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ABSTRACT

This thesis presents details and the construction of a pértial discharge pulse siniulator as
well as the preliminary study of partial discharge pulse propagation. The main burpose of the
simulator is to generate short pulses which are similar to the partial discharge puises in'a:pOWe; .
transformer due to the insulation deterioration. Using a microcontroller, the simulator has an
advantage tliat various types of partial dischérge pulses in the transformer such as the discharge in
a gas bubble or the discharge in the oil, canibe generated. In addition, the simulator is able to
produce simultaneous pulses in order to simulate multiple partial discharges whicli can occur in
‘the same time but in different locations along the transformer winding insulation. The simulator is
a useful tool in studying insulation defects of 'power transformer windings. In addition, the
simulator is ‘employed in studying the possibility of partial discharge pulses propagation along a
transformer winding. _The high frequency model of a transformer winding is connected to the
pulse’ simulator developed in the thesis. Partial discharge pulses, then, are injected to the

transformer winding model. The paths for pulse propagation are recorded and inveétigated. .
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; . .
‘V TeXAS CD54/74HC4051, CD54/74HCT4051,
INSTRUMENTS * CD54/74HC4052, CD74HCT4052,
Data 3hest acqulred from Harrs Semiconductor CD54/74HC4053, CD74HCT4053

November 1997 - Revised July 2004

High-Speed CMOS Logic
Analog Multiplexers/Demultiplexers

Features
» Wide Analog Input Voitage Range ..........15V Max

Low “On” Resistance
- 70Q Typical (Veg - Ve = 4.5V)
- 40Q Typical (Veg < Vegg = 9V)

Low Crosstalk between Switches

Fast Switching and Propagation Speeds
“Break-Before-Make™ Switching
Wide Operating Temperature Range . . -55°C to 125°C

¢ CD54HCI/CD74HC Types
- Operation Control Voltage .............. 2Vto 6V
- Switch Voltage ........ R 'K & (11
- High Noise Immunity ... Ny =30%, Niy = 30% of Vg,

Vee =5V :

* CD54HCT/CDT4HCT Types
= Operation Control Voltage ...........4.5Vto 5.5V
- SwitchVoltage .........000ue0000eee..0V0 10V

- Direct LSTTL Input
Logic Compatibility . .. V) = 0.8V Max, V) = 2V Min
- CMOS input Compatibility..... I < 1pA at Vo, Voyu

Description

These devices are digitally controlled analog switches which
utilize silicon gate CMOS technology to achieve operating
speeds similar to LSTTL with the low power consumption of
standard CMOS integrated circuits,

These analog multiplexers/demultiplexers control analog
voltages that may vary across the voltage supply range (i.e.
Ve to Veg). They are bidirectional-switches thus allowing
any analog input to be used as an output and vice-versa.
The swilches have low "on” resistance and low “off” leak-
ages. In addition, all three devices have an enable control
which, when high, disables all switches to their “off” state.

Ordering Information
TEMP. RANGE
PART NUMBER (°C) PACKAGE
CD54HC4051F3A -55 to 125 16 Ld CERDIP
CDS54HC4052F3A -55t0 125 16 Ld CERDIP
CD54HC4053F3A -55to 125 16 Ld CERDIP -
CDS4HCT4051F3A -5510 125 16 Ld CERDIP

Ordering Information

TEMP. RANGE

PART NUMBER (°c) PACKAGE
CD74HCA4051E -55 to 126 16 Ld PDIP
CD74HC4051M -5510 125 16 Ld SOIC
CD74HC4051MT -6510 125 16 Ld SOIC
CD74HC4051M96 -85 t0 125 16 Ld SOIC .
CD74HC4051NSR -5510 125 16 Ld SOP
CD74HC4051PWR -55t0 125 16 Ld TSSOP
CD74HC4051PWT 551125 16 Ld TSSOP
CD74HC4052E -55t0 125 16 LdPDIP
CD74HC4052M -5510 125 16 Ld SOIC -
CD74HC4052MT -5510 125 16 Ld SOIC
CD74HC4052M96 -5510 1256 16 Ld SOIC
CD74HC4052NSR -85t0 125 16 Ld SOP
CD74HC4052PW -551t0 126 16 Ld TSSOP
CD74HC4052PWR -55t0 125 16 Ld TSSOP
CD74HC4052PWT -5510 125 16 Ld TSSOP
CD74HCA053E -85 to 125 16 Ld PDIP
CD74HC4053M -55 10 125 16 Ld SOIC
CD74HC4053MT -5510 125 16 Ld SOIC
CD74HC4053Mo6 -55 to 125 16 Ld SOIC
CD74HC4053NSR -551t0 125 16 Ld SOP
CD74HC4053PW -85 t0 126 16 Ld TSSOP
CD74HC4053PWR -55t0 125 16 Ld TSSOP
CD74HCA4053PWT -55to 125 16 Ld TSSOP
CD74HCT4051E 5510 125 16 Ld PDIP
CD74HCT4051M -55t0 125 16 Ld SOIC
CD74HCT4051MT -5510 125 16 Ld SOIC
CD74HCT4051M36 ~55t0 125 16 L4 SOIC
CD74HCT4052E -55t0 125 16 Ld PDIP
CD74HCT4052M -5510 125 16 Ld SOIC °
CD74HCT4052MT -5510 125 16 Ld SOIC
CD74HCT4052M986 -55t0 125 16 Ld SOIC
CD74HCT4053E -B510 126 16 Ld PDIP
CD74HCT4053M -55to 126 16 Ld SOIC -
CD74HCT4053MT -5510 125 16 Ld SOIC
CD74HCT4053M96 -5510 125 16 Ld SOIC
CD74HCT4053PWR -55t0 126 16 Ld TSSOP
CD74HCT4053PWT -5510 125 16 Ld TSSOP

NOTE: When ordering, use the entire part number. The suffixes 956
and R denote tape and reel. The suffix T denotes a small-quantity
reel of 250.

CAUTION: These devices are sensitive to electrostatic discharge. Users should folow proper IC Handling Procedures.

Copyright © 2004, Texas Instruments Incorporated

1
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Pinouts
CD54HC4051, CD54HCT4051 CD54HC4052
(CERDIP) (CERDIP)
CD74HC4051 CD74HC4052
{PDIP, SOIC, SOF, TSSOP) (PDIP, SOIC, SOP, TSSOP)
CD74HCT4051 CD74HCT4052
(PDIP, SOIC) {PDIP, SOIC)
TOP VIEW TOP VIEW
\_, ‘
cranner [a4[T] 1] Veo crannes [80 [T 116] vee
INOUT g [7 7] A2 INOUT { g2 [] EL0) [P—
COMOUTAN A[3] 3] A1 | cpannEL COMOUTIN By [J] [i4] A1 | BHOUT
cHanneL [A7 4] 73] A0 [ INOUT cranner [B3[A] 5] Ay COM OUTAN
INIOUT ASE EM INFOUT ) g4 E 1z] A0 -
E[E} 7] so E[E ] A3 [ toUT
vee [ st o SO Vee [7] 7] s0
GND [3] 9] 52 GNp [3] 9] 51
CD54HC4053
(CERDIP)
CD74HC4053
{PDIP, SOIC, SOP, TSSOP}
CD74HCT4053
{PDIP, SOIC, TSSOP)
TOP VIEW
fe1[3] 1 16] vee
ooy 3 80 2] 5] By COMOUTIN
c13] T8 Ay COMOUTAN
COM OUT/AN Cy [3] B3] A1 ] CpannEL
Ut co [5 2] A0 [ INOUT
E[¢] 11] S0
vee [£] ] st
G 3] 9] 52
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Functional Diagram of "HC4053, CD74HCT4053

v BINARY TO INfouUT
cC 10F2 - A ~
LOGIC LEVEL @ DECODERS +C17C By By A A

 CONVERSiON WITH ENABLE (:'? 5O ®®
N\ 7 99999 ’—_— T o

— ‘ L
54 ' B commioN

| |
k)
S2 @— ) m_ € COMMON

oUTAN

GND . Vg
TRUTH TABLE
’HC4053, CD74HCT4053
INPUT STATES
SON"
ENABLE Sp S Sz CHANNELS
L L L L G0, BO, {\U
H L L C0, B0, A1
L L H L C0,B1, A0
L H H L C0, B1, A1
L L L H €1, B0, A0
L H L H C1,B0, A1
L L H H C1,B1, A0
L H H H C1,B1, A1
H X X X " None
X =Don't care
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Absolute Maximum Ratings (Note 2) Thermal Information
DC Supply Voltage, Voe - VEE «ovvceeeennnnn.. 0.5V1010.8V  Package Thermal Impedance, 8,4 (see Note 1):
- DCSupplyVoltage,Vee. ... ... ....... ... ... 0.5V I0ATY E{PDIP)Package ...........oocvuennienieo ...

DC Supply Voltage, Veg 11771071 W0sVio7v  M(SOIC)Package... ... ... 0.l 1110

DG Input Diods Cument, ik NS{SOP}Package . ...........ccivieianinrannnn
ForV) <05V orVi>Veo+0.5V. ioiiiinnniinnninnnn. £20mA ~ PW (TSSOP) Package

DC Switch Diode Current, Igg Maximum Junction Temperature. ... ................... 150°C
ForVi<Veg-05YorVi> Voo + 0.5V .i.uviiiveiinnnn +20mA  Maximum Storage Temperature Range .......... -659G 10 150°G

DG Switch Current, (Note 2} - Maximum Lead Temperature (Soldering 10s)............. 300°C
FarVi> Vep 0.6V orVi< Vo #+ 05V ..o ceeil L +25mA :

DC Vo or Ground Cusrent, I0C s <o cavvaensn irreesan 2 oo 250MA

DCVegCument, Igg . ...oooooiiin i -20mA

NOTE:

1. The package thermal impedance is calculated in accordance with JESD 51-7.

Recommended Operating Conditions For maximum reliability, nominal operating condifions should be selected so that
. operation is always within the following ranges .

PARAMETER MIN MAX UNITS

Supply Voltzge Range {For Ty = Fult Package Temperafure Range), Veg (Note 2) A
CD54/74HC Types . 2 6 A
CD54/74HCT Types 45 55

Supply Voltage Range (For Ty = Full Package Temperature Range), Voo - VEE
CD54/74HC Types, CD54174HCT Types (See Figure 1) 2 10 v

Supply Vollage Range (For T = Full Package Temperafure Range}, Ve {Note 3)

CD54/74HC Types, CDa4/T4HCT Types (See Figure 2) 0 -8 v
DC Input Control Voltage, V3 , & GND Vee v
Analog Switch O Voitage, Vig : Vee Vee v
Operating Temperature, Ta 55 125 °c
input Rise and Fall Timas, i, t;

v : ¢] 1000 - ns

45V \ 0 500 ns

&v ' 0 400 . ns

CAUTION: Stresses above those listed in "Absoflute Maximum Ratings” may cat:se permanent damags to the device. This is a siress only rating and operation
of tfie device at ihese or any other condiSons above those indicated In the operational sections of this specification is notimplied. ~

NOTES: .

2, All voltages referenced 1o GND unless otherwise specified..

3. In cerain applications, the external load resistor current may include both Ve and signal line components. To avoid drawing Veg current
when switch current fiows into the transmission gate inputs, the voliage drop across the bidirectional switch must not exceed 0.6Y {cal-
culated from ron values shown in Electrical Specifications table). No Voo current will flow through Ry if the switch current flows into
terminal 3 on the HC/HCT4051; terminals 3 and 13 on the HC/HCT4052; terminals 4, 14 and 15 on the HC/HCT4053.

Recommended Operating Area as a Function of Supply Voitages

8 8
Z 6| — i Es —
s +} T /. ) acr |
G 4] HC ¥ o 4 ’ HC
v .
8,04 8 4
B s 2
0 1 1 1] 1 1 1 o k4 ) i 1
0 2 4 6 8 90 % 9 2 A B B
Vec-Vee () : Vge-GND (V)
FIGURE 1, FIGURE 2.




108

1.2 Datasheet Y83 Multiplexer

~ Features
¢ Compatible with MCS2.51 Products
* 12K Bytes of In-System Programmable (ISP) Flash Program Memory m E
. = SPI Serlal Intetface for Program Downloading
- Endurance: 10,000 Write/Erase Cycles
s 2K Bytes EEPROM Data Memory —®

~ Endurance: 100,000 Write/Erase Cycles
* 64-byte User Signature Array

* 27V te 5.5V Operating Range : .
* Fully Static Operation: 0 Hz to 24 Mz 8-bit
¢ Three-level Program Memory Lock . ) "
+ 256 % B-bitInternat RAM - Microcontroller
* 32 Programmable /O Lines . H
¢ Three 16-bit Timer/Counters WIth 1 2K B ytes
¢ Nine Interrupt Sources Flash and 2K
¢ Enhanced UART Serial Port with Framing Error Detection and Automatic .
Address Recognition ¢ ) . Bytes EE PROM

Enhanced SPI (Dauble Write/Read Buffered) Serial interface
Low-power ldfe and Fower-down Modes
Interrupt Recovery from Power-down Mode
Programmable Watchdog Timer ATSQS 8253
Dual Data Pointer '
Power-off Flag
Flexible ISP Programming {Byte and Page Modes)

- Page Mode: 64 Bytes/Page for Code Memory, 32 Bytes/Page for Data Memory
Four-level Enhanced Interrupt Controller :
Programmable and Fuseable x2 Clock Option
Internal Power-on Reset
* 42.pin PDIP-Package Option for Red 1 EMC Emissi
* Green (aniallde-iree) Packaging Option

1. Description

The AT89SB253 is a low-power, high-petformance CMOS 8-bit microcontroller with
12K bytes of In-System Programmable {ISP) Flash program memoty and 2K bytes of
EEPROM data memory. The device is manufactured using Atmefls high-density non-
volatile memory technology and is compatible with tha industry-standard MGS-51
instruction set and pinout. The on-chip downloadable Flash allows the program mem-
ory to be reprogrammed in-systam through an SPI serial interface or by a
conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
with dawnloadable Flash on a monolithic chip, the Atmel AT8958253 is a powerful
microcontroller which provides a highly-flexible and cost-effective solution to many
embedded contro! applications.
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The AT89S8253 provides the following standard features: 12K bytes of In-System Programma-
ble Flash, 2K bytes of EEPROM, 256 bytes of RAM, 32 /O lines, programmable watchdog timer,
two data pointers, three 16-bit timer/counters, a six-vector, four-level interrupt architecturs, a full
duplex serial port, on-chip osgillator, and clock circuitry. In addition, the AT89S8253 is designed
with statlc logic fo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>