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## 4470662421 : MAJOR NUCLEAR TECHNOLOGY

KEY WORD: ET DETECTOR / SCANNING ELECTRON BEAM CONTROL / SECONDARY

ELECTRON IMAGING
AMPAI ATTIROJPUNYA : DEVELOPMENT OF AN ELECTRON BEAM
CONTROL SYSTEM FOR SECONDARY ELECTRON SIGNAL IMAGING. THESIS
ADVISOR: ASST. PROF. SUVIT PUNNACHAIYA, THESIS CO — ADVISOR:

DECHO THONG - ARAM, 83 pp. ISBN 974 — 53 —1127 -8

This thesis aimed to develop an electron beam control system and a secondary electron
signal imaging system for scanning electron microscope. The systems were applied for upgrading
a conventional TV mode of JEOL SEM model T20 to the microcomputer TV-system. The
PIC16F84A microcontroller was employed for scanning signal generation at 625 lines standard
TV scan rate. The Everhart-Thornley secondary electron detector was also developed to generate
a video signal and modulated with synchronized signals to form a composite video signal. The
secondary electron image signal was sent to display on a microcomputer monitor via a video
capture card. The image resolution of 320x240 pixels was displayed for electron beam scan
testing on specimen surface. The image quality of both nonlinear horizontal and vertical scanning
were less than 16.13% and 21.05% respectively. The sharpness and the contrast of secondary
electron images were compatible to the old version but they have little interference noise in the
video signal. However, by using an image processing technique can be improved the image

quality of this system.
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Property P47 YAG YAP
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Index of refraction - 1.82 1.95
Crystal structure - Cubic Rhombic
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Quartz Rod property
Property Typical Values
Density 2.2x10 3 kg/m3
Hardness 5.5 - 6.5 Mohs' Scale 570 KHN 100

Design Tensile Strength

4.8x10 7 Pa (N/m2) (7000 psi)

Design Compressive Strength

Greater than 1.1 x 10 9 Pa (160,000 psi)

Bulk Modulus 3.7x10 10 Pa (5.3x10 6 psi)
Rigidity Modulus 3.1x10 10 Pa (4.5x10 6 psi)
Young's Modulus 7.2x1 -10 Pa (10.5x10 6 psi)

Poisson's Ratio

0.17

Coefficient of Thermal Expansion

5.5x10 -7 em/cm . Celsius (20 Celsius-320 Celsius)

Thermal Conductivity

1.4 W/m . Celsius

Specific Heat

670 J/kg . Celsius

Softening Point

1683 Celsius

Annealing Point

1215 Celsius

Strain Point

1120 Celsius

Electrical Resistivity

7x10 7 ohm c¢m (350 Celsius)

Dielectric Properties

(202C and 1 MHz)

Constant

3.75

Strength

5%10 7 V/m

Loss Factor

Less than 4x10 -4

Dissipation Factor

Less than 1x10 -4

Index of Refraction

1.4585
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#include <16f84a.h>

#fuses HS,NOWDT

#use delay (clock=20000000)
#define Hor 143

intl6 j;

#INT TIMERO

void timer(Q_interrupt() {
output_low(pin_al);
output_low(pin_a0);
delay us(3);
output_high(pin_a0);
delay us(7);
output_high(pin_al);
set_timerO(Hor);

it}

void main() {

i=0;

set_timerO(Hor);

setup_timer OCRTCC.INTERNAL|RTCC. DIV 2);
enable_interrupts(GLOBAL);
enable_interrupts(INT TIMERO);
for(;;) {

ifj<312) {
output_low(pin_a2);

delay us(80); }

else {

output_high(pin_a2);

=0 b}
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- PIC16F84A

18-pin Enhanced FLLASH/EEPROM 8-Bit Microcontroller

High Petformance RISC CPU Features:

= Only 35 single word instructions to leam

« Allinstructions single-cycle except for program
branches which are two-cycle

= Operating speed: DC - 20 MKz clock input
DC - 200 ns instruction cycle

= 1024 words of program memory
« 68 bytes of Data RAM
* 64 bytes of Data EEPROM
« 14-hit wide instruction words
» B-bit wide data bytes
= 15 Special Function Hardware registers
+ Eightlevel deep hardware stack
+ Direct, indirect and relative addressing modes
« Four interrupt sources:
- External RBO/INT pin
- TMRO timer overflow
- PORTB<7:4> interrupt-on-change
- Data EEPROM write compiete

Peripheral Features:

» 13 /O pins with individual direction control

» High current sink/source for diract LED drive
- 25 mA sink max. per pin
- 25 mA source max. per pin

» TMRO: 8-bit timer/counter with 8-bit
programmable prescaler

Special Microcontroller Features:

+ 10,000 erasefwrite cycles Enhanced FLASH
Program memory typical

* 10,000,000 typical erase/write cycles EEPROM
Data memory typical

+ EEPROM Data Retention > 40 years

= In-Circuit Serial Programming™ (ICSP™) - via
fwo pins

» Power-on Reset (POR), Power-up Timer (PWRT),
Oscillator Start-up Timer (OST)

« Watchdeg Timer (WDT) with its own On-Chip RC
Oscillator for reliable operation

= Code protection
= Power saving SLLEEP mode
« Selectable oscillator options

Pin Diagrams

PDIP, S0IC
p—

RAZ =+ [a1 180 = RA1

RA3 =—[] 2 171 =—= RAQ
RAMTOCKE =— [ 3 °  1BI——oscrcwKIN

MCIR—[14 ©Q  15[]— osc2icLkouT
vss —= [] 5 @ tafl ——voo
RBOANT =—=[] & % 13}~ RB7?

RB1 w—[F 7 P 12[]-— R8s

REZ —[] 8 11[] == RBS

aE3 -9 0[] = RB4
SSOP

RAZ e [e1 N7 20[] =— RAT

RA3 =—[] 2 19{] == RAD
RAMTOCKY »—=[] 3 | 18]+ OSCICLKIN

MCLR — [ 4 Q 17 J~— OSC2/CLKOUT
vss —=[15 22 16[] ~— voo
vss —= (186 2 15[ +—voo
REOANT =—=[]7 > 14[]=— RB7

RB1 =-—[]8 13[] =— RB6

RB2 =[] 8 12{] +— RB5

RB3 -—=[] 10 11] ~— RB4

CMOS Enhanced FLASH/EEPROM
Technology:

» Low power, high speed technolegy
Fully static design
+ Wide operating voltage range:
- Commercial: 2.0V to 5.5V
- Industrial 2.0V to 5.5V
* Low power consumption:
- < 2 mA typical @ 5V, 4 MHz
- 15 pA typical @ 2V, 32 kHz
- < 0.5 uA typical standby current @ 2V

® 2001 Microchip Technology Inc,

DS350078-page 1
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TABLE 1-1: PIC16FB4A PINOUT DESCRIPTION
. PDIP | SOIC | SSOP | HOIP Buffer -
Pin Name No. No. No. Type Type Description
OSC1/CLKIN 16 16 18 I |sTiCMOSBY Oscitlator crystal input/external clock source input.
OSC2/CLKOUT | 15 15 19 o — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode. In RC mode,
OSC2 pin outputs CLKOUT, which has 1/ the
frequency of OSC1 and denotes the instruction
cycle rate.
MCLR 4 4 4 ¥l 8T Master Clear (Reset) input/programming voitage
input. This pinis an active low RESET to the device.
PORTA is a bi-directional I/0 port.
RAO 17 17 19 1O TTL
RA1 18 18 20 He] TTL
RA2 1 1 1 o TTL
RA3 2 2 2 1O 7L
RA4/TOCK! 3 3 3 11O ST Can also be selected to be the clock input to the
TMRO timer/counter. Output is open drain type.
PORTB is a bi-directiona! IfQ port. PORTB can be
software programmed for internal weak pufl-up on
ail inputs.
RBO/INT 6 6 7 IO TTLST RBGO/INT can also be selected as an external
interrupt pin.
RB1 7 7 8 O TTL
RB2 8 8 g O TTL
RB3 9 9 10 e TTL
RB4 10 10 11 He; TTL Interrupt-on-change pin.
RB5 11 11 12 fe] TTL interrupt-on-change pin.
RB6 12 12 13 WO | TTLST@ Interrupt-on-change pin.
Serial programming clock.
RB7 13 13 14 vo | TTLsTR interrupt-on-change pin.
Serial programming data.
Vss 5 5 5.8 p — Ground reference for logic and 1O pins.
Voo 14 14 15,16 P -— Positive supply for togic and 10 pins.
Legend: I=input O = Output 1O = Input/Qutput P = Power
— = Not used TTL =TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

DS350078-page 4

@ 2001 Microchip Technology Inc.
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2.3

The Special Function Registers (Figure 2-2 and
Table 2-1) are used by the CPU and Peripheral
functions to control the device operation. These

Special Function Registers

The special function registers can be classified into two
sets, core and peripheral. Those associaled with the
core functions are described in this section. Those
related to the operation of the peripheral features are
described in the section for that specific feature.

registers are static RAM.

TABLE 2-1: SPECIAL FUNCTION REGISTER FILE SUMMARY
) . ) ) . . . Valuaon | 1 ite
Addr Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on
RESET |°" P8
Bank ¢
Q0h |INDF Uses cenienis of FSR to address Data Memory (not a physical register) | ---- ---- 11
01h |[TMRO 8-bit Real-Time Clock/Counter KX KAXX 20
02h IPCL Low Order 8 bits of the Program Counter (PC) . 0000 0000 "
03h |sTATUS® IRP | RP1 [ RPO L To | PD i z J oC ] C  |oool 1xxx| B
04h  |FSR Indirect Data Memory Address Pointer § XXAX XXX 1"
o5k [PORTAM — = —  {RA4TOCKII RA3 RA2 1 Ra1 RAQ |---x zxxx| 16
06h |PORTBEY RBY RB6 RBS RB4 RB3 RB2 RB1 | RBOANT | xxxx xxxx 18
07h — Unimplemented iocation, read as 0’ — —
08h |EEDATA EEPROM Data Register xxxx xxxx| 13,14
(9h |EEADR EEPROM Address Register xxxx xxxxi 13,14
0Ah {PCLATH — e — |whrite Buffer for upper 5 bits af the £¢{1) —--o goonl M
0Bh [INTCON GIE EEIE TOIE INTE | ReIE | ToF | INTF [ RBIF Joooo ooox{ 10
Bank 1
80h |INDF Uses Contents of FSR to address Data Memory {nol a physical registery [ ---- ---- 11
B1h |OPTION_REG | RBPU ] INTEDG | Tocs | ToSE | PsA 1 PS2 ] Ps1 | Ps0 1111 maua| 9
82k |PCL Low order 8 bits of Program Counter (PC) 0000 000D 1"
83h |sTATUS @ IRP J RP1 L RPO l T0 [ PD L 3 J DC } C  looo1 1xxx| 8
84h |FSR Indirect data memory address pointer 0 XXKXK XXX "
85h [TRISA — ] - | - ]PORTA Data Direction Register ---1 1111] 16
86h |TRISB PORTB Data Cirection Register 1111 1111 18
B7h - Unimplemented location, read as "0 — —
8sh |EECON1 — | — | — 1 EeF [wrReRR]wreN| wR [ RO [---0 xoo0| 13
B8Sh |EECONZ EEPROM Control Register 2 (not a physical registery. .~~~ . __ ... 14
0Ah  |PCLATH D —_ — | Write buffer for upper 5 bits of the pC{T) ---0 opoo| 1
oBh JINTCON GIE EEIE TOIE INTE L RBIE | TOIF | INTF ] RBIF [oooo coox| 10
Legend: x =unknown, u = unchanged. - = snimplemented, read as '0', q = value depends on condition
Note 1:

A ol

The upper byte of the program counter is not directly accessinle. PCLATH is a slave register for PC<12:8>. The contents
of PCLATH can be transferred to the upper byte of the program counter, but the contents of PC<12:8> are never trans-

ferred to PCLATH,.
The TO and PD status bits in the STATUS register are not affected by a MCLR Reset.

Other (non power-up) RESETS include; external RESET through MCLR and the Watchdog Timer Reset.

On any device RESET, these pins are configured as inputs.
This is the value that will be in the pori output latch.

" @ 2001 Microchip Technology Inc.
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6.8 Interrupts

The PIC16F84A has 4 sources of interrupt:

+ External interrupt RBOANT pin

* TMRO overflow interrupt

» PORTB change interrupts {pins RB7:RB4)
= Data EEPROM write complete interrupt

The interrupt control register (INTCON} records
individual interrupt requests in flag bits. it also contains
the individual and global interrupt enable bits.

The global interrupt enable bit, GIE (INTCON<7>),
enables (if set) all unmasked interrupts or disables (if
cleared) all interrupts. Individual interrupts can be
disabled through their corresponding enzble bits in
INTCON register. Bit GIE is cleared on RESET.

The “return from interrupt® instruction, RETFLE, exits
interrupt routine as well as sets the GIE bil, which
re-enables interrupts.

The RBY/INT pin interrupt, the RB port change interrupt
and the TMRO overfiow interrupt flags are contained in
the INTCON register.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupt, the return
address is pushed onto the stack and the PC is foaded
with 0004h. For external interrupt events, such as the
RBO/INT pin or PORTB change interrupt, the interrupt
latency will be three to four instruction cycles. The
exact latency depends when the interrupt event occurs.
The latency is the same for both one and two cycle
instructions. Once in the Interrupt Service Routine, the
source(s) of the interrupt can be determined by pofling
the interrupt flag bits. The interrupt fiag bit(s) must be
cleared in software hefore re-enabling interrupts to
avoid infinite interrupt requests.

Note: Individual interrupt flag bits are set
regardliess of the status of their
corresponding mask bit or the GIE bit.

FIGURE 6-10: INTERRUPT LOGIC
Wake-up

TOIF .

TOIE (if in SLEEP mode}

INTF

INTE Interrupt to CPU
RBIF
RBIE
EEIF
EEIE
GIE

581 INT INTERRUPT

External interrupt on RBOANT pin is edge triggered:
either rising if INTEDG bit {(OPTION_REG<6>) is sel,
or falling if INTEDG bit is clear. When a valid edge
appears on the RBO/INT pin, the INTF bit
{INTCON<1>) is set. This interrupt can be disabled by
clearing contfrol bit INTE (INTCON<4>). Flag bit INTF
must be cleared in software via the Interrupt Service
Routine before re-enabling this interrupt. The INT
interrupt can wake the processor from SLEEP
{Section 6.11) only if the INTE bit was set prior to going
into SLEEP. The status of the GIE bit decides whather
the processor branches o the interrupt vector
following wake-up.

©.8.2 TMRO INTERRUPT

An overflow {FFh — 00h) in TMRO will set fiag bit TOIF
{INTCON<«2>). The interrupt can be enabled/disabled
by setting/clearing enable bit TOIE (INTCON<5>)
{Section 5.0).

6.8.3 PORTB INTERRUPT

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<0=>). The interrupt can be enabled/disabled
by setling/clearing enable bit RBIE (INTCON<3>)
{Section 4.2).

Nofe: For a change on the 1O pin to be
recognized, the pulse width must be at
least Tcy wide.

6.8.4 DATA EEPROM INTERRUPT

At the completion of a data EEPROM write cycle, flag
bit EEIF (EECON1<4>} will be set. The interrupt can be
enabled/disabled by seiting/clearing enable hit EEIE
{INTCON<6>) (Section 3.0).

@ 2001 Microchip Technology Inc.
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NOATH AND WESTERM
SGUTH AMERICA; EUROPE; IN-

INCLUDES U.5.. CLUDES GER-

CANADA, MEX- MANY, ITALY,

1CQ, AND JAPAN AND SPAIN ENGLAND" FRANCEL USER
Lines per
frame 525 625 £25 625 625
Frames pes
secong 30 25 25 25 25
Figld tre-
quency, Mz 60 50 50 50 50
Ling tre-
quency. Hz 15.750 15625 15,625 15.62% 15825
Video band-
widlh, MHz 4.2 Sorg 55 6 6
Channel
width, MHz & 7orB 8 8 a
Video .
moduiation Negalive Nagative Negative Positive Negative
Soung
signal ™ 1278 £ AM 1A
Color
system NTYSC PAL PAL SECAM SECAt
Color sub-
carrier, MHz 3.58 443 4.43 443 443

‘England atse uses 405-fine sysiem in 5-MHz channef.
iFrance alse uses B19-line sysiem in 14-MHz channel.
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Coupling Seirtillator with quartz
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Coupling Ouarty with PMT
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