c=5Y.Ta= +25°C, unless otherwise noted.)

OUTPUT CURRENT vs. QUTPUT CURRENT vs. RECEIVER OUTPUT HIGH VOLTAGE vs.
RECEIVER OUTPUT LOW VOLTAGE RECEIVER OUTPUT HIGH VOLTAGE TEMPERATURE
45 s 20 s 43 .
0 H 18 i 46
% |- o 18 S 44
30 Eu = 42
Z 12 3
2% £ 10 = 49
20 b S 4 2 38
15 = % 5 g 38
10 | -4 3 34 ‘
s 2 a2 ‘Tl"*““;:
0 0 3.0 J__J___a
05 10 15 20 25 15 20 25 30 35 40 45 50 %0 25 0 25 50 75 100 125
QUTPUT LOW VOLTAGE (V) OUTPUT HIGH VOLTAGE (V) TEMPERATURE (°C)
RECEIVER OUTPUT LOW VOLTAGE vs. DRIVER OUTPUT CURRENT vs. DRIVER DIFFERENTIAL OUTPUT VOLTAGE
TEMPERATURE DIFFERENTIAL OUTPUT VOLTAGE vs. TEMPERATURE
09 s % . 24 —
08 Ino = 8mA-—| 3 80 P z23 _3=54Q,ﬂ[§
L P
07 z 70 — &: 2.2 !
06 E & g 21 I
=
05 Z 50 E 20 ‘ —
0.4 ?ﬁ 40 3 19 ‘——l\'——-‘r__jﬂ
03 g 20 = S N
. E 3 £ 18 -
02 © %0 R ‘
01 10 £ 16 ‘
; ]
0 15
50 25 0 0 05 10 15 20 25 30 35 40 45 50 25 0 25 5 75 100 125

95 50 75 100 125

MEEERENTIAL QUTPUT VOLTAGE (V) TEMPERATURE (°C)

/L8 XVIN

8P LXVW/ 6 bXVIN-L8VX vIN/S8rXVYW/ESPXVIN



w-Power, Slew-Rate-l.imited
5-485/Rs-422 Transceivers

Typical Operating Characteristics (continued)

=5V, Ta = +25°C, unless otherwise noted.)

OUTPUT CURRENT vs. QUTPUT CURRENT vs. MAXM/MAXWIMA)“QOIMAM%
DRIVER OUTPUT LOW VOLTAGE DRIVER OUTPUT HIGH VOLTAGE SUPPLY GURRENT vs. TEMPERATURE
120 600 .
% M5 OE =g FE=X g
-100 * 500 :
= —_
E 3
% -80 = 400
[i=
% -60 < 300
5 o g
z 0 g 200 A AASOMAXAST, DE = FE = ﬁ*
o oy
20 100 ﬁ-—ﬂli
MAXABY; DE = 0,FE =Vee | \
0 0 0 e s S
o 2 4 g 8 10 12 76-5-4-3-2-1012345 50 25 0 25 50 75 100 1%
QUTPUT LOW VOLTAGE (V) QUTPUT HIGH VOLTAGE (V) TEMPERATURE (“C)
MAX483/MAXA8T MAX1487
SUPPLY CURRENT vs. TEMPERATURE

SUPPLY CURRENT vs. TEMPEHATURE

500 . 600
H
3
500 _ 500
3 i
2 40 Z 400
£ 300 5 300
z g 200
B 200 | waxesamaxagy; E - BE-9, 5
7] MAX4BBMAXARY; DE =RE = X »

100

—
r=
=3

0

MAXAS3/MAX48T; DF =0, RE = Ve

o

60 -40 20 0 20 40 B0 80 100120 140

50 5 0 25 50 75 100 125
TEMPERATURE (°C)

TEMPERATURE (°C)

ANAXLNVE



Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Pin Description

PIN i

AX481/MAX483/ ‘
AX485/MAXA87/ Tnﬁxx?gtg "h"n‘;’)‘&ag‘:’ NAME FUNCTION |
MAX1487 }

P/SO | HMMAX \ DIP/SO \ pMAX | DIP/SO 1
1
Receiver Output: If A > B by 200mV, RO will be hign; 1

! 3 ) 2 \ 4 2 RO | |t A < B by 200mV, RO will be low. |
5 ‘ 4 i __ 3 RE Receiver Output Enable_._RO is enabled when RE is low; RO is |
high impedance when RE is high. i
=
Driver Output Enable. The driver outputs, Y and Z, are enabled
by bringing DE high. They are high impedance when DE is low. if |
3 5 — — 4 DE the driver outputs are enabled, the paris function as line drivers. |
While they are high impedance, they function as line receivers f \
RE is low. —4
4 6 3 5 5 DI Driver Input. A low on DI forces output Y low and output Z high. |
Similarly, a high on Di forces output Y high and output Z low. ‘1
5 , 7 ' 4 6 l 6,7 \ GND ‘ Ground
— l — , 5 7 9 \ Y ’ Noninverting Driver Output “
— ) — , 6 8 10 \ Z ‘ Inverting Driver Qutput “
6 ' 8 ' — ‘ — — A Noninverting Receiver Input and Noninverting Drivar Output
— ‘ — 8 ‘ 2 12 A Noninverting Receiver input |
7 ‘ 1 — ‘ — — B Inverting Receiver Input and Inverting Driver Output j
— ‘ — 7 ' 1 11 ) B . inverting Receiver Input ' L
——
8 ' 2 1 3 14 ' vee ‘ Positive Supply: 4.75V < Ve £ 5.25V |
]
— . — . — — 1,8, 13 ' N.C. t No Connect—not internally connected ‘\
TOP VIEW . MAXIN
Hon SuNC i
(2 7] MAX485 | e
oE [3] (5] A > MAX487
g MAX1487 i
o (4o 5] GND RO |1 [ 8] Voo 5 |
DIP/SO fe[2] = N 17\ F“B
- DE E 6 I_/_EVV\’T
7° &) ol (2B 5 oo ik =
sl amam 2!
El I e E
R s L8]0 '
NOTE: PIN LABELS Y AND Z ON TIMING, TEST, AND WAVEFORM DIAGRAMS REFER TO PINS A AND B WHEN DE IS HIGH.
uMAX TYPICAL OPERATING CIRCUIT SHOWN WITH DIP/SO PACKAGE.

Figure 1. MAX481/MAX483/MAX485/MAX487/MAX 1487 Pin Configuration and Typical Operating Circuit

18V LXVIN/L6VXVYN-L8YXVIN/SBYXV W/e8YXVIN/L8YXVIN



pw-Power, Slew-Rate-Limited
S.485/RS-422 Transceivers

OP VIEW |
o ~~ Ve MmAXaMN Vee 1
vee 1| <R 8] A I MAX488 |
RO E 3 B MAX490 é
o [3] 5]z 5 Y i
anngw 5]y -4 D - 7Jj\( gg‘“gl R0 |
DIP/SO .
8 {
./ i
® 2 ’
S ot
B :
T w. -1
Ve E E GND 4| ‘
R0 [4] 510 GND GND
WMAX NOTE: TYPICAL OPERATING CIRCUIT SHOWN WITH DIP/SO PACKAGE.

jure 2. MAX488/MAX490 Pin Configuration and Typical Operating Circuit

TOP VIEW DE Vgo MNMAXIMN Voo RE
l4 [14 MAX489
P MAX491
N.C. 11 EVcc
2] 13)N.C 5 = Z/“\/\C I R
RO .
: ] D 10 R L RO
Re (3] 12] A Z
oe [4] —ule 12_A
oEh sl = 5
1
e o in, OO
oNp [7] glnc.  nolBBY |
3| |s7 [
DIP/SO RE GND GND €t
igure 3. MAX489/MAX491 Pin Configuration and Typical Operating Circuit
Applications Information MAX487/MAX1487:

he MAX481/MAX483/MAX485/MAX487-MAX491 and
AAX1487 are low-power transceivers for RS-485 and RS-
22 communications. The MAX481, MAX485, MAX490,
AAX491, and MAX1487 can transmit and receive at data
ates up to 2.5Mbps, while the MAX483, MAX487,
AAX488, and MAX489 are specified for data rates up to
50kbps. The MAX488-MAX491 are full-duplex trans-
eivers while the MAX481, MAX483, MAX485, MAX487,
\nd MAX1487 are half-duplex. In addition, Driver Enable
DE) and Receiver Enabie (RE) pins are included on the
UAX481, MAX483, MAX485, MAX487, MAX489,
VAX491, and MAX1487. When disabled, the driver and
eceiver outputs are high impedance.

128 Transceivers on the Bus
The 48KkQ, 1/,-unit-load receiver input impedance of the
MAX487 and MAX1487 allows up to 128 transceivers
on a bus, compared to the 1-unit joad (12kQ input
impedance) of standard RS-485 drivers (32 trans-
ceivers maximum). Any combination of MAX487/
MAX1487 and other RS-485 transceivers with a total of
32 unit loads or less can be put on the bus. The
MAX481/MAX483/MAX485 and MAX488-MAX491 have
standard 12kQ Receiver Input impedance.

s AT E ML
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+5V-Powered, Multichannel RS-232

General Description

MAX220-MAX249 family of line drivers/receivers is
ded for all EIA/TIA-232E and V.28/V.24 communica-
interfaces, particularly applications where +12V is

yvailable.

e parts are especially usef
5, since their low-power s
rer digsipation to less than
(233, MAX235, and MAX245/MAX2
xternal components and are recommen

ons where printed circuit board space is critical.

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

ul in battery-powered sys-
hutdown mode reduces
5uW. The MAX225,
46/MAX247 use
ded for appli-

Applications

Drivers/Receivers

Features

Superior to Bipolar

¢ Operate from Single +5V Power Supply
(+5V and +12V—MAX231/MAX239)

¢ Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

¢ Meet All EIA/TIA-232E and V.28 Specifications

4 Multiple Drivers and Receivers

¢ 3-State Driver and Receiver Outputs

¢ Open-Line Detection (MAX243)

Ordering Information

6ZXVIN-0CCXVIN

PART TEMP. RANGE __ PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP ;
| MAX220CSE 0°C to +70°C 16 Narrow SO i
MAX220CWE 0°C to +70°C 16 Wide SO 1
MAX220C/D 0°C to +70°C Dice” -
MAX220EPE ~40°C to +85°C 16 Plastic DIP
MAX220ESE ~40°C to +85°C 16 Narrow SO
MAX220EWE _40°C to +85°C 16 Wide SO
MAX220EJE ~40°C to +85°C 16 CERDIP j
MAX220MJE B5°C to +125°C 16 CERDIP |

Ordering Information continued at end of data sheet.
“Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHDN  Rx |
rt Supply RS-232 No. of Cap. Value & Three- Active in Data Rate i
smber [\)) Drivers/Rx_Ext. Caps _(uF) State SHDN {kbps) Features i
AX220 +5 2[2 4 0.1 No — 120 Ultra-low-power, industry-standard pinout i
AX222 +5 2/2 4 0.1 Yes — 200 Low-power shutdown
AX223 (MAX213) +5 4/5 4 10(0.1) Yes v 120 MAX241 and receivers active in shutdown
AX225 +5 5/5 0 — Yes v 120 Available in SO i
AX230 (MAX200) +5 5/0 4 1.0(0.1) Yes — 120 5 drivers with shutdown
AX231 (MAX201) +5 and 22 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.5t0 +13.2 same functions as MAX232
AX232 (MAX202) +5 22 4 1.0(0.1) No — 120 (64) industry standard '
AX232A +5 2/2 4 0.1 No — 200 Higher slew rate, small caps
AX233 (MAX203) +5 2[2 o} — No — 120 No external caps J
AX233A +5 2/2 o] — No — 200 No external caps, high slew rate
AX234 (MAX204) +5 4/0 4 1.0(0.1) No — 120 Replaces 1488 |
IAX235 (MAX205) +5 5/5 0 — Yes — 120 No external caps |
1AX236 (MAX208) +5 4/3 4 10(0.1) Yes — 120 Shutdown, three state |
IAX237 (MAX207) +5 5/3 4 10(0.1) No — 120 Complements IBM PC serial por:
IAX238 (MAX208) +5 44 4 1.0(0.1) No — 120 Replaces 1488 and 1489
1AX239 (MAX209) +5 and 3/5 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.51t0 +13.2 single-package solution for 1BM PC serial port
AAX240 +5 5/5 4 1.0 Yes — 120 DIP or flatpack package
AAX241 (MAX211) +5 4/5 4 1.0(0.1) Yes — 120 Complete IBM PC serial port
NAX242 +5 2f2 4 0.1 Yes (4 200 Separate shutdown and enable |
NAX243 +5 2/2 4 0.1 No — 200 Open-line detection simplifies cabling
AAX244 +5 8/10 4 1.0 No — 120 High slew rate
NAX245 +5 8/10 [ — Yes v 120 High slew rate, int. caps, two shutdown modes
AAX246 +5 8/10 o} — Yes v 120 High slew rate, int. caps, three shutdown modes
VAX247 +5 8/9 0 — Yes v 120 High slew rate, int. caps, nine operating modes
VIAX248 +5 8/8 4 10 Yes v 120 High slew rate, selective half-chip enables
VIAX249 +5 6/10 4 1.0 Yes ['4 120 Available in quad flatpack package




5V-Powered, Multichannel RS-232

- i -
rivers/Receivers
SOLUTE MAXIMUM RATINGS—MAX220/222/232AI233AIZ42/243
VAL ICISCY (/o) IR RS -0.3V to +6V 20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mW
t Voltages 16-Pin Narrow SO (derate 8.70mW/°C above +70°C) ...696mW
.............................................................. -0.3V to (Vce - 0.3V) 16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
| (EXCEP MAX220) ovvooiivrnssssrr s +30V 18-Pin Wide SO (derate 9.52mW/°C above +70°C).....762mW
R = ) T A +25V 20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mW
uT (Except MAX220) (Note 1) e +15V 20-Pin SSOP (derate 8.00mW/°C above +70°C) ..o 640mW
UT (MAX220) ....covoviererrieesmmsssscsssrims s +13.2V 16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mW
out Voltages 18-Pin CERDIP (derate 10.53mW/°C above +70°C)....842mW
U erreoeenmsesmeesstees s snes bbb +15V Operating Temperature Ranges
JUT coververrsesseessssammssses s -0.3Vio (Vcc + 0.3V) MAX2_ _AC_ _, MAX2_ O e 0°C to +70°C
er/Receiver Qutput Short Circuited to GND......... Continuous MAX2_ _AE__ MAX2__E__ .. ..-40°C to +85°C
tinuous Power Dissipation (TA = +70°C) MAX2_ _AM_ _, MAX2_ _M__..... ..-58°Cto +125°C
_Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW Storage Temperature Range ... -65°C to +160°C
_Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW Lead Temperature (soldering, 10SEC) cverevvieemieae e +300°C

te 1: Input voltage measured with TouT in high-impedance state, SHDN or Ve = OV.
te 2: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V.
ssses beyond those listed under “Absolute Maximumn Ratings” may cause permanent damage to the device. These are stress ratings only, and functionai

ration of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure 0
solute maximum rating conditions for extended periods may affect device reliability.

_ECTRICAL CHARACTERISTlCS—MAX220/2221232AI233AI2421243
~¢ = +5V +10%, C1-C4 = 0.1uyF, MAX220, C1 = 0.047uF, C2-C4 = 0.33uF, TA=TMIN to TMAX, unless otherwise noted.)
PARAMETER ] CONDITIONS MIN _ TYP  MAX | UNITS |

S-232 TRANSMITTERS ’5

dutput Voltage Swing All transmitter outputs loaded with 3k to GND +5 +8 Loy

nput Logic Threshold Low ‘* 1.4 8 |V T

. All devices except MAX220 2 1.4 B | a

nput Logic Threshold High \ — v

MAX220: Vce = 5.0V 24 |

Al t MAX220, fi ' I

_ogic Pull-Up/finput Current __i)fep normal operation > 0 pd |

STON = OV, MAX222/242, shutdown, MAX220 | £001 =1 | |

BN ’ ! —

Output Leakage Current Vee = _Sfl/'_?HDN = OV, Vout = 15V, MAX222/24?F =001 210 | pA |

Voc = SHDN = OV, Vour = £15V +0.01 £10 | |

S

Data Rate 200 116 | kbis |

Transmitter Output Resistance VG = V+ = V- =0V, Vourt = +2V T 17—?277:{“

Output Short-Circuit Current VouT = OV +7 ComA

RS-232 RECEIVERS _}

RS-232 Input Voltage Operating Range l 1 a0 v
RS-232 Input Threshold Low Ve = 5V AllexceptMAX24sRan | 08 18 v

MAX243 R2jn (Note 2) ] |

= i S 7‘

4
RS-232 Input Threshold High Ve = 5V All except MAX243 R2IN e 24
MAX243 R2iN (Note 2) o5 o1 i

RS-282 Input Hysteresis All except MAX243, Ve = 5V, no hysteresis in shdn. I 02 05 1 ‘ y ‘
MAX243 i | |

RS-232 Input Resistance ——‘ 3 5 ,417\4 ‘15141
TTL/CMOS Output Voltage Low louT = 3.2mA 0.2 04 I vV
TTL/CMOS Output Voltage High louT = -1.0mA 55 Voo-02 . v |
Sourcing Yout = GND \ -2 -10 | i

TTL/CMOS Output Short-Circuit Current o
i [ Shrinking Vout = Voc 0 o ™

e a m el 43 4B



+5V-Powered, Multichannel RS-232
Drivers/Receivers

=CTRICAL CHARACTER|STICS—MAX220I222/232A1233A12421243 (continued)
= 45V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047uF, C2-C4 = 0.33uF, TA=TMIN tO TMAX. unless otherwise noted.;

PARAMETER CONDITIONS
SHON = Vg of EN = Voo (SHDN = QV for MAX222), |
OV < Vout £Vee ' | |
MAX242

_/CMOS Output Leakage Current

 Input Threshold Low

[ Input Threshold High MAX242 i . B _
erating Supply Voltage | 45 55 | V
—________'_—__———————_-—_',———4_-——--——--—7{
MAX220 | 0.5 2
No load I BT
.c Supply Current (SHDN = vee), MAX222/232A/233A/242/243 4 10_4 A
yures 5, 6, 11,19 3kQ load MAX220 12 B }
both inputs MAX222/232A/233A/242/243 15 |
]
Tp = 0°C to +70°C 2 50 |
tdown Supply Current MAX222/242 Ta=0Clo+/0C | A
utdown Supply Lurren / Ta = -40°C to +85°C 2 50 ¥ 4
Ta =-55°C to +125°C 35 100 ‘
DN Input Leakage Current | MAX222/242 +1 A
HDN Threshold Low | MAX222/242 1.4 08 | ¥ |
HDN Threshold High | MAX222/242 2.0 1.4 v
CL = 50pF to 2500pF, |
RL = 3kQ to 7k, MAX222/232A/233A/242/243 6 12 30 |
ransition Slew Rate Vee =5V, Ta = +25°C, —— Vs
measured from +3V | MAX220 15 3 ag | !
to -3V or -3V to +3V ]
MAX222/232A/233A/242/243 1.3 35 i
'ransmitter Propagation Delay PHLT MAX220 2 0 1
LL to RS-232 (normal operation), 2 s \
igure 1 . MAX222/232A/233A/242/243 15 25 | |
PLAT MAX220 5 0 |
MAX222/232A/233A/242/243 0.5 T ‘
Receiver Propagation Delay tPHLR MAX220 06 3 |
RS-232 to TLL (normal operation), ’ | ps
Figure 2 MAX222/232A/233A/242/243 06 T ‘
tPLHR ! s
MAX220 08 3 I
Receiver Propagation Delay tPHLS MAX242 0.5 10 |
RS-232 to TLL (shutdown), Figure 2 | tpiHs MAX242 o5 10
Receiver-Output Enable Time, Figure 3 | tER MAX242 ) 125 500 ns |
Receiver-Output Disable Time, Figure 3 ] tDR MAX242 5 T 160 500 3— ns
Transmitter-Output Enable Time N MAX222/242, 0.1yF caps l 250 e “
(SHDN goes high), Figure 4 ET (includes charge-pump start-up) PR
Transmitter-Output Disable Time MAX222/242. 0.14F ca 600 I e —ﬂ
(SHDN goes low), Figure 4 -0 1uF caps P
Transmitter + to - Propagation t t NAX222/232A[233A/242/243 | o
Delay Difference (normal operation) PHLT - IPLHT MAX220 l 2000 e J}
Receiver + to - Propagation AX222/232A/233A(242/243 100 ]

M
tPHLR - t ‘I//—C:J ne |
PHLR - tPLHR VNG o e

Note 3: MAX243 R20uT is guaranteed to be low when R2|N is 2 OV or is floating.

Delay Difference (normal operation)

6PZXVIN-0CCTXVIN



;V-Powered, Multichannel RS-232
ivers/Receivers

Typical Operating Characteristics

MAX220/MAX222/MAX232A/ MAX233A/MAX242/MAX243

AVAILABLE OUTPUT CURRENT MAX222/MAX242
OUTPUT VOLTAGE vs. LOAD CURRENT vs. DATA RATE ON-TIME EXITING SHUTDOWN
10 s 1 , , 1 s HOV -
8 , § OUTPUT LOAD CURRENT |§ g
o | EITHER Vs OR V- LOADED = 10 FLOWS FROM V- TOV- = :
; = 5y
s L Veo=+5V 9 ,
NO'LOAD ON %’ s ;
2 | TRANSMITTER QUTPUTS Z 3 g o —
o L (EXCEPT MAX220, MAX233A) £ S W Pl
| 1 | = > o
2 L V-LOADED, NO L?AD ONV+ 5 7 = ; —
4 | 0.1pF w— B = . 1uF GAPS | i
\
6 = - |
o 5 0.1pF CAPS I
h V- V-
Vi LOADED, NO LOAD ONV- ‘
o + LOADED, D ON 4 . L
0 5 0 B 2w B ¢ 10 2 3 4 50 6 500ps/div

LOAD CURRENT (mA) DATA RATE (Kbits/sec)



+5V-Powered, Multichannel RS-232
Drivers/Receivers

SOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

............ -0.3V to +6V 20-Pin Wide SO (derate 10 00mW/°C above +70°C).......
{Vcc - 0.3V) to +14V 24-Pin Wide SO (derate 11.76mW/°C above +70°C).......
....................... +0.3V to -14V 28_Pin Wide SO (derate 12.50mW/°C above +70°C)
44-Pin Plastic FP (derate 11.11mW/°C above +70°C)
-0.3V to (Ve + 0.3V) 14-Pin CERDIP (derate 9.09mW/°C above +70°C) .o
oo eeeesss bt +30V 16-Pin CERDIP (derate 10.00mW/°C above +70°C) ........
put Voltages 20-Pin CERDIP (derate 11.11mW/°C above +70°C) ...
UT (V+ + 0.3V) to (V- - 0.3V) 24-Pin Narrow CERDIP
YUT veverreerreseesisnmessr s 0.3V to (Vec + 0.3V) (dlerate 12.50mW/°C above +70°C)
rt-Circuit DUration, TOUT v Continuous 24-Pin Sidebraze (derate 20.0mW/°C above +70°C)
tinuous Power Dissipation (Ta = +70°C) 28-Pin SSOP (derate 9.52mW/°C above +70°C)............
-Pin Plastic DIP (derate 10.00mW/°C above +70°C)....800mW Operating Temperature Ranges
-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW MAX2 __C__..... 0°C to +70°C
\-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW MAX2 __E__..
1-Pin Narrow Plastic DIP MAX2 __M__
(derate 13.33mW/°C above +70°C) .o 1.07W Storage Temperature Range

4-Pin Plastic DIP (derate 9.09mW/°C above +70°C)......500mW Lead Temperature (soldering, 10sec)
3-Pin Wide SO (derate 9.52mW/°C above +70°C)..ccne 762mwW

esses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and function.
eration of the device at these or any other conditions beyend those indicated in the operational sections of the specifications is not impliad. Exposure o
solute maximum rating conditions for extended periods may affect device reliability.

El

LECTRICAL CHARACTERISTICS——MAX223IMAX230—MAX241

AX223/230/232/234/236/237/238/240/241, Ve = +5V +10; MAX233/MAX235, Vee = 5V 5%, C1-C4 = 1.0uF MAX231/MAX239,
¢ =5V £10%; V+ = 7.5V to 13.2V; Ta = TMIN to TMAX; unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP  MAX UNITS
dutput Voltage Swing All transmitter outputs loaded with 3k to ground 5.0 +7.3 Vﬁ
MAX232/233 5 10 ‘;
Jcc Power-Supply Current ?: oad, | | WAX22a/230/234-238/240/241 7 15 A ]‘
MAX231/239 0.4 T |
MAX231 1.8 5 4‘ 4‘
/+ Power-Supply Current mA |
MAX239 5 15 i
Shutdown Supply Current Ta = +25°C MAX223 15 5041 A |
MAX230/235/236/240/241 1 0|
Input Logic Threshold Low | TIN; EN, SHDN (MAX233); EN, SHDN (MAX230/235-241) os | vV
TiN 20 T
Input Logic Threshold High _Eﬁm (MAX223); o4 Loov
EN. SHDN (MAX230/235/236/240/241) : ‘,
Logic Pull-Up Current Tin =0V 15 202 uAJ
o | v

6PZXVIN-0CCXVIN
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ECTRICAL CHARACTERISTICS—MAX223IMAX230—MAX241 (continued)

>(223/230/232/234/236/237/238/240/241, Vee = +5V =10; MAX233/MAX235, Voe = 5V 5%, C1-C4 = 1.0pF; MAX231/MAX239,
= 5V £10%; V+ = 7.5V 10 13.2V; Ta = TMIN to TMAX: unless otherwise noted.)

PARAMETER CONDITIONS MIN _ TYP  MAX | UNITS |
Normal operation [ ‘
SADN = 5V (MAX223) 0.8 1.2
= o SHDN = 0V MAX235/236/240/241)
232 Input Threshold Low I/A ~ +2£\3/ C. (
cc=5 Shutdown (MAX223)
SHDN = 0V, 0.6 15
EN = 5V (R4IN, RBIN)
Nclrggl_ operation
SHDN = 5V (MAX223) 1.7
= o SHDN = OV MAX235/236/240/241
3-232 Input Threshold High cA R +§&\-’/ c. ( )
cc= Shutdown (MAX223)
SHDN =0V, 15
EN = 5V (R4in, R5IN)
5-232 Input Hysteresis Vec = 5V, no hysteresis in shutdown 0.2 05
S-232 Input Resistance Ta = +25°C, Vee = 5V 3 5
TL/CMOS Output Voltage Low louT = 1.6mA (MAX231/232/233, louT = 3.2mA)
TL/CMOS Output Voltage High lout = -1mA 35 Vcc-04
OV < Rout £ Veg; EN=0V (MAX223), B
TL/CMOS Output Leakage Current BN = Voo (MAX235-241) 0.05 =10 pA
MAX223 600
eceiver Output Enable Time Norma} ns
operation MAX235/236/239/240/241 400 ‘
MAX223 300
2eceiver Output Disable Time Normal J ns |
operation MAX235/236/239/240/241 250 | 4
RS-232 IN to Normal operation 05 10 t i
Sropagation Delay TTL/CMOS OUT,| SHDN = oV tPHLS 4 0 | s |
CL=150pF | (MAX223) tpLHS s w0 |
MAX223/MAX230/MAX234-241, Ta = +25°C, Ve = 5V, ‘. [
RL = 3kQ to 7k, CL = 50pF to 2500pF, measured from 3 51 30 1
. ) +3V to -3V or -3V to +3V i
Transition Region Slew Rate Vius l
MAX231/MAX232/MAX233, Ta = +25°C, Vee = 5V, !
R( = 3kQ to 7kQ, CL = 50pF to 2500pF, measured from 4 30 . E
+3V o -3V or -3V to +3V | :
1
Transmitter Qutput Resistance Vee = V+ =V-=0V, Vourt = 2V 300 Ii Q

Transmitter Output Short-Circuit ] o . !
Current ! =1 mA ‘
.

aw am B E 48 4B
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Drivers/Receivers
Typical Operating Characteristics
MAX223/ MAX230-MAX241
TRANSMITTER OUTPUT VOLTAGE (Vou)
TRANSMITTER OUTPUT vs. LOAD CAPACITANGE AT TRANSMITTER SLEW RATE
VOLTAGE (Von) vs. Ve DIFFERENT DATA RATES vs. LOAD CAPACITANCE
' H 4 s 20 [RaswITTERLOADED Y g
2 TRANSMITTERS 5 5 o T
LOADED 72 H : cc=+5V E
LOADED, Ry - 3kQ2
- 0 L g4 uF
1 TRANSMITTER 2 w0 2 TRANSMITTERS
LOADED < 68 I Z LOADED | 4
L - T 160bits/s £ 80 ‘ |
wTERs | = Stissec 2
66 [ 20uitsisec =
LOADED , g 70
Tp=425°C 4 LTa=s25C
1 01-C4= 1pF 7] 84 Tvgg=sv 60 %m%““m‘“s :
TRANSMITTER o7 | 3TRANSMITTERS LOADED 4 TRANSAITIERS
4TRANSMITTERS LOADS = 2R3 >0 OWED ||
LOADED _| 3k I 2500pF 60 C1-C4= 1uF I | ! i
45 50 55 Y9 sw0 1000 1500 2000 2500 Y5 0 1000 1500 2000 2500
Voo (V) LOAD GAPACITANCE (F) LOAD CAPACITANCE (F)
TRANSMITTER OUTPUT VOLTAGE (VoL
TRANSMITTER OUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER OUTPUT VOLTAGE (V+, V-}
VOLTAGE {Voi) vs. Vcc DBIFFERENT DATA RATES vs. LOAD CURRENT
\ . £0 e 10 .
s Ta-e25%C 18 a5 E |k
MTTERS  Ci-Ca=tuf 1§ 62 |~Vgg=sSV z 8 1
LOADED TRANSMITTER 3 TRANSMITTERS LOADED 65 Ta=1+25°C ; [
LOADS - 64 R -%0 ) iy |
3K 11 2500pF | 66 C1-CA=1pF C1-CA = 1pF ( :
-6. = 2 _ t -
€ g | tooisrse T, ey Y oLoag "L |V LOADED, |
= 80Kbits/sec £ - OADED ONV+ NOLOAD
1 TRANS- 70— 20KKbits/sec 2 F ON V- #‘T‘*‘
MITTER ’ A L i
LOADED 12 b— - - (
| 2 TRANS-____ 3 TRANS- - ‘ ‘ i
MITIERS  MITTERS 74 ) ,
LOADED  LOADED 6 0 ALL TRANSMITTERS UNLOADED
a5 50 55 o 50 1000 1500 2000 2500 0 5 10 15 20 25 3¢ 35 40 4
) LOAD CAPACITANCE (F) CURRENT ()
V+, V- WHEN EXITING SHUTDOWN
{1pF CAPAGITORS)
MAX20-13
: . .
. ‘I' " i ] v+
N S B
1
i
—_ e—-—‘\@-——%—~v%-—-+— B
\\_..i..w..,.ﬂw V-
A 1 .
1 : E
i 1 i
500ms/div

coul ITROWN POL ARITY 1S REVERSED
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Detailed Description

[ —
MAX220-MAX249 contain four sections: dual
ge-pump DC-DC voltage converters, RS-232 dri-
. RS-232 receivers, and receiver and transmitter
yle control inputs.

Dual Charge-Pump Voltage Converter
MAX220-MAX249 have two internal charge-pumps
convert +5V to 10V (unloaded) for RS-232 driver
ration. The first converter uses capacitor C1 to dou-
the +5V input to +10V on C3 at the V+ output. The

ond converter uses capacitor C2 to invert +10V to
/ on C4 at the V- output.

mall amount of power may be drawn from the +10V
) and -10V (V-) outputs to power external circuitry
e the Typical Operating Characteristics section),
ept on the MAX225 and MAX245-MAX247, where
se pins are not available. V+ and V- are not regulated,
the output voltage drops with increasing load current.
not load V+ and V- to a point that violates the mini-
m +5V EIA/TIA-232E driver output voltage when
ireing current from V+ and V- to external circuitry.

ven using the shutdown feature in the MAX222,
\X225, MAX230, MAX235, MAX236, MAX240,
\X241, and MAX245-MAX248, avoid using V+ and V-
power external circuitry. When these parts are shut
wn, V- falls to OV, and V+ falls to +5V. For applica-
ns where a +10V external supply is applied to the V+
1 (instead of using the internal charge pump to gen-
ate +10V), the C1 capacitor must not be installed and
= SHDN pin must be tied to Vec. This is because V+
internally connected to Vcc in shutdown mode.

RS-232 Drivers
\e typical driver output voltage swing is +8V when
aded with a nominal 5kQ RS-232 receiver and VcC =
5V. Output swing is guaranteed to meet the EIA/TIA-
39E and V.28 specification, which calls for 5V mini-
um driver output levels under worst-case conditions.
hese include a minimum 3kQ load, Voo = +4.5Y, and
\aximum operating temperature. Unloaded driver out-
ut voltage ranges from (V+ -1 V) to (V- +0.5V).

yput thresholds are both TTL and CMOS compatible.
he inputs of unused drivers can be left unconnected
ince 400kQ input pull-up resistors to Ve are built in
sxcept for the MAX220). The pull-up resistors force the
utputs of unused drivers low because all drivers invert.
he internal input pull-up resistors typically source 12uA,
xcept in shutdown mode where the pull-ups are dis-
bled. Driver outputs turn off and enter a high-imped-
nce state—where leakage current is typically
T Ceres (maximum 25uA)—when in shutdown

mode, in three-state mode, or when device power is
removed. Outputs can be driven to +15V. The power-
supply current typically drops to 8pA in shutdown mode.
The MAX220 does not have pull-up resistors to force the
outputs of the unused drivers low. Connect unused
inputs to GND or Vcc.

The MAX239 has a receiver three-state control line, and
the MAX223, MAX225, MAX235, MAX236, MAX240,
and MAX241 have both a receiver three-state controf
line and a low-power shutdown control. Table 2 shows
the effects of the shutdown control and receiver three-
state control on the receiver outputs.

The receiver TTL/ICMOS outputs are in a high-imped-
ance, three-state mode whenever the three-state enable
line is high (for the MAX225/MAX235/MAX236/MAX239~
MAX241), and are also high-impedance whenever the
shutdown control line is high.

When in low-power shutdown mode, the driver outputs
are turned off and their leakage current is less than 1uA
with the driver output pulled to ground. The driver outpu?
leakage remains less than 1pA, even if the transmitter
output is backdriven between oV and (Vcc + 8V). Below
0.5V, the transmitter is diode clamped to ground wit™
1kQ series impedance. The transmitter is also zener
clamped to approximately VCC + 8V, with a seriss
impedance of 1kQ.

The driver output slew rate is limited to less than 30V/us
as required by the EIA/TIA-232E and V.28 specifica-
tions. Typical slew rates are 24V/us unloaded ars
10V/us loaded with 3Q and 2500pF.

RS-232 Receivers
EIA/TIA-232E and V.28 specifications define a voltage
level greater than 3V as a logic O, so all receivers invert.
Input thresholds are set at 0.8V and 2.4V, so receivers
respond to TTL level inputs as well as EIA/TIA-232E and
V.28 levels.

The receiver inputs withstand an input ovarvoltage up
to +25V and provide input terminating resistors with

Table 2. Three-State Control of Receivers

L

PART |[SHDN{SHDN| EN \ EN(R) FKECEIVERS;l

Low |X High lmpedanc?\

MAX223 | High |Llow __ | Active ;

High | High igh | i

ig ig High mpedana

Low High Impedance |

MAX225 - - — | High | Aciive X
MAX235 | Low Low High Impedance

MAX236 | Low _ | High | Active

MAX240 | High ) X High impedance
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nal 5kQ values. The receivers implement Type 1
pretation of the fault conditions of V.28 and
1A-232E.

receiver input hysteresis is typically 0.5V with a
anteed minimum of 0.2V. This produces clear out-
ransitions with slow-moving input signals, even
moderate amounts of noise and ringing. The
iver propagation delay is typically 600ns and is
pendent of input swing direction.

Low-Power Receive Mode
low-power receive-mode feature of the MAX2283,
(242, and MAX245-MAX249 puts the IC into shut-
n mode but still allows it to receive information. This
portant for applications where systems are periodi-
y awakened to look for activity. Using low-power
ive mode, the system can still receive a signal that
activate it on command and prepare it for communi-
on at faster data rates. This operation conserves
em power.

Negative Threshold—MAX243
MAX243 is pin compatible with the MAX232A, differ-
only in that RS-232 cable fault protection is removed
“ne of the two receiver inputs. This means that control
s such as CTS and RTS can either be driven or left
ting without interrupting communication. Different
les are not needed to interface with different pieces of
Jipment.
» input threshold of the receiver without cable fault
tection is -0.8V rather than +1.4V. Its output goes
sitive only if the input is connected to a control line
t is actively driven negative. If not driven, it defaults
he 0 or “OK to send” state. Normally, the MAX243's
er receiver (+1.4V threshold) is used for the data line
) or RD), while the negative threshold receiver is con-
~ted to the control line (DTR, DTS, CTS, RTS, etc.).

her members of the RS-232 family implement the
tional cable fault protection as specified by EIATIA-
oF specifications. This means a receiver output goes
jh whenever its input is driven negative, left floating,
shorted to ground. The high output tells the serial
mmunications IC to stop sending data. To avoid this,
» control lines must either be driven or connected
th jumpers to an appropriate positive voltage level.

Drivers/Receivers

Shutdown—MAX222-MAX242
On the MAX222, MAX235, MAX236, MAX240, and
MAX241, all receivers are disabled during shutdown.
On the MAX223 and MAX242, two receivers continue to
operate in a reduced power mode when the chip is in
shutdown. Under these conditions, the propagation
delay increases to about 2.5us for a high-to-low input
transition. When in shutdown, the receiver acts as a
CMOS inverter with no hysteresis. The MAX223 and
MAX242 also have a receiver output enable input (EN
for the MAX242 and EN for the MAX223) that ailows
receiver output control independent of SHDN (SHDN
for MAX241). With all other devices, SHDN (SHDN for
MAX241) also disables the receiver outputs.

The MAX225 provides five transmitters and five
receivers, while the MAX245 provides ten receivers and
eight transmitters. Both devices have separate receiver
and transmitter-enable controls. The charge pumps
turn off and the devices shut down when a logic high is
applied to the ENT input. In this state, the supply cur-
rent drops to less than 25pA and the receivers continue
to operate in a low-power receive mode. Driver outputs
enter a high-impedance state (three-state mode). Or
the MAX225, all five receivers are controlled ty the
ENR input. On the MAX245, eight of the receiver out-
puts are controlled by the ENR input, while the remain-
ing two receivers (RAS and RB5) are always active.
RA1-RA4 and RB1-RB4 are put in a three-state moce
when ENR is a logic high.

Receiver and Transmitter Enablie

Control Inputs

The MAX225 and MAX245-MAX249 feature transmitter
and receiver enable controls.

The receivers have three modes of operation: full-speed
receive (normal active), three-state (disabled), and low-
power receive (enabled receivers continue to function
at lower data rates). The receiver enable inputs contre
the full-speed receive and three-state modes. The
transmitters have two modes of operation: full-speec
transmit (normal active) and three-state (disabled). The
transmitter enable inputs also control the shutdov
mode. The device enters shutdown moce when &il
transmitters are disabled. Enabled receivers function in
the low-power receive mode when in shutdowr:.

o =
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s 1a—1d define the contro! states. The MAX244
1o control pins and is not included in these tables.

MAX246 has ten receivers and eight drivers with
control pins, each controlling one side of the
~e. A logic high at the A-side control input (ENA)
es the four A-side receivers and drivers to go into
ee-state mode. Similarly, the B-side control input
3) causes the four B-side drivers and receivers {o
Tto a three-state mode. As in the MAX245, one A-
"and one B-side receiver (RA5 and RB5) remain
/e at all times. The entire device is put into shut-
n mode when both the A and B sides are disabled
A =ENB = +5V).
MAX247 provides nine receivers and eight drivers
tour control pins. The ENRA and ENRB receiver
ble inputs_each control four receiver outputs. The
A and ENTB transmitter enable inputs each control
drivers. The ninth receiver (RB5) is always active.
device enters shutdown mode with a logic high on
1 ENTA and ENTB.

'MAX248 provides eight receivers and eight drivers
| four control pins. The ENRA and ENRB receiver
ble inputs each control four receiver outputs. The
A and ENTB transmitter enable inputs control four
ers each. This part does not have an always-active
civer. The device enters shutdown mode and trans-
ers o into a three-state mode with a logic high on

h ENTA and ENTB.

The MAX249 provides ten receivers and six drivers with
four control pins. The ENRA and ENRB receiver enable
inputs each control five receiver outputs. The ENTA
and ENTB transmitter enable inputs control three dri-
vers each. There is no always-active receiver. The
device enters shutdown mode and transmitters go into
a three-state mode with a logic high on both ENTA and
ENTB. In shutdown mode, active receivers operate in a
low-power receive mode at data rates up to
20kbits/sec.

Applications Information

Figures 5 through 25 show pin configurations and typi-
cal operating circuits. in applications that are sensitive
to power-supply noise, VCC should be decoupled 1o
ground with a capacitor of the same value as C1 and
C2 connected as close as possible to the device.

A JANE 4B 4B
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SVINPUT g3 %
TOPVIEW I
"
¢+ [ 6] Ve o —or +5V¥%C+10V FARARTY
v+ 2 [15) eno ’!“—% C1- VOLTAGE DOUBLER
- CE|C2 +0VTO0-1OV |6 v
o3 maxam 4] T C27 5| a VOLTAGE INVERTER e
o [a]  maxzo (13l Riw W i
MAX232 + -
o [5] maxesea |l Mo 400k |
v-[5] o 11 Ty 14, ‘
x
TIL/CM RS-232
Tean [ 0] T2 TS QUTPUTS ‘
rew [2 ] 9 | R2out
DIP/SO <12_ RiouT Rin [13 g i
CAPACITANCE (uF) TIL/ICMOS 5« RS-222 |
QUTPUTS INPUTS 5
s
SR 0.4 01 01 01 0 5

jure 5.

MAX220/MAX232/MAX232A Pin Configuration and

Typical Operating Circuit

() ARE FOR MAX222 ONLY.

TOP VIEW
— aeyE ] (0] SFON
NCy B [T g N o [2] 0] Vo
ot [2] 7] vee v+ 3] 1] GND
Ve8] oo or[2] ammam i o
or-[2] mmanm [l 2] MY [16] N.C.
c2- 5] %f%% [14] R c2- 6} 5] Rim
c2- [ 3] Rlour v-[7] 14] Riour
v-[7] (12] Tw T20u7 (8} [13] NC.
T2our [ 8] [11] T2 rew o [12] T
RZ)N[Q_— 10] R2our  R20uT [ﬁ 1 T2
DIP/SO SSOP

PIN NUMBERS IN TYPICAL OPERATING CIRCUIT ARE FOR DIP/SO PACKAGES ONLY.

TTL/CMOS
INPUTS

TTL/CMOS
OUTPUTS

+SVINPUT ¢3

L

ALL CAPACITORS = 0.1uF

Cl+ 457 TO +1ov

G2 qovT0-10V

C2- VOLTAGE INVERTER

C1- VOLTAGE DOUBLER

RS-252
QUTPUTS

RS-232
INPLTS

I

Figur?/ﬁ./ MAX222/MAX242 Pin Configurations and Typical O

perating Circuit
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