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APPENDICES A

Microcontroller

Microcontrollers come in many varieties. Depending on the power and
features that are needed, one might choose a 4 bit, 8 bit, 16 bit, or 32 bit
microcontroller. In addition, some specialized versions are available
which include features specific for communications keyboard handling,
signal processing, video processing, and other tasks. The examples of
different types of commercial microcontroller devices are given in the
following tables.

Table 1.1 4Bit Microcontrollers

Model 170 Plns RAM (bytes) | ROM (bytes) | Counters Extra Features
(Manufacturer)

COP400 Family | 23 28 64 1K 1 Serial bit 1/0
(National)

HMCS40 10 28 32 312 - 10-bit ROM
(Hitachi)
TMS 1000 23 28 B4 1K - LED display
{Texas

Instruments)

Table 1.2 8 Bit Microcontrollers

Model /0 Pins RAM ROM Counters | Extra Features
(Manufacturer) (bytes) | (bytes)

8048 (Intel) 27 40 64 1K 1 8k External memory
8051 (Intel) 32 40 128 4K 2 128k External memory,

Boolean processing,
serial port

COP800 Family 24 28 64 1K 1 Serial bit [/O, 8- channel
A/D converter

(National)

6805 (Motorola) 20 28 64 1K 1 PLL frequency synthe-
sizer,

68hcll(Motorola) 40 52 256 8K 2 A/D, PWM generator,
pulse accumulator

TMS370 (Texas) 55 68 258 4K 2 watchdog timer, Instru-

ments) Serial ports,
A /D (8 bit, 8 channel)

PIC (Micro Chip) 12 18 25 1K 0 small pin count, very
low power consumption|




Table 1.3. 16 Bit Microcontrollers

Model /O Pins | RAM (bytes) | ROM (bytes) | Counters Extra Features

(Manufacturer)

80c196 (Intel) 40 68 232  BK 2 PWM generator,
watchdog timer

HPC Family 22 68 512 16K | 4 PWM generator,

(National) watchdog timer,
8-channel A/D,
serial port

AT mega 16 Feature:
1-High-performance, Low-power AVR® 8-bit Microcontroller.
2-Advanced RISC Architecture.
o131 Powerful Instructions.
e Most Single Most Single.
e clock Cycle Execution.
e32x 8 General Purpose Working Registers.
e Fully Static Operation.
e Up to 16 MIPS Throughput at 16 MHz.
e On-chip 2-cycle Multiplier.
3-High Endurance Non-volatile Memory segments:
e 16K Bytes of In-System Self-programmable Flash program memory.
o512 Bytes EEPROM.
e 1K Byte Internal SRAM.
e Write/Erase Cycles: 10,000 Flash/100,000 EEPROM.
e Data retention: 20 years at 85°C/100years at 25°C.

e Optional Boot Code Section with Independent Lock Bits.
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AVR Microcontroller

Register Summary
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Address | Name | Bit7 Bit6 Bits Bitd Bit3 Bit2 Bit 1 Bit0 Page
$01(521) VSR TWaT TWES WSS T4 TWS3 - TIPS1 TIPS 17
300 (520 TWBR | Two-wira Seral Intarfaca Bit Rate Ragister 178

Notes: 1. When the OCDEN Fuse is unprogrammed, the OSCCAL Register is always accessed on this address. Refer to the debug-

ger specific documentation for details on how to use the OCDR Register.

2. Refer tothe USART description for details on how to access UBRRH and UGSRC.

3. For compatioiity with future devices, reserved bits should be writien {o zero if accessed. Reserved 0 memory addresses
should never be written.

4. Some of the Status Flags are cleared by wrifing alogical one fo them. Note that ihe CBI and SBI instructions will operate on
all bits in the 1/0 Register, writing & one back into any flag read as set, thus clearing the flag. The CBI and SBI instructions
work with registers 500 to $1F only.



Instruction Set Summary
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NGU CONTROL NTRUCTIONS

NP o Operaton hare |
3P ey (see specic cescr for Seepfunciion) | None l
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Ordering Information
Speed (MHz) Power Supply Ordering Code Package Operation Range
8 27-55V ATmega16L-8AC 44A Commercial
ATmegal6L-8PC 40P6 (0°C to 70°C)
ATmega16L-8MC 441
ATmegal6L-8Al 44A Industrial
ATmegal6L-8PI 40P6 {-40°C to 85°C)
ATmega16L-8MI 44M1
16 45-5.5V ATmega16-16AC 44A Commercial
ATmegal6-16PC 40P6 (0°C to 70°C)
ATmega16-16MC 44M1
ATmega16-16Al 44A Industrial
ATmegal6-16PI 40P6 (-40°C to 85°C)
ATmega16-16M| 44M1




AVR - Single-Chip Solution
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Code Size and Execution Time A

Dévics Ma)[(MS’_E]eed Co[g;.t eEjize Cycles Execu[tlijgln Time
ATmegail6 16 32 227 14.2
MSP430 8 34 246 30.8
T89C51RD2 20 57 4200 210.0
PIC18F452 40 92 716 17.9
PIC16C74 20 87 2492 124.6
68HC 11 12 59 1238 103.2







APPENDICES B

Relays

A relay is an electrical switch that uses an electromagnet to move the
switch from the off to one position instead of a person moving the switch.
It takes a relatively small amount of power to turn on a relay but the relay
can control something that draws much more power. Ex: A relay is used
to control the air conditioner in your home. The AC unit probably runs
off of 220VAC at around 30A. That's 6600 Watts! The coil that controls
the relay may only need a few watts to pull the contacts together.

Figure: relay

This is the schematic representation of a relay. The contacts at the top are
normally open (i.e. not connected). When current is passed through the
coil it creates a magnetic field that pulls the switch closed (i.e. connects
the top contacts). Usually a spring will pull the switch open again once
the power is removed from the coil.

_



OPERATING PRINCIPLES
There are really only two fundamentally different operating principles:
(1) electro-magnetic attraction:

Operate by virtue of a plunger being drawn into a solenoid, or an
armature being attracted to the poles of an electromagnet. Such relays
may be actuated by d-c or by a-c quantities.

(2) Electromagnetic-induction relays:
Use the principle of the induction motor whereby torque

is developed by induction in a rotor; this operating principle applies only
to relays actuated by alternating current, and in dealing with those relays
we shall call them simply "induction-type" relays.

Relay Selection

Relays (and switches) come in different configurations. The most
common are shown in figure .Single Pole Single Throw (SPST) is the
simplest with only two contacts. Single Pole Double Throw (SPDT) has
three contacts. The contacts are usually labeled Common (COM),
Normally Open (NO), and Normally Closed (NC).

The Normally Closed contact will be connected to the Common

Contact when no power is applied to the coil. The Normally Open contact
will be open (i.e. not connected) when no power is applied to the coil.
When the coil is energized the Common is connected to the Normally
Open contact and the Normally Closed contact is left floating. The
Double Pole versions are the same as the Single Pole version except there
are two switches that open and close together.[16]

Select a relay with contacts that can handle the voltage and current
requirements of the load. Keep in mind that some loads (such as motors)
draw much more current when first turned on than they do at

Steady state. Select a relay with a coil voltage and current that you can
control easily. Ex: If you want to turn on the AC unit with a 12VDC
power supply get a 12VDC coil. Note: Coils will be rated for either AC
or DC operation.



SPST

Figure: relays parts.






APPINDICES C
ULN2003 A

SCHEMATIC DIAGRAM

I

EACH DRIVER 5-1984

Series ULN-2001A Series ULN-2002A
(each driver) (each driver)

Series ULN-2003A Series ULN-2004A
(each driver) (each driver)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vo QOutput Voltage 50 Vv
Viy Input Voltage (for ULN2002A/D - 2003A/D - 2004A/D) 30 vV
l; Continuous Collector Current 500 mA
Iy Continuous Base Current 25 mA
Tamb Operating Ambient Temperature Range -20to 85 oG
Tag Storage Temperature Range - 910150 °C
T, Junction Temperature 150 ¢
THERMAL DATA
Symbol Parameter DIP16 S016 Unit

Rnjams | Thermal Resistance Junction-ambient Max. 70 120 *CIW




BLECTRICAL CHARACTERISTICS (Tams

= 25°C unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. | Unit | Fig.
lcex Cutput Leakage Current Vog = 50V 50 LA 1a
Tara = 70°C, Ve = 50V 100 WA, 1a
Tara = T0°C
for ULMNZ2002A
Ve = 50V, Vi = BV 500 LA 1b
for ULMNZ0044
Ve = 50V, V= 1V 500 LA 1b
Veges Collector-emitter Saturation le= 100mA, Iz = 250uA Do 1:1 v 2
Voltage lc= 200 mA, lg= 350uA 1.1 1.3 v 2
e = 350mA, Ig = S00pA 1.3 1.6 v 2
ligae Input Current for ULN20024, WV, = 17V D.82 1.25 ma 3
for ULMN2003A, V= 3.85V 0.93 1.35 ma 3
for ULMN20044, V= 5V 0.35 0.5 ma 3
Vi= 12V 1 1.45 ma 3
ligam Input Current Tara = 7O0PC, Iz = S00uA 50 g5 LA 4
WViam Input Voltage Voe = 2V v 5
for ULMNZ20024
o = 300mA 13
for ULMNZ2003A
le = 200mA 2.4
Il = 250mA 27
le = 300mA 3
for ULMNZ2004A
lo = 125mA 8
Iz = 200mA, &
Iz = 275mA [
lo = 350mA 8
hre DC Forward Current Gain for ULMN2001 A
Veg = 2V, I = 350mA 1000 2
C Input Capacitance 15 25 pF
toLn Turm=on Delay Time D5 Vi to 0.5 Vs 0.25 1 U
tone Turn=off Delay Time 05 Vito D5 Vs 0.25 L=
Im Clamp Diode Leskage Current Vr = 50V 50 LA &
Tars = TOC, W= 50V 100 LA &
Vi Clamp Diode Forward Voltage Ip = 350mA 1.7 2 v 7
TEST CIRCUITS
Figure 1a. Figure 1b.
OPEN  VeE OPEN Vcg
1 1
cEX CEX
5=5728 l 5-5§728
Figure 2. Figure 3.




Figure 4.

Figure 5.
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Figure 10: Peak Collector Current versus Duty
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Figure 11: Peak Collector Current versus Duty
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Figure 8: Collector Current versus Input Current

Figure 9: Collector Current versus Saturation

Voltage
Ic CEEINIES lc i
(mA) | (mA)
Tj=25°C /
500 500
/ / Tj=25'C /
400 / / 400
|'-.-1ax} / Max
300 / / 300 /
200 7 // 200
/ / TYPICAL }//TYF‘IE:AL
100 / 100 //
’ 0 100 /;DD 300 400 500 Ibjuh) U
(A} 0.0 0.5 10 15 Vcelsat)
DIM. _“ N OUTLINE AND
min. | Tve. | max | min | Tve. | max, MECHANICAL DATA
al 0.51 0.020
B 077 1.65 | 0.030 0.065
b 0s 0.020
b1 0.25 0.010
D 20 0.787
E 8.5 0.335
=] 2.54 0.100
a3 17.78 0.700
F T-1 0.280
| 5.1 0.201
E: 3.3 0.130
DIP16
z 127 0.080
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DIM. i scch OUTLINE AND

MIN. | TYP. | MAX. | MIN. | TYP. | MAX. MECHANICAL DATA

A 1.75 0.089
ai 0.1 0.25 | 0.004 0.009
az? 16 0.0683
b 0.358 0486 | 0.014 0.018
b 0.18 0.25 | 0.007 0.010
c 0.5 0.020
c 45° (typ.)
ooy | os 10 |o0aes 0.304
E 58 6.2 0.228 0.244
e 127 0.050
a3 B.80 0.350
Fiiy | a2 4 |o01s0 0.157
G 46 53 0.181 0208
L 04 127 | 0.016 0.050
i e ki S016 Narrow
5 B (max.)

11 D and F do nat include maold flash or orotrusions. Mold flash or ootrusions shall not excesd 0.15mm (.008inchi.




