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ABSTRACT

Water quality problems of natural resource become degrading continuously. It is a result
from waste draining of the source into the water resource. This can be seen in many water quality
problems in the main water sources that affects living things in water, health of people, including
the production process of water supply. Tracking and monitoring of water quality over time is
essential to reduce the serious of impact, and to prepare for immediate response to the problem.

Water quality monitoring system is developed to monitor the water quality for 24 hours.
The system can be divided into two subsystems, i.e., the water quality measuring subsystem at the
stations and the water quality monitoring subsystem at the center. The measuring subsystem is the
application of embedded system to control reading and transmitting the water quality data through
a wireless network. The monitoring system is a central server service that is responsible for the
program to record water quality data into database. It includes the water quality display that can be

observed over the internet or supporting the users and public.
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2.6 m3lTinIosiioTalSinaeondiou (DO meter)
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M19190 4.4 A10TU0YAAT Get current water quality

Water Quality Monitoring System

Date : July 1, 2009
Author(s) : Chalermpong

Version : 1.0
Use Case Name : Get current water quality Use Case Type
Use Case ID : 01 Business |
Priority : High Requirement : |
Source USER , ADMIN System Analysis :
Primary Business Actor : USER
Primary System Actor : ADMIN

Other Participating Actors :

Other Interested Stakeholders :
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Include : Station send data

Extend : -
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Typical Course of Events : Actor Action System Response
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7 ;
Joyagaunmirgauaariune

Business Rules :

Implementation Constraints and

Specification :

Assumptions :
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M99 4.5 ﬁm'ﬁmugﬁ 1T Get retrospective water quality

Water Quality Monitoring System

Date : July 1, 2009
Author(s) : Chalermpong

Version : 1.0
Use Case Name : Get retrospective water quality Use Case Type
Use CaseID : 02 Business |
Priority : High Requirement : M
Source USER , ADMIN System Analysis :
Primary Business Actor : USER
Primary System Actor : ADMIN

Other Participating Actors :

Other Interested Stakeholders :
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Precondition : Aoulvdniuilumsdududoyagunmii nazdmuaaailnsieasrviaguami
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Relationships : Association : -

Include: -

Extend : -
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Typical Course of Events : Actor Action System Response
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Specification :
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M990 4.6 ﬁTﬂ%UTUgﬁtﬂﬁ Request station parameter

Water Quality Monitoring System

Date : July 1, 2009
Author(s) : Chalermpong

Version : 1.0
Use Case Name : Request station parameter Use Case Type
Use CaseID : 03 Business %}
Priority : High Requirement : M
Source ADMIN System Analysis :
Primary Business Actor : ADMIN

Primary System Actor :

Other Participating Actors :

Other Interested Stakeholders :
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A15199 4.7 ﬁ16§ﬂ‘lﬂgﬁtﬂﬁ Edit station parameter

Water Quality Monitoring System

Date : July 1, 2009
Author(s) : Chalermpong

Version : 1.0
Use Case Name : Edit station parameter Use Case Type
Use Case ID : 04 Business %}
Priority : High Requirement : M
Source ADMIN System Analysis :
Primary Business Actor : ADMIN

Primary System Actor :

Other Participating Actors :

Other Interested Stakeholders :
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M9197 4.8 f1vTLNBYAAT Server send data

Water Quality Monitoring System

Date : July 1, 2009
Author(s) : Chalermpong

Version : 1.0
Use Case Name : Server send data Use Case Type
Use Case ID : 05 Business %]
Priority : High Requirement : M
Source gmnaﬁ;‘%un“l%’nu System Analysis :
Primary Business Actor :
Primary System Actor : Q"Tlﬂﬁﬁﬁ onldam

Other Participating Actors :

Other Interested Stakeholders :
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Typical Course of Events : Actor Action System Response
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M15199 4.9 A1OTUBYNAT Server receive data

Water Quality Monitoring System

Date : July 1, 2009
Author(s) : Chalermpong

Version : 1.0
Use Case Name : Server receive data Use Case Type
Use Case ID : 06 Business M
Priority : High Requirement : M
Source amfiasniagaunmh System Analysis :
Primary Business Actor :
Primary System Actor : aoflasaeaquamh

Other Participating Actors :

Other Interested Stakeholders :
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M319M 4.10 AeTUIBYNAY Login

Water Quality Monitoring System

Date : July 1, 2009
Author(s) : Chalermpong

Version : 1.0
Use Case Name : Login Use Case Type
Use Case ID : 07 Business |
Priority : Normal Requirement : M
Source geparfiFonidon System Analysis :

Primary Business Actor :

Primary System Actor :

gmnadisonldau

Other Participating Actors :

Other Interested Stakeholders :
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Trigger:
Relationships : Association : -
Include : -
Extend : -
Generalization : -
Typical Course of Events : Actor Action System Response
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M1519N 4.11 A1BFUWYAAT Station receive data

Water Quality Monitoring System

Date : July 1, 2009
Author(s) : Chalermpong

Version : 1.0
Use Case Name : Station receive data Use Case Type
Use Case ID : 08 Business M
Priority : High Requirement : v
Source STUVUIMSUNYIBTIUND N System Analysis :

Primary Business Actor :

Primary System Actor :
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Water Quality Monitoring System

Date : July 1, 2009
Author(s) : Chalermpong

Version : 1.0
Use Case Name : Station send data Use Case Type
Use Case ID : 09 Business M
Priority : High Requirement : IZI
Source System Analysis :
Primary Business Actor : Timer trigger

Primary System Actor :

Other Participating Actors :

Other Interested Stakeholders :
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Extend : Save data to buffer
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Typical Course of Events :
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Water Quality Monitoring System

Date : July 1, 2009
Author(s) : Chalermpong
Version : 1.0
Use Case Name : Get station parameter Use Case Type
Use Case ID : 10 Business [Z]
Priority : Normal Requirement : M
Source yauaeriiizonldan System Analysis :
Primary Business Actor :
Primary System Actor : ga’mﬂﬁﬁ unldam
Other Participating Actors :
Other Interested Stakeholders :
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Trigger :
Relationships : Association : Station send data
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Extend: -
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Typical Course of Events :

Actor Action

System Response

< ] Y Y o -
Yunoun 1: SQQﬂﬂﬂlﬂgﬁﬁ'Jllﬂiﬂﬂﬂﬁﬂ'lu

¥
aswiaguami

]
]

umoud 2 ; 1tavauanauls

2ee

Yuneudi 3 : Auawoyaungmaniidunly

Alternate Course :

L t of ° A w o, (L
- 'H'lﬂﬂ‘)'t‘l]’lﬂﬁ»l'\lﬂi_l‘ﬂvlllﬁ'lliﬁ szihmishumaudsiluaii

Conclusion :

a @ [ Yy 2y o a s da v
ﬁﬂ'I'Nﬂ5'm']ﬂﬂﬂlﬂTW'N']ff'ul'15ﬂI'U'lﬂ\“lﬂ}.‘lﬂﬂ')lll]5lla:ﬂuﬂ1llﬂgﬁlﬂﬁﬂliﬂﬂ1‘”

Post condition :

o 3 ' o
rorfiasdagunmmihmnsonuneyadunsiad seysel

Business Rules :

Implementation Constraints and

Specification :

Assumptions :




57

m‘mﬁ 4.14 ﬁm%mugmﬂa Save data to buffer

Water Quality Monitoring System

Date : July 1, 2009
Author(s) : Chalermpong

Version : 1.0
Use Case Name : Save data to buffer Use Case Type
Use Case ID : 11 Business M
Priority : Normal Requirement : M
Source Qﬁlﬂﬁﬁﬁ onldam System Analysis :

Primary Business Actor :

Primary System Actor :
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Other Interested Stakeholders :
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Water Quality Monitoring System

Date : July 1, 2009
Author(s) : Chalermpong

Version : 1.0
Use Case Name : Read water quality Use Case Type
Use CaseID : 12 Business %}
Priority : Normal Requirement : M
Source pauaa Station send data System Analysis :
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gend Station send data

Other Participating Actors :

Other Interested Stakeholders :

Description : qmﬂﬁﬁuﬁmﬁaﬁnnssu“lumsfimt’fagnﬁafﬁqmmmfwmﬁ"n"ﬂ (Sensor)
Precondition :
Trigger :
Relationships : Association : Station send data
Include : -
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Typical Course of Events : Actor Action System Response
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4.2 BAUMNNINTTU (Activity diagram)
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4.2.3 smumwﬁﬂﬂﬁwmgmﬂa Request station parameter
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doya | M9
SENSOR_TYPE_CO | sHa¥23aasiigann
y NO | PK
DE 1 Integer
SENSOR_TYPE_NA | ¥0¥11aasianI | Varchar
" YES
ME g (100)
UPPER_LIMIT VA | | aa ’
argegandluly1d YES
L Float
LOWER LIMIT VA | , . YES
Adrgainiiuly1d
L Float
R Varchar | YES
ITONRE
UNIT (50)
ITEM_STATUS ao1uens 15w Char (1) | YES
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vedeya LENY viindeya | Mde | PK | FK | m51991989
sHaan1ins1939
y NO | PK
STATION_CODE | NN Integer
PV_CODE Integer NO FK | PROVINCE
NO WATER_SO
FK
WS _CODE Integer URCE
Fogoilnsavia Varchar
y YES
STATION NAME | 41w (100)
STATION ST NA | , , . Varchar
yovoanll YES
ME (50)
. - n Varchar
foTuwan1il YES
STATION_DESC (200)
4. a2 Varchar
Nogyarnas YES
STATION_ADDR (100)
n Varchar
IWdznmereii YES
STATION_PIC (200)
STATION FREQ | anu@lunmisein Integer YES
14
FoyanunIN
(W)
ITEM_STATUS | a01uzms iy Char (1) | YES
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Aldauszyy
Fedoya CILEAT yiadoya | M9 | PK | FK | M131981909
Decimal
NO | PK
USER_CODE sHan 19 (10,0)
Varchar
FIRST NAME Fo (50) YES
Varchar YES
LAST NAME WANa (50)
Varchar NO
USER_LOGIN Fofld (20)
Varchar NO
USER_PASSWORD | sHaiH1u (20)
anuansold YES
IS_ACTIVE U Char (1)
ROLE_CODE FHAUNUIN Integer | YES FK | UMS_ROLE
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High-performance, Low-power AVR® 8-bit Microcontroller
Advanced RISC Architecture
— 133 Powerful Instructions — Most Single Clock Cycle Executlon
— 32 x 8 General Purpose Working Registers + Peripheral Control Registers
~ Fully Static Operation
— Up to 16 MIPS Throughput at 16 MHz
— On-chip 2-cycle Multiplier
High Endurance Non-volatile Memory segments
— 128K Bytes of In-System Self-programmable Flash program memory
~ 4K Bytes EEPROM
— 4K Bytes Internal SRAM
— Write/Erase cycles: 10,000 Flash/100,000 EEPROM
— Data retention: 20 years at 85°C/100 years at 25°C\"
— Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— Up to 64K Bytes Optional External Memory Space
— Programming Lock for Software Security
— SPI Interface for In-System Programming
JTAG (IEEE std. 1149.1 Compliant) Interface
- Boundary-scan Capabilities According to the JTAG Standard
- Extensive On-chip Debug Support
~ Programming of Flash, EEPROM, Fuses and Lock Bits through the JTAG Interface
Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
— Two Expanded 16-bit Timer/Counters with Separate Prescaler, Compare Mode and
Capture Mode
—~ Real Time Counter with Separate Oscillator
— Two 8-bit PWM Channels
~ 6 PWM Channels with Programmable Resolution from 2 to 16 Bits
— Output Compare Modulator
- 8-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
~ Byte-oriented Two-wire Serial Interface
— Dual Programmable Serial USARTs
— Master/Slave SPI Serial Interface
- Programmable Watchdog Timer with On-chip Oscillator
— On-chip Analog Comparator
Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
- Internal Calibrated RC Oscillator
~ External and Internal Interrupt Sources
— Six Sleep Modes: ldle, ADC Noise Reduction, Power-save, Power-down, Standby,
and Extended Standby
- Software Selectable Clock Frequency
— ATmega103 Compatibility Mode Selected by a Fuse
~ Global Pull-up Disable
O and Packages
— 53 Programmable /O Lines
— 64-lead TQFP and 64-pad QFN/MLF
Operating Voltages
- 2.7 - 5.5V for ATmega128A
Speed Grades
— 0- 16 MHz for ATmega128A

=
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2.| Overview
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Figure 1-1.  Pinout ATmega128A
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Note:  The Pinout figure applies to both TQFP and MLF packages. The bottom pad under the QFN/MLF
package should be soldered to ground.

The ATmega128A is a low-power CMOS 8-bit microcontroller based on the AVR enhanced
RISC architecture. By executing powerful instructions in a single clock cycle, the ATmegal28A
achieves throughputs approaching 1 MIPS per MHz allowing the system designer to optimize
power consumption versus processing speed.
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The AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock cycle. The resulting
architecture is more code efficient while achieving throughputs up to ten times faster than con-
ventional CISC microcontrollers.

The ATmega128A provides the following features: 128K bytes of In-System Programmable
Flash with Read-While-Write capabilities, 4K bytes EEPROM, 4K bytes SRAM, 53 general pur-

" pose /O lines, 32 general purpose working registers, Real Time Counter (RTC), four flexible

Timer/Counters with compare modes and PWM, 2 USARTS, a byte oriented Two-wire Serial
Interface, an 8-channel, 10-bit ADC with optional differential input stage with programmable
gain, programmable Watchdog Timer with Internal Oscillator, an SPI serial port, |IEEE std.
1149.1 compliant JTAG test interface, also used for accessing the On-chip Debug system and
programming and six software selectable power saving modes. The Idle mode stops the CPU
while allowing the SRAM, Timer/Counters, SPI port, and interrupt system to continue function-
ing. The Power-down mode saves the register contents but freezes the Oscillator, disabling all
other chip functions until the next interrupt or Hardware Reset. In Power-save mode, the asyn-
chronous timer continues to run, allowing the user to maintain a timer base while the rest of the
device is sleeping. The ADC Noise Reduction mode stops the CPU and all I/O modules except
Asynchronous Timer and ADC, to minimize switching noise during ADC conversions. In Standby
mode, the Crystal/Resonator Oscillator is running while the rest of the device is sleeping. This
allows very fast start-up combined with low power consumption. in Extended Standby mode,
both the main Oscillator and the Asynchronous Timer continue to run.

The device is manufactured using Atmel’s high-density nonvolatile memory technology. The On-
chip ISP Flash allows the program memory to be reprogrammed in-system through an SPI serial
interface, by a conventional nonvolatile memory programmer, or by an On-chip Boot program
running on the AVR core. The boot program can use any interface to download the application
program in the application Flash memory. Software in the Boot Flash section will continue to run
while the Application Flash section is updated, providing true Read-While-Write operation. By
combining an 8-bit RISC CPU with In-System Self-Programmable Flash on a monolithic chip,
the Atmel ATmegai128A is a powerful microcontroller that provides a highly flexible and cost
effective solution to many embedded control applications.

The ATmega128A AVR is supported with a full suite of program and system development tools
including: C compilers, macro assemblers, program debugger/simulators, in-circuit emulators,
and evaluation kits.

ATmega103 and ATmega128A Compatibility

The ATmega128A is a highly complex microcontrolier where the number of I/O locations super-
sedes the 64 1/O locations reserved in the AVR instruction set. To ensure backward compatibility
with the ATmega103, all 1/0 locations present in ATmega103 have the same location in
ATmega128A. Most additional I/O locations are added in an Extended I/O space starting from
$60 to $FF, (i.e., in the ATmega103 internal RAM space). These locations can be reached by
using LD/LDS/LDD and ST/STS/STD instructions only, not by using IN and OUT instructions.
The relocation of the internal RAM space may still be a problem for ATmega103 users. Also, the
increased number of interrupt vectors might be a problem if the code uses absolute addresses.
To solve these problems, an ATmega103 compatibility mode can be selected by programming
the fuse M103C. In this mode, none of the functions in the Extended I/O space are in use, so the
internal RAM is located as in ATmega103. Also, the Extended Interrupt vectors are removed.

AIMEL \ :
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. The ATmega128A is 100% pin compatible with ATmega103, and can replace the ATmega103

on current Printed Circuit Boards. The application note “Replacing ATmega103 by
ATmega128A” describes what the user should be aware of replacing the ATmega103 by an
ATmegal28A.

2.211 ATmega103 Compatibility Mode

¢

®

By programming the M103C fuse, the ATmega128 will be compatible with the ATmega103
regards to RAM, /O pins and interrupt vectors as described above. However, some new fea-
tures in ATmega128 are not available in this compatibility mode, these features are listed below:

» One USART instead of two, Asynchronous mode only. Only the eight least significant bits of
the Baud Rate Register is available.

« One 16 bits Timer/Counter with two compare registers instead of two 16-bit Timer/Counters
with three compare registers.

» Two-wire serial interface is not supported.

» Port C is output only.

* Port G serves alternate functions only (not a general /O port).

| * Port F serves as digital input only in addition to analog input to the ADC.

* Boot Loader capabilities is not supported.

* It is not possible to adjust the frequency of the internal calibrated RC Oscillator.

! « The External Memory Interface can not release any Address pins for general I/O, neither
configure different wait-states to different External Memory Address sections.

» |n addition, there are some other minor differences to make it more compatible to
ATmegal03:

1 » Only EXTRF and PORF exists in MCUCSR.
» Timed sequence not required for Watchdog Time-out change.
« External Interrupt pins 3 - O serve as level interrupt only.
» USART has no FIFO buffer, so data overrun comes earlier.
Unused /O bits in ATmega103 should be written to O to ensure same operation in ATmega128.

2.3 Pin Descriptions

2.3.1 vCC
Digital supply voltage.

2.3.2 GND
Ground.

2.3.3 Port A (PA7:PA0)
Port A is an 8-bit bi-directional I/O port with internal puli-up resistors (selected for each bit). The
Port A output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port A pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port A pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Port A also serves the functions of various special features of the ATmega128A as listed on
! page 73.

8151DS-AVR-07/09



EEE—————————————————————— A Tmegai28A

2.3.4 Port B (PB7:PB0)
Port B is an 8-bit bi-directional /O port with internal pull-up resistors (selected for each bit). The
Port B output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port B pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port B pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Port B also serves the functions of various special features of the ATmega128A as listed on
page 74.

2.3.5 Port C (PC7:PC0)

Port C is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port C output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port C pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port C pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

| Port C also serves the functions of special features of the ATmega128A as listed on page 76. In
1 ATmega103 compatibility mode, Port C is output only, and the port C pins are not tri-stated
when a reset condition becomes active.

Note: The ATmega128A is by default shipped in ATmega103 compatibility mode. Thus, if the parts are
not programmed before they are put on the PCB, PORTC will be output during first power up, and
until the ATmega103 compatibility mode is disabled.

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port D output buffers have symmetrical drive characteristics with both high sink and source

capability. As inputs, Port D pins that are externally pulled low will source current if the pull-up
| resistors are activated. The Port D pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

2.3.&{5 Port D (PD7:PD0)
|
|

Port D also serves the functions of various special features of the ATmega128A as listed on
page 78.

2.3.7 Port E (PE7:PEO)

Port E is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port E output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port E pins that are externally pulled low will source current if the pull-up
C resistors are activated. The Port E pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Port E also serves the functions of various special features of the ATmega128A as listed on
page 81.

2.3.8 Port F (PF7:PFO0)
Port F serves as the analog inputs to the A/D Converter.

Port F also serves as an 8-bit bi-directional /O port, if the A/D Converter is not used. Port pins
can provide internal pull-up resistors (selected for each bit). The Port F output buffers have sym-
metrical drive characteristics with both high sink and source capability. As inputs, Port F pins
that are externally pulled low will source current if the pull-up resistors are activated. The Port F
pins are tri-stated when a reset condition becomes active, even if the clock is not running. If the

ATMEL :
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JTAG interface is enabled, the pull-up resistors on pins PF7(TDI), PF5(TMS), and PF4(TCK) will
be activated even if a Reset occurs.

The TDO pin is tri-stated unless TAP states that shift out data are entered.
Port F also serves the functions of the JTAG interface.

in ATmega103 compatibility mode, Port F is an input Port only.

2319  Port G (PG4:PGO)

|
2311  XTAL1
i

2312 XTAL2

23.13 AVCC

2.3.14 AREF
23.15 PEN
8151DS-AVR-07/09
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Port G is a 5-bit bi-directional /O port with internal pull-up resistors (selected for each bit). The
Port G output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port G pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port G pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Port G also serves the functions of various special features.

The port G pins are tri-stated when a reset condition becomes active, even if the clock is not
running.

In ATmega103 compatibility mode, these pins only serves as strobes signals to the external
memory as well as input to the 32 kHz Oscillator, and the pins are initialized to PGO =1,
PG1 = 1, and PG2 = 0 asynchronously when a reset condition becomes active, even if the clock
is not running. PG3 and PG4 are oscillator pins.

Reset input. A low level on this pin for longer than the minimum pulse length will generate a
reset, even if the clock is not running. The minimum pulse length is given in “System and Reset
Characteristics” on page 324. Shorter pulses are not guaranteed to generate a reset.

Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.
Output from the inverting Oscillator amplifier.

AVCC is the supply voltage pin for Port F and the A/D Converter. It should be externally con-
nected to V¢, even if the ADC is not used. If the ADC is used, it should be connected to Vee
through a low-pass filter.

AREF is the analog reference pin for the A/D Converter.

PEN is a programming enable pin for the SPI Serial Programming mode, and is internally pulled
high . By holding this pin low during a Power-on Reset, the device will enter the SPI Serial Pro-
gramming mode. PEN has no function during normal operation.

ATMEL 7
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Resources
A comprehensive set of development tools, application notes, and datasheets are available for
download on http://www.atmel.com/avr.

ATmega128A/L rev. A - M characterization is found in the ATmega128A Appendix B.

Data Retention
Reliability Qualification results show that the projected data retention failure rate is much less
than 1 PPM over 20 years at 85°C or 100 years at 25°C.

S A“IEL@ 8
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5.| Register Summary
Address Name Bit7 Bit6 Bit5 J Bit4 Bit3 Bit2 Bit1 Bito Page
($FF) Reserved - = - ® - - - - _
: Reserved - - -, - . .~ - ~
($9E) Resorved e S - - - - - _
($9D) UCSR1C - UMSEL1 UPM1t UPM10 UsBS1 UCcsz11 UCsz10 UCPOL1 195
' (390) UDR1 USART1 VO Data Register 192
(398) UCSR1A RXC1 TXC1 UDRE1 FE1 DOR{ UPE1 U2X1 MPCM1 193
($9A) UCSR1B RXCIES TXCIE1 UDRIE1 RXEN1 TXEN1 UCsz12 RXB81 TXB81 194
($99) UBRRI1L USART1 Baud Rate Register Low 197
{$98) UBRR1H | - - - » - USART1 Baud Rate Register High 197
(897) Reserved .= - - - - - - -
($96) Reserved [ = - - - - - - - -
($95) UCSR0OC - UMSELO UPMO1 UPMO00 USBS0 UCSzZ01 UCSZ00 UCPOLO 195
(§94) Reserved - . - ~ - - - - -
($93) Reserved - — - e e Y. - -
($92) Reserved - - - - - - - -
($91) Reserved . = - z - - - - -
($90) UBRROH - -~ o = - USARTO Baud Rate Register High 197
($8F) Reserved - = = - - - - -
($8E) Reserved | - - - ~ - - - -
($80) Reserved - - - - - - - ) —
($8C) TCCR3C FOC3A FOC3B FOC3C - * i - - - 138
($8B) TCCR3A COMB3A1 COMB3AQD COM3B1 COM3BO COM3C1 COM3Co WGM31 WGM30 134
{$8A) TCCR3B ICNC3 ICES3 s« e WGM33 WGM32 CS32 CS31 CS30 137
@ ($89) TCNT3H Timer/Counter3 — Counter Register High Byte 139
($88) TCNT3L Timer/Counter3 — Counter Reglster Low Byte 139
($87) OCR3AH Timer/Counter3 — Qutput Compare Reglster A High Byte 140
($86) OCR3AL Timer/Counter3 - Output Compare Register A Low Byte 140
($85) OCR38H Timer/Counter3 - Output Compare Register B High Byte 140
($84) OCR3BL Timer/Counter3 — Output Compare Register B Low Byte 140
($83) OCR3CH Timer/Counter3 — Output Compare Register C High Byte 140
($82) OCR3CL Timer/Counter3 - Output Compare Register C Low Byte 140
|_(§81) ICR3H Timer/Counter3 — Input Capture Register High Byte 141
! ($80) ICR3L Timer/Counter3 - Input Capliure Register Low Byte 141
{$7F) Reserved - - ’ - - - ~ - ~
1($7E) Reserved - - LA T . -, L - = -
‘($7D) ETIMSK = ~— TICIE3 OCIE3A OCIE3B TOIE3 OCIE3C OCIE1C 142
(87C) ETIFR s - i ICF3 OCF3A OCF3B TOV3 OCF3C OCF1C 143
($7B) Reserved - S - e - - - -
($7A) TCCR1C FOC1A FOC1B FOCt1C - - < - — - 138
($79) OCR1CH Timer/Counter1 ~ Output Compare Register C High Byte 140
)($78) OCR1CL Timer/Counter1 — Output Compare Register C Low Byte 140
($77) Reserved - - - - - - - -
($76) Resorved |” - - - - - - - -
1($75) Reserved - - »x - = o - - -
($74) TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN 540" TWIE 226
@ ($73) TWDR Two-wire Serial Interface Data Register 228
($72) TWAR TWAS TWAS TWA4 TWA3 TWA2 TWA1 TWAQ TWGCE 229
($71) TWSR TWS?7 TWS6 TWS5 TWS4 TWS3 - TWPS1 TWPSO 228
($70) TWBR Two-wire Serlal Interface Bit Rate Register 226
($6F) OSCCAL Oscillator Calibration Register 44
($6E) Reserved r - . - T - - -
($6D) XMCRA - SRL2 SRL1 SRALO SRW01 SRW00 SRW11 34
($6C) XMCRB XMBK - - = - XMM2 XMM1 XMMO 35
($6B) Reserved - - - - - - - -
($6A) EICRA 1SC31 1SC30 1SC21 1SC20 ISC11 ISC10 1SCO1 1SC00 90
($69) Reserved - - - - - " - - -
($68) SPMCSR SPMIE RWWSB - RWWSRE BLBSET PGWRT PGERS SPMEN 289
($67) Reserved - - - - - - - -
($66) Reserved - ~ =y < ], - s " - -
($65) PORTG - - - PORTG4 PORTG3 PORTG2 PORTG1 PORTGO 89
($64) DDRG - . - ¥ - DDG4 DDG3 DDG2 DDG1 DDGO 89
(563) PING ' 1 - E PING4 PING3 PING2 PING1 PINGO 89
__ AIMEL 9
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§5. Register Summary (Continued)

®

Address Name Bit7 Bit6 Bit5 ~ Bit4 Bit3 Bit2 Bit 1 Bit0 Page
$62 PORTF PORTF7 PORTFB PORTF5 PORTF4 PORTF3 PORTF2 PORTF1 PORTFO 89
| ($61) DDRF DDF7 DDF& DDF5 DDF4 DDF3 DDF2 DDF1{ DDFO 89
($60) Reserved ~ - - - - - = -
B3F ($5F) SREG | T H S v N z [ 10
$3E ($5E) SPH SP15 SP14 SP13 SP12 SP11 SP10 SP9 SP8 13
$3D ($5D) SPL SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO 13
$3C ($5C) XDIV XDIVEN XDIVe XDIVS XDiv4 XDIV3 XDiv2 XDIV1 XDIVO 38
$3B ($58) RAMPZ - i - - - - - RAMPZ0 14
B3A ($5A) EICRB ISC71 1ISC70 1SC61 1SCE0 ISC51 1SC50 1SC41 1SC40 91
$39 ($59) EIMSK INT7 INTE INTS INT4 INT3 INT2 INT1 INTO 92
538 ($58) EIFR INTF7 INTFB INTFS INTF4 INTF3 INTF INTF1 INTFO 92
B37 ($57) TIMSK OCIE2 TOIE2 TICIEY QCIE1A OCIE1B TOIE1 OCIEO TOIEQ 110, 141, 162
$36 ($56) TIFR OCF2 TOV2 ICF1 OCF1A OCFiB TOV1 OCF0 TOVO 110, 143, 162
$35 ($55) MCUCR SRE SRW10 SE SM1 SM0 SM2 IVSEL IVCE 33, 50, 63
B34 ($54) MCUCSR JTD # o e - JTRF WDRF BORF EXTRF PORF 56, 257
B33 ($53) TCCRO FOCO0 WGMO00 COMO1 COMoo WGMO01 CS02 CS01 CS00 106
532 ($52) TCNTO Timer/Counter0 (8 Bit} 109
31 ($51) OCRO Timer/Counter0 Output Compare Register 109
$30 ($50) ASSR - - x - - AS0 TCNOUB OCROUB TCROUB 109
B2F ($4F) TCCR1A COM1A1 COM1AD COM1B1 COM1B0 COMIC1 COM1CO WGM11 WGM10 134
$2E ($4E) TCCR1B ICNC1 ICES1 L e T WGM13 WGM12 csi2 cs CS10 137
82D ($4D) TCNT1H Timer/Counter! - Counter Register High Byte 139
$2C ($4C) TCNT1L Timei/Countert — Counter Register Low Byle 139
528 ($48B) OCR1AH Timer/Counter1 — Qutput Compare Register A High Byte . 139
$2A ($4A) OCR1AL Timer/Counter1 — Output Compare Register A Low Byte 139
1529 ($49) OCR1BH Timer/Counter1 — Output Compare Register B High Byte 139
28 ($48) OCR1BL Timer/Counter1 — Output Compare Reglster B Low Byte 139
27 ($47) ICR1H Timer/Counter1 - Input Capture Register High Byte 140
26 ($46) ICRIL Timer/Counter1 - Input Capture Register Low Byte 140
$25 ($45) TCCR2 Focz | waMz0 | comat | Comeo | wemar | cse2 | csat |  cs20 159
24 ($44) TCNT2 Timer/Counter2 (8 Bit) 161
1$23 ($43) QCR2 Timer/Counter2 Qutput Compare Register 162
22 ($42) OCDR 1DRD/OCDR? OCDR6 OCDRS OCDR4 OCDR3 OCDR2 QCDR1 OCDRO 276
$21 (541) WODTCR = w * WDCE WDE WDP2 WDP1 WDPO 57
1$20 ($40) SFIOR TSM o .t P B ACME PUD PSRO PSR321 86, 111, 146, 231
$1F ($3F) EEARH - “ & . = EEPROM Address Register High 30
B1E ($3E) EEARL EEPROM Address Register Low Byte
1D ($3D) EEDR EEPROM Data Reglster 30
$1C ($3C) EECR . = - - = EERIE EEMWE EEWE EERE
$1B ($3B) PORTA PORTA7 PORTAG PORTAS PORTA4 PORTA3 PORTA2 PORTA1 PORTAQ 87
$1A ($3A) DDRA DDA7 DDAGS DDAS DDA4 DDA3 DDA2 DDA1 DDAO 87
1§19 ($39) PINA PINA7 PINAG PINAS PINA4 PINA3 PINA2 PINA1 PINAO 87
1$18 ($38) PORTB PORTB7 PORTB6 PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO 87
$17 ($37) DDRB DDB7 DDB6 DDBS DDB4 DDB3 DDB2 DDB1 DDBO 87
$16 ($36) PINB PINB7 PINBG PINB5 PINB4 PINB3 PINB2 PINB1 PINBO 87
$15 ($35) PORTC PORTC? PORTC6 PORTCS PORTC4 PORTC3 PORTC2 PORTC1 PORTCO a7
$14 ($34) DDRC DDC7 DDC6 DDCS DDC4 DDC3 DDC2 DDC1 DDCO 67
G $13 ($33) PINC PINC7 PINCG PINC5 PINC4 PINC3 PINC2 PINC1 PINCO 88
$12 ($32) PORTD PORTD7 PORTDS PORTDS PORTD4 PORTD3 PORTD2 PORTD1 PORTDO 88
$11 ($31) DDRD DDD7 DDD6 DDDS DDD4 DDD3 DDD2 DDD1 DDDO 88
1$10 ($30) PIND PIND?7 PINDE PINDS PIND4 PIND3 PIND2 PIND1 PINDO 88
ISOF ($2F) SPDR SPI Data Reglster 173
$OE ($2E) SPSR SPIF WCOL - B - - - SPI2X 173
1$0D ($20) SPCR SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO 171
$0C ($2C) UDRO USARTO VO Data Reglster 192
$0B ($28) UCSROA RXCO TXCO UDREO FEO DORC UPEQ U2X0 MPCMO 193
$OA ($2A) UCSR08 RXCIEC TXCIEQ UDRIEO RXENO TXENO UCSZ02 RXB80 TXB80 194
$09 ($29) UBRROL USARTO Baud Rate Register Low 197
$08 ($28) ACSR ACD ACBG ACO ACL ACIE ACIC ACIS1 ACISO 231
$07 ($27) ADMUX REFS1 REFS0 ADLAR MUX4 MUX3 MUX2 MUX1 MUX0 245
$06 ($26) ADCSRA ADEN ADSC ADFR ADIF ADIE ADPS2 ADPS1 ADPS0O 247
$05 (525) ADCH ADC Data Reglster High Byte 248
$04 ($24) ADCL ADC Data Register Low byte 248
$03 ($23) PORTE PORTE?7 | PORTEG | PORTES | PORTE4 | PORTE3 | PORTE2 | PORTE! | PORTEO 83

‘ ATMEL 1
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Q5. Register Summary (Continued)

Address Name Bit7 Bit6 Bits Bit4 Bit3 Bit2 Bit1 Bit0 Page
$02 ($22) DDRE DDE? DDES DDES DDE4 DDE3 DDE2 DDE1 DDEO 88
$o1 (521) PINE PINE7 PINEE PINES - PINE4 PINE3 PINE2 PINE1 PINEOQ 88
$00 (520) PINF PINF7 PINF6 PINFS PINF4 PINF3 PINF2 PINF1 PINFO 89

Notbs: 1. For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved /O memory addresses
should never be written.

2. Some of the status flags are cleared by writing a logical one to them. Note that the CBI and SBI instructions will operate on
all bits in the I/O register, writing a one back into any flag read as set, thus clearing the flag. The CBI and SBI instructions
work with registers $00 to $1F only.
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6. Instruction Set Summary
Mremonics I Operands I Description Operation Flags #Clocks
ARITHMETIC AND LOGIC INSTRUCTIONS
ADD Rd, Rr Add two Registers Rd « Rd + Rr ZCNVH 1
ADC Rd, Rr Add with Carry two Registers Rd«Rd+Rr+C ZCNVH 1
ADIW Rdl,K Add Immediate to Word Rdh:Rdl « Rdh:Rdl + K Z,CNV.S 2
SuUB Rd, Rr Subtract two Registers Rd « Rd - Rr Z,CNVH 1
SuUBI Rd, K Subtract Constant from Register Rd « Rd-K ZCNV.H 1
SBC Rd, Rr Subtract with Carry two Registers Rd« Rd-Rr-C ZCN,V.H 1
SBCI Rd, K Subtract with Cany Constant from Reg. RdeRd-K-C ZCNVH 1
SBjwW RdlL.K Subtract Immediate from Word Rdh:Rdl « Rdh:Rdl - K ZCNV,S 2
AND Rd, Rr Logicatl AND Reglsters Rd « Rd « Rr ZNV 1
ANDI Rd, K Logical AND Register and Constant Rd« Rd+ K ZNV 1
OR Rd, Rr Logical OR Registers Rd« RdvRr ZNV 1
ORI Rd, K Logical OR Reglster and Constant Rd «RdvK ZNV 1
EOR Rd, Rr Exclusive OR Registers Rd « Rd® Rr ZNV 1
COM Rd One's Complement Rd « $FF - Rd ZCNV 1
NEG Rd Two’s Complement Rd « $00 - Rd Z,CNVH 1
SBR Rd.K Set Bit(s) in Register Rd « RdvK ZNV 1
CBR Rd.K Clear Bit(s) in Register Rd « Rd ¢ ($FF - K) ZNV 1
ING Rd Increment Ad« Rd+ 1 ZNY 1
DEC Rd Decrement Rd « Rd -1 ZNV 1
TSI Rd Test for Zero or Minus Rd « Rd « Rd ZNV 1
CLR Rd Clear Register Rd_« Rd® Rd ZNV 1
SER Rd Set Register Rd « $FF None 1
‘ﬁ MUL Rd, Rr Multiply Unsigned R1:R0 « Rdx Rr 2C 2
- MULS Rd, Rr Multiply Signed R1:R0O « Rdx Rr ZC 2
MULSU Rd, Rr Multiply Signed with Unsigned R1:R0 « Rdx Rr Z.C 2
FMUL Rd, Rr Fractional Multiply Unsigned R1:R0 « (Rd x Rr} << 1 Z.C 2
FMULS Rd, Rr Fractional Multiply Signed R1:R0 « (Rd x Rr) << 1 Z.C 2
FMULSV Rd Rr Fractional Multipty Signed with Unsigned R1:R0 « (Rd xR << 1 Zc 2
BRANCH INSTRUCTIONS
RJMP k Retative Jump PC«PC+k +1 None 2
IIMP Indlrect Jump to (Z) PC«2Z None 2
JMP K Direct Jump PC«k None 3
RCALL K Relative Subroutine Call PC—PC+k+1 None 3
ICALL Indirect Call to (Z) PCeZ None 3
CALL kK Direct Subroutine Call PCe«k None 4
RET Subroutine Retum PC « STACK None 4
RETI Interrupt Return PC « STACK | 4
CPSE Rd,Rr Compare, Skip if Equal f(Rd=R)PC«PC+20r3 None 1/2/3
CP, Rd.Rr Compare Rd-Rr Z,NV.CH 1
CRC Rd,Rr Compare with Carry Rd-Rr-C Z,NV,CH 1
CP, Rd.X Compare Register with Immediate Rd -K Z, NV.CH 1
SBRC Rr, b Skip if Bit in Register Cleared it (Rr(b)=0) PC« PC +20r3 None 1/2/3
SBRS Ar, b Skip i Bltin Register is Set if (Ri(b)=1) PC«PC+20r3 None 1/2/3
SBIC P,b Skip if Bt in VO Register Cleared If (P(b)=0) PC«PC+20r3 None 1/2/3
Q sBis P.b Skip if Blt In VO Reglster is Set it (P(b)=1)})PC«PC+20r3 None 1/2/3
N BRBS s, k Branch if Status Flag Set if (SREG(s) = 1) then PC+-PC+k + 1 None 1/2
BRBC s. kK Branch if Status Flag Cleared it (SREG(s) = 0) then PC+PC+k + 1 None 1/2
BREQ k Branch if Equal #(Z=1)thenPC« PC+k+1 None 1/2
BRNE k Branch if Not Equal B(Z=0}thenPC«PC+k+1 None 1/2
BHCS k Branch if Canry Set H({C=1)thenPC+ PC+k+ 1 None 1/2
BRCC k Branch if Carry Cleared H(C=0)then PC«PC+k+1 None 1/2
BRSH k Branch if Same or Higher it (C=0)then PC« PC+k +1 None 1/2
BRLO K Branch if Lower if(C=1)then PC«—PC+k+1 None 1/2
BRMI k Branch if Minus if(N=1)thenPC < PC+k+1 None 1/2
BFiPL .3 Branch If Plus if (N=0)then PC+ PC +k+1 None 1/2
BAGE k Branch if Greater or Equal, Signed H(N®V=0)then PC—PC+k+1 None 1/2
BRLT k Branch If Less Than Zero, Signed H(N®V=1)then PC«PC+k+1 None 1/2
BRHS k Branch if Half Canty Flag Set f(H=1)then PC« PC+k+1 None 1/2
BRHC K Branch if Half Carry Flag Cleared it (H=0)then PC« PC+k+1 None 1/2
BRTS 3 Branch if T Flag Set H(T=1)thenPCPC+k +1 None 1/2
BRTC k Branch if T Flag Cleared H(T=0)thenPCPC+k+1 None 1/2
AIMEL 12
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BRVS k Branch If Overflow Flag is Set f(V=1)then PC~PC+k +1 None 1/2
BRVC K Branch If Overflow Flaa |s Cleared ff (V= 0: then PC « PC +k +1 No_na 1/2
Mrltemonlcs Operands Description Operation Flags #Clocks
BRIE k Branch if Interrupt Enabled if (1=1)then PC« PC +k +1 None 1/2
BRID k Branch if Interrupt Disabled If (1=0) then PC « PC+ k +1 None 1/2
DATA TRANSFER INSTRUCTIONS
MQV Rd. Rr Move Between Registers Rd « Rr None 1
MOVW Rd, Rr Copy Register Word Rd+1:Rd « Rr+1:Rr None 1
LD| Rd, K Load Immediate Rd « K None 1
LD Rd, X tLoad Indirect Rd « (X) None 2
LD Rd, X+ Load Indirect and Post-Inc. Rd (X)X X+1 None 2
LD Rd, - X Load Indirect and Pre-Dec. X X-1,Rd«(X) None 2
LD! Rd, Y Load Indirect Rd « (Y) None 2
LD Rd, Y+ Load Indirect and Post-Inc. R (Y).Ye<Y+1 None 2
LD Rd,-Y Load Indirect and Pre-Dec. Y« Y-1,Rd«(Y) None 2
LOD Rd.Y+q Load Indirect with Displacement Rd« (Y +q) None 2
LD Rd. Z Load Indirect Rd « (2) None 2
LD Rd. Z+ Load Indirect and Post-Inc. Rd « (2), Z « Z+1 None 2
LD Rd, -Z Load Indirect and Pre-Dec. Z«2-1,Rd «(2) None 2
LDD Rd, Z+q Load Indiract with Displacement Rd«(Z+q) None 2
LDS Rd, k Load Direct from SRAM Rd « (k) None 2
ST, X, Rr Store Indirect (X) « Rr None 2
ST, X+, Rr Stote Indirect and Post-inc. (X) =R, X =X +1 None 2
ST - X,Rr Store Indirect and Pre-Dec. X X- 1, (X) < Rr None 2
ST Y, Rr Store Indirect (Y)«Rr None 2
S Y+, Rr Store Indirect and Post-Inc. (Y)«<Rr,YeY+1 None 2
Je, ST, -Y. Rr Store Indirect and Pre-Dec. Ye¥-1.(Y) «Rr None 2
STD Y+q.Rr Store Indirect with Displa t (Y+q) «Rr None 2
ST Z, Rr Store Indirect (Z) « Rr None 2
ST Z+, Rr Stors Indirect and Post-inc. (Z)<Rr,ZeZ+1 None 2
ST -Z, Rr Store Indirect and Pre-Dec. Z«Z-1.(Z) «Rr None 2
STD Z+q.Rr Store Indirect with Displacement (Z+q) « Rr None 2
ST{S k, Rr Store Direct to SRAM (k} « Rr None 2
LP&VI Load Program Memory RO « (2) None 3
LPTM Rd, Z Load Program Memory Rd « (Z) None 3
LPM Rd, Z+ Load Program Memory and Post-inc Rd « (Z), Z+ Z+1 None 3
ELPM Extended Load Program Memory RO « (RAMPZ:Z) None 3
ELPM Rd,Z Extended Load Program Memory Rd « (RAMPZ:2) None 3
ELPM Rd, Z+ Extended Load Program Memory and Post-inc Rd « (RAMPZ:Z), RAMPZ:Z « RAMPZ:Z+1 None 3
SEM Store Program Memory (Z2) « R1:RO None -
IN Rd, P In Port Rd « P None 1
ouT P, Rr Out Port P« Rr None 1
PUYSH Rr Push Register on Stack STACK « Rr None 2
PéP Rd Pop Rﬂiﬂer from Stack Rd & STAEK Ngne 2
BITI’ AND BIT-TEST INSTRUCTIONS
Sél Pb Set Bit in VO Register VO(P.b) « 1 None 2
Cél Pb Clear Bit in VO Register VO(P.b) « 0 None 2
. L&IL . Rd Logical Shift Left Rd(n+1) « Rd(n), Rd(0) « 0 ZCNV 1
Q.r L§R Rd Logical Shift Right Rd{(n) «- Rd(n+1), Rd(7) « 0 ZCNV 1
ROL Rd Rotate Left Through Carry Rd(0)«C,Rd(n+1)« Rd(n),CRd(7) ZC.NV 1
ROR Rd Rotate Right Through Carry Rd(7)«-C,Rd(n)« Rd(n+1),C<Rd(0) ZCNV 1
ASR Rd Arithmetic Shift Right Rd(n) « Rd(n+1), n=0:6 ZCNV 1
SWAP Rd Swap Nibbles Rd(3:0)Rd(7:4).Rd(7:4)«Rd(3:0) None 1
BSET s Flag Set SREG(s) « 1 SREG(s) 1
BCLR S Flag Clear SREG(s) « 0 SREG(s) 1
BST Rr. b Bit Store from Register to T T « Rr(b) T 1
BLD Rd, b Bit load from T to Register Rd(b) « T None 1
SEC Set Canry Ce1 C 1
CLC Clear Carty Ce«0 C 1
SEN Set Negative Flag Net N 1
CLN Clear Negative Flag NeoO N 1
SEZ Set Zero Flag Z+1 r4 1
CcLz Clear Zero Flag Z+0 Z 1
SE| Global Interrupt Enable fe1 | 1
chi Global Interrupt Disable 10 | 1
AIMEL 13
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SES Set Signed Test Flag S«1 S 1
&5 glegr Slgned Test Flgg S0 S 1

Mnemonics Operands Description Operation Flags #Clocks
SEV Set Twos Complement Overflow. Vet ) 1
CLV Clear Twos Complement Overflow Ve0 \ 1
SET Set T in SREG Te1 T 1
cur Clear T In SREG T«0 T 1
SEH Set Halt Canry Flag in SREG Het H 1
CLH Cloar Half Carry Flag in SREG He 0 H 1
MCU CONTROL INSTRUCTIONS
NOP No Operation None 1
SLEEP Sleep (see specific descr. for Sleep function) None 1
WDR Watchdog Reset (see specific descr, for WDR/timer) None 1
BREAK Broak For On-chip Debug Only None N/A

EE————— A mElé 14
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7. Ordering Information

7.1 ATmegal28A

Speed (MHz) Power Supply Ordering Code('53 Package!" Operation Range
ATmegai128A-16AU 64A Industrial
.7-5.5V
16 2.7-85 ATmega128A-16MU 64M1 (-40°C to 85°C)

Notes: 1. The device can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering information
and minimum quantities.

2. Pb-free packaging complies to the European Directive for Restriction of Hazardous Substances (RoHS directive). Also
Halide free and fully Green.

L4

Package Type
64A 64-lead, 14 x 14 x 1.0 mm, Thin Profile Plastic Quad Flat Package (TQFP)
64M1 64-pad, 9 x 9 x 1.0 mm, Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)

EEE————— mEI% 15
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Q"B.; Packaging Information
!
8.1 64A
|
(0NARANAANR (0ARRN0N. b
. PIN1 <l o
=
= B
—
= PIN 1 IDENTIFIER 1
[—
= L
° 3 = -, E1 E
s |
e |
. =
_—
i
3
=
]
—
| IR
| D1
|- D
C— g°~7° *
—_-l—:b- AT,
""""""""" }
J 1 A1- A2 LA
- L
COMMON DIMENSIONS
(Unit of Measure = mm)
SYMBOL| MIN NOM MAX | NOTE
A - - 1.20
Al 0.05 - 0.15
A2 0.95 1.00 1.05
D 15.75 16.00 16.25
D1 13.90 14.00 14.10 | Note 2
) E 15.75 | 16.00 | 16.25
Notes:
1.This package conforms to JEDEG reference MS-026, Variation AEB. E1 | 13.90 | 14.00 | 14.10 | Note 2
2. Dimensions D1 and E1 do not include mold protrusion. Allowable B 0.30 - 0.45
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum c 0.09 0.20
plastic body size dimensions including mold mismatch. . = .
3. Lead coplanarity is 0.10 mm maximum. L 0.45 - 0.75
e 0.80TYP
10/5/2001

TITLE
» San Jose, CA 95131

AII]]E 2825 Orchard Parkway 64A, 64-lead, 14 x 14 mm Body Size, 1.0 mm Body Thickness,
0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)

64A

DRAWING NO. |REV.

B
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O,
\—Marked Pin# 11D
(E]
b CseATING PLANE
| y
TOP VIEW ™
-
- =)
53 of -7 Pin #1 Corner SIDE VIEW
I, hY
A
_JUUTTUUUBTIT ] -
1 (ann | Option A n
— g \\ - — 2, Triangle
- N ] 3;’ COMMON DIMENSIONS
D ~ G {Unit of Measure = mm)
[ [
- o SYMBOL| MIN NOM MAX | NOTE
-] - Option8 # A 0.80 090 | 1.00
Ch
g g (c ggg)r A1 - 0.02 0.05
g\ G b 0.18 025 | 0.30
:ﬂ]ﬂﬂﬂﬂﬂﬂﬂﬂﬂc 8.90 9.00 | 9.10
D2 5.20 5.40 5.60
Pin #1
- Notch E 8.90 9.00 9.10
(0.20 R)
E2 5.20 5.40 5.60
BOTTOM VIEW 0.50 BSC
0.35 0.40 0.45
! . " 1.25 1.40 1.55
Note: 1.JEDEC Standard MO-220, (SAW Singulation) Fig. 1, VMMD.
2. Dimension and tolerance conform to ASMEY 14.5M-1994.
5/25/06
TITLE DRAWING NO. |REV.
|| AIMEL 2325 Orchard Panway | 6ams, 64-pad, 9 x 9 x 1.0 mm Body, Lead Pitch 0.50 mm, 64M1 G
F——s oan Jose, 5.40 mm Exposed Pad, Micro Lead Frame Package (MLF)

8154 DS-AVR-07/09
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9.

9.1

815

Errata

The revision letter in this section refers to the revision of the ATmega128A device.

ATmegal28A Rev. U

DS-AVR-07/09

Wrong value for Version in the JTAG Device [dentification Register

First Analog Comparator conversion may be delayed

Interrupts may be lost when writing the timer registers in the asynchronous timer
Stabilizing time needed when changing XDIV Register

Stabilizing time needed when changing OSCCAL Register

IDCODE masks data from TDI input

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt request

First Analog Comparator conversion may be delayed
If the device is powered by a slow rising V¢, the first Analog Comparator conversion will
take longer than expected on some devices.

Problem Fix/Workaround
When the device has been powered or reset, disable then enable the Analog Comparator
before the first conversion.

Interrupts may be lost when writing the timer registers in the asynchronous timer
The interrupt will be lost if a timer register that is synchronous timer clock is written when the
asynchronous Timer/Counter register (TCNTX) is 0x00.

Problem Fix/Workaround

Always check that the asynchronous Timer/Counter register neither have the value OxFF nor
0x00 before writing to the asynchronous Timer Control Register (TCCRx), asynchronous
Timer Counter Register (TCNTXx), or asynchronous Output Compare Register (OCRX).

Stabilizing time needed when changing XDIV Register
After increasing the source clock frequency more than 2% with settings in the XDIV register,
the device may execute some of the subsequent instructions incorrectly.

Problem Fix / Workaround

The NOP instruction will always be executed correctly also right after a frequency change.
Thus, the next 8 instructions after the change should be NOP instructions. To ensure this,
follow this procedure:

1.Clear the 1 bit in the SREG Register.

2.Set the new pre-scaling factor in XDIV register.

3.Execute 8 NOP instructions

4.Set the | bit in SREG

This will ensure that all subsequent instructions will execute correctly.

Assembly Code Example:

CLI ; clear global interrupt enable
OUT XDIV, temp ; set new prescale value

NOP ; no operation

NOP ; no operation

NOP ; no operation

ATMEL 18
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NOP ; No operation
NOP ; no operation
NOP ; no operation
NOP ; no operation
NOP ; no operation
SEI ; set global interrupt enable

Stabilizing time needed when changing OSCCAL Register
After increasing the source clock frequency more than 2% with settings in the OSCCAL reg-
ister, the device may execute some of the subsequent instructions incorrectly.

Problem Fix / Workaround

The behavior follows errata number 3., and the same Fix / Workaround is applicable on this
errata,

IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly. Data to succeeding devices are
replaced by all-ones during Update-DR.

Problem Fix / Workaround

— If ATmega128A is the only device in the scan chain, the problem is not visible.

— Select the Device ID Register of the ATmega128A by issuing the IDCODE
instruction or by entering the Test-Logic-Reset state of the TAP controller to read out
the contents of its Device ID Register and possibly data from succeeding devices of
the scan chain. Issue the BYPASS instruction to the ATmega128A while reading the
Device ID Registers of preceding devices of the boundary scan chain.

— If the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega128A must be the fist device in the chain.

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt
request.

Reading EEPROM by using the ST or STS command to set the EERE bit in the EECR reg-
ister triggers an unexpected EEPROM interrupt request.

Problem Fix / Workaround
Always use OUT or SBI to set EERE in EECR.

ATMEL 1
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10.1 Rev. 8151D - 07/09

10.2 Rev. 8151C - 05/09

¢ 10.3 Rev. 8151B -~ 03/09

10.4 Rev. 8151A-08/08

1DS-AVR-07/09

). Datasheet Revision History

Please note that the referring page numbers in this section are referred to this document. The
referring revision in this section are referring to the document revision.

Updated “Errata” on page 376.

Updated the last page with Atmel's new addresses.

Updated “Errata” on page 375. ATmega128A Rev. U.

Updated view of “Typical Characteristics” on page 337 view.

Editorial updates.

Initial revision. (Based on the ATmega128/L datasheet 2467R-AVR-06/08)

Changes done compared to the ATmega128/L datasheet 2467R-AVR-06/08:

- Updated “Stack Pointer” on page 13 description.

- “Power Management and Sleep Modes” on page 46 is reorganized.

- All Electrical characteristics is moved to “Electrical Characteristics” on page 321.

- Output Low Voltage (V) and Reset Pull-up Resistor (Rggry) limits updated in “DC
Characteristics” on page 321.

- Register descriptions are moved to sub sections at the end of each chapter.
- New graphs in “Typical Characteristics” on page 338.
- New “Ordering Information” on page 373.
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Am%el Corporation

Orchard Parkway

San Jose, CA 95131

USA

Tel:|1(408) 441-0311

Fax

4

1(408) 487-2600

International

Atmel Asia Atmel Europe Atmel Japan

Unit 1-5 & 16, 19/F Le Krebs 9F, Tonetsu Shinkawa Bldg.
BEA Tower, Millennium City 5 8, Rue Jean-Pierre Timbaud 1-24-8 Shinkawa

418 Kwun Tong Road BP 309 Chuo-ku, Tokyo 104-0033

Kwun Tong, Kowloon
Hong Kong

Tel: (852) 2245-6100
Fax: (852) 2722-1369

Product Contact

78054 Saint-Quentin-en-
Yvelines Cedex

France

Tel: (33) 1-30-60-70-00
Fax: (33) 1-30-60-71-11

Japan
Tel: (81) 3-3523-3551
Fax: (81) 3-3523-7581

Web Site
www.atmel.com

Literature Requests
www.atmel.com/iterature

Technical Support
avr@atmel.com

Sales Contact
www.atmel.com/contacts

Disclgimer: The information in this document is provided in connection with Atmel products. No license,
inteliectual property right is granted by this document or In connection with the sale of Atme! products. EXC
S WEB SITE, ATMEL ASSUMES NO LIABILITY WHATSOEVER AND DISCLAIMS ANY EXPRESS, IMPLIED OR STATUTORY
CTS INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTY OF MERCHANTABILITY, FITNESS FOR A PARTICULAR
INFRINGEMENT. IN NO EVENT SHALL ATMEL BE LIABLE FOR ANY DIRECT, INDIRECT, CONSEQUENTIAL, PUNITIVE, SPECIAL OR INCIDEN-
LUDING, WITHOUT LIMITATION, DAMAGES FOR LOSS OF PROFITS, BUSINE
THE USE OR INABILITY TO USE THIS DOCUMENT, EVEN IF ATMEL HAS BEEN ADVISE
representations or warranties with respect to the accuracy or completeness of the contents of this document and re
and product descriptions at any time without notice. Atmel doe
otherwise, Atmel products are not suitable for,

TIONS OF SALE LOCATED ON ATMEL
WARRANTY RELATING TO ITS PRODU
PURPOSE, OR NON-
TAL DAMAGES (INC!

as components in applications intended to support or sustain life.

© 2009 Atmel Corporation. All rights reserved. Atmel®, Atmel logo and combinations thereof, AVR® and others are registered trademarks or

express or implied, by estoppel or otherwise, to any
EPT AS SET FORTH IN ATMEL'S TERMS AND CONDI-

SS INTERRUPTION, OR LOSS OF INFORMATION) ARISING OUT OF
D OF THE POSSIBILITY OF SUCH DAMAGES. Atmel makes no
serves the right to make changes to specifications
s not make any commitment to update the Information contained herein. Unless specifically provided
and shall not be used in, automotive applications. Atmel's products are not intended, authorized, or warranted for use

trademarks of Atmel Corporation or its subsidiaries. Other terms and product names may be trademarks of others.
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sc100 Controller

Features and Benefits

One Controller for One or Two Sensors

The Hach sc100 Controller receives data from up to two
sensors. Use any of Hach’s line of digital sensors for
pH/ORP, conductivity, dissolved oxygen, or turbidity.

One Controller for One or Two Parameters

Not only can the sc100 controller be used for up to two
sensors, but the sensors need not be the same. Mix and
match any combination of parameters.

One Controller for Many Options

Communications using RS485/MODBUS® or Profibus DPV1®
protocols are available. (Contact your Hach representative
for other communication protocols.) Multiple control functions
include built-in PID, control contacts, and alarm functions.

DW = drinking water WW - wastewatur municipai PW = pure water / power

The Model sc100 Controller receives data from

one or two sensors. Its plug-and-play, mix-and-match
operation lets it fit into any facility or workflow.
Digital communication with any Hach digital

sensor or probe is simple and reliable.

“Plug and Play” Operation

There's no complicated wiring or set up procedures with the
sc100 controller. Just plug the sensor in and it’s ready for
use without special ordering or software configuration.

Simple, Reliable Data Collection

A built-in data logger collects measurement at user
selectable intervals (1 to 15 minutes), together with
calibration and verification points, alarm history, and
instrument setup changes for up to 6 months. With
a two-year warranty, the Hach sc100 Controller is
built to last.

W = industrial wiater E o environmental © = collectons FB = food and beverage

' Be Right™
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s bl s ' - A Sl ‘Hach, it’s about learning
& i i from our customers and
1 XV401.52.00002 sc100 Controller Standard gfa;g;fftvf;z?;:zg:gg otgf
* LXV401.52.01002 sc100 Controller with RS-232 (MODBUS) ensuring the quality of life.
- LXV401.52.02002 sc100 Controller with RS-485 (MODBUS) When it comes to the things

that touch our lives...
Note: Power cords must be ordered separately.

Keep it pure.

.;:fﬁe: Other communication options are available. Please contact Hach Technical

Support or your Hach representative. Make it simple.
Power Cords Be right.
5448800 Power Cord with strain relief, 125 Vac :
5448900 Power Cord with strain relief, 230 Vac, European-style plug

For current price information,
Accessories technical support, and ordering

tact Hach

LZX961.5 Weather Protection Shield, for controller assistance, contact the

office or distributor serving
- “your area.

kS

k-

] «
¢ In‘the United States, contact:
HACH.COMPANY World Headquarters

. . : PO. Box 389
To complete your digital ‘ Lovelacr):;, Colorado 80539-0389

measurement system, choose from . us. ;\hone 8002274224
Hach’s family of digital products... | Fa 970.669-2032

- Ezmail: ordegs,@;hﬁacgécom
¢ wwivw.hach.com

P

“U.S. exporters and customers in Canada,
. Latin America, sub-Saharan Africa, Asia,
and Australia/New Zealand, contact:

-HACH COMPANY World Headquarters
P.O. Box 389

! Loveland, Colorado 80539-0389

. USA:

¢ Telephone: 970-669-3050

Fax: 970-461-3939

E-mail: intl@hach.com
www.hach.com

www. hach-latinoamerica.com

In Europe, the Middle East, and
* Mediterranean Africa, contact;

HAcHMNGg GmbH
© WillstatterstraBe™1f
% :D-40549-Dusseldorf
GERMANY
Tel49 (0) 211 5288-0
! «Fax:+49 (0) 211 5288-143"
E-mail: info@hach-lange.de
www.hach-lange.com

Lit. No. 2463 Rev 1

E9 Printed in U.SA. o
®Hach Company, 2009. All rights reserved. o
In the Interest of improving and updating its equipment, Hach Company reserves the right to alter specifications to equipment at any time.

Be Right™
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Specifications*

Me
— &_ 0 to 20.0 ppm

b

Mo

»

suring Range

0 10 20.0 mg/L,

0 to 200% saturation
Sensitivity

+0.5% of span

Accuracy

Measurement:
Below 1 ppm: 0.1 ppm
Above 1 ppm: £0.2 ppm

Terhperature: +0.2°C

Repeatability
+0.5% of span

Re
To

To

ponse Time at 20°C
0% in less than 40 seconds

5% in less than 60 seconds

Resolution

Below 10 ppm:
+0.01 ppm or mg/L, £0.1% saturation

Ab
+0.

Op
0 td

ve 10 ppm:
ppm or mg/L, £0.1% saturation

rating Temperature
» 50°C (32 to 122°F)

Flow Rate
None required

Probe Immersion Depth and Pressure Limits
107 m (350 ft.), 1050 kPa (150 psi), maximum

Transmission Distance
100 m (328 ft.) maximum

1000 m (3280 ft.) maximum when used with a termination box

Sensor Cable (integral)
10 m (33 ft.) terminated with quick-disconnect plug

Wetted Materials
Probe: Foamed Noryl® and 316 stainless steel

Sensor: Polybutyl methacrolate

Dimensions
60 x 292 mm (2.4 x 11.5in.)

Weight
1.4kg 31b., 2 0z)

Warranties
Probe: 3 Years

Sensor Cap: 1 Year

Noryf® is a registered trademark of General Electric Co.

*Specifications subject to change without notlce.

Engineering Specifications :

1. {The dissolved oxygen probe shall be a continuous-reading

iprobe that utilizes luminescent sensor technology.

The probe material shall be foamed Noryl® and 316
Istainless steel. All parts of the probe shall be corrosion-
'resistant and fully-immersible.

|
3. The sensor material shall be polybutyl methoacrolate.

The measurement range shall be 0.00 to 20.00 mg/L
dissolved oxygen.

5. The operation of the analyzer shall not be affected by H,S,
pH, K"'1, Na+1, Mg+2, Ca+2, NH +1’ A|+3, Pb+2, Cd+2, an-Z'
Cr (total), Fe*2, Fe*3, Mn*2, Cu*2, Ni*2, Co*2, CN-1,
INO;™1, 80,72, S2, PO,*3, CI1, anion active tensides,
|crude oils, or Cl,™1.
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6. The probe shall provide electrolyte-free operation without
the requirements of sample conditioning.

7. The probe shall be furnished with choice of pole or ball-
float mount kit.

8. The sensor cap shall be warranted for one full year against
defects in material and workmanship.

9. The probe shall be warranted for three full years against
defects in material and workmanship,

The analyzer shall be HACH LDO® Probe for dissolved
oxygen measurement, manufactured by Hach Company.

10.



Dimensions

‘ 292.10 mm (11.5 inches) 1 — 60.32 mm (2.37 inches)

_——;:'.——_Q’M Cable length: 10 meters (32.8 feet)

1-7/8-12 UNF, Internal Threads

Installation Examples

The HACH LDO® Probe can be mounted using the optional Pole Mount Kit (P/N 57944-00) or Ball Float Mount Kit (P/N 57943-00).
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At Hach, it’'s about learnih&_ :

H i ' from our customers and i
: on :
Qrdermg Informatio providing the right answer.

i It’s more than ensuring the
_~357900-00 HACH LDO® Dissolved Oxygen Probe Nokt >
& with 10 m (32.8 ft.) integral cable quality of water—it’s about
ensuring the quality of life.
Accessories When it comes to the thmgs
. . that touch our lives...
58670-00 Termination Box, required for total cable lengths greater than
100 m (328 ft.) Keep it 'pure.
61224-00 Extension Cable, 1 m (3.3 ft.) Make it s:mple.
57960-00 Extension Cable, 7.7 m (25 ft.) Be rlght
57961-00 Extension Cable, 15 m (50 ft.)
57962-00 Extension Cable, 31 m (100 ft.) "
57951-00 Air Blast Cleaning System, 115V : ; For current price information,
' ) ! technical support, and ordering
57952-00 Air Blast Cleaning System, 230 V assistance, contact the Hach
office or distributor serving
Replacement Parts Vour areé.
57911-00 Replacement Sensor Cap ; Loowd ;

Mounting Kits «In the United States, contact:

_ . . HACH COMPANY World Headquarters
57944-00 Pole Mount Kit . P.O.-Box 389 |
57943-00 Ball Float Mount Kit | |zoveland, Colorado 80539-0389 ‘

. U.SA.

. Telephone:.800-227-4224
JFax: 970-669-2032

Vs

¥ To complete your dissolved oxygen E-mail: orders@hach.com
www. hach com
measurement system, choose o
the sc100 or the sc1000 controller... U.S. exporters and customers in Canada,
¢ Latin America, sub-Saharan Africa, Asia,
Model sc100 Controller and Australia/New Zealand, contact:

(see Lit. #2463)

LXV401.52.00002 sc100 Controller Standard
LXV401.52.01002 sc100 Controller with RS-232 MODBUS®
LXV401.,52.02002 sc100 Controller with RS-485 MODBUS®

HACH COMPANY World Headquarters
P.O. Box 389

Loveland “‘Colorado 80539-0389

,u S.A.

Telephone; 970-669-3050
Fax:x970-461-3939,

E—maul inti@hach. com
www.hacHh.com

Model sc1000 Controller

(ses Lit. #2403) ' In Europe, the Middle East, and

§ LXV402.99.00002 5c1000 Display Moduie Mediterrgnean Africa, gontact:

LXV400.99.1R572 sc1000 Probe Module, 4 sensors, o HACH LANGE GmbH

4 mA Out, 4 mA In, 4 Relays, 110-230V Wl]lstaﬁerstr Be 1t
LXV400.99.1B572 sc1000 Probe Module, 4 sensors, D- b 3 Id

4 mA Out, 4 mA In, 4 Relays, NG49 Dlsssldort

RS-485 (MODBUS), 110-230V GERMANY
LXV400.99.1F572 sc1000 Probe Module, 4 sensors, Tel: +49 (0) 211,5288-0

* Fax: +49 (0) 211 5288-143

4 mA Out, 4 mA In, 4 Relays, ;
PROFIBUS DP, 110-230V : E~-mail: info@hach-lange.de
i, www:hach-lange.com

v

LXV400.99.1R582 sc1000 Probe Module, 6 sensors,
4 mA Out, 4 mA In, 4 Relays, 110-230V
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