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ABSTRACT

The thidk ard thin film hybrid microcircuit techmologies are reviewed. The materials, the
processing oondi tions and the final properties of thick and thin film comductors, resistors

dielectrics are discussed.
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Table 1. Properties of Substrates

of =g e A $3A
A Fe 7o LFu|} slHolch FUHREOBE FE %% Al,039 @A 2
delgo 2E 99.5% AlO, LFUIuEEH 2ok AEAQ A#e Tble 1ol
g

oH(BeO ; tergllia ) & SBEE/} ¢ 53 REFEA HiMEe & 3=

Property Unit 96% Al, 05 995%Al1,0; 99.5% BeO
Surface quality RMS or CLA 25 8 18
microinches
Water absorption % 0 0 0
Specific gravity 3.70 3.89 2.88
Hardness Rockwell 45 N 78 80 65
Thermal expansion 25-300 ¢ 6.4%1076 6.0%1078 6.0%107°
linear coefificient 25-700°C 7.5x107° 7.5Xx107° 7.8x107°
per °C 25-900 °C 7.9%1078 8.3%1078 8.5x 1076
Thermal 25°C cal-cm/sec 084 .088 .55
conductivity 300 °C e, C .041 .045 .28
500 °C 026 .028 17
0 C .020 021 .08
Flexural strength lbs/in? 50,000 60.000 25,000
Dielectric strength volts /mil
thickness'0.010 700 700
0.025 550 550 500
0.030 500 500
Dielectric constant, 9.1 9.6 6.4
25 °C 1 MHz
Dissipation factor 0.0003 0.0002 0.0001
25C, 1MHz
Loss factor, 25°C, 1 MHz 0.0027 0.0019 0.0016
Volume resistivity Q-cm
25T 10% 10'* 101
10°C 2% 10% 10 10™
300 C 1.1x10% 10™ 10

o= vl]¢ F93l 7lFolvt slAo] mrlolt & Zol = BEEPEAMR( porcelainized steel subs—

trate ) o] SAsted 2 97k A Fobsta Yeh ol WEA A#E AAA Frsk oHE
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Table 2. Comparative Characteristics of Conductor Types

Au " Pt /Au Pd /Au Pd /Ag

Optimum Firing Temp. T 850 850 850 ' 850
Resistivity, dhms, /square 0.005-0.010  0.08+0.10 0.04-0.10 0.010-0.030
Solderability ronsolderable excellent excellent excel lent

wire excellent goad good good
Bordability .

die excellent goud good nom-bondable
Resistor PdAg No Yes Yes Yes
Cormpatibility RuO, Yes Yes Yes Yes
Lire resolution, mils o-15 515 515 5-15
Cost High Highest High Lowest
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R=o L= &) = Ry(L) = RN

R = RESISTANCE OF FILM (CHM)
o = RESISTIVITY OF FILM MATERIAL (OHM-M)
Ry = SHEET RESISTANCE OF FILM (CHM/SQUARE)
N = # OF SAUARES OR ASPECT RATIO.
pg = 0/(25 x 1070) = SHEET RESISTIVITY CF FILM
MATERIAL (OHM/SQUARE/25umM)

Fig.7 Definition of Sheet Resistance in Thick Film Resistors,
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Table 3. Fabrication Methods for Thin Films im Electronic Applications

METHOD : APPLICATION :
Vacuum evaporation Resistors, Capacitors, RC networks
Reactive vacuum evaporation Oxide dielectrics, Resistors, Lards,

Interconnections

Cathode sputtering Capacitor dielectrics, resistors, insulations.
Electroplating Re-enforcermrent of conductors
Chemical plating Re-enforcement of conductors
Vapor decomposi tion Tin, Indium oxide resistors
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Thickness of denosit
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Fig.13 Illustrated Flow Diagrams of Additive Thin Film Circuits
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Table 4. Thin Film Conductor Materials Commonly Used

74 x107* Ohm, Square
44 X 107* Ohm,” Square
70 X 107? Ohm,Sqare
61 X 107 Ohm, Square
80 X 1072 Ohm,”Square
30 X 107% Ohm,” Square

Aluminun

Gold over Chromium
Copper over Chromiun
Silver over Chromium
Platinum over Chromiumn

Molybdenum

[S2 e — DN DO
. . . . . .

*The sheet resistances are based on 10,000 A° Film

ABE Ta, TaNy, NiCr, Cr, Ti 9@ Cermet 502 ol §2jol wabx g 5o 4EAT,
exAg, A4 3 AEuYE Table 50 vehiigich,

BEFEES T2 BB tYY K5 ¥ 299y =+ &89 BERbs: 5o s 3
Aok AR w4 osh Si0eola Fxo HEH ol 7F Ta,Os otk HtfAAE FE
A A el AHgd 44 o5 BFERY & (pintole) o] s Fofl ARGl AE

Table 5. Properties of Thin Film Resistor Materials

-Normal Tenperature
Material Resistance Ceefficient of Stadility Method of
Rarge Resistarice (%1000 hr.) | Deposition
( ohm,sq.) Cppm,/C)
Nichrome 100-250 + 100 0.2 Evaporatic
Chromium 100-500 4300 < 0.5 /"
Tantalum 80-200 +200 (1.0 Sputteri..
Tantalum 10-100 +60 to+30 < 0.2 Reactive
nitride sputtering
Cr-SiO- 500-2000 =+ 250 <05 Flash
cermet evaporation

Wit Bel slwe) HERREC 0 WA HnE WE FHA ol g9 §4A T
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Table 6. Properties of Thin Film Dielectrics
Dielect—
Dielec- | Dissipat—- cC Voltage | ric Capacit—
Material tric | ion . T | brealcdo- | Strergth | ance
constant | factor oo wn (X 10% 1Cf /eh)
vol ts /m)
Silicon monoxide ( SiO) 57 .01-,03 150400 | 50-100 1-2 .005-.02
Silicon dioxide ( SiO, ) 4 .004-.04 100 50-200 3 .004-.02
Tantalun pentoxide (Ta,05) | 2627 .01-5 250350 50 1-3 .01-.5
Titanium dioxide ( TiO, ) 30-100 L01-1.0 200-800 | 25-90 3-1 A1-1.0
Alumimm oxide (Al,05 ) 8-10 .20-.24 200-300 | 25-120 2-4 .2-.95
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Table 7. Comparison of Microcircuit Technologies

QOSTS

THICK- THIN-FILM
PARAMETER aYeRID | ClRcuiTs |CIRCUITS
CIRCUITS
PERFORMANCE HIGH HIGH LIMITED
DESIGN FLEXIBILITY, DIGTAL MEDIUM MEDIUM |HIGH
ANALOG HIGH HIGH LOW
PARASITICS LOW LOW HIGH
RESISTORS ,MAXIMUM SHEET HIGH LOW LOWEST
RESISTIVITY
TEMPERATURE COEFFICIENT OF LOW LOWEST HIGH
RESISTANCE
TOLERANCE LOW LOWEST | HIGH
POWER DISSIPATION HIGH MEDIUM LOW
FREQUENCY LIMIT MEDIUM HIGH MEDIUM
VOLTAGE SWING HIGH HIGH LOV
SIZE SMALL SMALL SMALLEST
PACKAGE DENSITY MEDIUM MEDIUM HIGH
RELIABILITY HIGH HIGH HIGHEST
CIRCUT DEVELOPMENT TIME 1 MONTH 2 MONTHS | 3-6 MONTHS
1:1 DESIGN TRANSFER FROM YES YES NO
BENCH
TURNAROUND TIME FOR DESIGN 2 WEEKS 1 MONTH |2 MONTHS
CHANGE
PART COST,LOW QUANTITY MEDIUM HIGH IMPRACT ICAl]
HIGH QUANTITY MEDIUM MEDIUM | LOW
COST OF DEVELOPING ONE CIRCUIT| LOW MEDIUM | HIGH
CAPITAL OUTLAY LOW MEDIUM | HIGH
PRODUCTION SETUP AND TOOLING | LOW HIGH

MEDIUM
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