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Thick film pastes

Thick Film Pastes are used for manufacturing of electronic circuits often calied „Hybrids".

Α general thick film paste contains a fine inorganic powder like metal- , glass and/ or ceramic

powder which are well dispersed in a so calied screen printable vehicle made of a binder

dissolved in an organic solvent with a high boiling point.

By using screen or stencil printing process, the thick film paste is applied on a thin ceramic carrier

e.g. A I203 , calied the Substrate. The printed Substrate is dried at a temperature of about 150 C

where the organic solvent evaporates from the wet print. The organic binder, often ethyl

celluloses, remalns in the dried print and gives „green strength" to the inorganic powder. Α

sintering process with a typical peak temperature at 850°C follows. The sintering is mostly

performed in a belt furnace with a total cycle time of 30  60 min. During the sinter process the

fine inorganic powder will chemically and physically react and form the final composit ion.

Depending on their final function, different kinds of thick film pastes are available. These are

conductor pastes, resistor pastes, dielectric and overglaze pastes. All of them have a certain

content of glasses and /or ceramics.

Conductor pastes:

Based on their main ingredients, typically Ag-, AgPd-. AgPt-, AgPtPd , Au , AuAg-, AuPd- and

Cu-pastes are used.

Glasses in conductor pastes act as a fluxing and adhesion agent for the fine metal powder. The

amount of glass needs to be well balanced to get good adhesion and on the other hand also

good solderability. Conductor terminations will be used to solder passive components on the

Circuit. Excessive high glass content will decrease the Wett ing behaviour of the solder.
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Au-pastes are mainly used to connect active components, like bare integrated circuits on to the

Circuit by Au-wire bonding. The thickness of commonly used Au-wires are in the ränge of 25  60

pm. Α pure Au-surface made from a pure Au-paste without any content glass or ceramic is

preferred for a good bond connection but will not give enough adhesion to the Subs t ra te . Α well

balanced content of glasses and ceramic powder can allow both adhesion and bondability.

Picture No. 1 shows a postfiring Au-paste on an LTCC circuit bonded with 60 pm Au-wire, when

the the bond connection gets pulied the Au-pastes shows so calied „lift off  due to poor adhesion.

Picture No. 1 Au-paste on an LTCC c ircuit : lift off of bond connection
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Resistor Pastes:

Main inorganic components are degenerate semiconducting precious metal oxides to create the

conductivity, glasses to balance the resistor value and ceramics to match the coefficient of

thermal expansion (CTE) of the sintered resistor to CTE of the Substrate.

Resistor pastes are offered in decade values of sheet resisitivity in a ränge from 10 ohm/sq. up to

1 Mohm/sq. Printing different geometries allows the production of a wide ränge of resistor values.

The so calied „as fired" resistor value can be matched to the requested value by laser t r imming.

Α Nd-YAG laser beam cuts into the resistor layer which increases the resistor value.

The laser tr imming of resistors on an LTCC-circuit is more critical than on an AI2O3 Substrate due

to the lower thermal conductivity of the LTCC. The transferred heat from the laser beam will

remain longer in the resisitor layer on an LTCC-circuit. The tr imming speed needs to be adjusted

to avoid additional microcracks. Laser trimming can drive the formation of microcracks in the

resistor layer (see Picture 2). Further growth of microcracks will happen if a circuit receives harsh
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thermal shocks. Α thermal shock test with a fast change from  40°C up to +155°C is a common

stability test of resistors. Α typical specifiction is the change of the resistor value which has to be

below 1,5 % after 2000 thermocyles. The CTE of the main functional component, the

semiconducting precious metal oxides has an intrinsic CTE which can not be influenced without

major changes of the electrical properties. The selection of the correct glass chemistry linked with

the physical properties allows the adjustment of the CTE of the resistor layer to the CTE of the

Substrate material.

Picture 2: Sintered Resistor layer with micro cracks in the laser trim cut

Sintered resistor layer

Laser tr imm cut

Micro crack

Overg laze pas tes :

An overglaze paste is very often used to protect the sintered resistor layer against mechanical

attack and humidity. The main component of overglaze pastes are glasses with a typically low

softening point which sinter to a dense layer below 600°C. Α good compatibilty of the glass in the

overglaze paste with the resistor layer is given if no optical defects like cracks or bubbles are seen

and the resistor layer still keeps the same electrical properties such as sheet resistivity and

temperature coefficient.

LTCC L o w Tempera tu re Co f i red Ceramic : 

Electronic circuits made by LTCC Technology were in the past mainly used for military aplication

where a superior reliability was needed. Today LTCC circuits find increasing application in the

automotive industry (e.g. motor and transmission management) due to their benefit of highly

intergrated dense structures and their Performance under thermal and mechanical extremes.
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The innerlayer conductor of an LTCC circuit should provide a good electrical conductivity to

minimize the electrical losses. The major advantage of LTCC beside HTCC (High Temperature

Cofired Ceramic) is the ability to fire at temperatures below 900°C which allows the usage of Ag

as metallisation. In Table 1 is shown the comparison of HTCC to LTCC.

Standard LTCC dielectrics with a permittivity 8r 5 9 are mainly glass ceramic composit ions where

the glass is the main inorganic component with an amount of > 70 weight %. The other 30 weight

% is often fine sized refractive ceramic powder and dyes. The refractory ceramics like AI2O3,

T i 0 2 and Z r 0 2 can also act as a nucleation agent for the glass to improve the recrystall isation.

Α recrystallizing glass together with the refractive ceramic both optimized in amount and particle

size distribution improves the mechanical stability e.g. the flexural strength of the sintered LTCC

circuit. Α flexural strength of > 180 MPa is important to process large panel size. The processing

of panels with a size of 8 inch χ 8 inch is very common today, and a size of 10 inch χ 10 inch is

now considered reasonable. Large panel sizes reduce production costs given that the flex

strength is sufficient to avoid losses by unwanted fractures.

The surface roughness of sintered LTCC circuits depends on the particle size distribution of glass

and ceramics. It is also influenced by the sintering parameters. For thin film application on top of

an LTCC circuit a surface roughness < 2 pm is a need.

Table No. 1 Comparison HTCC / LTCC

HTCC LTCC 1 

High Temperature Cofired
Ceramic

Low Temperature Cofired
Ceramic

Main inorganic
components AI2O3

glass, refractive ceramic, dye,
glass-ceramic

Sinter temperature [ C] >1200 < 950

Metallisation W, Mo, Mn and mixtures of them Au, Cu

Sinter temperature
[°C1

< 9 0 0

Metallisation Ag, AgPt, AgPd

Secific resistance
[Ω mm=^/m]

Mo: 0,052
W : 0,055

Au: 0,027
Cu: 0,017
Ag: 0,016

Conclusion

Glass and ceramic powders play the dominant roll for the mechanical and electrical

characteristic of thick film pastes and an LTCC material. The Variation of glass composit ions
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opens the ability to match different materials such as an LTCC tape and a conductor paste to

each other.
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