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Abstract

The special project 's the development of a guiding device for blind based on optical
technique . The principle of technique's light from laser diode package which's reflected on the
obstruction target then entered into its own photodiode , which means optical feedback
detection . The distance between source and target can be measured and warned by using a

microcontroller AT90S8535.
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2.7 Analog — to — digital conversion
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Single-slope ADC
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Dual-slope ADC
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d(mm) | V. (V) | V. (V) ; VoV (V) (V)
0 4635 | 4632 | 4637 | 4635
(_p 4601 | 4601 | 4601 | 4601
| 10 4524 | 4524 4522 | 4523
18 4428 | 4423 | 4435 | 4.429
j 20 403 | aa00 | ama | 2403 |
25 4376 | 4372 | 4370 | 4373
30 4350 | 4350 | 4355 | 4352

35 4.303 4.297 4.299 4.300

40 4.232 4.231 4.233 4.232
45 4.180 4.183 4.183 4.182
50 4.161 4.157 4.159 4.159
55 4.121 4.127 4.124 4.124

60 4.086 4.082 4.084 4.084

65 4.068 4.067 4.067 4.067

70 4.132 4.136 4.144 4.137
75 4.135 4.135 4.133 4.134
80 4.116 4.114 4.116 4.115
85 4.126 4.127 4.118 4.124

90 4.090 4.091 4.093 4.091

95 4.082 4.080 4.081 4.081




100 4.062 4.071 4.072 4.068
105 4.059 4.070 4.054 4.061
110 4.033 4.029 4.027 4.030
115 4.013 4.024 4.017 4.018
120 4.021 4.015 4.024 4.020
125 4.009 4.030 4.027 4.022
130 4.014 4.017 4.027 4.019
135 4.010 4.008 4.011 4.010

140 3.991 3.995 3.997 3.994
145 3.979 3.980 3.984 3.981
150 3.983 3.987 3.981 3.984
155 3.948 3.946 3.948 3.947
160 3.938 3.933 3.933 3.935
165 3.915 3.919 3.917 3.917
170 3.907 3.900 3.901 3.903
175 3.886 3.884 3.879 3.883
180 3.854 3.850 3.849 3.851
185 3.838 3.836 3.836 3.837
190 3.814 3.811 3.814 3.813
195 3.796 3.802 3.803 3.800
200 3.851 3.842 3.842 3.845
205 3.849 3.844 3.852 3.848
210 3.8 3.797 3.801 3.799
215 3.787 3.783 3.781 3.784 .
220 3735 3.752 3.748 3.745
225 3702 3.708 3.706 3.705
230 3.663 3.663 3.656 3.661
235 3.632 3.629 3.637 3.633
240 3.593 3.592 3.593 3.593
245 3.573 3.573 3.569 3.572
250 3.530 3.532 3.535 3.582
255 3.519 3.520 3.522 3.520
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260 3.516 3.509 3.518 3.514
265 3.473 3.480 3.474 3.476
270 3.456 3.446 3.456 3.453
275 3.455 3.451 3.451 3.452
280 3.418 3.419 3.414 3.417
285 3.386 3.379 3.375 3.380
290 3.344 3.342 3.349 3.345
295 3.294 3.295 3.296 3.295
300 3.274 3.276 3.278 3.276
305 3.269 3.254 3.259 3.261
310 3.244 3.239 3.239 3.241
315 3.208 3.208 3.209 3.208
320 31216 34213 3.210 3.213
325 3.184 3.182 3.182 3.183
330 3.160 3.160 3.158 32169
335 3.142 3.146 3.143 3.144
340 3.138 3.136 3934 3 187
345 3. 132 3.138 3.130 3 183
350 3.134 3.134 3.123 3.130
355 3.118 8*11S, 317 3.117
360 3.120 327 3.124 3.124
365 3.110 3.119 3.117 37115
370 : %129 3.139 3.126 3.131
375 3.122 3.120 3.121 3.121
380 3.130 3121 3.126 3.126
385 3.127 3:132 3.126 3.128
390 3.222 3.228 3.230 3.227
395 3.247 3.236 3.240 3.241
400 3.255 3.254 3.000 3.170
405 3.274 3.257 3.267 3.263
410 3.280 3.281 3.278 3.280
415 3.290 3.297 3.280 3.289
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420 3.300 3.307 3.301 3.303
425 3.305 3.315 3.330 3.317
430 3.339 3.336 3.340 3.338
435 3.357 3.336 3.340 3.344
440 3.381 3.350 3.370 3.367
445 3.388 3.386 3.390 3.388
450 3.379 3.381 3.392 3.384
455 3.401 : 3.404 3.400 3.402
460 3.412 3.416 3.410 3.413
465 3.428 3.421 3.450 3.433
470 3.449 3.446 3.460 3.452
475 3.466 3.460 3.610 3:512
480 3.453 3.456 3.463 ’ 3.457
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This program was produced by the
CodeWizardAVR V1.0.0.7 Standard
Automatic Program Generator

@ Copyright 1998-2000 Pavel Haiduc

Project :

Version :

Author : Team Solitude
Company : Enjoy...

Comments:

Chip type 1 AT90LS8535
Clock frequency : 8.000000 MHz
Memory model  : Small

Internal RAM size: 512

External RAM size: 0

Data Stack size : 128

*k * kK *****************/

#include <90s8535.h>

sfrw ADCW=4;

/I Read the ADC's conversion result

unsigned int read_adc(unsigned char adc_input)
{

#ifdef BANDGAP

ADMUX=adc_input|0x40;

#else

ADMUX=adc_input;

#endif

ADCSR.6=1;

while (ADCSR.4==0);



ADCSR.4=1;
return ADCW;
}

void main(void)

{

int signal

/I Input/Output Ports initialization
/I Port A

DDRA=0x00;

PORTA=0x00;

/I Port B
DDRB=0x00;
PORTB=0x00;

/l Port C
DDRC=0x00;
'PORTC=0x00:

/I Port D
DDRD=0x00;
PORTD=0x00;

/ Timer/Counter 0 initialization
/I Clock source: Sysfem Clock
/I Clock value: Timer 0 Stopped
/I Mode: Output Compare
/1.0C0 output: Disconnected
TCCR0O=0x00;

TCNT0=0x00;

/l Timer/Counter 1 initialization



/I Clock source: System Clock
/I Clock value: Timer 1 Stopped
/I Mode: Output Compare

/I OC1A output: Discon.

/I OC1B output: Discon.

/I Noise Canceler: Off

/I Input Capture on Falling Edge
TCCR1A=0x00;
TCCR1B=0x00;
TCNT1H=0x00;

TCNT1L=0x00;
OCR1AH=0x00;
OCR1AL=0x00;
OCR1BH=0x00;
OCR1BL=0x00;

/I Timer/Counter 2 initialization
/I Clock source: System Clock
/I Clock value: Timer 2 Stopped
/ Mode: Output Compare

/I OC2 output: Disconnected
TCCR2=0x00;

ASSR=0x00;

TCNT2=0x00;

OCR2=0x00;

/I Analog Comparator initialization

/I Analog Comparator: Off

/I Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;

/I ADC initialization
/I ADC Clock frequency: 4000.000 kHz
ADCSR=0x81;



while (1)
{
signal=read_adc(0);
if(signal>=0x273){DDRC=0xff;PORTC=0xff;};
if(signal<0x273){DDRC=0x00;PORTC=0x00;};



Features
 AVR® - High-performance and Low-power RISC Architecture

— 118 Powerful Instructions - Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Up to 8 MIPS Throughput at 8 MHz
ey ()

* Data and Nonvolatile Program Memories
— 4K/8K Bytes of In-System Programmable Flash
SPI Serial Interface for In-System Programming
Endurance: 1,000 Write/Erase Cycles
— 256/512 Bytes EEPROM

Endurance: 100,000 Write/Erase Cycles 8-bit AVR@

— 256/512 Bytes Internal SRAM
— Programming Lock for Software Security M i Croco ntro I Ier

* Peripheral Features

— 8-channel, 10-bit ADC with 4dK/8K

— Programmable UART

— Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode
— One 16-bit Timer/Counter with Separate Prescaler, Compare and ByteS In'SYStem
Capture Modes, and dual 8-, 9-, or 10-bit PWM
— Programmable Watchdog Timer with On-chip Oscillator Prog ram mable
— On-chip Analog Comparator
 Special Microcontroller Features FlaSh

— Power-on Reset Circuit
— Real Time Clock (RTC) with Separate Oscillator and Counter Mode
— External and Internal Interrupt Sources

— Three Sleep Modes: Idle, Power Save, and Power Down AT90$4434

¢ Power Consumption at 4 MHz, 3V, 20°C

— Active: 6.4 mA ATgOLS4434

— Idle Mode: 1.9 mA

— Power Down Mode: <1 pA AT90$8535

 1/0 and Packages

— 32 Programmable 1/0 Lines

— 40-pin PDIP, 44-pin PLCC and 44-pin TQFP AT90 L88535
¢ Operating Voltages

— V¢c: 4.0 - 6.0V AT90S4434/AT90S8535

— Vge: 2.7 - 6.0V AT90LS4434/AT90LS8535 A &
* Speed Grades: Prellmlnary

— 0- 8 MHz AT90S4434/AT90S8535
— 0-4 MHz AT90LS4434/AT90LS8535

Pin Configurations

poIp PLCC

iNDEX
CORNER

(aDE0)
2A1 (ADC?)
A2 [(aDC2)

103 PBO 1 1 40 pag

REN:INS B 39 [~

peuz |3 38

(A1) B3

{ 4 37
-u::s:ﬁ :;:: rF' H ;2 Bl PA4 (ADC4) (v 0SI) PBS | 33| PA4 (ADTH
w150y Pue o 7 M PAS (ADCS)  (vig0) PBG | 32| PAs (ADCS)
Arayis b =y 7| PAs (ADCE)  (sck) PBT ] - | ras (ADCE)
scK) PB Ml e 321 pa - pA7 (ADGT) o| Pa7 ancT)

RESET (|3 32| AR 9| AREF

vee 1] 10 21 ] AcH s | Acuo

GHD (| 11 30| avce i | avee

6

XTALZ 1] 12 29| pc7iTOsC2) PC? (TOST2)
XTALY | 13 26| PpcetToscn

(RXD) PDO 1] 14 27| pcs

e : 0) POY (Tx0; PO ]
(D) PDI1 | 15 26| pcsa 5 : ~0; PD2

o e b anter pozilinyg oy oy 2o, 2i29f- res (na; eo2 SRk 23| rce
{UNT1 PO3 (] 17 24| pc2 ] 12 714 16718 267 22
10C1B) PD4 ) 18 23| Ppes
10ciA) POS o 1c 22| pco

1ePi #06 1| 20 21 po7 0T

Rev. 1041E-04/99




ATmEL

Description

The AT90S4434/8535 is a low-power CMOS 8-bit microcontroller based on the AVR RISC architecture. By executing pow-
erful instructions in a single clock cycle, the AT90S4434/8535 achieves throughputs approaching 1 MIPS per MHz allowing
the system designer to optimize power consumption versus processing speed.

Block Diagram
Figure 1. The AT90S4434/8535 Block Diagram
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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 conventional CISC microcontrollers.

The AT90S4434/8535 provides the following features: 4K/8K bytes of In-System Programmable Flash, 256/512 bytes
EEPROM, 256/512 bytes SRAM, 32 general purpose /O lines, 32 general purpose working registers, Real Time Clock
(RTC), three flexible timer/counters with compare modes, internal and external interrupts, a programmable serial UART, 8-
channel, 10-bit ADC, programmable Watchdog Timer with internal oscillator, an SPI serial port, and three software select-
able power saving modes. The Idle mode stops the CPU while allowing the SRAM, timer/counters, 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 timer oscillator continues to run,
allowing the user to maintain a timer base while the rest of the device is sleeping.

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 or by a conventional nonvolatile memory
programmer. By combining an 8-bit RISC CPU with In-System Programmable Flash on a monolithic chip, the Atmel
AT90S4434/8535 is a powerful microcontroller that provides a highly flexible and cost effective solution to many embedded
control applications.

The AT90S4434/8535 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.

Comparison between AT90S4434 and AT90S8535

The AT90S4434 has 4K bytes of In-System Programmable Flash, 256 bytes of EEPROM, and 256 bytes of internal SRAM.
The AT90S8535 has 8K bytes of In-System Programmable Flash, 512 bytes of EEPROM, and 512 bytes of internal SRAM.
Table 1 summarizes the different memory sizes for the two devices.

Table 1. Memory Size Summary

Part Flash EEPROM SRAM
ATI0S4434 4K bytes 256 bytes 256 bytes
AT90S8535 8K bytes 512 bytes 512 bytes

Pin Descriptions

VCC
Digital supply voltage

GND
Digital ground

Port A (PA7..PAO)

Port A is an 8-bit bi-directional 1/0 port. Port pins can provide internal pull-up resistors (selected for each bit). The Port A
output buffers can sink 20mA and can drive LED displays directly. When pins PAQ to PA7 are used as inputs and are exter-
nally pulled low, they will source current if the internal pull-up resistors are activated.

Port A also serves as the analog inputs to the A/D Converter.
The Port A pins are tristated when a reset condition becomes active, even if the clock is not running.

Port B (PB7..PB0)

Port B is an 8-bit bi-directional I/0 port with internal pull-up resistors. The Port B output buffers can sink 20 mA. As inputs,
Port B pins that are externally pulled low will source current if the pull-up resistors are activated. Port B also serves the
functions of various special features of the AT90S4434/8535 as listed on page 68.

AIMEL :
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The Port B pins are tristated when a reset condition becomes active, even if the clock is not running.

Port C (PC7..PC0)

Port C is an 8-bit bi-directional I/O port with internal pullup resistors. The Port C output buffers can sink 20 mA. As inputs,
Port C pins that are externally pulled low will source current if the pull-up resistors are activated. Two Port C pins can alter-
natively be used as oscillator for Timer/Counter2.

The port C pins are tristated when a reset condition becomes active, even if the clock is not running.

Port D (PD7..PDO)

Port D is an 8-bit bidirectional I/O port with internal pull-up resistors. The Port D output buffers can sink 20 mA. As inputs,
Port D pins that are externally pulled low will source current if the pull-up resistors are activated.

Port D also serves the functions of various special features of the AT90S4434/8535 as listed on page 77.
The port D pins are tristated when a reset condition becomes active, even if the clock is not running.

RESET
Reset input. An external reset is generated by a low level on the RESET pin. Reset pulses longer than 50 ns will generate
a reset, even if the clock is not running. Shorter pulses are not guaranteed to generate a reset.

XTAL1
Input to the inverting oscillator amplifier and input to the internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier

AVCC v
This is the supply voltage pin for the A/D Converter. It should be externally connected to Ve via a low-pass filter. See
page 59 for details on operation of the ADC.

AREF
This is the analog reference input for the A/D Converter. For ADC operations, a voltage in the range AGND to AV must
be applied to this pin.

AGND
Analog ground. If the board has a separate analog ground plane, this pin should be connected to this ground plane. Other-
wise, connect to GND.

4 AT90S/LS4434 and AT90S/LS8535 mum—
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1ection between the analog comparator and the Input Capture function is given. To make the comparator trigger the
Timer/Counter1 Input Capture interrupt, the TICIE1 bit in the Timer Interrupt Mask Register (TIMSK) must be set (one).

 Bits 1,0 - ACIS1, ACIS0: Analog Comparator Interrupt Mode Select

These bits determine which comparator events that trigger the Analog Comparator interrupt. The different settings are
shown in Table 26.

Table 26. ACIS1/ACISO Settings

ACIS1 ACISO Interrupt Mode B
0 0 Comparator Interrupt on Output Toggle
0 1 Reserved
1 0 Comparator Interrupt on Falling Output Edge
1 1 Comparator Interrupt on Rising Output Edge

Note: ~ When changing the ACIS1/ACISO bits, The Analog Comparator Interrupt must be disabled by clearing its Interrupt Enable bit in
the ACSR register. Otherwise an interrupt can occur when the bits are changed.

Caution: Using the SBI or CBl instruction on other bits than ACI in this register, will write a one back into ACI if it is read as
set, thus clearing the flag.

Analog to Digital Converter

Feature list:

» 10-bit Resolution

« +2 LSB Accuracy

+ 0.5LSB Integral Non-Linearity

- 65-260 ps Conversion Time

« Upto 15 kSPS

- 8 Multiplexed Input Channels

« Rail-to-Rail Input Range

« Free Run or Single Conversion Mode

 Interrupt on ADC Conversion Complete

« Sleep Mode Noise Canceler

The AT90S4434/8535 features a 10-bit successive approximation ADC. The ADC is connected to an 8-channel Analog
Multiplexer which allows each pin of Port A to be used as an input for the ADC. The ADC contains a Sample and Hold
Amplifier which ensures that the input voltage to the ADC is held at a constant level during conversion. A block diagram of
the ADC is shown in Figure 45.

The ADC has two separate analog supply voltage pins, AV and AGND. AGND must be connected to GND, and the volt-
age on AV¢ must not differ more than 0.3V from V.. See the paragraph ADC Noise Canceling Techniques on how to
connect these pins.

An external reference voltage must be applied to the AREF pin. This voltage must be in the range AGND - AV .

AIMEL =
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Figure 45. Analog to Digital Converter Block Schematic
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Operation
The ADC can operate in two modes - Single Conversion and Free Run Mode. In Single Conversion Mode, each conversion
will have to be initiated by the user. In Free Run Mode, the ADC is constantly sampling and updating the ADC Data Regis-

ter. The ADFR bit in ADCSR selects between the two available modes.

The ADC is enabled by writing a logical one to the ADC Enable bit, ADEN in ADCSR. The first conversion that is started
after enabling the ADC, will be preceded by a dummy conversion to initialize the ADC. To the user, the only difference will
be that this conversion takes 12 more ADC clock pulses than a normal conversion.

A 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 set to zero 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.

As the ADC generates a 10-bit result, two data registers, ADCH and ADCL, must be read to get the result when the conver-
sion is complete. Special data protection logic is used to ensure that the contents of the data registers belong to the same
conversion when they are read. This mechanism works as follows:

When reading data, ADCL must be read first. 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, none of the registers are updated and the
result from the conversion is lost. When ADCH is read, ADC access to the ADCH and ADCL registers is re-enabled.

The ADC has its own interrupt, ADIF, which can be triggered when a conversion completes. When ADC access to the data
registers is prohibited between reading of ADCH and ADCL, the interrupt will trigger even if the result gets lost.
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Prescaling

Figure 46. ADC Prescaler
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The ADC contains a prescaler, which divides the system clock to an acceptable ADC clock frequency. The ADC accepts
input clock frequencies in the range 50 - 200 kHz. Applying a higher input frequency will result in a poorer accuracy. See
“ADC Characteristics” on page 66.

The ADPSO - ADPS2 bits in ADCSR are used to generate a proper ADC clock input frequency from any XTAL frequency
above 100 kHz. The prescaler starts counting from the moment the ACC is switched on by setting the ADEN bit in ADCSR.
The prescaler keeps running for as long as the ADEN bit is set, and is continuously reset when ADEN is low.

When initiating a conversion by setting the ADSC bit in ADCSR, the conversion starts at the following rising edge of the
ADC clock cycle. The actuai sampie-and-hoid takes piace 1.5 ADC clock cycles after the start of the conversion. The result
is ready and written to the ADC Result Register after 13 cycles. In single conversion mode, the ADC needs one more clock
cycle before a new conversion can be started, see Figure 47. If ADSC is set high in this period, the ADC will start the new
conversion immediately. In Free Run Mode, a new conversion will be started immediately after the result is written to the
ADC Result Register. Using Free Run Mode and an ADC clock frequency of 200 kHz gives the lowest conversion time, 65
us, equivalent to 15.4 kSPS. For a summary of conversion times, see Table 27.

Figure 47. ADC Timing Diagram, first conversion (Single Conversion Mode)
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Table 27. ADC Conversion Time

ATmEL

Condition Sample Cycle ResultReady (cycle | Total Conversion Total Conversion
Number number) Time (cycles) Time (us)

1st Conversion, Free Run 14 25 25 125 - 500

istComomonoinge * | om0 o il 26 q30i50

Free Run Conversion 2 13 13 65 - 260

Single Conversion 2 13 14 70 - 280

Figure 48. ADC Timing Diagram, single conversion
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Figure 49. ADC Timing Diagram, free run conversion
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ADC Noise Canceler Function

The ADC features a noise canceler that enables conversion during idle mode to reduce noise induced from the CPU core.
To make use of this feature, the following procedure should be used:

1. Make sure that the ADC is enabled and is not busy converting. Single Conversion Moce must be selected and the
ADC conversion complete interrupt must be enabled.

ADEN =1
ADSC =0
ADFR =0
ADIE =1

2. Enteridle mode. The ADC will start a conversion once the CPU has been halted.

3. Ifnoother interrupts occur before the ADC conversion completes, the ADC interrupt will wake up the MCU and exe-
cute the ADC conversion complete interrupt routine.

ADC Multiplexer Select Register - ADMUX

Bit 7 6 5 4 3 7 1 0
$07 (527) | B | - | z | 2 5 MUX2 MUX1 MUX0 | ADMUX
Read/Write R R R R R R/W RW RW

Initial value 0 0 0 0 0 0 0 0

* Bits 7..3 - Res: Reserved Bits

These bits are reserved bits in the AT90S4434/8535 and always read as zero.
* Bits 2..0 - MUX2..MUXO0: Analog Channel Select Bits 2-0

The value of these three bits selects which analog input 7-0 is connected to the ADC.

ADC Control and Status Register - ADCSR

Bit 7 6 5 4 3 2 1 0

$06 ($26) l ADEN [ ADSC | ADFR ' ADIF I ADIE | ADPS2 T ADPS1 | ADPSO I ADCSR
Read/Write R/W R/W R/W R/W R/W R/wW R/W R/W

Initial value 0 0 0 0 0 0 0 0

* Bit7- ADEN: ADC Enable

Writing a logical ‘1’ to this bit enables the ADC. By clearing this bit to zero, the ADC is turned off. Turning the ADC off while
a conversion is in progress, will terminate this conversion.

* Bit6- ADSC: ADC Start Conversion

In Single Conversion Mode, a logical ‘1" must be written to this bit to start each conversion. In Free Run Mode, a logical ‘1’
must be written to this bit to start the first conversion. The first time ADSC has been written after the ADC has been
enabled, or if ADSC is written at the same time as the ADC is enabled, a dummy conversion will precede the initiated con-
version. This dummy conversion performs initialization of the ADC.

ADSC remains high during the conversion. ADSC goes low after the actual conversion is finished, but before the result is
written to the ADC Data Registers. This allows a new conversion to be initiated before the current conversion is complete.
The new conversion will then start immediately after the currént conversion completes. When a dummy conversion pre-
cedes a real conversion, ADSC will stay high until the real conversion is finished.

Writing a 0 to this bit has no effect.

* Bit5- ADFR: ADC Free Run Select

When this bit is set (one) the ADC operates in Free Run Mode. In this mode, the ADC samples and updates the data regis-
ters continuously. Clearing this bit (zero) will terminate Free Run Mode.

* Bit4-ADIF: ADC Interrupt Flag

This bit is set (one) when an ADC conversion completes and the data registers are updated. The ADC Conversion Com-
plete Interrupt is executed if the ADIE bit and the I-bit in SREG are set (one). ADIF is cleared by hardware when executing
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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 ADCSR, a pending interrupt can be disabled. This also applies if the SBI and CBI instructions

are used.
» Bit3 - ADIE: ADC Interrupt Enable

When this bit is set (one) and the I-bit in SREG is set (one), the ADC Conversion Complete Interrupt is activated.
* Bits2..0- ADPS2..ADPSO0: ADC Prescaler Select Bits

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

Table 28. ADC Prescaler Selections

ADPS2 ADPS1 ADPSO0 Division Factor

0 0 0 2

0 . 0 . 71 o 2 o
0 1 0 4

0 1 1 8

1 0 0 16

1 0 1 32

1 1 0 64

1 d 1 128

ADC Data Register - ADCL AND ADCH

Bit 15 14 13 12 11 10 9 8
$05 ($25) - - - - - - ADC9 ADC8 ADCH .
$04 ($24) ADC7 ADC6 ADCS ADC4 ADC3 ADC2 ADC1 ADCO ADCL
7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
R R R R R R R R
Initiai value 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

When an ADC conversion is complete, the result is found in these two registers. In Free Run Mode, it is essential that both
registers are read, and that ADCL is read before ADCH.

Scanning Multiple Channels

Since change of analog channel always is delayed until a conversion is finished, the Free Run Mode can be used to scan
multiple channels without interrupting the converter. Typically, the ADC Conversion Complete interrupt will be used to per-
form the channel shift. However, the user should take the following fact into consideration:

The interrupt triggers once the result is ready to be read. In Free Run Mode, the next conversion will start immediately
when the interrupt triggers. If ADMUX is changed after the interrupt triggers, the next conversion has already started, and
the old setting is used.

ADC Noise Canceling Techniques

Digital circuitry inside and outside the AT90S4434/8535 generates EMI which might affect the accuracy of analog measure-
ments. If conversion accuracy is critical, the noise level can be reduced by applying the following techniques:

1. The analog part of the AT90S4434/8535 and all analog components in the application should have a separate analog
ground plane on the PCB. This ground plane is connected to the digital ground plane via a single point on the PCB.

2. 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.
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3. The AV ¢ pin on the AT90S4434/8535 should be connected to the digital V¢ supply voltage via an RC network as

shown in Figure 50.

4. Use the ADC noise canceler function to reduce induced noise from the CPU.
5. If some Port A pins are used as digital outputs, it is essential that these do not switch while a conversion is in progress.

Figure 50. ADC Power Connections
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Note that since AV feeds the Port A output drivers, the RC network shown should not be employed if any Port A serve as

outputs.
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ADC Characteristics
T = -40°C t0.85°C

Symbol Parameter Condition Min Typ Max Units
Resolution 10 Bits
Absolute accuracy VRER =1y 1 2 LSB
ADC clock = 200 kHz
VREF =4V
Absolute accuracy ADC Block =1 M 4 LSB
Absolute accuracy UREE =2 16 LSB
ADC clock =2 MHz
Integral Non-Linearity Vger > 2V 0.5 LSB
e --Differential Non-Linearity VRes > 2V 0.5 LSB
Zero Error (Offset) el LSB
Conversion Time 65 260 us
Clock Frequency 50 200 kHz
AV Analog Supply Voltage Ve 030 Vee + 0.3 %
VRer Reference Voltage AGND AVce \Y
Rrer Reference Input Resistance 6 10 13 kQ
Ryn | Analog Input Resistance 100 MQ

Notes: 1. Minimum for AV is 2.7V.

2. Maximumifor SUR - 1esb6XNE

1/0-Ports

All AVR ports have true Read-Modify-Write functionality when used as general digital I/O ports. This means that the direc-
tion of one port pin can be changed without unintentionally changing the direction of any other pin with the SBI and CBI
instructions. The same applies for changing drive value (if configured as output) or enabling/disabling of pull-up resistors (if
configured as input).

Port A

Port Ais an 8-bit bi-directional 1/O port.

Three /O memory address locations are allocated for Port A, one each for the Data Register - PORTA, $1B($3B), Data
Direction Register - DDRA, $1A($3A) and the Port A Input Pins - PINA, $19($39). The Port A Input Pins address is read
only, while the Data Register and the Data Direction Register are read/write.

Al port pins have individually selectable pull-up resistors. The Port A output buffers can sink 20mA and thus drive LED dis-
plays directly. When pins PAO to PA7 are used as inputs and are externally pulled low, they will source current if the
internal pull-up resistors are activated.

Port A has an alternate function as analog inputs for the ADC. If some Port A pins are configured as outputs, it is essenual
that these do not switch when a conversion is in progress. This might corrupt the result of the conversion.

During powerdown mode, the schmitt trigger of the digital input is disconnected. This allows analog signals that are close to
Vcc/2 to be present during powerdown without causing excessive power consumption.
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Port C

Port C is an 8-bit bi-directional 1/0 port.

Three I/O memory address locations are allocated for the Port C, one each for the Data Register - PORTC, $15($35), Data
Direction Register - DDRC, $14($34) and the Port C Input Pins - PINC, $13($33). The Port C Input Pins address is read
only, while the Data Register and the Data Direction Register are read/write.

All port pins have individually selectable pull-up resistors. The Port C output buffers can sink 20mA and thus drive LED ais-
plays directly. When pins PCO to PC7 are used as inputs and are externally pulled low, they will source current if the
internal pull-up resistors are activated.

Port C Data Register - PORTC

Bit 7 6 5 4 3 2 1 0

$15 (§35) l PORTC7 [ PORTC6 ’ PORTCS PORTC4 PORTC3 l PORTC2 PORTC1 PORTCO I PORTC
Read/Write R/W R/IW R/W R/wW RW RW RwW RW

Initial value 0 0 0 0 0 0 0 0

Port C Data Direction Register - DDRC

Bit 7 6 5 4 3 2 1 0
$14 ($34) | DDC7 ] DDC6 ] DDC5 ] DDC4 DDC3 DDC2 DDC1 DDCO 1 DDRC
Read/Write R/W RIW R/W R/W R/W R/W RIW RIW

Initial value 0 0 0 0 0 0 0 0

Port C Input Pins Address - PINC

Bit 7 6 5 4 3 2 1 0

$13 (833) I PINC7 I PINC6 | PINC5 PINC4 PINC3 PINC2 PINC1 PINCO —I PINC
Read/Write R R R R R R R R

Initial value Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z

The Port C Input Pins address - PINC - is not a register, and this address enables access to the physical value on each
Port C pin. When reading PORTC, the Port C Data Latch is read, and when reading PINC, the logical values present on the
pins are read.

Port C As General Digital I/O
All 8 pins in Pcrt C have aqual functionality when used as digital 1/O pins.

PCn, General I/O pin: The DDCn bit in the DDRC register selects the direction of this pin, if DDCn is set (one), PCn is con-
figured as an output pin. If DDCn is cleared (zero), PCn is configured as an input pin. If PORTCn is set (one) when the pin
configured as an input pin, the MOS pull up resistor is activated. To switch the pull up resistor off, PORTCn has to be
cleared (zero) or the pin has to be configured as an output pin.The port pins are tristated when a reset condition becomes

active, even if the clock is not running.

Table 32. DDCn Effects on PORT C Pins

DDCn PORTCn 110 Pull Up Comment
0 0 Input No Tri-state (Hi-Z)
0 1 Input Yes PCn will source current if ext. pulled low.
1 0 Output No Push-Pull Zero Output
1 1 Output No Push-Pull One Output

n: 7...0, pin number
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Alternate Functions of Port C

When the AS2 bit in ASSR is set (one) to enable asynchronous clocking of Timer/Counter2, pins PC6 and PC7 are discon-
nected from the port. In this mode, a crystal oscillator is connected to the pins, and the pins can not be used as /O pins.

Port C Schematics
Note that all port pins are syrchronized. The synchronization latch is however, not shown in the figure.

Figure 58. Port C Schematic Diagram (Pins PCO - PC5)
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Figure 59. Port C Schematic Diagram (Pins PC6)
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Figure 60. Port C Schematic Diagram (Pins PC7)
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HA17904 Series

Dual Operational Amplifier

HITACHI

ADE-204-046 (Z2)
Rev. 0
Dec. 2000

Description

HA17904 is dual operational amplifier which, provide internal phase compensation and high gain, and
mono power source operation is possible. It can be widely applied to control equipment and to general use.

Features

e Wide range of operating supply voltage and mono power source operation is possible.

e Wide range of common mode input voltage possible to operate with an input around 0V, and output
around OV is available.

e Frequency characteristics and input bias currrent are temperature compensated.

Ordering Information

Type No. Application Package
HA17904PSJ Car use DP-8
HA17904FPJ Car use FP-8D
HA17904FPK Car use

HA17904PS Industrial use DP-8
HA17904FP Industrial use FP-8D
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HA17904 Series

Pin Arrangement
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Absolute Maximum Ratings (Ta = 25°C)

Ratings
Item Symbol  HA17904PS  HA17904FP  HA1 7904PSJ HA17904FPJ HA17904FPK  Unit
Supply voltage Vee 32 32 32 32 32 \
Output sink losink 50 50 50 50 50 mA
current
Common-mode Vem —0.3to Ve —0.3to V¢e —0.3to V¢¢ -0.3to Ve —0.3to Ve \
input voltage
Common-mode V' it Ve Ve Ve Vee Ve \
differential
voltage
Power dissipation Py 570" 385*2 570 3852 385*2 mW
Operating Topr -20to +75 —20 to +75 —40 to +85 —40 to +85 —40to +125 26
temperature
range
Storage Tstg —55t0+125 —55to+125  -55t0 +125 -55to +125 -55 to +150 °C
temperature
range

Notes: 1. These are the allowable values up to Ta = 55 °C. Derate by 8.3mW/°C above that temperature.

2 These are the allowable values up to Ta = 45 °C mounting on 30% wiring density glass epoxy
board. Derate by 7.14mW/°C above that temeperature.
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Electrical Characteristics 1 (V.. =+15V, Ta = 25°C)

Iltem Symbol Min Typ Max Unit  Test Conditions
Input offset voltage Vio — 3 7 mV Veu = 7.5V, Rg = 50Q, Rf = 5GkQ
Input offset current o — 5 50 nA Veu =75V, o=l =iy |
Input bias current le — 30 250 nA Veu = 7.5V
Power source rejection PSRR — 93 — dB R = 1kQ, Rf = 100kQ
ratio
Voltage gain A 75 90 - dB R, = o, Ry = 1KQ, Rf = 100kQ
Common mode rejection  CMR — 80 e dB R = 50Q, Rf = 5kQ
ratio
Common mode input Veme 13.5 e = \ Rs = 1kQ, Rf = 100kQ
voltage range

el — — -0.3 \ Rs = 1kQ, Rf = 100kQ
Peak-to-peak output Vop-p — 13.6 — V =100Hz, R, = 20kQ, R = 1kQ,
voltage 5 Rf = 100kQ
Output source current losource 20 40 — mA V=1V, V=0V, Vg, = 10V
Output sink current losink 10 20 — mA Vi =1V, V" =0V, Vo =25V
Output sink current losink 18 50 — A Vi =1V, V=0V,

Vout = 200mV

Supply current ~ALE 4 0.8 o mA  V,=GND,R =
Slew rate SR = 0.2 = Vius R =, Vo= 7.5V, f= 1.5kHz
Channel separation CS — 120 — dB f=1kHz

Electrical Characteristics 2 (V.. = +15V, Ta =40 to +125°C)

Item Symbol Min Typ Max Unit Test Conditions

Input offset voltage Vs — — 7 mV Veu = 7.5V, R = 50Q, R = 50kQ
Input offset current lo — — 200 nA Veu 7.V, lo = | L=l |
Input bias current le — — 500 nA Vew = 7.5V

Common mode input Vi 0 — 13.0 \ Rs = 1kQ, Rf = 100k

voltage range

Supply current lec — — 4 mA Vi =GND, R =

Note: As for the characteristic curve, refer to HA17904FPK/

wstachs
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Characteristic Curves

Input Bias Current vs. Input Bias Current vs.
Power-Supply Ambient
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Voltage Gain vs.
Frequency Characteristics

Voltage Gain vs.
Power-Supply Voltage Characteristics
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Slew Rate vs.
Power-Supply Voltage Characteristics

Common-Mode Rejection Ratio vs.
Frequency Characteristics
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Package Dimensions

Unit: mm
. 9.6
' 10.6 Max
|8
oo A ot i) s 151 i e
1 X
©
=
O Nz
j 5 =73 2 g o g 2 th
1] | | 4
08| .13
- 27 Max —
| = | |
1P sl —
| j K] Lr>t ) \
| s : =
‘ = 2v W
] = o S
B S (% ( 025758
2544025 | | 048%0.10 0° - 15°
Hitachi Code DP-8
JEDEC Conforms
EIAJ Conforms
Mass (reference value) | 0.54 g
Unit: mm
ndd-Boer
5.25 Max
8nonn ®
q—‘ N ,—P‘..
Do 24 g
1 [5]8] 4 :
5| 8 3 6.50" 028
o o oU_ 015
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0423008 T
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|
Hitachi Code FP-8D
JEDEC e
*Dimension including the plating thickness EIAJ Conforms
Base material dimension Mass (reference value) | 0.10 g
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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent, T
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’s rights, including
intellectual property rights, in connection with use of the information contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliabiiity. However,
contact Hitachi’s sales office before using the product in an application that demands especially high
quality and reliability or where its failure or malfunction mav directly threaten human life or cause risk
of bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi particularly
for maximum rating, operating supply voltage range, heat radiation characteristics, installation
conditions and other characteristics. Hitachi bears no responsibility for failure or damage when used
beyond the guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable
failure rates or failure modes in semiconductor devices and employ systemic measures such as fail-
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AlGalnP Laser Diodes
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Description

The HL6319G/20G are 0.63 um band AlGalnP laser diodes with a multi-quantum well (MQW) structure.
They are suitable as light sources for laser levelers and optical equipment for measurement.

Application

e Laserlevelers

e Measurement

Features

e Visible light output: 635 nm Typ (near

e Optical output power: 10 mW CW
e Low operating current: 95 mA Max
e Low operating voltage: 2.7 V Max

e TM mode oscillation

ly equal to He-Ne gas laser)

Package Type
¢ HL6319G/20G: G2

Internal Circuit
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HL6319G/20G

Absolute Maximum Ratings

(Ti=257C)

Item Symbol Rated Value Unit

Optical output power P, 10 mw

LD reverse voltage Viio 2 \

PD reverse voltage Vs 30 \

Operating temperature Topr —10 to +50 o

Storage temperature Tstg —40 to +85 °C

Optical and Electrical Characteristics

(Li=25°6)

Item Symbol Min Typ Max Unit Test Conditions
Optical output power P§ 10 — — mwW Kink free

Threshold current Ith 20 50 75 mA

Operating current e = 70 95 mA P, =10 mW
Operating voltage Mes — — 2.7 \Y P,=10 mW

Slope efficiency ns 813 0.5 0.7 mW/mA 6 (mW) / [0 )
Beam divergence o// & 8 11 deg. P,=10 mW

parallel to the junction

Beam divergence 0L 25 31 37 deg. P, =10 mW
parpendicular to the junction

Astigmatism A — 5 — pm P,=10mW, NA =0.55
Lasing wavelength Ap 625 635 640 nm P,=10 mW

Monitor current I 0.05 0.17 0.30 mA P,=10mW, V., =5V
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HL6319G/20G

Typical Characteristic Curves

Optical Output Power vs. Foward Current

Monitor Current vs. Optical Output Power
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HL6319G/20G

Typical Characteristic Curves (cont)

Threshold Current vs. Case Temperature Slope Efficiency vs. Case Temperature
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HL6319G/20G

Typical Characteristic Curves (cont)

Astigmastism, Ag (um)
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HL6319G/20G

Package Dimensions

As of January, 2001
Unit: mm
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HL6319G/20G

Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’s rights. including
intellectual property rights, in connection with use of the information contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi’s sales office before using the product in an application that demands especially high
quality and reliability or where its failure or malfunction may directly threaten human life or cause risk
of bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi particularly
for maximum rating, operating supply voltage range, heat radiation characteristics. installation
conditions and other characteristics. Hitachi bears no responsibility for failure or damage when used
beyond the guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable
failure rates or failure modes in semiconductor devices and employ systemic measures such as fail-
safes, so that the equipment incorporating Hitachi product does not cause bodily injury, fire or other
consequential damage due to operation of the Hitachi product.

5. This product is not designed to be radiation resistant.

6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi. .

7. Contact Hitachi’s sales office for any questions regarding this document or Hitachi semiconductor
products.

1. The laser light is harmful to human body especially to eye no matter what directly or indirectly.
The laser beam shall be observed or adjusted through infrared camera or equivalent.
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