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eatures

High-performance, Low-power AVR® 8-bit Microcontroller
Advanced RISC Architecture
— 130 Powerful Instructions — Most Single Clock Cycle Execution
~ 32 x 8 General Purpose Working Registers
- Fully Static Operation
~ Up 19 16 MIPS Throughput at 16 MHz
— On-chip 2-cycie Multiplier
Nonvolatile Program and Data Memories
~ 8K Byles of In-System Self-Programmable Flash
Endurance: 10,000 Write/Erase Cycles
~ Optional Boot Code Section with Indegendent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
- 512 Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles
— 512 Bytes Internal SRAM
- Programming Lock for Software Security
P Peripheral Features
- Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Caplure
Mode D
- Real Time Counter with Separate Oscillator
~ Four PWM Channels
— 8-channel, 10-bit ADC
8 Single-ended Channels
7 Difforential Channels for TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x for TOFP
Package Only
— Byte-oriented Two-wire Serial Interface
— Programmable Saerial USART
~ Master/Slave SPI Serlal interface
— Programmable Watchdog Timer with Separate On-chip Oscillator
- On-chip Analog Comparator
 Speclal Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
~ Internal Calibrated RC Oscillator
— External and internal interrupt Sources
- Six Sieep Modes: idie, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
VO and Rackages
- 32 Programmable VO Lines
~ 40-pin PDIP, 44-lead TQFP, 44-lead PLCC, and 44<pad QFN/MLF
Operating Voltages
— 2.7 - 5.5V for ATmega8535L
- 4.5 - 5.5V for ATmega8535
Speed Grades
~ 0+ 8 MHz for ATmega8535L
— 0- 16 MHz for ATmega8535
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Pin Configurations Figure 1. Pinout ATmega8535
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The ATmega8535 is a.low-power CMOS 8-bit microcontroller based on the AVR
enhanced RISC architecture. By executing instructions in a single clock cycle, the
ATmega8535 achieves throughputs approaching 1 MIPS per MHz allowing the system

designer to optimize power consumption versus processing speed.

Figure 2. Block Diagram

PRO- PA7 PCO-PC7
Voo r‘f'f 44 44424 4
AAARARR R
PORTA DRIVERS/BUFFERS POHTC DRIVERSBUFFERS
l I ]
aND PORTA DIGITAL INTERFACE PORTC DIGITAL INTERFACE
- 1 l
-l 1= — "
"hnc || e ™
AREF
el el s N il B
i i
FLASH F ERAM OSCILLATOR
i l —
reasten | || Soena TMER lm"“ ‘ 3
| R I s
NSTRUCTION | | | v l:cum:‘n}. P
l z ‘ l
INTERNAL
e Mo || e
.
AVR CPU earen EEPROM
""' d &Pt USART
+/ COMP.
-~ 41 )
) ] 1
] i )
POHTB DRIVERSBUFFERS PORTD DRIVERS/BLFFERS
INRRERNY INENENEN
PBO- PBY PDO- PD7
AI!!!EE 3
® www.DataSheet4U.com
RANCANG BANGUN SISTEM... Sri Sulistiyawati J. S.




\T90S8535 Compatibility

T90S8535 Compatibility

Jode

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

‘ImEl, O

®

The AVR core combines a rich instruction set with 82 general purpose working registers.
All 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 fastér than conventional CISC microcontrollers.

The ATmega8535 provides the following features: 8K bytes of In-System Programmable
Flash with Read-While-Write capabilities, 512 bytes EEPROM, 512 bytes SRAM, 32
general purppse 1/0 lines, 32 general purpose working registers, three flexible
Timer/Gounters with compare modes, internal and external interrupts, a serial program-
mable USART, a byte oriented Two-wire Serial Interface, an 8-channel, 10-bit ADC with
optiohal differential input stage with programmable gain in TQFP package, a program-
mable Watchdog Timer with Internal Oscillatar, an SPI serial port, and six software
selectable power saving modes. The Idle mode stops the CPU while allowing the
SRAM, Timer/Gounters, SPI port, and interrupt system to continue functioning. 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
asynchronous timer continues to run, allowing the user to- maintain a timer base while
the rest of the device is sleeping. The ADC Naise Reduction mode stops the CPU and
all VO 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
tonsumption. In Extended Standby mode, both the main Oscillator and the asynchro-
nous timer continue to run.

The device is manufactured using Atmel's high density nonvolatile memoyjy technology.
The On-chip ISP Flash allows the program memoty to be reprogrammed In-System
through arnr SPI serial interface, by a conventional nenvolatile memory programmer, or
by an On-chip Baot program running on the AVR core. The baot program can use any
interface to download the application prograr in the Application Flash memory. Soft-
ware 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 monclithic chip, the Atmel ATmegaB535
is a powerful microcontroller that provides a highly flexible and cost effective solution to
many embedded control applications.

The ATmega8535 AVR is supported with a full suité of program and sysiem develop-
ment tools including: C compilers, macro assemblers, program debugger/simulators, In-
Circuit Emulators, and evaluation kits.

The ATmega8535 provides all the features of the AT9058535. In addition, several new
features are added. The ATmega8535 is backward compatible with AT90S8535 in most
cases. However, some incompatibilities between the two micracontrollers exist. To
solve this problem, an AT90S8535 compatibility mode ¢an be selected by programming
the S8535C fuse. ATmega8535 is pin compatible with AT90S8535, and can replace the
AT9088535 on current Printed Gircuit Boards. However, the location of fuse bits and the
electrical characteristics differs between the two devices.

Programming the S8535C fuse will change the foliowing functionality:

* The timed sequence for changing the Watchdog Time-out period is disabled. See
“Timed Sequences for Changing the Configuration of the Watchdog Timer” on page
45 for details.

* The double buffering of the USART Receive Register is disabled. See “AVR USART
vs. AVR UART — Compatibility” on page 146 for details.

ATmega8535(L) mm—————
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ATmega8535(L)

Digital supply voltage.
Ground.

Port A serves as the analog inputs to the A/D Converter.

Port A also serves as an 8-bit bi-directional I/O port, if the A/D Converter is not used.
Port pins can provide internal pull-up resistors (selected for each bit). The Port A output
buffers have symmetrical drive characteristics with both high sink and sourte capability.
When pins PAO to PA7 are used as inputs and are externally pulled low, they will source
current if the intemal 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.

Poit B is an 8-bit bi-directional /0 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 ATmega8535 as listed
on page 60.

Port C is an 8-bit bi-directional /O port with internal pull-up resistors (selected for each
bit). The Port C output butfers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port C pins that are extemally 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 D is an 8-bit bi-directional VO port with internal pull-up resistors {selected for each
bit). The Port O qutput buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port D pins that are extemally pulied 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 tlock is not running.

Port D also setves the functions of various special features of the ATmega8535 as listed
on page 64.

Reset input. A low level on this pin for longer than the minimum pulse length will gener-
ate a reset, even if the clock is not funning. The minimum pulse length is given in Table
15 on page 37. Shorter pulses are not guaranteed to generate a reset.

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

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

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

5
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All AVR ports have true Read-Modify-Write functionality when used as general digital
VO ports. This means that the direction of one port Rin can be changed without uninten-
tionally changing the direction of any other pin with the SBI and CBI instructions. The
same applies when changing drive value (if configured as output) or enabling/disabling
of pull-up resistors (if configured as input). Each output buffer has symmetrical drive
charagcteristics with both high sink and source capability. The pin driver is strong enough
to drive LED displays directly. All port pins have individually selectable pull-up resistors
with a supply-voltage invariant resistance. All 1/Q pins have protection diodes to both
Ve and Ground as indicated in Figure 22. Refer to “Electrical Characteristics” on page

-~ 255 for a complete list of parameters.

Figure 22. 1/0 Pin Equivalent Schematic

l._

pu

=} Logic
See Figure

*General Digital ¥O" for‘

|
I
i
!
|
| R
J
}
[
|
I
| Details

o
[ ]

All registers and bit references in this section are written in general farm. A lower case
“X” represents the numbering letter for the pott, and a lower case “n” represents the bit
number. Hawever, when using the register or bit defines in a program, the precise form
must be used. For example, PORTB3 for bit no. 3 in Port B, here documented generally
as PORTxn. The physical I/O Registers and bit locations are listed in “Register Descrip-
tion for /O-Ports” on page 66.

Three /O memory address locations are allocated for each port, one each for the Data
Register ~ PORTx, Data Direction Register ~ DDRXx, and the Portinput Pins — PINX. The
Port Input Pins I/O location is read only, while the Data Register and the Data Direction
Register are read/write. 1n addition, the Pull-up Disable — PUD bit in SFIOR disables the
pull-up function for all pins in all ports when set.

Using the VO port as General Digital /O is described in “Ports as General Digital 1/0” on
Page 52. Most port pins are multiplexed with alternate functions for the peripheral fea-
tures on the device. How each alternate function interferes with the port pih Is described
in “Alternate Port Functions” on page 57. Refer to the individual module sections for a
full description of the alternate functions.

Note that enabling the alternate function of some of the port pins does not affect the use
of the other pins in the port as general digital 1/0.

e ‘m 51
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Ports as General Digital
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>onfiguring the Pin
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The ports are bi-directional 1/O ports with optional internal pull-ups. Figure 23 shows a
functional description of one 1/O-port pin, here generically called Pxn.

Figure 23. General Digital 110"
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Note: 1. WPx, WDx, RRx, RPx, and RDx are common to all pins within the same port. clk,
SLEEP, and PUD are common to all ports.

Each port pin consists of three register bits: DDxn, PORTxn, and PINxn. As shown in
“Register Description for I/0-Ports” on page 66, the DDxn bits are accessed at the
DDRx /O address, the PORTxn bits at the PORTx I/O address, and the PINxn bits at
the PINx #/Q address.

The-DDxn bit in the DDRx Register selects the direction of this pin. If DDxn is written
logic one, Pxn is configured as an output pin. If DDxn is written lagic zero, Pxn is config-
ured as an input pin.

If PORTxn is written a logic one when the pih is configured as an input pin, the pull-up
resistor is actjivated. To switch the pull-up resistor off, PORTxn has to be written logic
zero or the pin has to be corifigured as an output pin. The port pins are tri-stated when g,
reset condition becomes active, even if no clocks are running.

If PORTxn is written a logic ane when the pin is configured as an output pin, the port pin
is driven high (one). if PORTxn is written a logic zero when the pin is configured as an
output pin, the port pin is driven low (zero).

When switching between tri-state ({DDxn, PORTxn} = 0b00) and output high ({DDxn,
PORTxn} = 0b11), an intermediate state with either puli-up enabled ({DDxn, PORTxn} =

2 ATmega8535(L) messs—————

TUGAS AKHIR

www.DataShestdticam

RANCANG BANGUN SISTEM... Sri Sulistiyawati J. S.




IR — PERPUSTAKAAN UNIVERSITAS AIRLANGGA

e mmmmm S S —— ATmega8535(L)

Reading the Pin Value

2K-AVR-10/06

0b01) or output low ({DDxn, PORTxn} = 0b10) must occur. Normally, the pull-up
enabled state is fully acceptable, as a high-impedant environment will not notice the dif-
ference between a strong high driver and a pull-up. If this is not the case, the PUD bit in
the SFIOR Register can be set to disable all pull-ups in all ports.

Switching betweeh input with pull-up and autput low generates the same problem. The
user must use ejther the tri-state ({DDxn, PORTxn} = 0b00) or the output high state
({DDxn, PORTxn} = 0b10) as an intermediate step.

Table 21 summarizes the control signals for the pin value.

Table 21. Port Pin Configurations

DDxn | PORTYn | (in g‘;ll:)m VO | Pull-up | Comment
0o 0 X Input No Tri-state (Hi-Z)
' Pxn will sdurce cu\rrent if ext. pufled
0 1 0 Input Yes low.
0 1 1 input No | Tri-state (Hi-2)
1 0 X Output | No - | GuiputLow (Sink)
1 1 X Output ' No Output High (Source)

Independent of the setting of Data Diregtior bit DDxn, the port pin can be read through
the PINxn Register bit. As shown in Figure 23, the PINxn Register bit and the preceding
latch constitute a synchronizer. This is needed to avoid metastability if the physical pin
changes value near the edge of the intemal cloek, but it also introduces a delay. Figure
24 shows a timing diagram of the synchronization when reading an extemally applied
pin value. The maximum and minimum propagation dejays are denoted Yo max @Nd tog o,
respectively.

Figure 24. Synchronization when Reading an Externally Applied Pin Value

SYSTEMCLK __ | | f L 1
INSTRUCTIONS — X xkx X X X mnreie X

SYNC LATCH | 77
PINxn
r7 0x00 ' X oxFF
tod, max N

Consider the ¢lock period statting shprtly after the first falling edge of the system clock.
The latch is closed when the clock is low, and goes transparent when the clock is high,
as indicated by the shaded region of the “SYNC LATCH” signal. The signal value is
latched when the system clock goes low. Itis clocked into the PINxn Register at the suc-

www.DataSheetdU.com
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ceeding positive clock edge. As indicated by the two arrows tod,max @nd toy 1, a single
signal transition on the pin will be delayed between % and 1% system clock period

depending upon the time of assertion.

When reading back a software assigned pin value, a nop instruction must be inserted as
indicated in Figure 25. The outinstruction sets the “SYNC LATCH" signal at the positive
edge of the clock. In this case, the delay t,; through the synchronizer is one system
clock period.

Figuré 25. Synchronization when Reading a Software Assigned Pin Value

SYSTEMCLK __ [ ] il 1T

r16 OxFF

INSTRUCTIONS X owPorTi 6 X mop X nri, Fitel X
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The following code example shows how to set port B pins 0 and 1 high, 2 and 3 low, and
define the port pins from 4 te 7 as input with pull-ups assigned to port pins 6 and 7. The
resulting pin values are read back again, but as previously discussed, a nop instruction
is included to be able to read back the value recently assigned to some of the pins.

Assembly Code Example(")

"y

; Define pull-ups and set outputs high

; Define directions for port pins

Idi  r16,(1<<PB7)|(1<<PB6)|(1<<PB1)|(1<<PB0)

Idi  r17,(1<<DDB3)|(1<<DDB2)|(1<<DDB1)|(1<<DDBO0)
out PORTB,ri6

out DDRBri7

; Insert nop for synchronization

hop

; Read port pins

in r16,PINB

€ Code Example

unsigned char i;

/* Define pull-ups and set ottputs high /

* Define directions for port pins*/

PORTB = (1<<PB7)|(1<<PB6)|(1<<PB1)|(1<<PB0);
DDAB = (1<<DDB3)|(1<<DDB2)|(1<<DDB1)j(1 <<DDBO0);
* Insert nop for synchronization”/

_NOP();

I* Read port pins*/

i= PINB;

Note: 1. For the assembly program, two temporary registers are used to minimize the time
from pull-ups are set on pins 0, 1, 6, and 7, until the direction bits are correctly set,
definting bits 2 and 3 as low and redefining bits 0 and 1 as strong high drivers.

As shown in Figure 23, the digital jhput signal can be clamped to ground at the input of
the Schmitt Trigger. The signal denoted SLEEP in the figure, is set by the MCU sleep
controller in Power-down mode, Power-save mode, Standby mode, and Extended
Standby mode to avoid high power consumption if some input signals are left floating, or
have an analog signal level close to Vo/2.

SLEEP is overridden for port pins enabled as External Interrupt pins. If the External
Interrupt Request is not enabled, SLEEP is active also for these pins. SLEEP is also
overridden by various other altemate functions as described in “Alternate Port Func-
tions” on page 57.

It a logic high level (“one™) is present on an Asynchronous External Interrupt pin config-
ured as “Interrupt on Rising Edge, Falling Edge, or Any Logic Change on Pin” while the
external interrupt is not enabled, the corresponding External Interrupt Flag will be set

mé_lnﬂ_k 55
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when resuming from the above mentioned sleep modes, as the clamping in these sleep
mades produces the requested logic change.

If some pins are unused, it is recommended to ensure that these pins have a defined
level. Even though most of the digital inputs are disabled in the deep sleep modes as
described above, floating inputs should be dvoided to reduce current consumption in all
other modes where the digital inputs are enabled (Reset, Active mode and ldle made).

The simplest method to ensure a defined level of an unused pin, is to enable the intemal
pull-up. In this case, the pull-up will be disabled during reset. If low power consumption
during reset is important, it is recommended to use an external pull-up or puli-down.
Connecting unused pins directly to Ve or GND is nat recommended, singe this may
cause excessive currents if the pin is accidentally configured as an output.

- ATmega8535(L.) e ——
v DataSAERYAL GA

TUGAS AKHIR RANCANG BANGUN SISTEM... Sri Sulistiyawati J. S.




IR — PERPUSTAKAAN UNIVERSITAS AIRLANGGA

ATmega8535(L)

Alternate Port Functions Most port pins have alternate functions in addition to being general digital I/Os. Figure
26 shows how the port pin control signals from the simplified Figure 23 can be overrid-
den by alternate functions. The overriding signals may not be present in all port pins, but
the figure serves as a generic description applicable to all port pins in the AVR micro-
controfler family.

Figure 26. Alternate Port Functions("
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-
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PUOEXR:  Pxn PULL-UP COVERRIDE ENASLE PUD: PULLUP DISABLE

PUOVI:  Pxn PULL-UP OVERRIDE VALUE WD DDRx

DDOExX: DATA DIREGTION OVERRIDE ENABLE RDx: READ DORx

DDOVxn: DIRECTION OVERRIDE VALUE Afx: READ PORTX REGISTER

PVOExn:  Pxn PORT VALUE OVERRIOE WPx: WRITE PORTX

POV VALUE OVERRIDE VALUE AP READ PORTx PIN

DIEOExm:  Pxn DIGITAL INPUT-ENABLE OVERRIDE oy 10 CLOCK

DIEQVxn:  Pxn DIGITAL INPUT-ENABLE OVERRIDE VALUE Db DIGITAL INPUT PIN n ON PORTX

SLEEP:  SLEEP CONTROL AlOxn: ANALOG INPUT/OUTPUT PIN n ON PORTX

Note: 1. WPx, WDx, RRx, RPx, and RDx are common to all pins withih the same port. clico,
SLEEP, and PUD are common to all ports. All other signals are unique for each pin.

“‘mk 57
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Table 22 sunimarizes the function of the overriding signals. The pin and port indexes
from Figure 26 are not shown in the succeeding tables. The overriding signals are gen-

erated internally in the modules having the alternate function.

Table 22. Generic Description. of Overriding Signals for Altemate Functions

Signal
Name | Full Name Description
PUQE | Pyll-up Override if this signal is set, the pull-up enable is controlled by the PUOV
Enable signal. If this signal is cleared, the pull-up is enabled when
{DDxn, PORTxn, PUD} = 0b010.
PUOV | Pull-up Override If PUOE is set, the pull-up is enabled/disabled when PUOV is
Valye set/cleared, regardless of the setting of the DDxn, PORTxn,
and PUD Register bits.
DDOE | Data Direction If this signal is set, the Output Driver Enable is controlled by the
Override Enable DDOV signal. If this signal is cleared, the Output driver is
enabled by the DDxn Register bit. )
DDOV Data Direction If DDOE is set, the Output Driver is enabled/disabfed when
Override Value DDOV is set/cleared, regardless of the setting of the DDxn
. Register bit.
PVOE | Port Value If this signal is set and the Qutput Driver is enabled, the port
Override Enable value is controlled by the PVOV signal. If PVOE is clearet, and
the Output Driver is enabled, the port Value is controlled by the
PORTxn Register bit.
PVOV Port Value IfPVOE is §et, the port value is set to PVOV, regardiess of the
Override Vdlue detting of the PORTXn Ragistler bit.
DIECE | Digital Input If this bit is set, the Digital Input Enable is controlled by the
Enable Override | DIEOV signal. If this signal is cleared, the Digital Input Enable
Enable is determined by MCU-state (Normal mode, sleep modes).
DIEQV | Digital Inpyt If DIEQE is set, the Digital Input is enabled/disabled when
Enable Qverride DIEQV is set/cleared, regardless of the MCU state (Normal
Value mode, sleep modes). :
DI Digital Input This is tha Digital Input to altérnate functions. In the figure, the
signal Is connected o the output of the schmitt trigger but
before the synchronizer. Unless the Digital Input is used as a
clock source, the miodule with the alternate function will use its
own synchronizer.
AlO Analog This is the Analog Input/Output to/from alternate functions. The
Input/output signal is connected directly to the pad, and ean be used bi-
directionally.

The following subsections. shortly describe the alternate functions for each port, and
relate the overriding signals to the alternate function. Refer to the dlternate function
. description for further details. ' -
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pecial Function IO Register —

FIOR Bit 7 6 5‘; 4 3_.. *2 1 0 .
[Ao7sz T Abret | Abteo | = | AGME | Pub | PSRz | pemio ] smor

Read/MWrite RW AW RW R RW RW RW AW

infial Vaive 0 v 0 0 0 0 0 0

* Bit 2~ PUD: Pull-up disable

When this bit is written to ohe, the pull-ups in the I/Q ports are disabled even if the DDxn
and PORTxn Registers are configured to enable the pull-ups ({DDxn, PORTxn} = 0b01).
See “Configuring the Pin” on page 52 for more details about this feature.

lternate Functions of Port A Port A has an altemate function as analog input for the ADC as shown in Table 23. If
some Port A pins are configured as outputs, it is essential that these do hot switch when
a conversion is in progress. This might corrupt the result of the conversion.

Table 23. Port A Pins Altemate Functions

Port Pin Altemnate Futiction | - .
PA7 ADC? (ADE input channe! 7) '
PAG ADC6 (ADC input channel 6)
PAS ADCS5 (ADC input channel 5)
PA4 ADC4 (ADC input channel 4)
PA3 ADG3 (ADC input channel! 3)
PA2 ADC2 (ADC input channel 2)
PA1 ADC1 (ADC input channel 1)
PAQ ADCO (ADC input channel 0)

Table 24 and Table 25 relate the diternate functions of Port A to the overriding signals
shown in Figure 26 oh page 57.

Table 24. Qverriding Signals for Altemate Functions in PA7..PA4

Signal Name | PA7/ADC? PAS/ADCG PAS/ADCS PAU/ADCA
PUOE P lo 0 | o
PUOV o 0 0 0

| ppoE 0 0 0 0
DDOV 0 0 0 0
PVOE 0 0 0 0
PVOV 0 0 0 0
DIEOE 0 0 0 0
DIEOV 0 0 0 0
) - - - -

’ AMO | ADCTINPUT | ADCGINPUT | ADC5INPUT | ADC4 INPUT

I ' . 59
2K~AYR~10/06 % www.DataSheet4t.com

TUGAS AKHIR RANCANG BANGUN SISTEM... Sri Sulistiyawati J. S.




IR — PERPUSTAKAAN UNIVERSITAS AIRLANGGA

ATEL

Table 25. Overriding Signals for Altemate Functions in PA3..PAO

Signal‘ Name I

PA3IADC‘_-3

PA2/ADC2

PA1/ADCH

PAbIAbco

PUOE

PUOV

DDOE

DDoOvV

PVOE

PVOV

DIEOE.

DIEOV

ClOojo|jo|lofojo]|o

olo|o|loljciololg

QiIojloro(ojoloio

Qiolojloljolololo

Di

AlIO

ADC3 INPUT

ADC2 INPUT

ADC1 INPUT

ADCO INFUT

\Iternate Functions Of PortB The Port B pins with alternate functions are shown in Table 26.

Table 26. Port B Pins Alternate Functions

TUGAS AKHIR

PortPin | Alternate Functions _

PB7 SCK (SPI Bus Serial Clock)

PB6 MISO (SPI Bus Master Input/Stave Quiput)

PB5 MOSI (SPi Bus Master Output/Slave Input)

PB4 S8 (SPI Slave Selact Input)

PB3 AIN1 (Analog Comparator Negative Input)
OCO (Timer/Countér0 Output Compare Match Oulput)

PED AINO (Analog Comparator Positive Input)
INT2 (External Interrupt 2 Input)

PB1 T1 (Timer/Counter! External Counter Input)

PBO TO (Timer/Counter® External Counter Input)
XCK (USART Exterqal Clock Input/Outgut)

The altemate pin configuration is as follows:
¢ SCK-PortB, Bit7

SCK: Master Clock output, Slave Clack input pin for SPI channel. When the SPI is
énabled as a Slave, this pin is configured as an input regardless of the setting of DDB7.
When the SPI is enabled as a Master, the data direction of tHis pin is controlied by
DDB7. When the pin is forced by the SPI to be an input, the pull-up can still be con-
trolled by the PORTB?7 bit. .

¢ MISO - Port B, Bit 6

MISO: Master Data input, Slave Data output pin for SPI channel. When the SPl is
enabled as a Master, this pin is configured as ah input regardless of the setting of
DDB6. When the SPI is enabled as a Slave, the data direction of this pin is controlied by
DDBS6. When the pin is forced by the 8Pl to be an input, the pull-up can still be con-
trolled by the PORTBS bit.
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IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

ATmega8535(L)

* MOSI~ Port B, Bit 5

MOSI: SPI Master Data output, Slave Data input for SPI channel. When the SPI is
enabled as a Slave, this pin is configured as an input regardless of the setting of DDBS,
When the 8Pl is enabled as a Master, the data direction of this pin is controlled by
DDBS. When the pin is forced by the SPI to be an input, the pull-up can still be con-
trolled by the PORTBS bit.

* SS-PortB, Bit4

ﬂ SS: Slave Select input. When the SP1 is énabled as a Stave, this pin is configured as an

input regardless of the setting of DDB4. As a Slave, the SPl is activated when this pinis
driven low. When the SP! is enabled as a Master, the data direction of this pin is con-
trolled by DDB4. When the pin Is forced by the SP} to be an input, the pull-up can still be
controlled by the PORTB4 bit.

* AIN1/0CO - Port B, Bit 3

AIN1, Analbg Comparator Negative input. Configure the port pin as input with the inte-
nal pull-up switched off to avoid the digital port function from interfering with the function
of the Analog Comparator.

OCO, Output Compare Match output: The PB3 pin can serve as an external output for
the Timer/Counter0 Compare Match. The PB3 pin has to be configured as an output
(DDBS3 set (one)) to serve this function. The OCO pin is also the output pin for the PWM
mode timer function.

¢ AINO/INT2 - Port B, Bit 2
AINO, Analog Comparator Positive input. Configure the port pin as input with the internal

pull-up switched off to avoid the digital port function from interfering with the function of
the Analag Comiparator.

INT2, External Interrupt Source 2: The PB2 pin can serve as an external interrupt
source to the MCU.

* T1-PortB, Bit 1

T1, Timer/Counter! Counter Source.

* TO/XCK - Port B, Bit 0

TO, Timer/Counter0 Counter Source.

XCK, USART Extemnal Clock. The Data Direction Register (DDBO) controls whether the

clock is output (DDBO set) or input (DDBO cleared). The XCK pin is active only when the
USART operates in synchronaus mode.

Table 27 and Table 28 relate the alternate functions of Port B to the overriding signals
shown in Figure 26 on page 57. SPI MSTR INPUT and SPI SLAVE OUTPUT constitute
the MISO signal, while MOSI is divided into SP} MSTR OUTPUT and SPI SLAVE
INPUT.

@ | www.Datasheetdu.c?r:n
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Table 27. Overriding Signals for Altemate Funetions in PB7..PB4
Signal ' '
Name | PB7/SCK PB6/MISO PB5/MOSI PB4/SS
PUOE | SPE*MSTR | SPE*MSTR SPE « MSTR SPE « MSTR
PUOV | PORTB7+PUD | PORTBS « FUD PORTB5<PUD | PORTB4 -PUD
DDOE | SPE«MSTR SPE «MSTR SPE «MSTR SPE «MSTR
DDOV |0 o ] 0
PVOE | SPEe+MSTR SPE « MSTR SPE « MSTR 0
PVOV | SCKOUTPUT | SPISLAVE OUTPUT | SPIMSTR OUTPUT | 0
DIEOE | 0 0 0 0
DIEOV | 0 0 0 , 0o
DI | SCKINPUT SPI MSTR INPUT SPI SLAVE INPUT | SPISS
AIO - - - -

Table 28. Overriding Signals for Altemate Functions in PB3..PBO ‘
Signal ,
Name | PB3/OCO/AINT | PB2/INT2/AING PB1/T1 PBO/TOXCK
PUOE |0 0 0 0
PUOV |0 0 a 0
DDOE | 0 0 0 0
pbov | o 0 ] 0
PVOE | OCOENABLE |0 ) UMSEL
PVOV | OCO o 0 XCK QUTPUT
DIECE |0 INT2 ENABLE 0 0
DIEQV | 0 1 o 0
ol - INT2 INPUT T1 INPUT XCKINPUT/TO

INPUT

AID | AINTINPUT | AING INPUT - -

The Port C pins with altemate functions are shown in Table 29.

Table 29. Port C Pins Altemate Functions

PortPin | Alternate Function ]
_ PC7 TOSC2 (Timer Oscillator Pin 2)
PC6 TOSC1 (Timer Oscillator Pin 1)
PC1 SDA (Two-wire Serial Bus Data Input/Qutput Line)
PCO SCL (Two-wire Serial Bus Clock Lme) |

The altemate pin configuration is as follows:
* TOSC2-Port C, Bit7

- ATmega8535(L) mmsms————
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TOSC2, Timer Oscillator pin 2: When the AS2 bit in ASSR is set (one) to enable asyn-
chronous clocking of Timer/Counter2, pin PC7 is disconnected from the port, and
becomes the inverting output of the Oscillator amplifier. In this mode, a crystal Oscillator
is connected to this pin, and the pin can not be used as an /O pin.

* TOSC1 - Port C, Bit 6

TOSCH, Timer Oscillator pin 1: When the AS2 bit in ASSR is set (one) to enable asyn-
chronous clocking of Timer/Counter2, pin PC6 is disconnected from the port, and
becomes the input of the inverting Oscillatar amplifier. In this mode, a crystal Oscillator
is connected to this pin, and the pin ¢an not be used as an /O pin.

* SDA-Port C, Bit 1

SDA, Two-wire Serial Interface Data: When the TWEN bit in TWCR is set (one) fo
enable the Two-wire Serial Interface, pin PC1 is disconnected from the port and
becomnes the Serial Data I/Q pin for the Two-wire Serial Interface. In this made, there is
d spike filter on the pin to suppress spikes shorter than 50 ns on the input signal, and the
pin is driven by an open drain driver with slew-rate limitation. When this pin is used by
the Two-wire Serial Interface, the pull-up can still be controlled by the PORTCH bit.

¢ SCL - Port C, Bit 0

SCL, Two-wire Serial Interface Clock: When the TWEN bit in TWCR is set (one) to
enable the Two-wire Serial Interface, pin PCQ is discannected from the port and
becomes the Serial Clock I/O pin for the Two-wire Serial Interface. In this mode, there is
a spike filter on the pin to suppress spikes shorter than 50 ns on the input signal, and the
pin is driven by an open drain driver with slew-rate limitation. When this pin is used by
the Two-wire Serial Interface, the pull-up can still be controlled by the PORTCO bit.

Table 30 and Table 31 relaté the altemate functions of Port C to the ovenriding signals
shown in Figure 26 on page 57.

Table 30. Overriding Signals for Altemate Functions in PC7..PC8

Signal Name PC7/TOSC2 ' PC6/TOSC1
PUOE AS2 AS2

PUOV 0 ' 0

DDOE AS2 AS2

DDOV 0

PVOE 0

PVOV 0

DIEOE AS2 AS2

DIEOV 0 0

DI . _

AID T/C2 OSC OUTPUT T/G2 OSC INPUT

m@ | 63
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Table 31. Overriding Signals for Altemate Functions in PC1..PCO®

Signal Name PC1/SDA ‘ PCO/SCL
PUDE TWEN ‘ TWEN
PUOV | PORTC1 « PUD PORTCO » PUD
DDOE TWEN TWEN
DDOV SDA_OUT ' $cL_ouT
PVOE TWEN TWEN
PVOV 0 0

DIEOE 0 0

DIEOV 0 0

DI - _

A0 SDA INPUT SCL INPUT

Note: 1. When enabled, the Two-wire Serial Interface enables slew-rate-corntrols on the output
pins PCO and PC1. This is not shown in the figure. In addjtion, spike filters are con-
nected between the AlQ outputs shown in the port figure and the digital logic of the
TWI module.

\lternate Functions of Port D  The Part D piris with altemate functions are shown in Table 32.

Tabl¢ 32. Port D Pins Alternate Functions

Port Pin Alternate Furction _ .
PD7 0C2 (Timer/Counter2 Quiput Compare Match Output)
PD6 ICP1 (Timer/Counter1 Input Capture Pin) .
PD5 OC1A (Timer/Counter1 Output Compare A Maich Output)
PD4 OC1B (Timer/Counter! Output Compare B Match Output)
PD3 INT1 (Externg! Interrupt 1 Input)
PD2 INTO (External Interrupt O Iriputy
PD1 TXD (USART Output Pin)
PDO RXD (USART input Pin)

The altemate pin configuration Is as follows:

* OC2-PortD, Bit7

0G2, Timer/Counter2 Qutput Compare Match output: The PD7 pin can serve as an
external output for the Timer/Counter2 Output Compare. The pin hasto be configured
as an output (DDD7 set (one)) to serve this function. The OC2 pin is also the output pin
for the PWM mode timer function. : -

* ICP1 - Port D, Bit 6

ICP1 — Input Capture Pin: The PD6 pin can act as an Input Capture pin for
Timer/Counterd.

* OC1A-PortD, Bit5

OC1A, Output Compare Match A output: The PD5 pin can serve as an extemal output
for the Timer/Counter1 Output Compare A. The pin has to be configured as an output

- ATmega8535(L) mumm——————
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(DDDS set (one)) to serve this function. The OC1A pin is also the output pin for the
PWM mode timer function.

« OC1B - Port D, Bit 4

OC1B, Output Compare Match B putput: The PD4 pin can serve as an extemal output
for the Timer/Counter1 Qutput Compare B. The pin has to be configured as an output
(DDD4 set (one)) to serve this function. The OC1B pin is also the output pin for the
PWM mode timer function.

s INT1 - PortD, Bit3

INT1, External Interrupt Source 1: The PD3 pin can serve as an external interrupt
source.

* INTO ~ Port D, Bit 2

INTO, External Interrupt Source 0: The PD2 pin can serve as an external interrupt
source.

* TXD - Port D, Bit 1

TXD, Transmit Data (Data output pin for the USART). When the USART Transmitter is
enabled, this pin is configured as an output regardless of the value of DDD+

* RXD -PortD,Bit0

RXD, Receive Data (Data input pin for the USART). When the USART Receiver is
enabled this pin is configured as an input regardiess of the value of DDDO. When the
USART forces this pin to be an input, the pull-up can still be controlled by the PORTDOQ
bit.

Table 33 and Table 34 relate the dltemate functions of Port D to the overriding signals
shown in Figure 26 on page 57.

Table 33. Overriding Signals for Altemate Functions PD7..PD4

Signal Name | PDZ/OC2 PDGICP1 | PDS/OCIA PD4/0C1B
PUOE 0 0 o ‘ 0

PUOV 0 0 0 “Jo

DDOE 0 0 0 0]

DDOV 0 0 0 0

PVOE | oc2ENABLE |0 OCIAENABLE | OC1B ENABLE
PVOV ' oc2 0 OC1A oc1B
DIEOE 0 0 0

DIEOV 0 o 0

DI - | IcP1INPUT | - -

A0 - - - -

‘ El www.Datasheetdu.t?:n
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Register Description for
/O-Ports

Port A Data Register - PORTA

ort A Data Direction Register
-DDRA

ort A Input Pins Address —
INA

ort B Data Register - PORTB

ort B Data Direction Register
DDRB
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Table 34, Overriding Signals for Alternate Functions in PD3..PD0

Signal Name | PD3ANTi | pp2aNTO PDI/TXD | PDO/RXD
PUOE 0 0 TXEN RXEN
PUOV 0 0 0 PORTDO « PUD
DDOE 0 0 TXEN RXEN
DPDOV 0 0 1 0

PVOE 0 0 TXEN 0

PVOV 0 0 ™D 0

DIEOE | INTIENABLE | INTOENABLE |0 0

DIEOV 1. 1 0 0

DI INT1 INPUT INTQ INPUT - RXD

AlIO - | - -

Bit 7 6 5 4 3 2 1 0
IpommlpommlpoamslmRrMIPoamslpomAzlmmmlpom'mlPom'A
o

Read/Write W RW RW RW RW AW RW W

Initial Value 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 o0
[_opA7 | DDA T™DDAS | DDA4 | DDAS | DDAZ | DDAT | DDAG ] DDRA
A
ReadWite  RW AW W AW AW AW W W
Initial Value 0 0 0 0 o ) 0 0
Bit 7 6 5 4 3 2 1 0
|LFINA7_| PINAG | PINAS | PINA4 | PINA3 | PINA2 | PINAT | PINAG ] PINA
ReadWrite R A R R R R "R R
Initial Value /A NA NA NA NA NA NA NA
Bit 7 6 5 4 3 2 1 0
lpomsvlponmhom]mmmlpomlpomlpmmlml PORTB
Read/Write RW W oW AW RW | RW AW RW
Ihitial Value 0 0 0 ) 0 0 0 0
Bit 7 - 6 5 4 3 2 1 0
. |.boe7_| poBs T DBDB5 | DbB4 | DDBS | DDB2 | DDB1 | BDBO ] ODRBS
Initial Value 0 0 0 1] 0 0 0 (4]

: ATmega8535(L) me s ———
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Port B Input Pins Address —
PINB

Port C Data Register — PORTC

Port C Data Direction Register
- DDRC

Port C Input Pins Address —
FINC

*ort D Data Register - PORTD

‘ort D Data Direction Register
-DDRD

ort D Input Pins Address —
IND

IR — PERPUSTAKAAN UNIVERSITAS AIRLANGGA

Bit

Read/MWrite
Initial Value

Bit

Read/Write
inltial Value

Bit

Read/Write
Initial Value

Bit

Read/Write
Initial Value

Read/Mrite
Inifial Value

Bit

ReadWrite
Initial Value

Bit

Read/Write
Initial Value

W ATmega8535(L)

7 6 5 4 3 2 ., 1 0
[ PINB7 | PINB6 | PINB5S | PINB4 | PINB3 [ PINB2 | PINB1 | PINBO | PINB

R R R 'R R A R R

WA N/A N/A N/A NA NA NA N/A

7 6 5 4 3 2 1 0

o ] 0 0 0 0 0 0

7 8 5 4 3 2 1 0
[ _Pbocr | obcs [ DDC5S | DDC4 | DDC3 | DbGz | DDC1 | DBCG | DDRC
W AW RN "AIW AW AW AW RN

° 0 o o o 0 0 o
7 6 5 4 3 2 1 0
| PINC7 | PINC6 | PINC5 | PINC& | PINC3 | PINC2 | PINC1 | PINCO | PINC
A R R R R R " H R
NA N/A NA N/A N/A N/A NA NA
7 6 5 4 3 2 1 0
PORTD7 { PORTD6 PORTD4 PORTD3 | PORTD2 't | PORTDO § PORTD
AW RW ~ TRW RW AW AW AW RW
0 0 ] o ] 0 0 0
7 6 5 4 3 2 1 0

| _poo7 | Doos™THops—| Dobs | ©GDOs |, Gob2 | DbPT | DbbG ] boap
RW RW  RW | RW | RW AW W T AW

0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
Ipmorlamos|munslpmm]mns|nuoz||>mm fmno| PIND

R R R R R R B R

N/A NA N/A N/A NA NA N/A N/A

———— A 67
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imer/Counter0 and
imer/Countert
rescalers

nternal Clock Source

Prescaler Reset

2xternal Clock Source
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Timer/Counter1 and Timer/Counter0 share the same prescaler module, but the
Timer/Counters can have different prescaler settings. The description below applies to
both Timer/Countert and Timer/Counter0.

The Timer/Counter can be clocked directly by the system clock (by setting the
CSn2:0 = 1). This provides the fastest operation, with a maximum Timer/Counter clock
frequency equal to system clock frequency (fc, ¢ o). Altematively, orie of four taps from
the prescaler can be used as a clock source. The prescaled clock has a frequency of

8ither fou vo/8, fork 1o/4, fouk /256, O foyy /1024,

The prescaler is free running (i.e., operates independently of the clock select lagic of the
Tirer/Counter) and it is shared by Timer/Countert and Timer/Counter0. Since the pres-
caler is not affected by the Timer/Counter's clock select, the state of the prescaler will
have implications for situations where a prescaled clock is used. One example of pres-
caling artifacts occurs when the timer is enabled and clocked by the prescaler
(6 > CSn2:0 > 1). The number of system clock cycles from when the timer is enabled to
the first count-occurs can be from 1 to N+1 system clock cycles, where N equals the
prescaler divisor (8, 64, 256, or 1024).

It is possible to use the Prescaler Reset for synchronizing the Timer/Counter to program
execution. However, care must be taken if the other Timer/Counter that shares the
Same prescaler also uses prescaling. A prescaler reset will affect the prescaler period
for all Timer/Counters it is connected to.

An external clock source applied to the T1/T0 pin can be used as Timer/Counter clock
(clicy/elkrg). The T1/T0 pin is sampled once every system clock cycle by the pin syn-
chronization logic. The synchronized (sampled) signal is then passed through the edge
detector. Figure 38 shaws a functional equivaleht block diagram of the T1/T0 synchroni-
zation and edge detector logic. The registers are clacked at the positive edge of the
intemal system clock (clk,g). The latch is transparent in the high period of the internal
system clock.

The edge detector generates one clkyy/clky, pulse for each positive (CSn2:0 = 7) orneg-
ative (CSn2:0 = 6) edge it detects.

Figure 38. T1/T0 Pin Sampling

™D Q@fp a D Q _)_,m

HLE D D
N I

Synchronizati . Edge Detector

The synchronization and edge detector logic introduces a delay of 2.5 to 3.5 system
clock cycles from an edge has been appilied to the T1/TO pin to the counter is updated.

Enabling and disabling of the clock input must be done when T1/T0 has been stable for
at least one system ¢lock cycle, otherwise it is a risk that a false Timer/Counter clock
pulse is generated.

m www.DataSheeMU.t?lm
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Each half period of the extemal clock applied must be longer than one system clock
cycle to ensure correct sampling. The external clock must be guaranteed to have less
than half the system clock frequency (feuci < fu_1o/2) given a 50/50% duty cycle. Since
the edge detector uses sampling, the maximum frequency of an extemal clock it can
detect is half the sampling frequency (Nyquist sampling theorem). However, due to vari-
ation of the system clock frequency and duty cycle caused by Oscillator source (crystal,
resonator, and capacitors) tolerances, it i$ recommended that maximum frequency of an
external clock source is less than fy, ,0/2.5.

An external clock source can not be prescaled.

Figure 39. Prescaler for Timer/CounterQ and Timer/Counter1(!
™ 10-BIT T/C PRESCALER —l

v PSRI0 i R

g o o

(o I
AY
o \ / o /
cst2 N [ -

CK/1024

Note: 1. The synchronization logic on the input pins (T1/Ti 0) is shown in Figure 38.

ReadMWrite
Initial Value 0 1] 0 0 a [} 4] 1]

* Bit 0~ PSR10: Prescaler Reset Timer/Counteri and Timer/Counter0

When this bit is written to one, the Timer/Countert and Timer/Countero prescaler will be
reset. The bit will be cleared by hardware after the operation i$ performed. Writing a
zero to this bit will have ng effect. Note that Timer/Counter1 and Timer/Counter0 share
the same prescaler and d reset of this prescaler will affect both timers. This bit will
always be read as zero.

 ATmega8535(L.) “m
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10-bit Resolution

0.5 LSB Integral Non-linearity

+2 LSB Absolute Accuracy

65 - 260 ps Conversion Time

Up to 15 kSPS at Maximum Resolution

8 Multiplexed Single Ended Input Channels

7 Differential Input Channels

2 Differential Ihput Channels with Optional Gain of 10x and 200x("

Optional Left Adjustment for ADC Result Réadout

0 - Vec ADC Input Voltage Range

Selectable 2.56V ADC Reference Voltage

Free Running or Single Conversion Mode

* ADC Start Conversion by Auta Triggering on Interrupt Sources

¢ Interrupt on ADC Conversion Complete

* Sleep Mode Nolse Canceler

Note: 1. The differential input channel are not tested for devices in PDIP and PLCC Package.
This feature is only guaranteed to work for devices in TQFP and QFNMLF Packages.

The ATmega8535 features a 10-bit successive approximation ADC. The ADC is con-
nected to an 8-chanhel Analog Multiplexer which allows eight single-ended voltage
inputs constructed from the pins of Port A. The single-ended voltage inputs refer té OV
{GND).

The device also supports 16 differential voltage input combinations. Two of the differen-
tial inputs (ADC1, ADCO and ADC3, ADC2) are equipped with a programmable gain
stage, providing amplification steps of 0 dB (1), 20 dB (10x), or 46 dB (200x) on the dif-
ferential input voltage before the A/D conversion, Seven differential analog input
channels share a common negativ? terminal (ADC1), while any other ADC input can be
selected as the positive input terminal. If 1x or 10x gain is used, 8-bit resolution can be
expected. If 200x gain is used, 7-bit resolution can be expected.

The ADC contains a Sample and Hold circuit which ensures that the input voitage to the
ADC is held at a constant level during conversion. A block diagram of the ADC is shown
in Figure 98.

The ADC has a separate analog supply voltage pin, AVCC. AVCC must not differ more
than +0.3V from V.. See the paragraph *ADC Noise Cancéler” on page 214 on how to
connect this pin. : :

Internal reference voltages of nominqlly 2.56V or AVCG are provided On-chip. The volt-
age reference may be extemally decoupled at the AREF pin by a capacitor for better
noise performance. '

¢ ATmega8535(L) —-—-—-——m
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Figure 98. Analog-to-Digital Converter Block Schematic
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The ADC converts an analog input voltage to a 10-bit digital value through successive
approximation. The minimum value represents GND and the maximum value represents
the voltage on the AREF pin minus 1 LSB. Optionally, AVCC or an internial 2.56V refer-
ence voltage may be connected to the AREF pin by writing to the REFSn bits in tﬁe
ADMUX Register. The intemal voltage reference may thus be decoupled by an extemal
capagitor at the AREF pin to improve noise immunity.

The analog input channel and differential gain are selected by writing to the MUX bits in
ADMUX. Any of the ADC input pins, as well as GND and a fixed bandgap voltage refer-
ence, can be selected as single ended inputs to the ADC. A selection of ADC Input pins
cén be selected as positive and negative inputs to the differential gain ampiifier.

If differential channels are selected, the differential gain stage ampilifies the voltage dif-
ference between the selected input channel pair by the selected gain factor. This
amplified value then becomes the analog input to the ADC. If single ended channels are
used, the gain ampilifier is bypassed altogether. :

www.DataSheet4U.com

RANCANG BANGUN SISTEM... Sri Sulistiyawati J. S.




Starting a Conversion

IR — PERPUSTAKAAN UNIVERSITAS AIRLANGGA

ATE], ——

The ADC is enabled by setting the ADC Enable bit, ADEN in ADCSRA. Voltage refer-
ence and input channel selections will not go into effect until ADEN is set. The ADC
does not consume power when ADEN is cleared, so it is recommended to switch off the
ADC before entering power saving sleep modes.

The ADC gencrates a 10-bit result which is presented in the ADC Data Registers,
ADCH and ADCL. By default, the result is presented right adjusted, but can optionally
be presented left adjusted by setting the ADLAR bit in ADMUX.

If the result is left adjusted and no more thari 8-bit precision is required, it is sufficient to
read ADCH. Otherwis¢, ADCL must be read first, then ADCH, to ensure that the content
of the data registers belongs to the same conversion. Once ADCL is read, ADC access
to data registers is blocked. This means that if ADCL has been read, and a conversion
completes before ADCH is read, ngither register is updated and the result from the con-
version is lost. When ADCH is read, ADC access to the ADCH and ADCL Registers is
re-enabled.

The ADC has its own interrupt which can beé triggered when a convergion coorgpletes.
When ADC access to the data registers is prohibited between reading of ADCH and
ADCL, the interrupt will trigger even if the result is lost.

A single conversion is started by writing a logical one to the ADC Start Conversion bit,
ADSC. This bit stays high as long as the conversion is in progress and will be cleared by
hardware when the conversion is completed. If a different data channel is selected while
a conversion is in progress, the ADC will finish the current conversion before performing
the channel change.

Altematively, a conversion can be triggered automatically by various sources. Auto Trig-
gering is enabled by setting the ADC Auto Trigger Enable bit, ADATE in ADCSRA. The
trigger source is selected by setting the ADC Trigger Select bits, ADTS in SFIOR (See
description of the ADTS bits for a list of the trigger sources). When a positive edge
occurs on the selected trigger signal, the ADC prescaler is reset and a conversion Is
started. This provides a method of starting conversions at fixed intervals. if the trigger
signal still is set when the conversion completes, a new conversion will not be started. If
another positive edge occurs on the trigger signal during conversion, the edge will be
ignared. Note that an interrupt flag will be set even if the specific interrupt is disabled or
the globial interrupt enable bit in SREG is cleared. A conversion can thus be ttiggered
without causing an interrupt. However, the interrupt flag must be cleared in order to trig-
ger a new conversion at the next interrupt event.
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Figure 99. ADC Auto Trigger Logic
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Using the ADC Interrupt Flag as a trigger source makes the ADC start a new conversion
as soon as the ongoing conversion has finished. The ADC then operates in Free Run-
ning mode, constantly sampling and updating the ADC Data Register. The first
conversion must be started by writing a logical one to the ADSC bit in ADGCSRA. In this
mode the ADC will perform successive conversions independently of whether the ADC
Interrupt Flag, ADIF is cleared or not.

If Auto Triggering is enabled, single conversions can be started by writing ADSC in
ADCSRA to one. ADSC can also be used to determine if a conversion is in progress.
The ADSC bit will be read as one during a conversion, independently of how the conver-
sion was started.

ADEN
Reset
START 7-BIT ADC PRESCALER
cx D
8
' 2 P
EEEEEE
4
ADPSO
ADPS1
ADPS2

ADC CLOCK SOURCE

By default, the successive approximation circuitry requires an input clock frequency
between 50 kHz and 200 kHz to get maximum resolution. If a lower resolution than
10 bits is needed, the input clock frequency to the ADC can be higher than 200 kHz to
get a higher sample rate.
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The ADC module contains a prescaler, which generates an acceptable ADC clock fre-
quency from any CPU frequency above 100 kHz. The prescaling js set by the ADPS bits
in ADCSRA. The prascaler starts counting from the moment the ADC is switched on by
setting the ADEN bit in ADCSRA. The prescaler keeps running for as long as the ADEN
bit is set, and is continuously reset when ADEN is low.

When initiating a single ended conversion by sefting the ADSC hit in ADCSRA, the con-
version starts at the following rising edge of the ADC clock cycle. See “Differential Gain
Channels” on page 212 for details on differential conversion timing.

A normal conversion takes 13 ADC clock cytles. The first conversion after the ADC is
switched on (ADEN in ADGSRA Is set) takes 25 ADC clock cycles in ordet to initialize
the analog circuitry.

The actual sample-and-hold takes place 1.5 ADC clock cycles after the start of a normal
conversion and 13.5 ADC clock cyclés after the start of an first conversion. When a con-
version is complete, the result is written to the ADG Data Registers, and ADIF is set. In
Single Conversion mode, ADSC is cleared simultaneously. The software may then set
ADSC again, and a new conversion will be initiated on the first rising ADC clock edge.

When Auto Triggering is used, the prescaler is reset when the trigger event occurs. This
assures a fixed delay from the trigger event to the start of conversion. In this mode, the
sample-and-hold takes place two ADC clock cycles after the rising edge on the trigger
source signal. Three additional CPU clock cycles aré used for synchronization logic.

In Free Running mode, a new conversion will be started immediately after the conver-
sion compietes, while ADSC remains high. For a summary of conversion times, see
Table 82.

Figure 101. ADC Timing Diagram, First Conversion (Single Conversion Mode)
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Figure 102. ADG Timing Diagram, Single Conversion
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Figure 103. ADC Timing Diagram, Auto Triggered Conversion
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Figure 104. ADC Timing Diagram, Free Running Conversion
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Table 82. ADC Conversion Time : ,
Sample & Hold (Cycles Conversioh Time
Condition . from Start of Conversion) (Cycles)
First conversion ) 145 25
Normal conversions, single ended 1.6 13 _
Auto Triggered conversions 2 135
Narmal conversions, differential 1.52.6( 13/14()

Noté: 1. Depending on the state of CKapea

When using differential gain channels, certain aspects of the conversion need to be
taken intg consideration,

Differential conversions are synchronized to the intemal clock CKapcz 6qual to half the
ADC clock. This synchronization is done autofnatically by the ADC interface in such a
way that the sample-and-hold occurs at a specific phase of CKypeo. A conversion initi-
dted by the user (i.e., all single conversions, and the first free running conversion) when
CKapcz Is low will take the sanie amount of time as a single ended conversion {(13ADC
clock cycles from the next prescated clock cycle). A conversion initiated by the user
when CK,pc, is high will take 14 ADC clock cycles due to the synchronization mecha-
nism. In free running mode, a new conversion is initiated immediately after the previous
conversion completes, and since CKyape, Is high at this time, all automatically started
(i.e., all but the first) free running conversians will take 14 ADC clock cydes.

The gain stage Is optimized for a bandwidth of 4 kHz at all gain settings. Higher frequen-
cies may be sybjected to nandinear amplification. An extemnal low-pass filter should be
used if the input signal contains higher frequency components than the gain stage band-
width. Note that the ADC clock frequency is independent of the gain stage bandwidth
limitation. For example, the ADC clock period may be 6 ps, allowing a channet to be
sampled at 12 kSPS, regardiess of the bandwidth of this channel.

If differential gain channels are used and conversions are started by Auto Triggering, the
ADC must be switthed off between conversions. When Auto Triggering is used, the
ADC prescaler is reset before the conversion is started. Since the gain stage is depen-
dent of & stable ADC clock prior to the conversion, this conversion will not be valid. By
disabling and then re-enabling the ADC between each conversion (writing ADEN in
ADCSRA to “0” then to “17), only exterided conversions are performed. The result from
the extended conversions will be valid. See *Prescaling and Conversion Timing® on
page 2089 for timing details.

The MUXn and REFS1:0 bits in the ADMUX Register are single buffered through a tem-
porary register to which the CPU has random access. This ensures. that the channels
and reference selection only takes place at a safe point during the conversion. The
channel and reference selection is continuously updated until a conversion is started.
Once the conversion starts, the channel and reference sélection is locked to ensure a
sufficient sampling time for the ADC. Continuous updating resymes in the last ADC
clock eycele before the conversion completes (ADIF in ADCSRA is set). Note that the
gonversion starts on the following rising ADC clock edge after ADSC is written. The user
is thus advised not to write new channel or reference selection values to ADMUX until
one ADC clock cycle after ADSC is wriften.

If Auto Triggering is used, the exact time of the triggering event can be indeterminable.
Special care must be taken whén updating the ADMUX Register, in order to control
which conversion will be affected by the new settings.

> ATmega8535(L) m
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ADC Input Channels

DC Voltage Reference

If both ADATE and ADEN is written to one, an interrupt event can occur at any time. If
the ADMUX Register is changed in this period, the user cannot tell if the next conversion
i$ based on the old or the new settings. ADMUX can be safely updated in the following
ways:

1. When ADATE or ADEN is cleared.

2. During conversion, minimum one ADGC clock cycle after the trigger event.

3. After a conversion, before the interrupt flag used as trigger source is cleared.

When updating ADMUX in one of these conditions, the new seftings will affect the next
ADC convetsion.

Special care should be taken when changing diffetential channels. Once a differential
channel has been selected, the gain stage may take as much as 125 s to stabilize to
the new value. Thys conversions should rot be started within the fitst 125 ps after
selecting a new differential chahnel. Altérnatively, conversion results obtained within this
period should be discarded.

The same settling time should be observed for the first differential conversion after
changing ADC reference (by changing the REFS1:0 bits in ADMUX).

When changing channel selections, the user should observe the following guidelines to
ensure that the correct channel is selected:

In Single Conversion mode, always select the channel before starting the conversion.
The channel selection may be changed ane ADC clock cycle after writing one to ADSC.
However, the simplest method is to wait for the conversion to complete before changing
the channel selection.

In Free Running mode, always select the channef before starting the first conversion.
The channel selection may be changed one ADC clock tycle after writing one to ADSC.
However, the simplest method is to wait for the first conversion to complete, and then
change the channel selection. Since the next conversion has dlready started automati-
cally, the next result will reflect the previous channel selection. Subsequent conversions
will reflect the new channel selection.

When switching to 4 differential gain channel, the first conversion resuit may have a
poor accuracy due to the required settling time for the automatic offset cancellation cir-
cuitry. The user should preferably disregard the first conversion result.

The reference voitage for the ADC (Vrer) indicates the conversion range for the ADC.
Single ended channels that exceed Vper Will result in codes close to 0x3FF. Vger can be
selected as either AVCC, intemal 2.56V reference, or extemal AREF pin.

AVCC is connected to thé ADC through a passive switch. The intemal 2.56V reference
is generated from the intemnal bandgbp reference (Vgg) through an intemat amplifier. in
elther ¢case, the extemal AREF pin is directly connected to the ADC, and the reference
voltage can be made more immune to noise by connecting a capacitor between the
AREF pin and ground. Ver ¢an also be measured at the AREF pinwith a high impedant
voltmeter. Note that Ve is a high impedant source, and:only a ¢apacitive load should
be connected in a systam. ,

If the user has a fixed voltage source connected to the AREF pin, the user may not use
the other reference voltage options in the application, as they will be shorted to the
external voltage. If no external voltage is applied to the AREF pin, the user may switch
between AVCC and 2.56V as reference selgction. The first ADC conversion result after
switching reference voltage source may be inaccurate, and the user is advised to dis-
card this result.

. mEL 213
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If differential channels are used, the selected reference should not be closer to AVCC
than indicated in Table 114 on page 263 and Table 115 on page 264. '

The ADC features a noise canceler that enables conversion during sleep mode to
reduce noise induced from the CPU core and other /O peripherals. The noise canceler
can be used with ADC Noise Reduction and Idle mode. To make use of this featyre, the
following procedure should be used:

1. Make sure that the ADC is enabled and is not busy converting. Single Con-
version mode must be selected and the ADC conversion complete interrupt
must be enabled.

2. Enter ADC Noise Reduction made (or Idle mode). The ADC will start a con-
version once the CPU has been halted.

3. If no other interrupts occur before the ADC conversion completes, the ADC
interrupt will wake up the CPU and execute the ADC Conversion Complete
interrupt routine, If another interrupt wakes up the CPU before the ADC con-
version is complete, that interrupt will be executed, arid an ADC Conversion
Complete interrupt request will be generated when the ADC conversion
completes. The CPU will remain in active mode until a new sleep command
is executed.

Note that the ADC will not be automatically tumed off when entering other sleep modes
than Idle mode and ADC Noise Reduction mode. The user is advised to write zero to
ADEN before entering such sleep modes to avoid excessive power consumption. If the
ADC is enabled in such sleep modes and the user wants to perform differential conver-
soris, the user is advised to switch the ADC off and on after waking up from sleep to
prompt an extended conversion to get a valid result.

The Analog Input Circuitry for single ended channels is illustrated in Figure 105. An ana-
log source applied to ADCh is subjected to the pin capacitance and input leakage of that
pin, regardless of whether that channel is selected as input for the ADC. When the chan-
nel is selected, the source must drive the S/H capacitor through the series resistance
(combined resistance in the input path).

The ADC Is optimized for analog sighals with an output impedance of approximately
10 kQ or less. If such a source is used, the sampling time will be negligible. If a source
with higher impedance is used, the sampling time will depend on how long time the
source needs to charge the S/H capacitor, with can vary widely. The user is recom-
mended to only use low impedant sources with slowly varying signals, since this

‘minimizes the required charge transfer to the S/H capacitor.

If differential gain channels are used, the input circuitry looks somewhat different,
although source impedances of a few hundred k< or less is recommended.

Signal components higher than the Nyquist frequency (fapc/2) should not be present for
either kind of channels, to avoid distortion from unpredictable signal convolution. The
user is advised to remove high frequency components with a low-pass filter before
applying the signals as inputs to the ADC. :

+  ATmega8535(L) ”
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Figure 105. Analog Input Circuitry
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nalog Noise Canceling Digital circuitry inside and outside the device generates EMI which might affect the

accuracy of analog measurements. If conversion accuracy is critical, the noise level can
be reduced by applying the fallowing techniques:

1. Keep analog signal paths as short as possible. Make sure analog tracks run
over the analog ground plane, and keep them well away from high-speed
switching digital tracks.

2. The AVCC pin on the device should be connected to the digital V¢ supply

voltage via an LC networl as shown in Figure 106.

Use the ADC noise canceler function to reduce induced noise from the CPY.

4. If any ADC port pins are used as digital outputs, it is essential that these do
not switch while a conversion is in progress.

w

Figure 106. ADC Power Connections
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fiset Compensation The gain stage has a built-in offset cancellation circuitry that nulls the offset of differen-
chemes tial measurements as much as possible. The remaining offset in the analog path can be

measured directly by selecting the same channel for both differential inputs. This offset
residue can be then subtracted in software from the measurement results. Using this
kind of software based offset correction, offset on any channel can be reduced below
one LSB,

hQDC Accuracy Definitions An n-bit single-ended ADC converts a voltage linearly between GND and Vgg, in 2"

steps (LSBs). The lowest code is read as 0, and the highest code is read as 2" - 1.

Several parameters describe the deviation from the ideal behavior:
* Offset: The deviation of the first transition (0x000 to 0x001) compared to the ideal
transition (at 0.5 LSB). Ideal value: 0 L.SB.

Figure 107. Offset Error
Output Codel -

----- Kdeal ADC
——— Actual ADC
a-d'w» >
Emor™ -
Vaer Input Voltage

* Gain Error: After adjusting for offset, the Gain Error is found as the deviation of the
last transition (0x3FE to Ox3FF) compared to the ideal transition (at 1.5 LSB below
maximum). Ideal value: 0 LSB.

Figure 108. Gain Frror
Output Code _ Gain
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* Integral Non-linearity (INL): After adjusting for offset and gain eror, the INL is the
maximum deviation of an actual transition compared to an ideal transition for any
code. Ideal value: 0 LSB.

Figure 109. Integral Non-linearity (INL)
Ouiput Codod_

Vige InputVolage

* Differential Non-linearity (DNL): The maximum deviation of the actual code width
(the interval between two adjacent transitions) from the ideal cade width (1 LSB).
Ideal value: 0 LSB.

Figure 110. Differential Non-linearity (DNL)
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* Quantization Emror: Due to the quantization of the input voltage into a finite number
of codes, a range of input voitages (1 LSB wide) will code to the same value. Always
+0.5 LSB. ’ : )

*  Absolute Accuracy; The maximum deviation of an actual (unadjusted) transition

: Compared to an ideal transition for any code. This is the compound effect of Offset,
Gain Error, Differential Error, Non-linearity, and Quantization Error. ideal value:
+0.5 LSB.,
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After the conversion is complete (ADIF is high), the conversion result can be found in

the ADC Result Registers (ADCL, ADCH).
For single ended conversion, the result is
ADC _ Vin- 1024
VREF

where V) is the voltage on the selected input pin and Vper the selected voltage refer-
ence (see Table 84 on page 219 and Table 85 on page 220). 0x000 represents analog
ground, and Ox3FF represents the selected reference voltage minus one LSB.

If differential channels are used, the result is
_ (VPOS - VNEG) -GAIN -512

ADC
VrEF

where Vpqg i$ the voltage on the positive input pin, Vg the voltage on the negative
input pin, GAIN the seletted gain factor, and Ve, the selected voltage reference. The
result is presented in two’s complement form, from 0x200 (-512d) through 0x1FF
(+511d). Note that if the user wants to perform a quick polarity check of the results, it is
sufficient to read the MSB of the result (ADC9 in ADCH). If the bit is one, the result is
negative, and if the bit is zero, the result is positive. Figure 111 shows the decoding of
the differential input range. ‘

Table 83 shows the resulting output codes if the differential input channel pair (ADCn -

. ADCm) is selected with a gain of GAIN and a reference voltage of Vaer-

Figure 111. Differential Measurement Range
A
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Table 83. Correlation Between Input Voltage and Output Codes

Vanen Read Code Corresponding Decimal Value
Vapcm + Vage/GAIN OX1FF ' 511
Viapcm + (511/512) Veer/GAIN Ox1FF ' 511
Vaocm + (510/512) Ve /GAIN OXIFE | 510
Vangm + (1/612) Ve /GAIN 0x001
Vaoom 0x000 0
Voo - (1/512) Vag/GAIN OX3FF -1
Vioom- (B11/512) Vee/GAIN | 0201 511
Vancm - Vre/GAIN 0x200 512
Example:

ADMUX = OxED (ADC3 - ADC2, 10x gain, 2.56V reference, left adjusted result)
Voltage on ADC3 is 300 mV, voltage on ADGC2 is 500 mV.
ADCR =512 * 10 * (300 - 500)/2560 = -400 = 0x270

ADCL will thus read 0x00, and ADCH will read 0x9C. Writing zero to ADLAR right
adjusts the result: ADCL = 0x70, ADCH = 0x02.

DC Multiplexer Selection °
egister - ADMUX Br . 7 J 5 4 3 .2 1 0
[Rersi T RErse | ADLAR | Wuxa | woxs | woxz ] wgxi | woxe ] Aomux
Read/Write RW — RW  RW  RW  RW  RW  RW AW
Intial Value ) 0 0 0 0 0 0 0

* Bit 7:6 — REFS1:0: Reference Selection Bits

These bits select the voltage reference for the ADC, as shown in Table 84. If these bits
are changed during a cbnversion, the change will not go in effect until this conversion is
complete (ADIF in ADCSRA is set). The internal voltage reference options may not be
used if an external reference voltage is being applied to the AREF pin.
Table 84. Voltage Reference Selections for ADC

REFS1 | REFSQ Voﬂage Reference Selection

0 | AREF, Imtemal Vref tumed off |

0 1 AVCC with external capacitor at AREF pin

1 0 Reserved

1 1 Internal 2.56V Voltage Reference with external capacitor at AREF pin
* Bit5— ADLAR: ADC Left Adjust Result ,

The ADLAR bit affects the presentation of the ADC conversion result in the ADC Data
Register. Write one to ADLAR to left adjust the result. Otherwise, the result is right
adjusted. Changing the ADLAR bit will affect the ADC Data Register immediately,
regardiess of any angoing conversions. For a complete description of this bit, see “The
ADC Data Register — ADCL and ADCH” on page 222.

——————— | M 219
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* Bits 4:0 - MUX4:0: Analog Channel and Gain Selection Bits

The value of these bits selects which combination of analog inputs are connected to the
ADC. These bits also select the gain for the differential channels. See Table 85 for
details. If these bits are changed during a conversion, the change will not go in effect
until this conversion is complete (ADIF in ADCSRA is set).

Table 85. Input Channel and Gain Selections

MUX4..0 Slngllel Ended Input | Pos Differentiat In;iut Neg Differential Input | Gain |
'00000 | ADCO o ' o '
00001 | ADCH
00010 | ADC2
00011 | ADC3 NA
00100 | ADC4
00101 | ADGS
00110 | ADC6
00111 | ADC7 v .
01000 ADCO ADCO 10x
01001 . ADG1 ADCO 10x
01010 ADCO ADCO 200x
01011 ADC1 ADCO 200x
01100 ADC2 ADG2 ‘ 10x
01101 ADC3 ADC2 ' 10x
01110 ADC2 ADC2 200x
01111 ADC3 ADC2 200x
10000 - ADCO ADC1 1x
10001 S ADC1 ADC1 1x
10010 | K/A ADG2 ~ |abct 1x
10011 ’ ADC3 ADCH ix
10100 - ADC4 ADCH 1x
10101 ' ADCS ADC1 1
10110 : ADC8 ADC1 ‘ x
10111 ADC7 ADC1 1x
11000 | ADCO ADC2 1x

- 11001 ADC1 | ADC2 1x
11010 ADC2 ADC2 1x
1011 | { aDC3’ ADC2 T
11100 ADC4 ADC2 1x

20 ATmega8535(L) L

wow. DataShegtAleam
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D ————————— ATMega8535(L)

Table 85. Input Channel and Gain Selections (Continued) 4

MUX4..0 | Single Ended input | Pos Differential Input Neg Differential Input | Gain
11101 .| ADC5 ADC2 1x
110 | 1.22V (Vge) NA - '
11111 | OV (GND)

DC Control and Status

egister A — ADCSRA . Bit 7 6 5 4 3 2 1 0
J_ADEN | ADSC | ADATE [ ADIF | ADIE | ADPS2 | ADPS1 | ADPSO | ADCSRA

Read/Write 127444 W RW W RAW W RW RW
Initial Value 0 ¢ 1] 0 [} 0 0 0

« Bit 7 - ADEN: ADC Enable

Wiriting this bit to one enables the ADC. By writing it to zero, the ADC is fumed off. Tum-
ing the ADC off while a conversion is in progress, will terminate this coriversion.

* Bit 6 — ADSC: ADC Start Conversion

In Single Conversion mode, write this bit to one to start each conversion. In Free Run-
ning mode, write this bit to one to start the first conversion. The first conversion after
ADSC has been written after the ADC has been énabled, or if ADSC is written at the
same time as the ADC is enabled, will take 25 ADC clock cycles instead of the narmal
13. This first conversion performs initialization of the ADC.

ADSC will read as one as long as a conversion is in progress. When the conversion is
complete, it retums to zero. Writing zero to this bit has rio effect.

¢ Bit 5 — ADATE: ADC Auto Trigger Enable

When this bit is written to one, Auto Triggering of the ADC is enabled. The ADC wilt start
a conversion on a pasitive edge of the selected trigger signal. The trigger source is
selected by setting the ADC Trigger Select bits, ADTS in SFIOR.

¢ Bit4 - ADIF: ADC Interrupt Flag

This bit is set when an ADC conversion completes and the Data Registers are updated.
The ADC Conversion Complete Interrupt is executed if the ADIE bit and the I-bit in
SREG are set. ADIF is cleared by hardware when executing the corresponding interrupt
handling vector. Alternatively, ADIF is cleared by writing a logical one to the flag.
Beware that if doing a Read-Modify-Write on ADCSRA, a pending interrupt can be dis-
abled. This also applies if the SBI and CB! instructions are used.

* Bit 3 ~ ADIE: ADC Interrupt Enable

When this bit is written to one and the I-bit in SREG is set, the ADC Conversion Com-
plete Interrupt is activated.

* Bits 2:0 - ADPS2:0: ADC Prescaler Select Bits

These bits determine the division factor between the XTAL frequency and the input
clock to the ADC. '

>

ImEl www.DataSheetduiﬂn
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|
H (N7 SGS-THOMSON
’l E\"AJBEILE@FIPB@IM[I@S L2_98
DUAL‘FULL-BRIDGE DRIVER

= OPERATING SUPPLY VOLTAGE UP TO 46 V

a TOTAL DC CURRENT UPTO 4 A

= LOW SATURATION VOLTAGE

» OVERTEMPERATURE PROTECTION

= LOGICAL "0” INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuit in a 15-
lead Multiwatt and PowerS020 packages. It is a
high volitage, high current dual fullbridge driver de- )
signed toaccept standard TTL logiclevels and drive ORDERING NUMBERS : L298N (Multm.fatt Vert.)
inductive loads such as relays, solenoids, DC and gggg?,,%v“e'ﬁ%go'rﬂz')
stepping motors. Two enableinputs are provided to

enable ordisable the device independentiyofthe in-
put signals. The emitters of the lower transistorsof  nection of ah.extemnal sensing resistor. An additional
each bridge are connected together and the corre- supply input is provided so that the logic works at a

sponding external terminal can be used forthecon-  lower voltage.
BLOCK DIAGRAM

Multiwatt15 PowerS020

i'.

W&é

In

cd a3
In2

O— ~.
ol L n | en
O - . a O

oot 1 LI

May 1995 ) ' 142
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ABSOLUTE MAXIMUM RATINGS
' Synibol _ Parameter Value Unit
Vs Power Supply 50 \'
Vss ngic Supply Voltage 7 \'4
Vi, Ven Input and Enable Valktage $37 \4
lo Peak Output Currert (each Channel)
— NonRepetitive (t= 100us) 3 A
—Repetiive (80% on —20% off; ton = 10ms) 25 A
. . |-DE Ogperation 2 A
Vsens Sensing Voltage 1023 v
Piot Total Power DissiEation (Tcass = 75°C) 25 . w
_Tsig. T | Storage and Junction Temperature —40 to 150 °C
PIN CONNECTIONS (top view)
/ l( ~ 45 CURRENT SENSING B
1 T outpuT
LY S——— OUTPUT 3
2 T iNeuts
11 77D ENABLEB
10 | D INPUT 3
Muitiwattts @ f———  LOGIC SUPPLY VOLTAGE Vg
s L3 GND
(4 S } INPUT 1
6 "9 ENABLEA
Ll SE— INPUT 1
4T SUPPLY VOLTAGE vV,
_$__ s/ OUTPUT 2
2770 ourmuTd
N o~ 1T  CURRENTSENSINGA
Z TAB CONNECTED TO PIN 8 DIsIN40
r
GND ] 1 20 [ oND
Sense A [T 2 19 77 SenseB
NC. [ 3 18 ] NC.
Oout1 [L=F 4 17 [ out4
o2 [T} s PowerSO20 1 [ outa
vs T} 15 [ input4
nput1 -0 7 14 ] EnableB
EnableA [T] & 13 [T input s
input2 —J 9 12 3 vss
GND [ 10 11 .7 GND s
DasIN239
THERMAL DATA
Symbol i Parameter PowerSO20 Multiwatt15 Unit
Rihj-case | Thermal Resistance Junction-case Max. — 3 °CIW
Rt jams__| Thermal Resistance Junction-ambient Max. 13 (9 35 C/W
{*) Mounied on aluminum substrate
2z L SGs-THomsoN __
WICROBLECTROMECS
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1298
- PIN FUNCTIONS (refer to the block diagram)
MW.15 | Powerso Name _Function _
1;15 2;19 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
control the cument of the load.
23 4;5 Out1; Out2 Outputs of the Bridge A; the current that flows through the load
X ‘ connected between these two pins is monitored at pin- 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A nor+inductive 100nF capacitor must be connected between this
. pin and ground. )
57 7:9 Input 1; Input 2 TTL Compalible Inputs of the Bridge A. :
6;11 8,14 - | Enable A; Enable B |TTL Compatible Enable input thel state disables the bridge A
(enable A) and/orthe. bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground. X
10; 12 13;15 Input 3; Input4 TTL Compatible Inputs of the Bridge B.
13; 14 16;17 Out 3; Out4 Outputs of the Bridge B. The current that fiows through the load
. N . connected between these two pins is monibrqd at pin 15.
- 3;18 N.C. Not Connected
ELECTRICAL CHARACTERISTICS (Vs =42V; Vgs =5V, Tj = 256°C; unless otherwise specified)
Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Vs Supply Voitage (pin 4) Operative Condition Viy 25 46 \'4
Vss |Logic Supply Votage (pin 8) , 4.5 5 7 v
ls Quiescent Supply Current (pin4) [Ven=H; L=0 Vi=L 13 22 mA
Vi=H 50 70 mA
B —{Ven=L _ V=X .4 mA
Iss Quiescent Current from Vss (pin 9) IVen=H; L =0 Vi=L 24 36 mA
Vi=H 7 12 A
» Ven =1L Vi=X 6 mA
Vi Input Low Volitage -03 1.5 v
(pins5,7,10,12)
Vi Input High Voitage 23 VSS v
A (pins 5,7, 10,12) .
L Low Voltage Input Current Vi=L -10 HA
(pins 5,7, 10,12) : , .
n High Voltage input Current Vi=H< Vgg-0.6V 30 100 HA
1(pins 5, 7, 10,12)
Ven =L _|Enable Low e(pins 6,11) -0.3 1.5 V
Ven =H ]Enable High Voltage (pins 6, 11) 2.3 Vss \'
- ln=1 |Low Volage Enable Cument Ven=L ~10 LA
(pins 6, 11). N
len =H |High Voltage Enable Current Ven=H < Vss-0.6V 30 100 LA
{pins 6, 11) T ’
VeesatH) | Source Saturation Voltage L=1A 1.35 17 v
I =2A 2 27 \i
Vcesarq) | Sink Saturation Voitage h=1A (5) 1.2 1.6 v
lL=2A (5) 1.7 2.3 Vi
Vceeat | Total Drop IL=1A (5) 3.2 v
. IL=2A (5) 1 49 \4
Vsens ] Sensing Woltage (pins 1, 15) ‘ -1 (1) 2 \'4
SGS-THOMSON ‘ ' 312
‘7’ FECROELECTROMCS
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L298
ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. j Unit
T1 (V) |Source Current Tum-off Delay 05Vitn0.9k (2);(4) 1.5 s
T2 (V) |Source Current Fall Time 09 001k (2);(4) 0.2 s
Ta (V) |Source Current Turn-on Delay 05Vito0.1  (2);(4) 2 s
T+ (V) |Source Current Rise Time 0.1k 009N (2;(4) 07 us
Ts (M) |Sink Current Tum-off Delay 05Vito09h (3);(4) 07 us
Te (V) |Sink Current Fall Time 094k 001l (34 025 us
T7 N) Sink Current Turn-an Delay J05Vito 09k (3 (4) 1.6 us
Ta (V) |Sink CurrentRise Time 01k 09I  (3:(4) 02 us
fc (Vi) |Commutation Frequency IL=2A 25 40 KHz

T1 (Ven) |Source Current Tum-off Delay ~ |0.5Ven t00.9 & (2); (4) 3 us
T2 (Ven) |Sourte Current Fall Time 09k 01 (2;(4) 1 HS
Ts (Ven) |Source Current Tum-onDefay 0.5 Ven 100.1 4 (2):(4) 03 s
T4 (Ven) |Source Current Rise Time 01k 008k (2);(4) 04 s
Ts (Ven) |Sink Current Tum-off Delay 05V 100.9%  (3);(4) 22 ps
Te (Ven) |Sink GurrentFall Time 094 01l (3);(4) 0.35 us
T7 (Ven) ]Sink Current Turn-on Delay 05V t00.9k  (3);(4) 0.25 . ps
Ta (Ven) ] Sink Current Rise Time 01k 009l (3)(4) 0.1 s
fc (Ven) {Commutation Frequency I =2A 1 KHz

1) 1)Sensing voltage can be—1 V fort < 50 psec; in steady state Vaes min2—05V.

2) Seafig. 2.

3) Seefig.4.

4) Theload must be a pure resistor.

5) PIN 1 and PIN 15 conneded to GND.

Figure 1 : Typical Saturation Voltage vs. Output

Current.

Figure 2 : Switching Times Test Circuits.

VoW VgaA2v
&
14 1208N > 2
ENABLE 1'|.
113
R@lﬁn
s-sextn

Vsar |
"
Vsu

=8
24 Yss o
20 L
15 //’,/
12 -
[ 1)
X3
© 04 08 12 16 20 2& IlolA).

412
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‘  Note: ForINPUT Switching, set EN =H

For ENABLE Switching, setiN=H
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L2938

Figure 3 : Source Current Delay Times vs. Input or Enable Switching.

llt

Imax(zA)
0% —

0%

Ven; V)
0% X

S.50512

Figure 4 : Switching Times Test Circuits.

Note: For INPUT Switching, set EN=H
For ENABLE Switching, setiN =L

3 : 512
Lyy StsTHoMsoN , .
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Figure 5 : Sink Current Delay Times vs. Input 0V Enable Switching.

l‘f

tmax{IA)
”‘-i—————— - —— D - —— -
“——‘-——u — o 0 r W= — . - ——— - '
. T5 |18 . TF 18
. [(1})
"!D'b - t
—i-
ImaxtiA}-— — ~— — }o g} — = — — — — — >
B R e S T e
L e e R ———— v
L1 |1 5 |6 e
) &
el . -
1 S-W687 T
Flgure 6 : Bidirectional DC Motor Control.
Inputs Function
Ven=H Q=H;D=L Turn Right
C=H:D=H TurnLeft
C=D Fast Mator Stop
Ven=1L {C=X;D=C Free Running
. Motor Stop
L =Low H =High X = Don't care
p— 0 . 9
’l;l'.tlt l —j_.
DA YO D4: W FAST RECOVERY DIDDE (1,, €3000a)
6/12 sﬁs.m
157 WACROELECTROWICS
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Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel 4

and channel 2 with channel 3.
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W0AF,
&
1]

298
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T
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o 1Y
T

L

SN2

APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE
Thel298integratestwo power outputstages(A;B).
The pawer output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzial mode, depending on the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output: an
extemal resistor (Rsa ; Rsg.) allows to detect the in-
tensity of this current.

1.2, INPUT STAGE

Each bridge is drivert by means of four gates the in-
putof which are In1; In2 ; EnAand In3; In4 ; EnB.
The Ininputs set the bridge statewhen The En input
ishigh ; alow stateof the En input inhibitsthe bridge.
Alithe inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. When the large ca-
pacitor of the power supply is too far from the IC, &
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be near the GND pin of the 1.C.

TUGAS AKHIR

7 SEenes

RANCANG BANGUN SISTEM...

Each input must be connectedto the source of the
driving signals by means of a very short path.
Tum-On and Tum-Off : Before to Tum-ON the Sup-
ply Voltageand before to Tum it OFF, the Enable in-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The extemal bridge of diodes D1 to D4 is made by
four fast recovery elements (trr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

Thesense output voltage can be used to control the
current amplitude by choppingthe inputs, or to pro- .
vide overcurrent protection by switching low the en-
ableinput.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
neverbe overcome.

When the repetitive peak cumrent needed from the
load is higher than 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An external bridge of diodes are required when in-
ductive lbads are driven and when the inputs of the
IC are chopped; Shottky diodes would be preferred.

T2
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L298

This solution can drive until 3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and untif 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled

On Fig 8itis shownthedriving of a twophasebipolar DY the 1.C. L6506.
stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,

fromthe IC L297.

Fig 9 shows an example of P.C.B. designed for the
application of Fig 8.

Figure 8 : Two Phase Bipalar Stepper Motor Circuit.
This cirouit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fas; 2 A types.

¥s
. 100K
w o
IT [=
L] A‘ o1 ;
SIEPPER
L29en
L 4 }lm
111
Swc.
' S-S584614
Rs1=Rg2=0.5Q
Ves12V@Ii=2A
D1 toDB = 2A Fastdiodes { yre 200 nee
3z . L3 S53-THOMSON
RICASELECTROMICS
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Figure 9 : Suggested Printed Circuit Board Layoutfor the Circuit of fig. 8 (1:1 scale).
=
- Ju
gEdpddRobe
SL9SBE IS
Fii
%1 3
6N Vg & 92 03 Oy ¥ss GND
Flgurg 10 : Two Phase Bipolar Stepper Motor-Control Circuit by Using the Current Controller L6506.
= b 4 o SBlaF
] i } {*ﬂl
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—a 14 *
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w > —fe 16586 “[I[] 2 " ‘;
2 1 » .
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NRZIG-W 2
Rr and Rsense depend from the load current
SGS-THOMSON 92
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MULTIWATT15 (VERTICAL) PACKAGE MECHANICAL DATA
DIM. ' mm : inch
MiN. TYP. MAX. MIN. TYP. MAX.
A 5 0.197
B 2.65 0.104
c A 1.6 0.063
B 1 v 0.039
E 0.49 . 0.55 0.019 0.022
F 0.66 0.75 0.026 0.030
G 114 1.27 14 0.045 0.050 0.055
G1 1757 . 17.78 17.91 0.692 0.700 0.705
H1 19.6 _ _ 0.772
H2 ‘ 202 0.795
L 221 226 0.870 0.890
L1 22 225 0.866 0.886
L2 17.65 18.1 0.695 0.713
L3 17.25 17.5 17.75 0.679 0.689 0.699
L4 10.3 10.7 10.9 0.406 0.421 0.429
L7 2.65 29 0.104 0.114
M 42 4,3 46 0.165 0.169 0.181
M1 45 5.08 53 0.177 0.200 0.209
S 19 26 0.075 0.102
S1 19 26 0.075 , 0.102
Dia1 365 385 0.144 0.152
Hi
A : >
] I
_— c 5 . I | B A
. / ;-5—?
A A 4 4
| Diat L/
——
o |
i ]
o -
g,
B . X
E
M M
1012 * SCS-THOMSON
657 $55.Tiomson
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