AN AUTOMATED TEST SYSTEM FOR TESTING
SINGULATED ELECTRONIC COMPONENTS AND A
METHOD OF TESTING SINGULATED ELECTRONIC

COMPONENTS

Field of invention

An embodiment of the invention relates to an automated test system for testing
singulated electronic components. Further, an embodiment of the invention

relates to a method of testing singulated electronic components.

Background of the invention

Due to a very complicated and sensitive production process of semiconductor
components usually certain a not neglectable amount of semiconductor
components don’t work. As a consequence, the semiconductor components need
to be tested most of the time with all their expected features. There is a variety
of different machines which carry out the tests. However, there may be a need to

provide more flexibility to one machine carrying out the tests.

Summary-ef-the-Invention

There may be a need to offer a handler and for an automated test system for

providing a higher flexibility for semiconductor testing.

In order to meet the need defined above, an automated test system for testing

singulated electronic components and a method of testing of testing singulated

electronic components are provided-aceerding-to-independenteclatms.
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According to an aspect, the present disclosure refers to an automated test

system for testing singulated electronic components comprises:

a handler, comprising a plurality of handler pickers and/or a plurality of spinner

pickers, the plurality of the handler pickers and/ or of the spinner pickers being

adapted to each pickup one electronic component,

at least one processing station for processing one of the electronic components

being picked up by one of the plurality of handler pickers,

a carrier station unit, and a first carrier being located in the carrier station unit,

wherein the first carrier is adapted to carry a first plurality of electronic

components to be tested, and

- the handler pickers and/or the spinner pickers are adapted to each place

one electronic component at a time on the first carrier, and/or

- the handler pickers and/or the spinner pickers are adapted to each pick up

one electronic component at a time from the first carrier,

a second carrier wherein the second carrier is adapted to carry a second plurality

of electronic components to be tested, and

the automated test system further comprising

a test unit for testing singulated electronic components being located on a

carrier, wherein

- while the second plurality of electronic components on the second carrier

are tested in the test unit and the second plurality of electronic components rest

on the second carrier,
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- simultaneously the first carrier is 1) loaded with the first plurality of electronic

components by the plurality of handler pickers and/or spinner pickers and/or 2)

unloaded from the first plurality of electronic components by the plurality of

handler pickers and/or spinner pickers, and

wherein the test system further comprises at least one of the group of

a tester, a soak station, a de-soak station, and a further test unit,

wherein at least two of the group of the handler, the test unit, the tester, the

soak station, the de-soak station, and the further test unit are standalone units

each having a different footprint and are movable to or away from each other.

According to another aspect, the present disclosure refers to a method of testing

singulated electronic components comprises:

providing a handler, comprising a plurality of handler pickers and/or a plurality of

spinner pickers, the handler pickers and/or spinner pickers being adapted to each

pickup one electronic component at a time, at least one processing station for

processing one of the electronic components being picked up by one of the

plurality of handler pickers, and a carrier station unit, and a first carrier being

located in the carrier station unit, wherein the first carrier is adapted to carry a

first plurality of electronic components to be tested, and the handler pickers

and/or spinner pickers are adapted to each place one electronic component at a

time on the first carrier and the handler pickers and/or spinner pickers are

adapted to each pick up one electronic component at a time, and a second

carrier wherein the second carrier is adapted to carry a second plurality of

electronic components to be tested, and a test unit for testing sinqulated

electronic components located on a carrier, wherein the method comprises,

- testing the second plurality of electronic components of the second carrier

in the test unit while the second plurality electronic components rest on the

second carrier, and

simultaneously loading the first plurality of electronic components on the first

carrier with the plurality of handler pickers and/or spinner pickers and/or

unloading the first plurality of electronic components from the first carrier with

the plurality of handler pickers and/or spinner pickers, and wherein the method

further comprises providing at least one of the group of
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a tester, a soak station, a de-soak station, and a further test unit,

wherein at least two of the group of the handler, the test unit, the tester, the

soak station, the de-soak station, and the further test unit are standalone units

each having a different footprint are movable to or away from each other.

According to an embediment-of-the-inventierexample an automated test system

for testing singulated electronic components comprises:

a handler, comprising a plurality of handler pickers and/or a plurality of spinner
pickers, the handler pickers and/or spinner pickers being adapted to each pickup

one electronic component at a time,

at least one processing station for processing one of the electronic components

being picked up by one of the plurality of handler pickers,

a carrier station unit, and a first carrier being located in the carrier station unit,
wherein the first carrier is adapted to carry a first plurality of electronic
components to be tested, and the handler pickers and/or the spinner pickers are
adapted to each place one electronic component at a time on the first carrier and
the handler pickers and/or spinner pickers are adapted to each pick up one

electronic component at a time from the first carrier,

a second carrier wherein the second carrier is adapted to carry a second plurality

of electronic components to be tested, and

a test unit, for testing singulated electronic components located on a carrier,

wherein

- while the second plurality of electronic components on the second carrier
are tested in the test unit and while the second plurality of electronic
components rest on the second carrier during testing,

- simultaneously the first carrier is loaded with the first plurality of
electronic components by the plurality of handler pickers and/or spinner
pickers and/or unloaded from the first plurality of electronic components

by the plurality of handler pickers and/or spinner pickers.

According to an exampleembediment-of-the-invention a method of testing

singulated electronic components comprises:
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providing a handler, comprising a plurality of handler pickers and/or a plurality of
spinner pickers, the handler pickers and/or spinner pickers being adapted to each
pickup one electronic component at a time, at least one processing station for
processing one of the electronic components being picked up by one of the
plurality of handler pickers, and a carrier station unit, and a first carrier being

located in the carrier station unit, wherein the first carrier is adapted to carry a
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processing singulated electronic components a such individually, and also to use
(test) carriers having singulated electronic components loaded for testing the
electronic components in a test unit for testing electronic components arranged
on a carrier. By stepwise loading the electronic components one at a time by one
picker into a receptacle and on a carrier and stepwise unloading the electronic
components from the carrier by the picker, this may allow for using two
incompatible methods of processing and testing electronic components and
becoming compatible. Even if processing of singulated electronic components in
processing stations seems to need a complete different time period than testing
a carrier by a test unit in a parallel way the picker driven processing and the
carrier driven test may coincide needing the same amount of time or at least a
comparable amount of time, so that the whole process and the supply by the

automated test equipment may become efficient.

According to an exemplary-embedimentexample the automated test system
comprises, when the second plurality of electronic components on the second

carrier are tested in the test unit, and simultaneously the first carrier is loaded
with or unloaded from the first plurality of electronic components by the plurality

of handler pickers and/or spinner pickers:

- simultaneously the at least one processing station processes one electronic

component picked up by one of the plurality of handler pickers.

In addition to simultaneously loading / unloading the carrier and testing the
electronic components on the carrier, further simultaneously may at least one
processing station processes one electronic component being picked up by one of
the plurality handler pickers. As a consequence, the three sub-processes may run

at least partially at the same time.

According to an example exemplary-embediment-of the automated test system,
picking up and placing one electronic component at a time by one handler picker

and/or spinner picker comprises:

- a movement of the one handler picker and/or spinner picker relative to the

carrier.

The term "movement” may refer to a motion or move which may originate from

the picker and/or the carrier. This may allow for placing the electronic
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components into different receptacles on the carrier. The handler pickers and/or

spinner pickers themselves may have an additional inner freedom of rotation.

According to an exampleexemplary-embediment of the automated test system,
picking up and placing one electronic component at a time by one picker

comprises:

-a movement of the carrier comprising a linear movement in up to 3 dimensions,

and/or

- a movement of the one picker comprising a linear movement in up to 3
dimensions and/or a rotatable movement of the handler picker and/or spinner

picker.

A relative movement of the carrier relative to the picker may originate from a
linear movement in up to three dimensions of the carrier and/or a linear
movement in up to three dimensions of the carrier and/or a freedom of having

an inner rotational freedom to move (or turn).

According to an exampleexemplary-emboediment of the automated test system,
the carrier station unit comprises a first carrier station and a second carrier

station, each of the first and second carrier stations, being adapted to receive,
carry, and/or move at least one of the first and second carrier, and being

adapted to replace the first carrier by the second carrier.

The carrier station unit may have a first carrier station to receive, hold, and/or
move a carrier and may have a second carrier station to receive, hold, and/or
move a further carrier. The carrier station unit may be adapted to exchange
and/or position the carrier and the further carrier, or the first carrier and the

second carrier, respectively.

According to an exampleexemplary-embediment the automated test system
further comprises at least one further carrier,

adapted to being loaded and unloaded by a handler picker and/or spinner picker
with a further plurality of electronic components, wherein the further carrier, is
adapted in that the further plurality of electronic components are tested while

resting in receptacles of the further carrier.

There may be a first, a second, and a further carrier be located within the

automated test equipment. In particular, one of the three carriers may be tested
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in the test unit, further two carriers may be located in the carrier station unit, or
the first and second carrier station, respectively, to be loaded and/or unloaded.
The two carriers in the carrier station unit may be loaded and unloaded
simultaneously. E.g. two different handler pickers and/or spinner pickers may
each first load the first carrier and second, may unload the first carrier, and vice

Versa.

When two carriers are used, one carrier may be unloaded from tested electronic
components and loaded with untested electronic components, while the other
carrier may be in the test unit so that the electronic components on the other
carrier can be tested. Using two carriers may be appropriate, when unloading
and loading electronic components is faster than testing the same number of

electronic components.

When three carriers are used, one empty carrier may be waiting in the carrier
station to be loaded with the untested electronic components, while another
carrier may be tested in the test unit and a further carrier may be unloaded from

tested electronic components.

According to an exampleexemplaryembediment the automated test system
further comprises at least two processing stations, wherein

at least one of the at least two processing stations is located upwards of the
carrier station unit, and wherein at least one other of the at least two processing

stations is located downwards the carrier station unit.

The terms “upwards” and “downwards” may refer to a direction from lower to
higher, and in particular from an earlier time to a later time. I.e. that the handler
pickers stop subsequently at the first processing station, the carrier station unit,
and then the second processing station to serve each. Equally said, the carrier

station unit may be arranged between two different processing stations.

According to an exampleexemplary-embediment of the automated test system,
the handler further comprises a spinner, being linear movable and rotatable

about a spinner axis, and wherein the plurality of spinner pickers are arranged to

pointing radially outwards from the spinner axis.

A spinner may be in particular used if flipping the electronic components require

before and after testing.
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According to an exampleexemplary-embediment of the automated test system,
the handler further comprises a rotary table,

wherein the plurality of pickers is arranged at distal ends of pickup heads radially

extending from a center of the rotary table.

The expression “rotary table” may refer to a plate being arranged horizontally
and turning on axis, perpendicular to the plate. Handlers comprising one central
rotary table are also called “turret handler”. The expression “arranged at distal
ends of pickup heads” may refer to a position of the pickers. Extending radially
outward from the axis of the rotary table, there are pickup heads, on which
ultimate ends the pickers are arranged, one picker for each pickup head. When
the rotary table turns, then the pickup heads with the pickers at their ends may
turn around stepwise. The rotary table may turn forewards and/or backwards,
depending whether the electronic components to be tested are parts of a so
called “lot”. The rotary table may allow for loading a specific number of electronic
components from a source in one direction and may unload in the counter-

direction back to the source.

According to an exampleexemplaryembediment the automated test system
further comprises a robot and/or a carrier exchange section, wherein

the robot, and/or the carrier exchange section being adapted to receive the first
carrier with the first plurality of electronic components and transferring the first
carrier to the test unit, in that after having transferred the first carrier the robot

and/or the carrier exchange section completely removes from the test unit.

The term “robot” may refer to a device that automatically performs complicated
often repetitive tasks, and here, the robot may pick up one of the carriers and
may convey or move the one carrier to a different position and in particular to
the test unit and, if necessary, inside the test unit. The robot may remove
completely from the test unit after positioning the carrier inside the test unit.
Same may hold for the “carrier exchange section” wherein the difference to the
robot may be that the carrier exchange section may allow only for linear
movements of the carrier. The carrier exchange section may completely remove
from the test unit after placing carrier inside the test unit. However, the carrier

exchange section may be arranged inside the test unit so that here the carrier
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exchange section may remove from a testing position of the carrier inside the

handler.

According to an exampleexemplary-embediment of the automated test system,
the test unit is a microphone test unit adapted to test microphones.

The test unit may be or comprise a microphone test unit.

According to an exampleexemplaryembediment the automated test system
further comprises at least one of the group of a tester, a soak station, a de-soak

station, or a further test unit, wherein

at least two of the group of the handler, the test unit, the tester, the soak

station, the de-soak station, and the further test unit, have a different footprint.

The term “footprint” may refer to an area on the ground (here: test floor)
covered by something. E.g. the test unit, and the further test unit, may have
both different footprints and both different footprints than the footprint of the
handler on the test floor. The test unit and the further test unit may both be
almost independent machines having an own power supply and may be
controlled different compared to the handler. The test unit, the further test unit
and any other part of the automated test system, such as the tester, the soak
station, the de-soak station, if having an own footprint may comprise rollers. The
term “rollers” may refer to move on rollers or wheels, i.e. the first test unit, the
second test unit, the handler, and all other part having an own footprint may

have rollers or wheels as well.

According to an exampleexemplaryembediment the method comprises: when
the second plurality of electronic components on the second carrier are tested in

the test unit, and simultaneously the first carrier is loaded with and/or unloaded

from the first plurality of electronic components with the plurality of pickers,

- simultaneously processing one electronic component picked up by one of

the plurality of pickers with the at least one processing station.

According to an exampleexemplary-embediment the method further comprises:
picking up from a carrier, and placing on a carrier, one electronic component at a

time with one picker comprising

- moving the one picker and the carrier, relative to each other.
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According to an exampleexemplaryembediment the method comprises: picking
up and placing one electronic component at a time with one picker comprising

- moving the carrier, comprising a linear movement in up to dimensions
and/or

- moving the one picker wherein the movement comprises a linear
movement in up to dimensions, and/or a rotatable movement of the

picker.

An automated test system for testing singulated electronic components
comprises a handler, comprising a plurality of pickers, the pickers being adapted
to each pickup one electronic component, at least one processing station for
processing one of the electronic components, a first carrier, a second carrier, and
a test unit, for testing singulated electronic components located on a carrier.
When the second plurality of electronic components on the second carrier are
tested in the test unit while the second plurality of electronic components rest on
the second carrier, simultaneously the first carrier is loaded with the first
plurality of electronic components by the plurality of pickers and/or unloaded

from the first plurality of electronic components by the plurality of pickers.

The aspects defined above and further aspects of the pre-sent invention are
apparent from the examples of embodiment to be described hereinafter and are
explained with reference to the examples of embodiment. The invention will be
described in more detail hereinafter with reference to examples of embodiment

but to which the invention is not limited.

Brief Description of the Drawing

Fig. 1 shows an embodiment of the automated test equipment for testing

different types of electronic components

Fig. 2 is a detailed view of the automated test equipment including view of a

rotary handler

Fig. 3 shows an open microphone test module comprising an inner chamber, and

including a carrier

Fig. 4 shows a closed microphone test module comprising an inner chamber, and

including a carrier
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CLAIMS

1. An automated test system-{366) for testing singulated electronic

components {886uw)-comprises:

a handler-4683, comprising a plurality of handler pickers {2+8}-and/or a
plurality of spinner pickers-{2287}, the plurality of the handler pickers {21-8)-and/

or of the spinner pickers {228)-being adapted to each pickup one electronic

component-{860u7},

at least one processing station {4383-for processing one of the electronic
components {860u)-being picked up by one of the plurality of handler
pickers{2107},

a carrier station unit{5563, and a first carrier {8+8)-being located in the
carrier station unit-{55063}, wherein the first carrier {810)-is adapted to carry a
first plurality of electronic components {860u)-to be tested, and

- the handler pickers {218}-and/or the spinner pickers {2263-are adapted to
each place one electronic component {886u)-at a time on the first
carrier{818}, and/or

- the handler pickers {218)-and/or the spinner pickers {226})-are adapted to
each pick up one electronic component {8868w-at a time from the first

carrier-8163,

a second carrier {826-wherein the second carrier {8268)-is adapted to carry

a second plurality of electronic components {8684})-to be tested, and

the automated test system {366)-further comprising

a test unit (+86,1665-108065-for testing singulated electronic
components-880« being located on a carrier{818,82683, wherein

- while the second plurality of electronic components {86868«)-on the second
carrier {8268})-are tested in the test unit {+8683}-and the second plurality of
electronic components {886w)-rest on the second carrier-{8267,

- simultaneously the first carrier {838)-is 1) loaded with the first plurality of
electronic components {886w)-by the plurality of handler pickers {(2+65
and/or spinner pickers {2283-and/or 2) unloaded from the first plurality of
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electronic components {886w)-by the plurality of handler pickers (2165
and/or spinner pickers-{22683}, and

wherein the test system {386)-further comprises at least one of the group of

a tester{4863}, a soak station{466}, a de-soak station{4783, and a further
test unit{1065-100645,

wherein at least two of the group of the handler{4683}, the test unit{1+66}, the
tester{480), the soak station{460), the de-soak station-{(478), and the further
test unit {186518069-are standalone units each having a different footprint {+62;
10251027402, 352,462,472,482)and are movable to or away from each

other.

2. The automated test system {366)-according to claim 1,

wherein, when the second plurality of electronic components {886w3-on the
second carrier {826)-are tested in the test unit-(160}, and simultaneously the
first carrier {818)-is loaded with or unloaded from the first plurality of electronic
components {860u)-by the plurality of handler pickers {218}-and/or spinner
pickers{2267},

- simultaneously the at least one processing station {4368)-processes one

electronic component {886u)-transported by one of the plurality of handler
pickers-{21067.

3. The automated test system {3686}-according to at least one of the claims 1

or 2,

wherein picking up and placing one electronic component {886w)-at a time by

one handler picker {2163-and/or spinner picker {2283-comprises:

- a movement of the carrier {8+8)-comprising a linear movement in up to 3

dimensions, and/or

- a movement of the one handler picker {2138)-and/or spinner picker {2263
comprising a linear movement in up to 3 dimensions and/or a rotatable
movement of the handler picker {21+83-and/or of the spinner picker-{2267.
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4, The automated test system {3686}-according to at least one of the claims 1
to 3,

wherein the carrier station unit {5563-comprises a first carrier station {554)and a
second carrier station{552}, each of the first and second carrier stations {551
552)-being adapted to receive, carry, and/or move at least one of the first and
second carrier{81+6,-8263}, and being adapted to replace the first carrier {816}-by
the second carrier{820).

5. The automated test system {366)-according to at least one of the claims 1

to 4, further comprising

at least one further carrier{818,-826}, adapted to being loaded with and

unloaded from a further plurality of electronic components {8606u)-by a handler
picker {218)-and/or a spinner picker-{(2267,

wherein the further carrier {816,-826)-is adapted in that the further plurality of

electronic components {8086u}-are tested while resting in receptacles of the

further carrier-(816,-820).

6. The automated test system {3686}-according to at least one of the claims 1

to 5, further comprising
at least two processing stations{4363,

wherein at least one of the at least two processing stations {4368-—1,430-2)is
located upwards of the carrier station unit{556}, and wherein at least one other
of the at least two processing stations {436-3,436-4)-is located downwards the
carrier station unit{5597.

7. The automated test system {3686}-according to at least one of the claims 1
to 6,

wherein the handler {486}-comprises a spinner{2363}, being linear movable and

rotatable about a spinner axis{231}, and
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wherein the plurality of spinner pickers {2268}-are arranged to pointing radially

outwards from the spinner axis{2313.

8. The automated test system {3686)-according to at least one of the claims 1
to 6,

wherein the handler {(4606)-comprises a rotary table{4106}, and

wherein the plurality of handler pickers{2+83} are arranged at distal ends of
pickup heads {426)-radially extending from a center of the rotary table{4165.

9. The automated test system {3686}-according to at least one of the claims 1

to 8, further comprising
a robot {3568)-and/or a carrier exchange section{2587,

the robot-{350}, and/or the carrier exchange section {250)-being adapted to
receive the first carrier {8183-with the first plurality of electronic
components-86804 and transferring the first carrier {810)-to the test unit{168063}, in
that after having transferred the first carrier {818)-the robot {356}-and/or the

carrier exchange section {2563-completely remove from the test unit-(+667.

10. The automated test system {3863-according to at least one of the claims 1
to 9,

wherein the test unit {+663-is a microphone test unit {186)-adapted to test
microphones{860«7.

11. A method of testing singulated electronic components {8688«}-comprises:

providing a handler{4863}, comprising a plurality of handler pickers {218}
and/or a plurality of spinner pickers{2268}, the handler pickers (2+83-and/or
spinner pickers{226) being adapted to each pickup one electronic
component {886u)-at a time, at least one processing station {438)-for processing
one of the electronic components {8608u)-being picked up by one of the plurality
of handler pickers-{218}, and a carrier station unit{5563, and a first carrier {8163}
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being located in the carrier station unit{56863, wherein the first carrier {8168})-is
adapted to carry a first plurality of electronic components {868«}-to be tested,
and the handler pickers {2+83-and/or spinner pickers {228)-are adapted to each
place one electronic component {880u)-at a time on the first carrier {8+83-and
the handler pickers {2383-and/or spinner pickers {2263-are adapted to each pick
up one electronic component {868uw)-at a time, and a second carrier {8268}
wherein the second carrier {820)-is adapted to carry a second plurality of
electronic components {886w}-to be tested, and a test unit {186,16651+685-for
testing singulated electronic components {8680u)-located on a carrier{816,-8207,

wherein the method comprises,

- testing the second plurality of electronic components {886w)-of the second
carrier {826)-in the test unit {(168)-while the second plurality electronic
components {860u)-rest on the second carrier{82063}, and

simultaneously loading the first plurality of electronic components {8686u3}-on
the first carrier {810)-with the plurality of handler pickers {228}-and/or spinner
pickers {2+83-and/or unloading the first plurality of electronic components {866«}
from the first carrier {8103-with the plurality of handler pickers {(218)-and/or
spinner pickers-{2263}, and wherein the method further comprises providing at

least one of the group of

a tester{4803}, a soak station{4606}, a de-soak station{4763, and a further
test unit186516865,

wherein at least two of the group of the handler{4883, the test unit{1667}, the
tester{486, the soak station{4687), the de-soak station-{478), and the further
test unit {1:86516806-are standalone units each having a different footprint {162

10251027402, 352-462-472-482)are movable to or away from each other.

12. The method of testing electronic components {886w}-according to

claim 11, wherein

when the second plurality of electronic components {886w3-on the second
carrier {826)-are tested in the test unit{+6863}, and simultaneously the first
carrier {816)-is loaded with and/or unloaded from the first plurality of electronic
components {868u}-with the plurality of handler pickers {21-8)-and/or spinner

pickers{22067},
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- simultaneously processing one electronic component {868«)-picked up by

one of the plurality of handler pickers {2+8}-with the at least one
processing station-{4367.

13. The method of testing electronic components {886w}-according to claim 11
orl2,

wherein picking up from a carrier {810,-826)-and placing on a carrier {810,820}
one electronic component {868u)-at a time with one picker {218)-comprises

- moving the one picker {218)-and the carrier {8+6,8206)-relative to each

other.

14. The method of testing electronic components {866u}-according to at least

one of the claims 11 to 13,

wherein picking up and placing one electronic component {880u)-at a time with

one picker {218)-comprises

- moving the carrier {816,-828)-comprising a linear movement in up to 3
dimensions and/or
- moving the one picker {Z10)-wherein the movement comprises a linear

movement in up to 3 dimensions, and/or a rotatable movement of the

picker-{2167.
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