CW. 13.PROJEKT PROSTEGO UKtADU GRUBOWARSTWOWEGO
CEL CWICZENIA

Zapoznanie z zagadnieniami projektowania ukladoéwubgwarstwowych,
w szczegolnéci  zwigzanych z  projektowaniem rezystorow oraz kondenéator
z uwzgkdnieniem regut projektowania, ogranigzeéechnologicznych oraz zaktadanych
parametrow.

PRZEBIEG CWICZENIA

1. Projekt geometrii elementow grubowarstwowych w opao parametry i/lub warunki
pracy okrélone w tréci zadania oraz parametrami okomymi w otrzymanych
notach katalogowych rodziny past rezystorowych alialektrycznych.

Obliczenia geometrii rezystorow naje wykona& na podstawie warfoi
rezystancji danego elementu, zakladanego spadkigam@pwydzielanej mocy oraz
wybranej pasty. Dla danej pasty z punktu widzemniajgktowania istotne gstakie
parametry jak rezystancja powierzchniowa (w nodiesbona jakosheet resistance
lub resistivity; wyrazona wQ/o), standardowe nagie pracy $td. working voltage;
wyrazone w V/mm) oraz maksymalnagasé mocy (nmax. rated power; wyrazona
w mW/mnf). Obliczenia naley wykona z punktu widzenia kalego z 3
wymienionych parametrow, by okl wymiary planarne rezystora uniestioviaj ace
przekroczenie wartai okreslonych w katalogu, a jednocgee wykonugc elementy
obejmupce jak najmniejsz powierzchn¢ podiaza, jednak z uwzgbnieniem
ograniczé technologicznych.

Podczas projektowania kondensatoréw istotnymi pateami @: grubagé
wypalonej warstwy f{red thickness), wzgledna przenikalng: elektryczna dielectric
constant, K, relative permittivity, ¢/); oraz napjcie przebicia lfreakdown voltage;
wyrazona w V dla okréonej grubdci warstwy, np. 25 pm).

2. Projekt topologii uktadu i zestawu masek fotolitaigrznych zawieracego obwaod
zlozony z rezystorow i kondensatorow zgodnie z otrzyynan schematem
elektrycznym i wytycznymi okigonymi w tresci zadania

Dla geometrii elementow wyznaczonych w obliczeniach.1, naley zaproponowéa
rozmieszczenie elementdw na padio z uwzgédnieniem pol kontaktowych
umazliwiajacych wykonanie paktzen wykonanego uktadu grubowarstwowego
zinnymi ukfadami elektronicznymi. Po wustaleniu dtgmii uktadu, naley
zaprojektowd maski niezbdne do jego wykonania. Poza zaprojektowanymi
elementami R,C, natg uwzgkdni¢ sciezki potaczeniowe oraz elektrody rezystoréw
i kondensatorow z wikgiwie dobranymi szerokkgiami odpowiednio zaktadek
i izolacji.

3. Przygotowanie sprawozdania zawigcago:



- obliczenia prowadice do okrélenia geometrii elementéw i wyboru wewych past
(nalezy uwzgkdni¢ napkcie pracy, wydzielammoc i ograniczenia technologiczne w

standardowym procesie grubowarstwowym)
- rozmiar podtea, na ktérym mge zostéd wykonany uktad

- poghdowy zestaw masek w skali pozwalzgj na ich czytelinprezentag

- wytycznych dotycacych korekcji rezystoréw, §é jest konieczna

LITERATURA:

1. A. Dziedzic, i.in., Technika grubowarstwowa i jggstosowania, Wroctaw 1998
2. L. Golonka, Zastosowanie ceramiki LTCC w mikroetekice, Wroctaw 2001
(http://www.dbc.wroc.pl/Content/1150/golonka_zasteanie ceramiki.pdf)

Przyktad zadania do realizacji

Zaprojektowa topologe i przebieg procesu technologicznego dzielnika ¢cagi
ze zintegrowanym filtrem, pracigym przy napiciu wegciowym Uwej = 1000 V,
zapewniajcego nagicie wyjsciowe Uwyj. Obwoéd wykonéa wg ponizszego
schematu dla zestawu parametrow R1 = 10, IR2 = 10 K2, C1 = 20 nF.
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ESL ELECTROSCIENCE

CERAMIC TAPES & 416 EAST CHURCH ROAD T:610.272.8000
THICK-FILM MATERIALS KING OF PRUSSIA, PA 19406-2625 USA F:610.272.6759
® www.electroscience.com

R-300-A/B Resistor Series

Tolerant to Processing and Design Variations
Excellent Printing Characteristics
Low TCR’s
High Performance

Low Cost

The ESL R-300-A and R-300-B Resistor Series are economical, high performance
materials for the manufacture of hybrid circuits and resistors networks. Features of the
ESL R-300-A and R-300-B Series include excellent printability and low sensitivity to
processing conditions.

The dependence of resistance and TCR on blending follows the usual curves for
resistor materials. Adjacent members of the Series can be blended. The R-300-A
Series members can not be blended with members of the R-300-B Series.

The resistors are calibrated with ESL 9693-SA PdAg conductor terminations. Other
silver-based and gold-based conductors can be used; however, TCR and resistivity
shifts may be observed.

R-300-A/B 1209-G

ESL Affiliates
ESL China * Rm #1707, Tower A * City Center of Shanghai « 100 Zunyi Road * Shanghai, China 200051 « Tel: +86-21-6237-0336 * Fax: +86-21-6237-0338 * eslchina@eslshanghai.net
ESL Europe * 8 Commercial Road * Reading, Berkshire, England RG2 0QZ « Tel: +44-118-918-2400 « Fax: +44-118-986-7331 * sales@esleurope.co.uk
ESL in Korea « AMT - South Korea * Tel: +82-31-466-0651 « Fax: +82-31-466-0658 « yumikim@esl|-amt.co.kr
ESL-Nippon ¢ Sukegawa Bldg 6" floor « 1-3-4 Yanagibashi « Taito-ku » Tokyo, Japan 111-0052 « Tel: +81-3-3864-8521 « Fax: +81-3-3864-9270 * sales@esl-nippon.co.jp
ESL Taiwan « 14F, No. 168, Dunhua N. Road * Sungshan District » Taipei 105, Taiwan ¢ Tel: +886-975-553-612 + dshih@esl-taipei.com
See Caution and Disclaimer on other side.
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Electro-Science Laboratories, Inc.

416 East Church Road e King of Prussia, PA 19406-2625, U.S.A
610-272-8000 ¢ Fax: 610-272-6759 e« www.ElectroScience.com ¢ Sales@ElectroScience.com

CAPACITOR DIELECTRIC 4100 Series

Capacitor Dielectric Pastes With Dielectric
Constants Between 20 And 300

ESL 4100 Series is a group of thick film dielectrics developed for firing at 930°C to
980°C and exhibits the excellent properties as shown below. The hermetic nature of
this capacitor dielectric series provides excellent performance on moisture testing.
Laser trimming of capacitors made with these pastes can be performed for
adjustment of value, with subsequent overglazing. Chip capacitors, capacitor arrays,
delay lines, RC networks, etc., of superior quality can be made at significant cost
saving over discreet monolithic chip capacitors. These materials meet the
characteristics of X7R.

PASTE DATA
RHEOLOGY: Thixotropic, screen printable paste
VISCOSITY:
(Brookfield RVT, ABZ Spindle, 10 rpm, 25.5°C+0.5°C) 4113 250+25 Pa-s
4113-H 250125 Pa-s
4114 250125 Pa's
4115 250125 Pa-s
4117 350+50 Pas
COLOR: Yellow-Green
SHELF LIFE: (25°C) 6 months
PROCESSING
SCREEN MESH/EMULSION: 200-325/37.5 um
LEVELING TIME: 5-10 minutes
4100 Series 0304-A
ESL Affiliates
Japan: ESL-Nippon Company, Ltd. Sukegawa Bldg. 6" floor 3-4 Yanagibashi 1-chome Taito-ku Tokyo 111, Japan Tel: (011-81)-3-3864-8521 Fax: (011-81)-3-3864-9270

NipponSales@ESLNippon.com

China: Shanghai Agmet Electro-Science Laboratory Ltd. « Rm#1707, Tower A « City Center of Shanghai « 100 Zunyi Road * Shanghai, China 200051
Tel: (011-86)-21-62370336 « Fax: (011-86)-21-62370338 * eslchina@guomai.sh.cn

Europe: Agmet, Ltd. - 8 Commercial Road « Reading, Berkshire, England RG2 0QZ « Tel: (011-44)-118-918-2400 « Fax: (011-44)-118-986-7331 * Sales@ESLEurope.co.uk



DRYING AT 125°C:

FIRING TEMPERATURE RANGE:
OPTIMUM:
TIME AT PEAK:

SUBSTRATE FOR CALIBRATION:

THINNER:

TYPICAL PROPERTIES

FIRED THICKNESS: (um)

DIELECTRIC CONSTANT:
(1 kHz, 25°C), K

DISSIPATION FACTOR:
(1 kHz, 25°C), %

INSULATION RESISTANCE:

(100 V DC), Q

BREAKDOWN VOLTAGE:
(25°C in air), V/25 um

FINISH:
ESL CONDUCTOR:

4100 Series 0304-A

4113 4113-H

38-50 38-50

90-130 120-160

= 0.50 =< 1.00

> 10" > 10"

= 300 300

v

Matte Matte
9635-B 9638

= 600

Matte
9635-B

= 1000

Matte
9635-B

10-15 minutes
930°C-980°C

980°C

10-15 minutes
96% alumina

ESL 401

4117

38-50

270-330

< 1.50

= 10"

500

v

Matte
9638

CAUTION: Proper industrial safety precautions should be exercised in using these products. Use with adequate ventilation. Avoid prolonged contact with skin or inhalation of any vapors emitted during
use or heating of these compositions. The use of safety eye goggles, gloves or hand p ion creams is r
Do not eat or smoke in areas where these materials are used. Refer to appropriate MSDS sheet.

. Wash hands or skin thoroughly with soap and water after using these products.

DISCLAIMER: The product information and recommendations contained herein are based on data obtained by tests we believe to be accurate, but the accuracy and completeness thereof is not
guaranteed. No warranty is expressed or implied regarding the accuracy of these data, the results obtained from the use hereof, or that any such use will not infringe any patent. Electro-Science assumes
no liability for any injury, loss, or damage, direct or consequential arising out of its use by others. This information is furnished upon the condition that the person receiving it shall make their own tests to
determine the suitability thereof for their particular use, before using it. User assumes all risk and liability whatsoever in connection with their intended use. Electro-Science’s only obligation shall be to

reEIace such guantig of the product proved defective.




Electro-Science Laboratories, Inc.

416 East Church Road e King of Prussia, PA 19406-2625, U.S.A
610-272-8000 « Fax: 610-272-6759 < www.ElectroScience.com e Sales@ElectroScience.com

HIGH K CAPACITOR DIELECTRICS 4150 Series

Low Temperature Capacitor Dielectric Pastes
with Dielectric Constants between 300 and 2400

ESL 4150 Series low firing temperature capacitor pastes are blendable to cover the
range of dielectric constants from 300 to 2400 with X7S or X7T temperature
characteristics and dissipation factors below 2%. The capacitors are compatible with
low cost, all silver conductors such as ESL 9916. Optimum properties are achieved
when the capacitors are overglazed to provide hermeticity.

PASTE DATA
RHEOLOGY: Thixotropic, screen printable pastes
VISCOSITY:
(Brookfield RVT, ABZ spindle, 10 rpm, 25.5°C+0.5°C) 4151 260+30 Pa's
4152 240430 Pa's
4153 220430 Pa's
COLOR: yellow-tan
SHELF LIFE: (at 4°C) 6 months
PROCESSING
SCREEN MESH/EMULSION: 200 mesh/37.5 pm
LEVELING TIME: 10-15 minutes
DRYING AT 125°C: 10-15 minutes
FIRING TMPERATURE RANGE: 850°C-930°C
OPTIMUM: 900°C
TIME AT PEAK: 10 minutes
RATE OF ASCENT/DESCENT: 60°C-100°C/minute

4150 Series 0304-B

ESL Affiliates
Japan: ESL-Nippon Company, Ltd. * Sukegawa Bldg * 6" floor « 3-4 Yanagibashi 1-chome « Taito-ku * Tokyo 111, Japan « Tel: (011-81)-3-3864-8521 « Fax: (011-81)-3-3864-9270
NipponSales@ESLNippon.com

China: Shanghai Agmet Electro-Science Laboratory Ltd. - Rm#1707, Tower A « City Center of Shanghai * 100 Zunyi Road * Shanghai, China 200051
Tel: (011-86)-21-62370336 « Fax: (011-86)-21-62370338 « eslchina@guomai.sh.cn

Europe: Agmet, Ltd. + 8 Commercial Road « Reading, Berkshire, England RG2 0QZ - Tel: (011-44)-118-987-3139 « Fax: (011-44)-118-986-7331 « Sales@ESLEurope.co.uk
See Caution and Disclaimer on other side.




SUBSTRATE OF CALIBRATION:
THINNER:
SCREEN CLEANER:

TYPICAL PROPERTIES

96% alumina

ESL 401

acetone, isopropanol, polar organic solvents

(Properties based on capacitors of 1 mm x 1 mm electrode area.)

4151 4152 4153
FIRED THICKNESS: 40-55 pum 40-55 pum 40-55 pm
DIELECTRIC CONSTANT (K) at 1 kHz: . . .
(Fired at 900°C, 9916 conductor, measured at 25°C) 300£10% 1,000£10% 2,400£10%
EIA DESIGNATION: X7S X7S X7T
DISSIPATION FACTOR at 1 kHz: (at 25°C) <2.0% <2.0% <2.0%
INSULATION RESISTANCE: (at 100VDC) >10°Q >10°Q >10°Q
BREAKDOWN VOLTAGE:

(VDC/25 um, 25°C in air) 2200 2200 2200
RECOMMENDED CONDUCTORS: 9916, 9516

OVERGLAZE: (2 layers separately fired) Acid plating resistant G-481 (green) or G-482

(black), fired at 600°C

AC: (G-481 overglaze) <-5% <-5% <-5%
Note: X7S: C Range = +22%, -55°C to +125°C

X7T: C Range = +22%, -33%, -55°C to +125°C

4150 Series 0304-B

CAUTION: Proper industrial safety precautions should be exercised in using these products. Use with adequate ventilation. Avoid prolonged contact with skin or inhalation of any vapors emitted during use or
heating of these compositions. The use of safety eye goggles, gloves or hand protection creams is recommended. Wash hands or skin thoroughly with soap and water after using these products. Do not eat or
smoke in areas where these materials are used. Refer to appropriate MSDS sheet.

DISCLAIMER: The product information and recommendations contained herein are based on data obtained by tests we believe to be accurate, but the accuracy and completeness thereof is not guaranteed. No
warranty is expressed or implied regarding the accuracy of these data, the results obtained from the use hereof, or that any such use will not infringe any patent. Electro-Science assumes no liability for any injury,
loss, or damage, direct or consequential arising out of its use by others. This information is furnished upon the condition that the person receiving it shall make their own tests to determine the suitability thereof for
their particular use, before using it. User assumes all risk and liability whatsoever in connection with their intended use. Electro-Science’s only obligation shall be to replace such quantity of the product proved
defective.




