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In cleaning oflead frames and fluxes for semi-conductor, they are cleaned with ultrasonic
wave and oscillation in the vacuum state. Afterwards, they are quickly put into higher level of
vacuum and dried on an instant. We have made a series of these processes fully automated.
Cleaning solvent is recollected and reused in a closed vacuum room. Therefore, the running
cost can be greatly reduced and also we have established the effective environmental

technology. In this sense, we believe that this is an epoch-making equipment which can fit to

the environmental age.

Background for development of hydrocarbon system, vacuum cleaning and drying

equipment

Due to the environmental problems such as ozone layer destruction, use of special fleon and
trichloroethane has been completely abolished since the end of 1995. As the substitute, the
cleaning method was shifted to water system cleaning. Nevertheless, it has such weakpoints
that work gets rusty, that a great amount of thermal energy is consumed for drying, that
waste water treatment facﬂity is needed, and that it involves the problems of cost and
installation space. As its solution, we considered use of methylene chloride and trichlene of
chibrine system solvent. However, in April 1997, “Air Pollution Prevention Law” and “ Water
Quality Contamination Prevention Law” were established, where methylene chloride and
trichlene are decided as hazardous substance because they were judged as organic solvents
having carcinogenic substance Then, the standard values for purification of them were
established. Furthermore, at present, the regulation became severer in connection with the
global warming prevention policy.
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Under such background, we took notice of hydrocarbon cleaning solvent. It has the following
merrits.

(1) Work does not get rusty while it does in water cleaning.

(2) No waste water treatment facility is needed.

(3) Acid and alkali are not used.

(4 Many makers participate in development of cleaning solvent, resultantly reducing the

cost.

Meanwhile, use of hydrocarbon cleaning solvent has a sole demerit of being “inflammable”.
In order to overcome the weakpoint, we have reached the conclusion that “all processes from

cleaning up to drying should be conducted in the vacuum.”

Features

Using a cage (size 300 x 200 x 200 H mm) for work to be filled in, we have completed the
testing machine of the same specification as real equipment. (see Photo 1, Drawing 1).
We have repeated the cleaning and drying tests many times to obtain a lot of data.

On the basis of the data, we will introduce below the features of what all processes are carried

out in the vacuum.

(1) After deaeration in the vacuum, ultrasonic wave is applied. Then, strong cavitation is
obtained to bring about the highest cleaning effect...

(2) As cleaning is performed after the material is drawn in the vacuum, blind hole parts can
be thoroughly cleaned, since the air accumulated at the blind hole is blown off and the
cleaning solution can enter deeply. (see Table 1, Table 2, and Photo 2) Furthermore,
even in such a case as short sized, lead frame material on which oil is deposited 0.15mm
thick, complete cleaning is available for a short time by the flash effect of ultrasonic wave,
oscillation, high level of vacuum after vacuuming. (see Table 3, Table 4, Photo 3, and
Photo 4)

(3) Inthe drying stage, since the material is drastically put into the high level of vacuum,
bubbling phenomenon is accompanied, which enables to perform ultra high speed
drying.

While it conventionally takes more than 60 minutes to dry short-size, lead frame
material, vacuum drying of it takes only 7 minutes. However, in order to dry it within 7
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minutes, the preconditions of vacuum, temperature, flash effect etc. must be all fulfilled.
If these pre-conditions are met, all material such as copper system, aluminum system, 42
alloy etc. can be completely dried without decoloring. Such materials are practically dried
on the test line. (see Photo 3, Photo 4). And the flow chart for this case is shown in Fig. 2.

Since a vacuum distilling regenerator is built in the Equipment, the dissolved oil is
continuously regenerated, resulting in circulating new solution at all times. Table 5 and
Table 6 indicate the degree of aging of the cleaning agent, which is analyzed by gas
chromatograph after 2,000 hours’ working time. They prove that 99.9% of purity is being
kept. Up to now, 4,000 hours of working time have been elapsed without any troubles.
This Equipment is of a closed structure, because every process is conducted in the
vacuum state. Furthermore, the exhaust air is recollected and the reused waste solution
is condensed and taken out after being boiled down. Consequently the running cost is
reduced to 1/5 or 1/10, compared with the cost in the conventional way using ethane and
methylene chloride. (see Table 7).

As safety measures, are provided various safety apparatus such as use of oil pan and
increased safety, explosion-proof unit, indirect heating system, inner pressure
explosion-proof by air barge, interlock standards for water, air, temperature, vacuum etc..
In addition, this Equipment is equipped with alarm system for inflammable gas density,
fire preventing damper, automatic fire extinguishing system using carbon dioxide,
automatic breakdown of primary side air, automatic breakdown of power, and so forth.

As countermeasures against the global warming problem, the exhaust air is always
discharged at the temperature of 35°C or less.

Theme to be investigated

The major theme to be investigated is selection of the cleaning agent. Because at present

many big industries of various field such as petroleum chemical makers, cleaning agent

makers, texture makers etc. are involved in the cleaning agent market, resulting in

diversifying the sort of the cleaning agent in the market. Some of them are made of a single

product of normal paraffin and glycol ether. Others are the one which alcohol solvent or

surface active agent is mixed in it. And, in terms of cleaning object, there are various sort of

cleaning agent such as those for removal of mineral oil, for removal of water soluble oil, for

removal of flux, and for removal of resin. Therefore, wrong selection of the cleaning agent

produces no perfect cleaning effect. From this point of view, the pre-test using a real

equipment is needed. (see Photo 1).



Some sort of 0il contains a lot of chlorine compound as additives. In this case as well, selection
of the cleaning agent and setting of regenerating temperature must be exactly searched for.
Wrong selection of these factors may generate spotting or decoloring due to aging change,
which is remarkably seen with material such as copper or aluminum.

Another important point which must be put in mind is selection of the cleaning agent whose

ingredient is not dissolved or separated by continuous regeneration.

Trend in the future

As substitutes for trichlene or methylene chloride, most cleaning systems have been shifted to
the hydrocarbon cleaning. This trend will be probably accelerated, further utilizing its
characteristics. Among such a situation, the possible new system for cleaning will be
“cleaning using carbon dioxide in the supercritical state”. Though there are many problems in
terms of the cost phase at present, it is predicted that electronics parts industry may step up
towards realization of this system within the profitable cost in several years

Photo 1 Semi-automatic, batch type, vacuum cleaning and drying equipment.

Fig. 1 Drawing of vacuum cleaning and drying equipment
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Specifications

1.
2.

Table 1 Analytical data of residual oil before and after cleaning for blind hole work

Basket size : square cage 300 x 200 x 150 H mm

Cleaning process

vacuum dipping, ultrasonic wave cleaning + oscillation — vacuum finish cleaning +

vacuum drying
Primary side utilities

1) Electricity

4) Exhaustair 5 m3min

D903 200v abt21kw
2)  Air : 4~6kg/c mi
3) Cooling water :50 1/min

Name of specimen Normal hexane
extract material
(mg/5 pieces)
Vacuum cleaning
. ) 0.1 orless
Standing jig cleaning (600 sec)
Vacuum cleaning
. . . 0.1 orless
Horizontal placing cleaning (600 sec
Organic solvent (trichlene) 5.4
Water cleaning 8.0
Before cleaning 11.7

Measuring method : JIS K 0102 24 normal hexane extracting, weight method

Table 2 Analytical data of residual oil before and after cleaning

. Normal hexane extracting
Name of specimen )
substance (mg/2 pieces)
Vacuum cleaning 360 sec 0.1or less 0.1
* 180 sec or less 0.1or
“ “ 2 stg (lower) less 0.1or
“ = . less 0.lor
“ 90 sec less 1.1




After trichlene cleaning 45.0

Before cleaning

Measuring method i_JIS K 0102 24 normal hexane extracting, weight method
Photo 2 Full automatic, batch type cleaning and drying equipment for short size, lead frame
Photo 3 In-line type, vacuum cleaning and drying equipment for short size, lead frame
Photo 4 In‘line type, vacuum cleaning and drying equipment for short size, lead frame

Table 4 Analysis data before and after cleaning

Name of material | Residual | Residual | Residual
oil S04 Cl
(mg10) | (ugD (ug/)
Lead frame No.1 0.25
“ No.2 0.90
* No.3 0.30
“ No4 0.28
“ No.b 0.20
“ No.6 0.36 0.36
« No.7 0.38 1.07

Unit : residual oil = mg/10 frames
S04, Cl = ug/frame
Analytical method = infrared absorption method (residual oil)
ion chromatograph method (S04, CD
(as per JIS K 0102-1993)




Table 3 Analysis data before and after cleanin

Name of material | Residual | Residual | Residuall | Residual Before
oil S04 Cl oil cleaning
(mg/10) | (ug/) (ug/D incase of | (per cage)
methylene
chloride
Lead frame No.1 0.4 0.43 2.33 0.6
“ No.2 0.3 0.43 2.00 0.6
¢ No.3 0.2 1.05 2.25 0.3
“ No4 0.2 1.11 2.17 0.3
“ No.5 0.2 1.13 1.38 0.3
“ No.6 0.3 0.35 1.28
“ No.7 0.3 0.44 1.38
% No.8 0.3 1.01 1.54 0.24
“ No.9 0.3 3.50 2.37 0.6 6.900mg
“ No.10 0.5 1.23 2.02 0.6 6.900mg

Unit : residual oil = mg/10 frames
S04, Cl = ug/frame
Analytical method = infrared absorption method (residual oil)
ion chromatograph method (SO4, CI)
(as per JIS K 0102-1993)

Fig. 2 Vacuum system, full automatic cleaning equipment
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Specifications

Content

1. Cleaning agent

Hydrocarbon system cleaning agent

2. Standard tact time

10 minutes/2 cases

3. Transfer method

basket 2 stages delivery in order

4 Ultrasonic wave

Output 1,200w x Class 4
3 kinds (28, 45, 100 Hz)

Table 5 Hydrocarbon system cleaning agent (new agent)

Analyzing method, measuring conditions
Gas chromatograph SHIMAZU-make, GC14A/FID
Column silica capillaryDB-1(J&W Sci),
0.25mm ¢ x 30m
Heating condition 70°C(5min)5°C/min, 100°C(0min)20°C/min
300°C(20min)
Carrier gas He flowrate 2.1ml/min, split ratio 1:150

Table 6 Hydrocarbon system cleaning agent
(after 2000 hours of continuous distilling regeneration)

Result of measurement

Specime | NS clean density (%) | Machining oil (%)
n

1) 99.9 0.04

2) 99.9 0.04




Table 7 Comparison of running cost

Item Specification Unit cost per month | monthly
(ven) cost(yen)
Cleaning | Consuming 5 l/day 300 yen/l 22 days 33,000
agent amount 80% of oil content
Waste solution is taken as waste | 300 yen/1 1251 3,750
solution
Consum-a | Filter element 75¢ x250 20 |1,300yen | 4pcs 5,200
ble Vacuum pump oil 3,500yen/d | 0.5 438
Vacuum pump 25,000yen/ | 15.3 383
grease kg
Primary | Electricity ¢ 3, 200V kW
side 30kWhr
utilities Air for driving average using m3
amoount
200NV/min
Air for blowing none
Waste water none
Cooling water 80 1/min tower
water is OK.
Exhaust air 10m3/min
Working | day : 8 hours The price of cleaning agent is that of standard
hour month : 22 days hydrocarbon system cleaning agent.

176 hrs/month
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