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This thesis proposed the testing of solution concentration using microwave
transmission techniques. The studied solution is sugar solution with the total soluble
solid of 16 to 32 Brix. Firstly, the dielectric properties of the sugar solution were
studied at the frequency from 1 to 10 GHz using the open-ended coaxial probe
method. The results showed that the different concentration of sugar solution
provided the different dielectric constant, dielectric loss factor, loss tangent, and
penetration depth. Then, the received signal sending through the different sugar
concentration was studied by the simulation using the electromagnetic program. The
results showed the affected factor that were the distance between the transmitting
and receiving antenna, the height of the sugar solution, the angle of transmitting
antenna, the frequency of the antenna and the concentration of the sugar solution.
The results also revealed that the received signal was decreased with the increasing
of the sugar concentration and the simulation results correspond with the
measurement ones using the network analyzer. In addition, the module of the sugar
solution concentration testing was constructed at the frequency of 2.45 GHz. The
same trend of the results also found when compared with the simulation and the
measurement using the network analyzer. It can conclude that the microwave

transmission techniques can be used to test the sugar solution concentration.
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ANALOG
DEVICES

Evaluation Board User Guide
UG-110

One Technology Way « P.O. Box 9106 - Norwood, MA 02062-9106, U.S.A. » Tel: 781.329.4700 - Fax: 781.461.3113 - www.analog.com

Evaluation Board for Fractional-N/Integer-N PLL Frequency Synthesizer

FEATURES

Self-contained board including PLL, VCO, loop filter (20 kHz),
10 MHz TCXO reference, USB interface, and voltage
regulators

Accompanying software allows control of synthesizer
functions froma PC

Choice of power supply via USB or external feeding

Typical phase noise performance of ~99 dBc/Hz @ 1 kHz
offset from carrier (1 GHz output frequency)

GENERAL DESCRIPTION

The EVAL-ADF4350EB2Z is designed to evaluate the
performance of the ADF4350 frequency synthesizer. A
- block diagram of the board is shown in Figure 1. It contains

the ADF4350 synthesizer, a USB connector and related inter-
face, a 10 MHz TCXO reference source, SMA connectors for
the RF outputs, and reference signal plus headers for various
signals and voltages. There is also a loop filter (20 kHz) on
board. A USB cable is included with the board to connect to
a PCUSB port.

The package also contains Windows® software (2000- and XP-
compatible) to allow easy programming of the synthesizer.

EVALUATION KIT CONTENTS

Evaluation board software CD
USB cable
EVAL-ADF4350EB2Z

EVALUATION BOARD BLOCK DIAGRAM

EXTERNAL DC @ PLL
SurpLY EXTERNAL POWER L [1 Power
SWITCH o LED
<<
w
P =
EXTERNAL DC
GND
USB POWER SWITCH
HEADERS
USB CRYSTAL b RFour 8-
AND PROCESSOR
LOCK DETECT LED
- RF oy B+
uss ADF4350
CONNECTOR
0 =1 |NESS
uss L -
POWER LOOP FILTER
LED
TCXO
RFoyt A+

LEJ REFERENCE INJOUT

Figure 1.

PLEASE SEE THE LAST PAGE FOR AN IMPORTANT
WARNING AND LEGAL TERMS AND CONDITIONS.

08809-001
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EVALUATION BOARD HARDWARE

OVERVIEW

The EVAL-ADF4350EB2Z comes with a cable for connecting to
the USB port of a PC. The silk screen for the evaluation board is
- shown in Figure 8. The board schematic is shown in Figure 5,
Figure 6, and Figure 7.

POWER SUPPLIES

The EVAL-ADF4350EB2Z can be powered either from the
USB port or via dc power connectors (4 mm banana connec-
tors). When feeding via banana connectors, 3.75V to 11 V is

a suitable feeding voltage. The power supply circuitry allows
the user to use one, two, or three separate LDOs to feed the
ADF4350 (using fewer LDOs increases the risk of spur
contaminated dc feeds). Consult the board schematic in
Figure 5, Figure 6, and Figure 7 to determine a suitable jumper
setting on Header J7.

An LED, D6, indicates when USB power is available, and
another LED, D5, indicates when the ADF4350 is powered.
Switch SW1 is used to power the ADF4350 from the USB port
and Switch SW2 is used to power the part from the external dc
connectors.

" In case the USB processor or clock causes spurs on the RF
output signal, the user may feed the evaluation board via the
dc connectors and unplug the USB cable, thereby removing
power from the USB interface circuitry. There is also a
grounded frame surrounding the USB interface circuitry

to allow mounting of a shielding box.

The J8 to J13 connectors can be populated if the user wishes

to measure any spectral contamination on a specific dc voltage.
Otherwise, the voltages are also present on either Header J6 or
Header J7 for easy access and measurements.

RF OUTPUT

The EVAL-ADF4350EB2Z has four SMA output connectors
(dual differential output). The device is quite sensitive to
impedance unbalance. If only one port of a differential pair
is used, terminate the other with a 50  load.

LOOPFILTER

The loop filter schematic is included in the board schematic on
Figure 5. The loop filter component placements are clarified in
Figure 2.

Figure 2. Loop Filter Placement

REFERENCE SOURCE

The 10 MHz TCXO from Fox Electronics provides the necessary
reference signal. An external REFIN may be used if desired. In
this case, disable the on-board TCXO by removing R1 and R2.
R3 can be populated with 50 Q to adjust impedance matching
of the evaluation board to the external reference source.

Rev.0|Page 3 of 12
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EVALUATION SETUP

OSCILLOSCOPE

n
PLL
EXTERNAL DC EXTERNAL POWER & 3 POWER
SUPPLY SWITCH g LED 9
z
EXTERNAL DC
GND @ USB POWER SWITCH
{OPTIONAL)
HEADERS
SPECTRUM ANALYZER
USB CRYSTAL
LOCK DETECT LED
- o o]
ADF4350
PC
TERMINATION
use =
POWER LOOP FILTER
LED :
vexo | O Iy
REFERENCE INIOUT
(OPTIONAL) Y,

Figure 3. Evaluation Setup
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¥ LINCAR 15534

TECHNOLOGY

50MHz to 3GHz
RF Power Detector
with 60dB Dynamic Range

FEATURES DESCRIPTION
= RF Frequency Range: 50MHz to 3GHz The LT®5534 is a 50MHz to 3GHz monolithic RF power
= Linear Dynamic Range: 60dB detector capable of measuring RF signals over a 60dB
» Exceptional Accuracy over Temperature dynamic range. The RF signal in a decibel scale is pre-
and Power Supply cisely converted into DC voltage on a linear scale. The
= Fast Transient Response: 60dB input dynamic range is achieved using cascaded RF
38ns Full-Scale Settling Time detectors and RF limiters. Their outputs are summed to
= Single 2.7V to 5.25V Supply generate an accurate log-linear DC voltage proportional
= | ow Supply Current: 7mA to the input RF signal in dB. The output is buffered with a
» Shutdown Current: 0.1pA low outputimpedance driver. The LT5534 delivers superior
= Tiny 6-Lead SC70 Package temperature stability (typical output variation within +1dB
over the full temperature range). The output responds in
APPLICATIONS less than 40ns to a large Rf input s:gr_1al. .
L7, LT.1TC, LTM, Linear Technology and the Linear logo are registered trademarks of Linear
- RF RSSI and ACC Technology Corporation. Al other trademarks are the property of their respective owners.
= RF Power Control
® CATV Power Detection
= Qptical Receiver Gain Control
TYPICAL APPLICATION
50MHz to 3GHz RF Power Detector Output Voltage
vs RF Input Power
éo.ws éwws 24 M Tvee- v 73
— = 20 \\ AT 900MHz p 2
DN
16 ‘\ 1 =
wE b S._ 12 \L"\,E;\-/‘ - 0 §
i g TN
WP et 08 /7 LV
3 ENABLE—JEN L , ._/ W e
- L L . 6ND 04 y —Ta=25C 1\ S

ssnor b ——Tp=85C
= ———Ta=—40°C }

0
60 -50 -—40 -30 -20 -10 O
RF INPUT POWER (dBm)

434 Tadte
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ABSOLUTE MAXIMUM RATINGS

(Note 1)

Power Supply Voltage ..........cooveeeviieeeeeeeee. 9.5V
Enable Voltage ........cooovoeece, 0V Vge
RF Voltage (+10dBm Equivalent) ...........c..ccoeveveenn. +1V
Operating Ambient Temperature Range ...—40°C to 85°C
Storage Temperature Range................... —-65°C to 125°C
Lead Temperature (Soldering, 10 sec) .................. 300°C

Pin CONFIGURATION

TOP VIEW

EN1| ]6 RF
GND 2] 15GND
Vour 3] | J4 Ve

SC6 PACKAGE
6-LEAD PLASTIC SC70

Tymax = 125°C, 033 = 256°CW

ORDER INFORMATION

LEAD FREE FINISH TAPE AND REEL PART MARKING*

PACKAGE DESCRIPTION TEMPERATURE RANGE

LT5534ESC6#PBF LT5534ESC6#TRPBF LBGD

6-Lead Plastic SC70 ~40°C to 85°C

Consult LTC Marketing for parts specified with wider operating temperature ranges.

Consult LTC Marketing for information on non-standard lead based finish parts.

For more information on lead free part marking, go to: http://www.linearcom/ieadiree/
For more information on tape and reel specifications, go to: http//www.linearcom/tapeandreel/

GLGCTRICHL CHﬂﬂﬂCTGﬂlSTlCS Voo =3V, EN =3V, Ty = 25°C, source impedance = 50Q, unless otherwise

noted. Test circuit shown in Figure 1. (Note 2)

PARAMETER | CONDITIONS | min TYP MAX | UNITS
RF Input

Frequency Range 50 to 3000 MHz
Input Impedance 2 kQ
far = 50MHz

RF input Power Range -5810 +2 dBm
Dynamic Range (Note 3} +3dB Linearity Error, Ty = ~40°C to 85°C 60 dB
Output Slope 44 mV/dB
Output Variation vs Temperature Pin = —48dBm to —14dBm, T4 = -40°C to 85°C 0.007 dB/°c
far = 900MHz

RF Input Power Range —60to 0 dBm
Dynamic Range (Note 3) +30B Linearity Error, T = ~40°C to 85°C 60 dB
Output Slope 41 mv/dB
Output Variation vs Temperature Pin = —48dBm to —14dBm, Ty = —40°C t0 85°C 0.008 dB/°c
frr = 1900MHz

RF Input Power Range -63to -2 dBm
Dynamic Range (Note 3) +3dB Linearity Error, T4 = —40°C to 85°C 61 dB
Output Slope 31 36.6 43 mv/dB
Output Variation vs Temperature Py = —48dBm to —14dBm, Ty = -40°C to 85°C 0.012 dB/°C
Output Intercept 5092 External Termination, Ta =—40°C to 85°C ~70 —64 -58 dBm
far = 2500MHz

RF Input Power Range —631t0-3 dBm
Dynamic Range (Note 3) +3dB Linearity Error, Ty = —40°C to 85°C 60 dB

5534fc
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ELECTRICAL CHARACTERISTICS vy, -3y N =3y, T, = 25°C, source impedance = 500, unless otherwise

noted. Test circuit shown In Figure 1. (Note 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Slope 35 mV/dB
Output Variation vs Temperature Py = —48dBm to —14dBm, T4 = —40°C to 85°C 0.025 dB/r°c
Output Interface
Output DC Voltage No RF Input Signal 0 142 380 mv
Output Impedance 32 Q
Output Bandwidth 30 MHz
Full-Scale Setting Time Input from No Signal to —2dBm, to 90% 38 ns
Sinking/Sourcing 10/200 mA/pA
Voo =3V, EN =3V, Ty =25°C, unless otherwise noted. Test circuit shown in Figure 1. (Note 2)
PARAMETER | CONDITIONS | min TYP MAX | UNITS
Power Up/Down
Turn-On Time 200 ns
Turn-0ff Time 800 ns
EN = High (On) 09 v
EN = Low (Off) 0.6 v
Power Supply
Supply Voltage 27 525 v
Supply Current EN = High 5 7 9 mA
Shutdown Current EN = Low 0.1 10 pA
Nete 1: Stresses beyond those listed under Absolute Maximum Ratings Note 3: The linearity error is calculated by the difference between the
may cause permanent damage to the device. Exposure to any Absolute incremental slope of the output and the average output slope from
Maximum Rating condition for extended periods may affect device -48dBm to ~14dBm. The dynamic range is defined as the range over
reliability and lifetime. which the linearity error is within +3dB. .
Note 2: Specifications over the —40°C to 85°C temperature range are assured
by design, characterization and correlation with statistical process control.
T"Pl(ﬂt PGBFOB mm'ICG CHﬂBﬂCTGBISTICS (Test circuit shown in Figure 1)
Output Voitage vs Freguency Linearity Error vs Frequency Output Voltage vs RF Input Power
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TVPIC“L PERFOBmﬂnCG CHHBHCTGIHS"CS (Test circuil shown in Figure 1)

Vour VARIATION (dB)

Vour VARIATION (dB)

Vour VARIATION (dB)

3
Vg = 3V AT 50MHz

IN |

rd
07 Ta =85°C \-\’\
\

Voyr Variation vs RF Input Power

NORMALIZED AT 25°C
1
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Vgyr Variation vs RF Input Power
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Voyr Variation vs RF Input Power
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T\'PICHL PGRFORMHHCE CHHBHCTGBIST‘CS (Test circuit shown in Figure 1)

Vour Variation vs RF Input Power
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Output Voltage vs RF Input Power
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PIN FUNCTIONS

EN (Pin 1): Enable. When the input voltage is higher than V¢ (Pin 4): Power Supply. This pin should be decoupled
0.9V the circuit is completely turned on. When the input  using 100pF and 0.1pF capacitors.
voltage is less than 0.6V, the circuit is turned off.

RF (Pin 6): RF Input. This pin is internally biased to

GND (Pins 2, 5): Ground. Vec—0.18V Acoupling capacitor must be used to connect
Vour (Pin 3): RF Detector Qutput. to the RF signal source.
BLOCK DIAGRAM
{<]-
Vee
. |1
| I 11
DET DET EIEZ] DET DET
RF LIMITER RF LIMITER RF LIMITER RF LIMITER * ,_VOUT E’]
[63 RF

OFFSET

T cowe | ons |

o o
2]

5 11} 553480

TEST CIRCUIT
. ¢t
—_ inF
EN Hen 75534 aFf—s—-I - ;‘F
; ,
gizl _L_2 GND 'G“D“‘S'ZL oPTioNAL =
OPTIONAL = 4] = =
R o\ T e s
cs c3 c2
—— OPTIONAL T 1000F T 0.0

=g It

REF DES | VALUE | SIZE | PART NUMBER

C1 inF | 0402 | AVX 04025C102JAT2A

C2 0.1yF | 0603 | TAIYO YUDEN TMK107BJ104KA
C3 100pF | 0603 | AVX 06035C101KAT2A

G5 0603 | OPTIONAL

R1 470 | 0402 | OPTIONAL

R2 0 | 0603 | OPTIONAL

Figure 1. Evaluation Circuit Schematic

5534fc
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TEST CIRCUIT

DC748A 2
LT5534ESC6 g
RF Power Detector
W/60dB Range

N €1

€2
LF:JEC,Ecs g
Ri 'u';r!f;éa%] 2':'a7.‘2,5tvo

£2

Yout

Figure 2. Component Side Silkscreen of Evaluation Board

e o o o o o

et e ee s © .i.. '

— l--lflf‘"-'i.A S
cumen o o & .".l I.. é

¢'e @ &6 @ .48 8

. Figure 3. Component Side Layout of Evaluation Board

APPLICATIONS INFORMATION

The LT5534 is a logarithmic-based detector, capable of
measuring an RF signal over the frequency range from
50MHz to 3GHz. The 60dB linear dynamic range is
achieved with very stable output over the full temperature
range from —40°C to 85°C. The absolute variation over
temperature is typically within +1dB over a 47dB dynamic
range at 1.9GHz.

RF Input Port

The RF port is internally biased at Vgc-0.18V. The pin
should be DC blocked when connected to ground or other
matching components. A 47Q resistor (R1) connected to
ground will provide better than 10dB input return loss up
to 2.5GHz. An additional 2nH inductance in series with
R1 will provide improved input matching up to 3GHz.
The impedance vs frequency of the RF input is detailed
in Table 1.

The approximate linear RF input power range of the LT5534
is from—62dBm to—2dBm with a 50Q source impedance.
However, this range can be adjusted either upward or

Table 1. RF Input Impedance

FREQUENCY INPUT s11
(MHz) IMPEDANCE (Q) MAG ANGLE (DEG)
50 1429-j429 0.938 -1.1
100 947710 0.934 -29
200 509-j609 0.922 -5.6
400 250-j440 0.908 -99
600 149-j344 0.900 -14.1
800 96.8-j278 0.896 -183
1000 67.6-229 0.893 -22.7
1200 49.7-1193 0.889 273
1400 38.4-j165 0.883 -32.3
1600 30.8-j143 0.879 -37.3
1800 254-j125 0.873 —42.6
2000 21.4-109 0.866 —48.0
2200 18.5-96.2 0.862 -536
2400 16.6-85.0 0.848 -59.6
2600 15.2-75.7 0.834 5.6
2800 13.7-§675 0.826 -718
3000 12.1-j60.1 0.822 -78.2

5534fc
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Features
* High performance, low power Atmel® AVR® 8-bit microcontroller
* Advanced RISC architecture
— 131 powerful instructions — most single clock cycle execution
~ 32 x 8 general purpose working registers
— Fully static operation
~ Up to 20 MIPS throughput at 20MHz
— On-chip 2-cycle multiplier
. * High endurance non-volatile memory segments
— 4/8/16 Kbytes of in-system self-programmable flash program memory
— 256/512/512 bytes EEPROM
— 512/1K/1Kbytes internal SRAM
— Write/erase cyles: 10,000 flash/100,000 EEPROM
- Data retention: 20 years at 85°C/100 years at 25°C"
— Optional boot code section with independent lock bits
In-system programming by on-chip boot program
True read-while-write operation
- Programming lock for software security
* QTouch® library support
— Capacitive touch buttons, sliders and wheels
- QTouch and QMatrix acquisition
- Up to 64 sense channels
* Peripheral features
- Two 8-bit timer/counters with separate prescaler and compare mode
— One 16-bit timer/counter with separate prescaler, compare mode, and capture mode
— Real time counter with separate oscillator
- Six PWM channels
_ = 8-channel 10-bit ADC in TQFP and QFN/MLF package
— 6-channel 10-bit ADC in PDIP Package
— Programmable serial USART
— Master/slave SPI serial interface
— Byte-oriented 2-wire serial interface (Philips I°C compatible)
— Programmable watchdog timer with separate on-chip oscillator
- On-chip analog comparator
— Interrupt and wake-up on pin change
¢ Special microcontroller features

- DebugWIRE on-chip debug system
- Power-on reset and programmable brown-out detection
- Internal calibrated oscillator
- External and internal interrupt sources
- Five sleep modes: ldle, ADC noise reduction, power-save, power-down, and standby
* /O and packages
-~ 23 programmable /O fines
— 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF
* Operating voltage:
— 1.8V - 5.5V for Atmel ATmega48V/88V/168V
- 2.7V - 5.5V for Atmel ATmega48/88/168
* Temperature range:
. — -40°C to 85°C
* Speed grade:
- ATmega48V/88V/168V: 0 - 4AMHz @ 1.8V - 5.5V, 0 - 10MHz @ 2.7V - 5.5V
- ATmega48/88/168: 0 - 10MHz @ 2.7V - 5.5V, 0 - 20MHz @ 4.5V - 5.5V
* Low power consumption
- Active mode:
250pA at 1MHz, 1.8V
15pA at 32kHz, 1.8V (inciuding oscillator)
- Power-down mode:
0.1pA at 1.8V

Note: 1. See “Data retention” on page 8 for details.
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1.  Pin configurations

Figure 1-1.  Pinout Atmel ATmega48/88/168.
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1.1 Pin descriptions

11.1 VCC
Digital supply voltage.

1.1.2 GND
Ground.

1.1.3 Port B (PB7:0) XTAL1/XTAL2/TOSC1/TOSC2

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port B output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port B pins that are externally pulled low will source current if the puli-up
resistors are activated. The Port B pins are tri-stated when a reset condition becomes active,

even if the clock is not running.

Depending on the clock selection fuse settings, PB6 can be used as input to the inverting
Oscillator amplifier and input to the internal clock operating circuit.

Depending on the clock selection fuse settings, PB7 can be used as output from the inverting
Oscillator amplifier.

If the Internal Calibrated RC Oscillator is used as chip clock source, PB7..6 is used as TOSC2..1
input for the Asynchronous Timer/Counter2 if the AS2 bit in ASSR is set.

The various special features of Port B are elaborated in “Alternate functions of port B” on page
83 and “System clock and clock options” on page 27.

1.1.4 Port C (PC5:0)

Port C is a 7-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
PC5..0 output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port C pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port C pins are tri-stated when a reset condition becomes active,

even if the clock is not running.

1.1.5 PC6/RESET
If the RSTDISBL Fuse is programmed, PC6 is used as an I/O pin. Note that the electrical
characteristics of PC6 differ from those of the other pins of Port C.

If the RSTDISBL Fuse is unprogrammed, PC6 is used as a Reset input. A low level on this pin
for longer than the minimum pulse length will generate a Reset, even if the clock is not running.
The minimum pulse length is given in Table 29-3 on page 314. Shorter pulses are not
guaranteed to generate a Reset.

The various special features of Port C are elaborated in "Alternate functions of port C” on page
86.

146 Port D (PD7:0)

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port D output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port D pins that are externally pulied low will source current if the pull-up

ATMEL ;
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resistors are activated. The Port D pins are tri-stated when a reset condition becomes active,
even if the clock is not running.
The various special features of Port D are elaborated in “Alternate functions of port D" on page

89.

11.7 AV
AV, is the supply voltage pin for the A/D Converter, PC3:0, and ADC7:6. It should be externally
connected to V¢, even if the ADC is not used. If the ADC is used, it should be connected to V¢
through a low-pass filter. Note that PC6..4 use digital supply voltage, V.

1.1.8 AREF

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

1.1.9 ADC?7:6 (TQFP and QFN/MLF package only)

In the TQFP and QFN/MLF package, ADC7:6 serve as analog inputs to the A/D converter.
These pins are powered from the analog supply and serve as 10-bit ADC channels.

AIMEL 4
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2. Overview

The Atmel ATmega48/88/168 is a low-power CMOS 8-bit microcontroller based on the AVR
enhanced RISC architecture. By executing powerful instructions in a single clock cycle, the

ATmega48/88/168 achieves throughputs approaching 1 MIPS per MHz allowing the system
designer to optimize power consumption versus processing speed.

2.1 Block diagram

Figure 2-1. 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
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architecture is more code efficient while achieving throughputs up to ten times faster than
conventional CISC microcontrollers.

The Atmel ATmega48/88/168 provides the following features: 4K/8K/16K bytes of In-System
Programmable Flash with Read-While-Write capabilities, 256/512/512 bytes EEPROM,
512/1K/1K bytes SRAM, 23 general purpose /O lines, 32 general purpose working registers,
three flexible Timer/Counters with compare modes, internal and external interrupts, a serial
programmable USART, a byte-oriented 2-wire Serial Interface, an SP1 serial port, a 6-channel
10-bit ADC (8 channels in TQFP and QFN/MLF packages), a programmable Watchdog Timer
with internal Oscillator, and five software selectable power saving modes. The Idle mode stops
the CPU while allowing the SRAM, Timer/Counters, USART, 2-wire Serial interface, 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 Noise Reduction mode
stops the CPU and all I/O modules except asynchronous timer and ADC, to minimize switching
noise during ADC conversions. In Standby mode, the crystal/resonator Oscillator is running
while the rest of the device is sleeping. This allows very fast start-up combined with low power
consumption.

Atmel offers the QTouch Library for embedding capacitive touch buttons, sliders and wheels
functionality into AVR microcontroliers. The patented charge-transfer signal acquisition offers
robust sensing and includes fully debounced reporting of touch keys and includes Adjacent Key
Suppression® (AKS®) technology for unambigiuous detection of key events. The easy-to-use
QTouch Suite toolchain allows you to explore, develop and debug your own touch applications.

The device is manufactured using the Atmel high density non-volatile memory technology. The
On-chip ISP Flash allows the program memory to be reprogrammed In-System through an SPI
serial interface, by a conventional non-volatile memory programmer, or by an On-chip Boot
program running on the AVR core. The Boot program can use any interface to download the
application program in the Application Flash memory. Software in the Boot Fiash section will
continue to run while the Application Flash section is updated, providing true Read-While-Write
operation. By combining an 8-bit RISC CPU with In-System Self-Programmable Flash on a
monolithic chip, the Atmel ATmega48/88/168 is a powerful microcontroller that provides a highly
flexible and cost effective solution to many embedded control applications.

The ATmega48/88/168 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.

2.2 Comparison between Atmel ATmega48, Atmel ATmega88, and Atmel ATmega168

The ATmegad8, ATmega88 and ATmega168 differ only in memory sizes, boot loader support,
and interrupt vector sizes. Table 2-1 summarizes the different memory and interrupt vector sizes
for the three devices.

Table 2-1. Memory size summary.

. Device Flash EEPROM RAM Interrupt vector size
ATmega48 4Kbytes 256Bytes 512Bytes 1 instruction word/vector
ATmega88 8Kbytes 512Bytes 1Kbytes 1 instruction word/vector
ATmega168 16Kbytes 512Bytes 1Kbytes 2 instruction words/ivector
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