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(57) Abstract: The present application relates to a method and an apparatus for producing solder bumps with an improved co-

o planarity (flatness) on printed circuit boards, PCBs. Different methods to improve the flatness of solder bumps are known from prior
art but are performed after the reflow process and require advance technical equipment. The method in the present application solves
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ated in response to the subsequent reflow process of the solder paste (104).



METHOD AND APPARATUS FOR FORMING SOLDER BUMPS

TECHNICAL FIELD

The present application relates to a method and an apparatus

for producing solder bumps with an improved co-planarity on

printed circuit boards, PCBs .

BACKGROUND

The chosen size and geometrical shape of electrical contact

areas (such as lands or pads o f a copper layer) at printed

circuit boards, PCBs depends on several factors such as

required current level, thermal relief etc. Smaller pad

sizes are for example used to transport digital

communication buses, whereas bigger pad sizes can be

designed to transport high currents sometimes with

transients.

Within the industry there are needs to ensure the

flatness/co-planarity of solder areas of PCBs in order to

secure that components are properly received when soldering.

The migration to smaller components drives the amount of

deposited solder paste down to avoid short circuits. This

demands better co-planarity (i.e. flatness) when also using

bigger components. Requirements within the industry are

currently striving for a degree of co-planarity of 0,08 r .

In this context the requirement means that the difference

between the minimum and maximum solder bump height (stand¬

off) on a PCB reference surface should be equal or less than

0.08 mm. The term 'reference surface' is used here because

it can be a bare epoxy surface on the PCB but also a copper

land surface or a copper land with a solder mask surface.

The co-planarity requirement is difficult to meet when using

different pad sizes. This is schematically illustrated by

Figures 1A-1C. These figures comprise a PCB 100 with two

copper pads 102,103 on the PCB epoxy surface 101. In Figure



1A a tacky solder paste 104 is applied to the pads 102,103.

When the solder paste 104 is subject to heat, for example in

an oven or b y infrared rays R as illustrated in Figure B

(the reflow process), the solder paste transforms into

solder bumps 105,106 as can be seen in Figure 1C. Due to

surface tension, the melted solder bumps 105,106 strive to

take a dome shaped form.

Larger pads 103, require more solder paste to cover the

whole pad. The stand-off SI for the resulting solder dome

106 will therefore be larger than the stand-off S2 for the

solder dome .105 for the smaller pad 102. The co-planar y o f

the solder bumps is here indicated as the distance C1'.

To reduce the distance C ' and to meet industry

requirements, the solder bumps need to be flattened. One

method to flatten solder bumps is disclosed in the US patent

5,167,361. In this patent the solder bumps are flattened

after the reflow process by compressing the solder bumps

using a flattening tool having a heat controlled flattening

plate. The patent also mentions that an alternative method

to flatten the solder bumps is to use a rotating cutter.

In US patent 6,416,398 a number o f flattening tools are

disclosed. One tool includes a rotating cutter head with a

plurality of cutter blades for flattening solder balls. In

order to measure the achieved planarization, a planarization

sensor is used. Another disclosed embodiment is similar to

the thermo-mechanical solution in US patent 5,167,361. That

is, a flat heated platen is engaged with the outer surface

of the solder balls until the balls soften and become

mechanically flattened by the heated platen. Yet another

embodiment disclosed in US patent 6,416,398 is a centrifuge

that mechanically compresses the bumped device against a

planarization chuck.



A disadvantage that a 1 1 these solutions have in common is

that they all require a number of spec ica designed

tools for heating, cutting and compressing. When using the

cutting tool, also precision instruments for measuring the

achieved co-planarity are needed. This also has the result

that a multitude of operational steps are needed. Mechanical

flattening only (as in the embodiment with the centrifuge)

has the additional risk of causing fractures within the

solder ball.

SUMMARY

With this background it is the object of the flattening

method and apparatus described below to obviate at least

some of the disadvantages mentioned above.

The object is achieved by a method of initially applying

solder paste with a predetermined thickness and pattern on

the contact areas on the EJCB. In a next step (and before the

reflow process) a flattening device having a flattening

surface (with a predefined co-planarity) is arranged so that

the flattening surface is parallel to and facing a PCB

reference surface at a predetermined distance. The distance

can for example be kept by using distance elements (such as

s ms) w predefined thickness between the lat e ng

surface and the PCB reference surface. The predetermined

distance between the flattening surface and the PCB

reference surface restricts the height of the solder bumps

created in response to the reflow. Before the reflow

process, the flattening device can optionally be fixed to

the PCB in order to avoid relative movements during the

reflow process. The solder paste is then exposed to the

reflow process, for example in an oven or by infrared, R

radiation. After the reflow process and after the solder has

solidified, the flattening device is removed.



The apparatus includes an industrial robot system programmed

to execute the steps of the method above.

The method has the advantage of ensuring a high and well-

defined degree of co-planarity of solder bumps on the PCB

boards. The method requires fewer operational steps and less

specifically designed tools. The steps can be performed

manually or automatically by for example programmable

industrial robots. The method also has the advantage of

requiring less solder paste and gives a bigger process

window because it is not necessary to compensate for the big

co-planarity difference that otherwise would have been the

result .

The method and apparatus will now be described in more

detail and with preferred embodiments and referring to

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A to 1C are block diagrams illustrating solder

paste transformation before and after a traditional reflow

process .

Figures 2A to 2D are block diagrams illustrating an

embodiment of the flattening method.

Figures 3A to 3C and 4A to 4C are block diagrams

illustrating different embodiments of arranging a flattening

device .

Figure 5 is a flow chart illustrating an embodiment of the

flattening method.

Figure 6 is a block diagram illustrating an embodiment of an

industrial robot system performing the flattening method.



DETAILED DESCRIPTION

Figures 2A to 2C and the flow chart in Figure 5 illustrate

an embodiment of a method of forming solder bumps with

improved co-planarity on a PCB 100.

The method includes the step 501 of initially applying

solder paste 104 with a predetermined thickness and pattern

on the contact areas 102,103 on the PCB as illustrated in

Figure 2A. In a next step 503 (and before the reflow

process) a flattening device 200 having a flattening surface

201 (with a predefined co-planarity C2) is arranged so that

the flattening surface is parallel to and facing a PCB

reference surface (here the epoxy surface 01 ) at a

predetermined distance S to res ct the height of the

solder bumps created in response to the reflow. This s also

illustrated in Figure 2B. The distance S can be kept fixed

by using different distant keeping means as further

described below.

The solder paste 104 is then as illustrated in Figure 2C

exposed to the reflow process, for example in an oven or by

infrared, R radiation. After the reflow process in step 505

and after the created solder bumps 202,203 have solidified

in step 506, the flattening device 200 s removed in step

507 as can be seen in Figure 2D.

The resulting solder bumps 202,203 now have a stand-off S

and a co-planarity C2 . The solder areas of the PCB 100 can

now securely receive both small and large components for

soldering .

The surface 201 of flattening device 200 can be of a

suitable material that can stand heat from the reflow

process 505 and that does not allow the molten solder

202,203 to wet the surface 201. The flattening device 200

and its surface 201 can preferably be a platen made of

ceramics but can also be a PCB laminate with an non-wetable



metallization layer (such as stainless steel) or a laminate

only (such as a FR4 laminate) depending on the required co-

planarity C . Stainless steel is particular suitable for

scribing grooves or patterns in the surface 201 that can act

as ventilation canals for the flux in the solder.

Figures 3A-3C illustrate different embodiments of how to

achieve the predetermined distance, stand-off S between the

PCB reference surface 101 and the flattening surface 201. In

Figures 3A-3B, distance elements or shims 301,302 with a

predetermined thickness are applied in step 502 between the

flattening surface 201 and the PCB reference surface 101.

The shims 301,302 can preferably be made of metal but can

also be made or other material that sustains the heat from

the reflow process without deformation. The shims 301,302

ca be app d di ectl on the PCB reference su ace 101 or

on free copper lands 303. In Figure 3C the distance elements

3 2 are n g :ed with the f1a11ening device 300. The

distance elements 312 are surrounded by the flattening

surface 311.

Figures 4A--4C illustrates different embodiments of how to

reduce relative movements between the PCB 100 and the

flattening device 200.

If the used flattening device 200 is made out of a enough

heavy material such as a thick ceramic platen, the weight of

the platen itse c be su f cient y e ou to reduce the

relative movements between the PCB 100 and the flattening

device 200 during the reflow 505 and cooling 506. But the

relative movements can be further reduced by using

additional fastening means 11A B, 421, 431A-B as

illustrated by arrangements 410,420,430 in Figures 4A-4C

respectively. The fastening means can consist of one or

several clamps 411A, 411B but can also be a frame 421 with

integrated clamps as illustrated by the arrangement 420 in

Figure 4B.
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The method is not limited to one-sided PCBs only. Figure

illustrates an arrangement 430 with a PCB 100 where solder

paste has been applied to contact areas on both sides of the

PCB 100. In this arrangement 430, two flattening devices

200A and 200B are used, one on each side of the PCB 100. The

predetermined s a ce S , e s and o is secured by

distance elements 435 between the PCB 100 and the flattening

devices 200A and 200B. Both the PCB 100 and the flattening

devices 200A and 200B are fastened together with two clamps

431A and 431B. The distance elements 435 can be individual

metal shims as described above, but they can also be

integrated parts of the two clamps 431A and 3IB.

Other arrangements comprising further combinations of

distance elements and fastening means may also be possible

a s long as the p ed ned distance S is kept constant

during the re flow 505 and cooling 506 processes.

The method described above and illustrated by the flow chart

in Figure 5 can be performed manually but for larger volumes

it can be desirable to use automation. Figures 6A and 6B

illustrate an industrial robot system 600 and a reflow oven

620 in which the PCB 100 and the flattening device 200 are

inserted for the reflow process.

The industrial robot system 600 comprises one or several

industrial robots 601 that are controlled by a controlling

unit 602. This controlling unit 602 can be a single separate

entity coupled to and common to all robots 6 involved but

can so be nte ated each robot. 601. The controlling

unit 602 comprises a processor device P and a memory device

coupled with the processor device P . The memory device M

stores computer program instructions wherein the processor

device P executes the instructions so that the industrial

robot system 600 is caused to perform the method described

above. All steps in the method are not illustrated in



Figures 6A and 6B but the robot system 600 is caused to

perform the steps to:

501: apply solder paste 104 with a predetermined thickness

and pattern on the contact areas 102,103 on the PCB 100.

503: arrange the flattening device 200 having a flattening

surface 201 w th a predefined co-planarity C2 in parallel to

and facing the PCB reference surface .101 at a predetermined

distance S between the flattening surface 201 and the PCB

reference surface 101 as to restrict the height of the

solder bumps created in response to a reflow process o f the

solder paste 10 .

505: expose the solder paste 104 to the reflow process for

example in the reflow oven 620 .

506: cool the created solder bumps 202,203.

508: remove the flattening device 200.

Optionally, the robot system 600 is also caused to perform

the steps to:

502: apply distance keeping elements 301,302 between the PCB

100 and the flattening device 200 as to secure the

predetermined distance S ;

504: prior to the reflow in step 505 apply a fastening means

411A-B, 421, 431A-B to the flattening device 200 and to the

PCB 100 as to reduce relative movements and

507: after the step o f cooling 506 remove said fastening

means 1A-B, 42 , 31A - .



CLAIMS

1 . A method of forming solder bumps with improved co-

planarity on contact areas (102,103) on a printed circuit

board, PCB (100) having a reference surface (101), the

method comprising the steps of:

- applying (501) solder paste (104) with a predetermined

thickness and pattern on said contact areas (102,103);

ar an ng (503) a ng dev ce (200) h v g a

flattening surface (201) with a predefined co-planarity (C2)

in parallel to and facing the PCB reference surface (101) at

a predetermined distance (S) between the flattening surface

(201) and the PCB reference surface (101) as to restrict the

height of the solder bumps created in response to a reflow

process of the solder paste {104};

- exposing (505) the solder paste (104) to a reflow process;

- cooling (506) the created solder bumps (202,203);

- removing (508) the flattening device 2 0).

2 . method as in claim where the step of arranging the

flattening surface at the predetermined distance (S)

involves the step of applying (502) at least one distance

keeping element (301,302) between the PCB (100) and the

flattening device (200) as to secure the predetermined

distance (S) between the flattening surface (201) and the

PCB reference surface (101).

3 . A method as in claim 1 or 2 further comprising the steps

o

- prior to the reflow (505) applying (504) a fastening means

(411A-B, 421, 431A-B) to the flattening device (200) and to

the PCB (100) as to reduce relative movements between the



flattening surface 201/ 311) and the PCB reference surface

(101)

after the cooling (506) removing (507) said fastening

means (411A-B, 421, 431A-B) .

4 . A method as in claim 3 where the distance element

(301,302) comprises a metal shim.

5 . A method as in claim 3 where the flattening device (300)

has an integrated distance keeping element (312} as to

secure the predetermined distance (S) between the flattening

surface (311) and the PCB reference surface (101) .

6 . A method as in any preceding claim where the flattening

device (200,300) comprises a plate of a material having a

flattening surface (201,311) that is non-wetable to solder.

7 . A method as in claim 6 where the non-wetable flattening

surface (201,311) is made of ceramics.

8 . An industrial robot system (600), comprising at least one

industrial robot (601) for working a printed circuit board,

PCB (100) having a reference surface (101) and a control

system (602) including a processor device (P) and a memory

device ( ) coupled with the processor device (P) and storing

computer program instructions wherein the processor device

(P executes the instructions, the industrial robot system

(600) is caused to:

apply (501) solder paste (104) with a predetermined

thickness and pattern on contact areas (102,103) on the PCB

(100) ;

arrange (503) a flattening device (200) having a

flattening surface (201) with a predefined co-planarity (C2)

in parallel to and facing the PCB reference surface (1.01) at

a predetermined distance (S) between the flattening surface

(201) and the PCB reference surface (101) as to restrict the



height of the solder bumps created in response to a reflow

process of the solder paste (104);

expose (505) the solder paste (104) to a reflow process;

- cool (506) the created solder bumps (202,203);

- remove (508) the flattening device (200).

9 . An industrial robot system (600 as in claim 8 wherein

the processor device (P) executes the instructions, the

industrial robot system (600) s further caused to:

apply (502) at least one distance keeping element

(301,302) between the PCB (100) and the flattening device

(200) as to secure the predetermined distance (S) between

the flattening surface (201) and the PCB reference surface

(101) .

10. An industrial robot system (600) as in claim 9 wherein

the processor device (P) executes the instructions, the

industrial robot system (600) is further caused to:

- prior to the reflow (505) apply (504) a fastening means

(411A-B, 421, 43.1A-B) to the flattening device (200) and to

the PCB (100) as to reduce relative movements between the

flattening surface (201,311) and the PCB reference surface

(101) ;

- after the cooling (506) remove (507) said fastening means

(411A-B, 421, 431A-B) .
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