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DEVELOPMENT OF MEMS CONSTRUCTION CONNECT DEVICES
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Background. A large part of modern electronic components used in the ET, having a high electro-physical characteristics
stated, quite often don’t match passport data, have hidden defects that are due to the complexity and high level of integration
(processor, the FPGA etc) is difficult to identify timely. This imposes on producers of ET additional requirements on the
organization of the input and functional control of finished products and controlling with a high level automation and
complexity devices.

Objective. The aim of the paper is the development of the original design-technological solution of multiprobe contact
device for control chips in BGA packages that is distinguished with simultaneously control a large number of outputs with a
high density of their location, low cost, low weight and size parameters and the ability to connect quality control.

Methods. High-quality, uniform contacting of the multiprobe contact device for controlled chip is carried out by a
pneumatic clamping of probes lying on the flexible cable.

Results. A multiprobe contact device and the topology of the holding cable was designed, simulation of the stress-strain
state was made, which occurs when pressing the probes of flexible clamping cable to circuit connections, experimental studies
of transient resistance flexible cable - output circuits were carried out.

Conclusions. The simulation and experimental researches suggest that the proposed structural-technological solution
allows you to control chips in BGA packages with number of pads to several hundred and location step up to 500um.
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Electric control chips in BGA packages. The third principle - to use for testing programmable
connect high-speed devices with "flying probe" (up to
60 connections per minute).

Also electric control of multilayer back plane is

) . . performed by automated controlling complexes (IR-
hidden defects thgt are due to the complexity and hlgh CGS-2400, Temp-F, ASK-MKI, ART-9411, etc.) that
level of integration (processor, the FPGA etc) is

difficult to identify timely. This imposes on producers
of ET additional requirements on the organization of
the input and functional control of finished products
and controlling with a high level automation and
complexity devices [1, 2].

In the area of control of electrical components
parameters outlined several trends. The first of them -
the implementation principle of peripheral, boundary
testing in the design of the components (boundary
testing according to [EEE-1149 standard). To verify the
health in this embodiment provides conclusion of key
points on the external peripheral set of contacts, which
connect more simple than to internal (in the BGA / CSP
and others.).

Another principle is used in the FPGA. The
manufacturer is developing a scheme of programming
devices and tests for testing products that require
additional input devices for testing data [3].

A large part of modern electronic components used
in the ET, having a high electro-physical characteristics
stated, quite often don’t match passport data, have

use switchboard as is "bed-of-nails"- the matrix of
spring-loaded contacts or matrix of needle probes,
creating pressure on the contact areas controlled circuit
boards due to the loss of stability (USC universal
contact system USK-1) (Fig. 2).

"

Fig. 1. "Fying pfobe
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Fig. 2 — "Bed- of—nalls”

The main controllable parameters in multilayer back
plane are the integrity of the conductors and the absence
of short-circuits between separated circuits [4].

As the number of connections securely connects
devices falls. There are control systems with number of
connection points 4000, 8000, 10 000 and even 16 000.
The complexity of manufacture, repair, maintenance
and the cost of these devices are increasing.

In most cases, control devices of chips in BGA
packages are expensive and intended for large-scale and
mass-production and currently is necessary to develop
cheaper devices for BGA chips [5].

This fact is used in the development of a number of
constructive and technological solutions for the
multiprobe contact device (MCB) control of electrical
parameters of multilayer back plane (MBP) (PCB, thin
and thick film) and for the input and functional control
of electronic components (EC) with matrix pin [Ukraine
Patents Ne 82405, 2008; No 95190, 2011; Ne97538,
2012; 98539, 2012].

Description of the MCB design

Proposed multiprobe contact devices for control of
electronic components (EC) [Ukraine Patents Ne 95190]
having the ability to test (self-test and self-monitoring)
contacting each single probe with a corresponding
output of the controlled EC that provides intelligence
properties for connect devices due to the possibility of
obtaining information about the existence of contact
with any output of EC and increasing the reliability of
the testing EC, performed in the following way [6-9].

MCB (Fig.3) comprises corps-base 1, contacts-probe
as pads on the pressing plate flexible multilayer plane 2,
with conductor, made of foil dielectrics which are
pressed to the controlled electronic component 4 by the
compressed air, cover 5, the sealing gasket 7, which
provides tightness of case, the fixing member 6, lattice
3 (provides protection from sagging) and air outlet.

According to the invention, each individual probe-
area (Fig. 4) divided into two not connected electrical

parts that are designed for contacting with ball output of
EC as that separate parts probe became electrically
connected between themselves only by contacting at
least two parts for one output and these separate parts
are connected particular conductors of the board at its
opposite end to the contacting zone with standard flat
connector.

The main technical parameters of MCB:

- probe arrangement density — up to 250 pm;

- transition resistance — units pOhm;

- the number of elements controlled in the same
time — to several thousand depending on the density of
their location;

- connection to automated measuring complexes —
by ZIF-connectors.

Fig. 3. 3D model of MCB

Wiring plan BGA components to MCB is presented
in Fig. 4.

BGA component Roll-on outputs St frHms
i [I<—J

B___,_..__ e ._

‘ Hermetic joints
Compressed | Special
air co ntactmg
area

Fig. 4. Wiring plan BGA components to MCB

Flexible ribbon
cable connects

Simulation of stress-strain state of the pressing
cable

Pre-simulated stress-strain state occurs when the
probes of flexible clamping cable is pressed to the
outputs of the chip in BGA package using the finite
element method.
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Simulation results are shown in Fig. 5-8. When
modeling was considered as a uniform matrix
arrangement of the chip outputs as the absence part of
the outputs of the matrix. Simulation results confirmed
the possibility of practical application of the proposed
design.

Fig. 5. Modeling of stress in the plate when pressed regular
structure

Fig. 6. Modeling of stress in the plate when pressed not
regular structure

Fig. 7. Modeling of the reaction force when balls are
pressing of regular structure

Fig. 8. Modeling of the reaction force when balls are
pressing of not regular structure

Development of the construction of the
holding cable

As a control object to create a prototype MCB were
selected chips in the FG-320 corps (Fig.9).
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Fig.9. MCB corps of the FG-320 chip

The reason for choosing this type of corps is the
high complexity of the design topology pressing plate
multiprobe connect devices due to a large number of
control elements (pins) - 320 pieces, as well as the high
density of their location - lead spacing 1 mm.

The most technologically complicated and expensive
element of the prototype of multiprobe connect devices
is a pressing plate. Was decided to choose as a material
the brand polyimide PDI-35 foiled by aluminum,
which is characterized by good technological, temporal
and climatic characteristics.

The layout topology of the pressing plate is made in
two layers, and is shown in Fig. 10 and 11.
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Fig. 10. Topology of the pressing plate (operational and technological areas)

Fig. 11. Topology of the pressing plate (operational areas)

The first layer of the pressing plate contains contact
elements (probes) and partially implemented conductors
wiring, it also has ten external cables through which
MCB connected to an external measuring apparatus,
five with two opposite sides. The width of the
conductor pressing plate is 75 um, the minimum
distance between conductors 75 um.

In the second layer is performed wiring of the
remaining conductors also there are eight external loops
through which MCB connected to an external
measuring apparatus, four on two opposite sides.

Interlayer compounds performed by ultrasonic
welding through the windows in the polyamide 150 x
150 pm, Fig. 12.

Fig. 12. The windows in the polyamide for interlayer
compounds ultrasonic welding

Each probe of the pressing plate is divided into two
separate contact elements. This type of probe is used
because the complexity of contacting devices for
monitoring electrical parameters of MBP increases with
the number of control points, reducing the size of
contact pads. It reduces the reliability of control, in
resulting to avoid control errors are entered manually
recheck the operation of individual circuit boards.

The main controlled parameters of the boards are
integrity of the conductors and the absence of short
circuits between separated circuits. In automatic control
of these parameters, and using the connection to the
contact pads of circuit boards with a single probe errors
can occur in two forms:

- under the control of the integrity of the
conductors of the non-contact probe to one end of the
conductor it will be rejected as having a discontinuity,
i.e. possible the rejected of suitable products;

- under the control of the insulation separated
circuits in the absence of contact with one of the probes
with a controlled circuit short-circuit will not be
detected even when it is available, i.e. can pass the
defective product.
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MCB probe is performed in the form of two
independent contact elements. From every of the
contact element launched one conductor on the outer
end of cable. This separation of the probe ensures that
the contact between separated parts with small
displacements of the contact pads and probe of the
connect devices on the axes in the plane of the board.

Thus, connect devices provides the ability to control
the availability of contact each of the plurality of probes
with a corresponding controlled chip output. In addition
to increasing the reliability of contact, obtained the
ability to control the availability of the contact. The

ability to control the contact as described above
eliminates the control error of the first and second kind.

The dimensions of the pressing plate probe is
400x400 pm. Probes of the pressing plates and elements
connecting external cable is necessary to cover a layer
of nickel, which will not allow the oxide of aluminum
foil and increase the contact resistance.

In order to reduce the cost of manufacturing the
prototype layout multiprobe connect devices has been
simplified - reduced number of external (pin) cable one
in the first layer, and two in the second. In the figure is
shown the topology of the process and working zones
pressing plate (Fig. 13).

Prototyping performed in conjunction with a number
of enterprises of Kharkov.

In the manufacture of the first prototype was found a
number of technological deficiencies: alignment
inaccuracies (Fig. 14-15), conductor break (Fig. 16-17)
and short-circuiting (Fig. 18).

aluminum and nickel deposition (alignment member)

plate

Fig. 16. Conductor break near MBP probe
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Figures 21 - 25 is an enlarged view of elements of
the pressing plate prototype.

Fig. 17. Conductor break near external output of the
pressing plate

bt 7 "

Fig. 18. Sh-circuiing

In the manufacture of the second prototype these
shortcomings have been addressed and resolved. View
of the second prototype of the MBP made in
conjunction with Research Technological Institute of
Instrument Engineering shown in Fig. 19 and 20.

Fig. 19. The prototype of the pressing plate
(the contact side)

Fig. 20. The prototype of the pressing plate (back side) Fio 24. Conduct
ig. 24. Conductors
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Fig. 25. Elements of connecting external cable

Analysis of resistances

One of the major problems in testing the BGA-
components is to obtain a stable contact resistance.
Determining the distribution of contact resistance plays
an important role in assessing the operational reliability
of the contacting device (connector).

The deterioration or violation of the connector
contacts can significantly reduce the result of the first
test and increase the retest.

At the control of electronic components is very
important to accurately measure the electrical
parameters, as the lack of precision of control can lead
to defect of an entire batch of products or recognition of
unfit — defective products.

This is especially important during the functional
control of the EC, which requires the measurement of
functional dependencies.

In the manufacturing process by measuring electrical
parameters on equipment may be affected by such
negative factors as depreciation of equipment,
contamination of equipment or product, the human
factor.

Table 1. The results of measuring the transition resistance

Therefore, the aim of this research is to analyze the
MCB parameters that can affect the reliability and
accuracy of the control of EC. The main investigated
parameters selected transition resistance in the contact
area “roll-on output-probe of MCB”.

Transient resistance - a sharp increase in resistance
at the transition of current from one part to another.

Conducted an experiment to determine the allowable
contact force for pressing the polyimide cable to the
control component with the matrix roll-on outputs by
measuring the transition resistance contacts BGA-
component polyimide connected cable. BGA-
component models used to measure transition resistance
(«dummiesy), cover was opened, it giving access to
contacts on both sides of the EC.

The measurements were performed for different
numbers of outputs which connected to the MCB. For
contacts constantly were soldered conductors.

To measure these values was used method of for
probe which eliminates the influence of the resistance
connecting cables of the voltmeter because of its high
input resistance, and the resistance connecting cables
the power source - by adjusting the amount of current
required.

The essence of the experiment is to analyze the
variation of resistance depending on pressure changes
in the “roll-on polyimide output film” contact group. To
ensure the necessary pressure values used weights from
1to 150 g.

Table 1 and Table 2 shows the average results
obtained during the experimental values based on
calculation of the pressure in each roll-on individually.

Depending obtained in the experiment shown in Fig.
26 and Fig. 27.

Power. N Resistance, mOhm
’ 1 2 3 4 5 6
0,01 0,12 0,114 0,114 0,114 0,114 0,114
0,02 0,12 0,114 0,114 0,114 0,114 0,114
0,05 0,117 0,113 0,114 0,114 0,114 0,114
0,1 0,116 0,11 0,114 0,114 0,114 0,114
0,2 0,118 0,109 0,108 0,113 0,108 0,114
0,5 0,108 0,108 0,108 0,107 0,107 0,107
1,0 0,108 0,107 0,107 0,107 0,107 0,107
1,5 0,107 0,107 0,107 0,107 0,107 0,106
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Table 2 — Average results obtained values

Power, N Resistance, mOhm
0,000575 0,115
0,001151 0,115
0,002876 0,114333333
0,005753 0,113666667
0,011505 0,111666667
0,028763 0,1075
0,057526 0,107166667
0,086289 0,106833333

From these dependences that when the pressing a range from 0,03 to 0,09 N - also continues to
force of from 0,01 to 0,03 N resistance sharply drops in  decrease, but fairly slowly.
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Fig. 26. Dependence of resistant from pressing force of contacts for 6 experiments
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Fig. 27. Average values of the resistance based on the pressure calculation for each separately roll-on
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After analyzing the results, we can conclude that in
the MCB case when connected cable is squeezing by
the compressed air to the BGA-component value of the
force acting on the one roll-on output should be in the
range 0,07-0,3 N.

The results are also consistent with the requirements
of the standards to the value of the contact force under
the control of EC using multiprobe connected devices.

The minimum allowable pressure of compressed air
in the MCB case based on the requirements ensuring
necessary transitional resistance in the contact area of
the probe with roll-on output of EC at the control of
circuit in the FG-320 case should be 0.056 MPa.

Conclusions

The article suggests a fundamentally new design
and the results of the manufacture and testing of
prototype multiprobe contact device to control
circuits in the BGA package, which has a number
of advantages:

- low cost in comparison with analogues;

- small overall dimensions;

- the ability to simultaneously control a large
number of chip output with a high density of their
placement (as provided in article topology step
controlled conclusions Imm, number 320);

- uniformity of pressing probes to controlled
conclusions (confirmed in the article presented the
results of the simulation);

- the existence of intellectual property, which
are as self-test the quality of the connection due to
a constructive solution — separation MCB probe
into several pieces.
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Hegnrwoos LII., @ununenko 0.1, Ilanazin B.A., Pazymos-@pusiok €.A., Heénrwoosa B.B., I'ypina /. B.

Po3podka koneTpykuii MEMC npucTpoiB 3 MOKIUBICTIO CAMOTECTYBAHHS MiAKII0YeHHS

IMpo6aemaTuka. 3HauHa YaCTHHA CYYacHHUX CJICKTPOHHUX KOMIIOHEHTIB, IO 3aCTOCOBYIOTHCS B CJICKTPOHHIN TeXHill,
BOJIOJIIOYM BUCOKUMH 3asBICHUMHU €JIEKTPODI3MYHHMH XapaKTepPUCTHKAMH, JOCHTH 4acTO HE BiJIOBIJAIOTH MACIOPTHUM
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JTAaHUM, MAfOTh TIPUXOBAaHI JAePEKTH, AKi 4epe3 CKIAAHICTh Ta BHCOKWH piBeHb iHTerpaii (mporecopu, FPGA 1 iH.) ckmagHo
cBoedacHO BUsBUTH. lle Hakmamae Ha BupoOHMKIB ET M0maTKOBI BUMOTH IIOZO OpraHi3amii BXiHOTO i (YHKIIOHAIEHOTO
KOHTPOJIIO BUPOOIB 1 BUKOPUCTAHHSI KOHTPOJIIOIOUUX MTPUCTPOIB BUCOKOTO PiBHSI aBTOMATH3AIIIT 1 BIIIOBIIHO CKJIAJHOCTI.

Mera nocainkenb. Po3poOka opHIriHaIBHOTO KOHCTPYKTHBHO-TEXHOJIOTTYHOTO pIllleHHs 0araTo30HI0BOrO KOHTaKTHOTO
MPUCTPOIO /ISl KOHTPOJIIO MIKpOcxeM B Kopiycax BGA, sike BIAPI3HAETHCS MOXJIMBICTIO OJHOYACHOTO KOHTPOIIO BEIHMKOT
KUTBKOCTI BMBOJIB 3 BHCOKOIO IIUIBHICTIO iX pO3TallyBaHHS, HU3BKOIO COOIBAPTICTIO, MaJUMH MacorabapuTHUMH
napameTpaMy i MOXKIIMBICTIO KOHTPOJIIO SIKOCTI HiIKITIOUESHHS.

Metoauka peasnizamii. SIkicHe, OTHOpiZHE KOHTAKTYBaHHs 0araTo30HJOBOTO0 KOHTAKTHOTO TIPUCTPOIO 0 KOHTPOIHOBAHOT
MIKpOCXeMi 31iHCHIOETHCS 32 PaXyHOK ITHEBMATHYHOI'O NPUTHUCHEHHS 30H[IB, PO3TAIIOBAHMX HA THydKoMy lurei¢i. 3oHau
KOHCTPYKTHBHO PO3/IiJIEHI Ha KiJIbKa YaCTHH, 1110 JI03BOJISIE IPOBECTH TEPEBIPKY SKOCTI i KIFOYESHHSI.

Pesyabratn  pocaimkens. Po3poOieHO KOHCTpyKHilO 0araTo30HIOBOrO KOHTAKTHOTO IIPUCTPOIO 1  TOIOJIOTIIO
NPHUTHCKAHHS HUIeidy, IPOBEICHO MOJIETIOBAHHS HAIPYyKEHO-1e(OPMOBAHOrO CTaHy, 1[0 BUHUKA€E IPU NPHTHCKAHHI 30HIIB
THYYKOTO IUICH(Y 10 BUBOIIB MIKPOCXEMH, IPOBEACHI €KCIICPIMEHTAIBHI JOCIIHKEHHS MEPEXiTHOTO OTIOpY THYUYKHHA HITeH(
— BHBOJIM MIKPOCXEMH.

BucnoBku. [IpoBeieHe MOZIETIOBaHHS Ta €KCIICPUMEHTAIBHI JOCII/UKCHHS JAI0Th IiICTaBy BBaXKATH, IO 3aIPOIIOHOBAHE
KOHCTPYKTHUBHO-TEXHOJIOTIYHE DIIIEHHSA T03BOJISIE KOHTPOIIOBATH MikpocxemMd B BGA koprmycax 3 KiTbKICTIO BHBOIIB JIO
JICKIIBKOX COTEHb 1 KPOKOM po3TairyBaHHs 10 SOOMKM.

KurouoBi ciioBa: BGA; 6araro30H10B1i KOHTAKTHUI TPUCTPil

Heesntoooe U.111., ®ununenko A.U., Ilanazun B.A., Pazymos-@pusiok E.A., Heenwoooea B.B., I'ypuna /[.B.

Pa3zpaborka koHcTpyknuum MOIOMC mnoaK/JIIOYAIOMMX YCTPOHCTB € BO3MOJKHOCTHIO  CaMOTeCTHPOBAHHSA
NMOAKII0YeHHs

ITpoGiemaTnka. 3HauWTeNbHAas YacTb COBPEMEHHBIX HJIEKTPOHHBIX KOMIIOHEHTOB, INPUMEHSEMBIX B 3IJICKTPOHHOH
TEXHHKE, 00J1a/1asi BBICOKMMH 3asBICHHBIMH JIEKTPOPU3NUECKIMH XapAKTEPUCTUKAMH, JOCTATOYHO YaCTO HE COOTBETCTBYIOT
MIACTIOPTHBIM JaHHBIM, UIMEIOT CKPBITBIE IE(DEKTHI, KOTOPBIE BBHAY CJIOKHOCTH M BHICOKOTO YPOBHS HHTETPALlHH (IIPOIIECCOPHI,
FPGA u 1p.) TpyZAHO CBOEBPEMEHHO BBISIBHTH. DTO HAKIAJbIBAET Ha Mpou3BoauTesnei DT nomosHuTeIbHbIe TPeOOBAHUS 10
OpraHU3aIUU BXOAHOTO U (DYHKIMOHAIBHOTO KOHTPOJIS TIOKYIIHBIX M3JEIHUH 1 UCTIOIb30BaHNUIO KOHTPOJIUPYIOIIUX YCTPOKUCTB
BBICOKOTO YPOBHS aBTOMAaTH3AL[U U COOTBETCTBEHHO CIIOXHOCTH.

Lens wuccinenoBanmii. Pa3paboTka OpUTrMHAIBHOIO KOHCTPYKTHBHO-TEXHOJIOTMYECKOTO PEIICHUS MHOT030H0BOTO
KOHTaKTHOTO YCTPOMCTBO /U KOHTPOJIA MUKpocxeM B koprycax BGA, koTopoe oTinyaeTcs BO3MOXKHOCTIO OTHOBPEMEHHOTO
KOHTPOJIA OOJIBIIIOTO YKCIIA BBIBOJIOB C BBICOKOM IIOTHOCTBIO HX PacIioJIOKEHMA, HU3KOU Ce6eCTOI/IMOCTI)}O, MaJIbIMH
MaccorabapuTHBIMH TTapaMeTPaMH ¥ BOZMOXKHOCTBIO KOHTPOJISI Ka4eCTBa MOAKIIOYEHHUSI.

Mertoauka peanusamun. KadecTBeHHOE, 0JHOPOJHOE KOHTaKTHPOBAHHE MHOTO30HIOBOTO KOHTaKTHOTO YCTPOMCTBA K
KOHTPOJIMPYEMOH MUKPOCXEME OCYIIECTBIACTCS 3a CUET ITHEBMATHUECKOTO MPIDKATHS 30H/OB, PACHOJIOKEHHBIX Ha TMOKOM
muteiige. 30HABI KOHCTPYKTHMBHO pAa3ZENCHbl Ha HECKOJBKO YacTei, YTO IO3BOJISIET IIPOM3BECTH IPOBEPKY KaduecTBa
TIOAKITIOYEHHSI.

Pe3yabTaThl HMccaenoBanumii. Pa3zpaboTaHa KOHCTPYKIHS MHOTO30HAOBOTO KOHTAKTHOTO YCTPOMCTBA WM TOIOJOTHS
MPIKUMAIOIIETO MTeiiha, MPOU3BEIEHO MOJIEINPOBAHNE HANPSKEHHO-1E()OPMHUPOBAHHOTO COCTOSTHMS, BO3HUKAIOIIETO HPH
NPIKATHN  30HJOB THOKOTO TPWXKMMAIONmEro mnuieiia K BBIBOJAM MHKPOCXEMBI, MPOBEAECHBI IKCIIEPHMEHTAIbHbIC
MCCIIE/IOBaHUSI IEPEXO/JHOTO CONPOTHUBIICHHUS THOKMUIA 11UIeH () — BBIBOJ MUKPOCXEMBI.

BeiBoabl. IIpoBeneHHOE MOICTHPOBAHWE M AKCIICPUMEHTANbHBIC HCCICJOBAaHMSA JAlOT OCHOBAaHME I0JIaraTh, 4YTO
MIPEATI0KEHHOE KOHCTPYKTHBHO-TEXHOJIOTHUECKOE PEIICHHE MO3BOJIAET KOHTPOIHPOBaTh MHKpocxeMbl B BGA kopmycax c
KOJIMYECTBOM BBIBOJIOB 10 HECKOJIBKMX COTEH U [IarOM pacroiokeHust 10 S00MKM.

Kirouesble ciioBa: BGA; MHOIM030H10BOE KOHTAKTHOE YCTPOMCTBO



