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THIN-FILM TRIMMING

For trimming thin-film nichrome
resistors, where the resistor width may
be less than one mil, the air-abrasive
method is generally too coarse and
diamond scribing or laser trimming is
often used. Tantalum thin-film resis-
tors, however, can be adjusted by
anodization, now the most widcl)' used
method for trimming this material.

Anodizatian converts tantalum resistor material
te a protective msulating coaring with bighly
précise n’surnrudjusrme'!lh as the end result

The anodization process, through
EIL'L"[F\'!'ChCI“I\"',ll action, cOnverts tan-
talum-resistor material to tantalum pent-
oxide, an excellent insulator and an
almost impervious protective coating,

In this technique, resistors are first
covered with an electrolyte; then a
current is passed from the resistor to an
electrode in the electrolyte until a moni-
toring bnidge indicates that the resistor
has been adjusted to the desired value,

A typical GR 2240 Resistance Ano-
dize Trim System consists of an elec-
trolyte-application station, 2 probing
station that can contact hundreds of
resistors simultanecously, multiple
bridges to momitor the resistance value,
multiple anodizers to ad)ust the resis-
tors, and a computer 1o oversee the
entire process. The bridge-anodizer
module for the snodizing system is itself
a unique device that requires some

descniption.

1ET

The electrolyte s applied through a template that limits the spread of the gel to the anodizing area.

THE BRIDGE-ANODIZER MODULE

The bridge-anodizer module was
developed to trim thin-film resistors at
optimum speeds; it contains a bridge
capable of making a measurement deci-
sion in less than 10 microseconds, To
avoid high-speed mechanical switching,
the module 1s connected to the resistor
to be rimmed ar the start of the trim
cyele and remains connected through
all measurement-anodize eycles until
the resistor is at its final value, All
anodizing is accomplished electroni-
cally, without relays. With the high-
speed bridge and electronic switching,
the measurement-anodize cycle i1s
limited only by the settling time of the
resistor material. For low-value resis-
tors, measurement rates of over 100 per
second are used. Anodizing typically
occurs for 80% of the cycle and settling
time occupies the remaining 20%; the
measurement is made in the last 10 ys
of the sertling time. As the final resis-
tance value is approached, the duty
cycle changes to allow additional time
for sertling. Specal circuits detect the
adequacy of this additional settling time
and automatically increase the setthing
poruon of the cycle to accomplish the
desired measurement: this is particularly
true for higher-valued resistors.

A single bridge module is used in a
bench-top configuration to provide a
total anodization capability 1n a small,
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inexpensive package. In large systems,
multiple modules are used to adjust
many resistors simultaneously: in a
syvstem that adjusts 430 resistors on a
substrate, 30 modules trim 30 resistors
simultaneously, with a crosshar switch
scanming these modules through 15
positions. For 1% adjustment accuracy,
typically abour 45 seconds are required
to trim all 450 resistors, averaging 10
resistors per secand. For 0.1% aceuracy,
speed is greater than three resistors per
second with a svstem accuracy of 0.05%,
The same basic bridge-anodizer module
can be exrended from a one-at-s-ume
trim system to a large-scale manual
system with a capacity of up to 250,000
resistors per d;l_\ .

Anodized or laser-trimmed circuirs
are finding their way into many products
where the smaller size, improved per-
formance, and greater reliability brought
about by the use of hybrid circuirs are
significant. (One such case isGR's 1933
Precision Sound-Level Meter and Ana-
lyzer described in the previous issue of
GR/TODAY.) To make these circuits
competitive with conventional erched
crcuses, large-scale systems have been
developed to trim resistors in large
guantities at a rapid pace. These sys-
tems are already producing circuits with
E'I'CtI_\H‘H“.llj]ll'_-'[l'l.i CUTHPL‘“CT’[[.\ at I(*SS
cost than could be achieved through the
conventional assembly of carbon resis-

tors and other discrete components,
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