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ABSTRACT

Press-Fit technology used in printed circuit board (PCB)
application is a proven and robust interconnect approach to
reliably provide electrical and mechanical connections from
PCB to an electrical connector. Electrical Connectors are then
interconnected together providing board to board electrical
and mechanical connections. Press-Fit Compliant Pins are
used on various Backplanes, Mid-planes, and Daughter Card
Connectors. Circuit designers are continuing to use press-fit
interconnect method to avoid challenges associated with
soldering and rework.

To fulfill the future electrical performance and memory and
speed I/O data rate in Gigabytes per second and high signal
integrity for next generation cloud computing products and
specially for the ever growing massive mobile users and IoT
applications, iNEMI Board Assembly-press-Fit Technology
Roadmap Team get together every two years to identify the
future technology trend, future technical challenges and
needs and then to find potential solution for next 5 to 10 years
in the horizon.

In this article, there are several technical challenges have
been identified through extensive brainstorming by press-fit
roadmap team. These challenges range from press-fit
interconnection high-speed signal performance limits, press-
fit assembly process automation, bent compliance pin during
insertion, press-fit rework standardized method, bend pin
testing and AOI/X-ray detection, to EMI/cross talk concern
when press-fit serve as antenna during high-speed signal
transmission. The current technical status and gap to these
challenges will be discussed in the paper. Then the potential
solution in three color-coded will be marked to describe if
there are /will be a research, development and deployment
activates to facilitate the technology evolution to enable
resolution of these press-fit interconnect challenges.
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INTRODUCTION

The principle of press-fit interconnect is that a stamped metal
contact terminal is pressed into a plated Through Hole (PTH)
in printed circuit board (PCB). There are two types of press-

fit terminal, the solid pin having press-in zone and the more
popular compliant pin having an elastic press-in zone!. A
Press-Fit Compliant Pin is typically formed via a flat sheet of
copper metal stamping and coining process using precision
punch and die tooling set to form an eye of needle (EON)
style of pins as shown in Figure 12. These Compliant Pins are
designed to dynamically compress during press insertion into
the PTH in PCB to adapt to a given finished hole diameter
tolerance as specified by the connector supplier. The
Compliant Pin interference with PTH will create a gas tight
mechanical interconnection to the PCB thus providing a
proven, dependable, and reliable interconnection. The press-
fit in a way is also a contact interconnect approach with much
sophisticate interface of compliance pin and finish hole size
in the PTH.

©)
Figure 1. Press-fit eye-of-needle pin configuration (a) press
fit in the PTH in longitudinal microsection direction (b) and
board bottom view with press-fit in the PTH in vertical
microsection.
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PRESS-FIT PROCESS AND CHALLENGE

Placement and insertion

The PCBA industry has relied on human manual placement
methods to load connectors onto the PCB. Manual hand
insertion has become increasingly more difficult as
Compliant Pins are getting smaller, shorter, and having
higher density. Cycle time for manual placement can be
increased by good percentage if experienced operators with
ability to sense the correct placement. The use of automated
machines to perform Compliant Pin stitching, comb block,
loading press, pin tip true positioning/straightening.
Connector pick, place and press steps have all been unique
highly customized machines.

Currently there are a limited number of equipment vendors
and or high-cost robots to automate the connector placement
onto the boards. One reason for the lack of equipment is the
lack of connector package standardization of connector trays.
A collaborative effort has not yet been made in the industry
to standardize connector trays. In the interim 3D Printers are
being used to create customized trays to enhance the ability
to automatically pick, inspect, place, press and inspect press-
fit connectors as shown in Figure 2. The insertion and press
steps are the most critical portion of the press-fit process. Use
of proper feeding methods, pre-insertion pin inspection, pre-
seating, press equipment, insertion tooling, support fixtures,
compliant pins and PCB’s that comply to the drill and
finished hole size conditions ensure a sound process with
reliable results.

Figure 2. 3D printing trays for consistent component pre-
seating

Press-Fit Pre-Inspection

Pre-Inspection is crucial for the newly proposed pre-seating
process. Accurate and reliable pin location tolerance
inspection and component alignment provides a validation
before these connectors are inserted, driving higher yields
and a simplified final press process (part is already aligned,
and eyelet pins are partial inserted). The size and shape of
pins, density of pin arrays, and connector geometries pose a
wide variety of challenges for these solutions.

The only viable means of inspecting connector pin tails is by
using a machine vision system. This system must be capable
of accurately detecting the presence and position of each pin
regardless of pin length, connector length, pin tip profile,
material, finish, and background reflections from the

connector body. The large size of some the connectors
requires a large area vision field. Lighting is always the first
and most critical step in successful image acquisition.
Multiple lighting schemes may be necessary to cover all the
variations. Once the pin tips image is acquired the
calculations required to determine pass/fail status is straight
forward. Fortunately, this same data can be used to guide the
placement head to the proper location on the PCB.

Figure 3. Pre-seating and vision
deformation

inspection on pin

Press-Fit Connector Pressing and post-inspection.

To date, nearly all connectors are hand placed throughout the
board, followed automated pressing in front part of PCBA
(printed circuit board assembly). When using automated
pressing, careful design of force feedback can detect a
connector that is dispositioned on the PCB whether it was
placed incorrectly of was jostled out of place at some time
after placement. Transferring the loaded PCB into the
automatic press can be a source of this problem. If the PCB
is successfully loaded into the automated press, there is a
significant possibility of connectors moving due to other
sources of inadvertent PCB movement. One such source of
movement is the press tooling itself. As the tool is retracted
from the just pressed connector it can momentarily stick in
the connector which causes the PCB to raise slightly. When
the tool breaks free the PCB snaps back down with significant
vibration. The causes of connector movement after placement
can be minimized but never eliminated completely. This
problem can be eliminated by picking, placing, and pressing
each connector in sequence so there are never loose
connectors on the board before pressing.

Inspection is one of the most critical areas of the press
operation. Regardless of the type of pin deformation as
illustrated in Figure 5 (crushed, bent-under, broken-off,
smashed, etc.), the primary concern is a connection that may
pass an open/short electrical test but fail subsequently in the
field due to either loss of signal integrity or the connection
opening up. This can occur if the pin shorts to the top of the
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barrel and passes the electrical test. If the pins are long
enough to protrude through the board, inspection can catch a
pin that has not protruded through the board by AOI
(Automated Optical Inspection) or visual inspection.
However, if the pin is short and the PCB is thick, the pin is
not visible thus limiting defect detection. AOI Equipment can
easily inspect and measure Pin Tip True Position but cannot
easily detect presence of a pin tail buried in a thick PCB PTH.
Alignment of Pin Tip True Position measurement location
(data or reference point) and equipment method is
encouraged between the Connector Manufacturer, Customer
and Contract Manufacturer.

Bent under Pin
Broken off pin
Crushed pin
Deflected/deformed pin

Figure 4. Typical press-fit compliant pin defect

Press-Fit interconnection correlation with electrical and
mechanical function.

During the press-fit connector press process, first the EON
area of the compliant pin will in contact with PTH wall which
result in plastic deformation in the outer region of the pin.
Afterward the contact between the pin and metallization of
the PCB hole is established to induce a large contact area after
elastic and plastic deformation. In the Thoben, Hornkamp
and Tschribs ed. Article’ show that the contact resistance can
be computed with following formula3.

R contact ~ constant * Pplating * (H plating/ P contact) 12

Where:
R contact: cOntact resistance
P plating: Tesistivity of the plating
H plating: Hardness of the plating material
P contact: Contact force

With contact force as 54N and Tin as plating material, the
contact resistance is 0.036 vs. the measurement data in range
between 0.02 and 0.04 mQ * which consistent with Team’s
understanding of sub-milliohm range in contact resistance.

In functional format, once press-fit connector is pressed into
PTH, they form a press-fit interconnect system. The key
electrical functions (response parameter) from this press-fit
contact interconnect connect system are contact resistance
and current carrying capacity with press-fit pin shape and size,
base material and plating type and thickness as control
variables. And the key mechanical functions from this press-

fit interconnect system are insertion force, retention force,
and through hole deformation with drill diameter, PTH size,
plating type and thickness, PCB board material and pre-
processing as control variables.

iINEMI PRESS-FIT TECHNOLOGY ROADMAP
Press-fit technology used in printed circuit board assembly
applications continues to be a strong, dependable, and
reliable interconnect for electronic product applications.

The roadmap focus here are on (a) the impact of increasing
line speeds (e.g., press fit tails acting as antennas), (b)
automation in manufacturing, (c) bent compliant pins, (d)
standardized rework methods, (d) automated optical and X-
ray inspection and (e) maintaining electrical connectivity in
the presence of warpage.

Technology issues and solutions have been identified and
projected by industry experts comprised of interconnect
manufacturers, electronics manufacturing service (EMS)
providers, connector inspection equipment suppliers and
subject matter experts. Roadmap Team also updated the
Press-Fit Pin table of key attributes critical to manufacturers,
assemblers, and development efforts.

Technical issue #1: Press-fit connector high speed signal
performance limits

While faster bandwidth and signal integrity speeds are being
achieved today for line speed of 25 GHz, continued
enhancement on interconnect designs and compliant pin and
plating materials need further development to continue apace
for faster system performance with line speeds larger than 40
Ghz by 2026 and after as shown in Table 1. The current press-
fit interconnect pin configuration and material might not be a
viable solution after 5 years. Since signal speeds are restricted
by PCB material, Cu plated through, pin design, press-fit pin
manufacturers continue to research materials, designs, and
methods to during this evolution.

An optical hybrid cable and related interconnects will require
innovative solution when product advance to high speeds,
frequency, and data rates during the technology evolution.

Technical issue #2: Printed Circuit Board assembly
(PCBA) press-fit assembly process automation

As mentioned in previous session, nearly (<5%) all press-fit
connectors are hand placed throughout the board, followed
automated pressing in front part of PCBA (printed circuit
board assembly). There are limited automated process for
press-fit insertion (pick, inspect, place and press) in high-
volume and high-mix environment. By 2028 approximate
75% of product as shown in Table 2 need fully automated
press-fit pick, inspect, place and press process with
standardized package trays or feeders.
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Table 1. Press-fit connector limitation and need for high-
speed signal performance.

ROADMAP TIMEFRAME

TECHNOLOGY ISSUE TODAY 3 YEARS 5 YEARS 10 YEARS
(2023) (2026) (2028) (2033)
ISSUE # 1: Press-fit connector,
high-speed signal performance
limits.
NEED High-speed press-fit | High-speed press-fit | Transition press-fit high speed signals
connectors connectors >40 Ghz to fiber optic
>25 Ghz >40 Ghz
CURRENT TECHNOLOGY Solutions Deployed | Solutions Deployed Solutions Not Known
STATUS or Known Today or Known Today
GAP Compliant pin Compliant pin Compliant pin connector interface to PCB
connector interface | connector interface | PTH unable to achieve high-speed signal
to PCB plated to PCB PTH unable transmission > 56 GHz
through hole (PTH) | to achieve high-
unable to achieve | speed signal
high-speed signal transmission
transmission >56 Ghz
>40 Ghz
CHALLENGE Press-fit pin good to ~25 Ghz applications. Above 56Ghz, press fit might not be a viable

option for speed and plateau as an optical hybrid interface might become a prominent
solution.

ISSUE #2: Printed circuit board
assembly (PCBA) press -fit
assembly process i

and press machines require customized fixturing and tooling
which vary from customer to customer. By 2028 Roadmap
Team expect to see highly collaborative relationship among
connector manufacturers as illustrated in Table 3.
Automation needs standardized package, trays, grippers, and
equipment to pick, place and process. Without standardized
flexible tools, industry has many variations reducing full
development and deployment. Roadmap Team envisions
continued press-fit connector standardized packaging
improvement during the next 5 to 10 years.

Table 3. Press-fit connector packaging not ready for
assembly process automation.

ROADMAP TIMEFRAME
3 YEARS ‘ 5 YEARS ‘

TECHNOLOGY ISSUE ‘ TODAY | 10 YEARS

NEED Limited fully Enhanced Fully automated Standard assembly (2023) (2026) (2028) (2033)
automated process | automated pick, pick, inspect, place | process with
for PCB connector | inspect, place and | and press process | automation for TSSUE #3: Connector packaging
press -fit insertion | press process with | with standardized | press fit assembly oy N
(pick, (inspect) standardized package trays or deployed and low- " " — "
place, and press) in | package traysor | feeders cost equipment NEED Connector tray Agreed Highly collaborative | Highly collaborative
high-volume, high- | feeders solutions available. styles and lonshi ionshi
mix environment. pick, inspect, place dimensions between between between
and press process standard between ers for for for
<5% i <50% <75% Automation" >90% Automation manufacturers. Use | standard i standard standard
CURRENT TECHNOLOGY STATUS | Solutions Deployed | Solutions Deployed Solutions Need Solutions Need acommon press-fit | press methodsand | press methodsand | press methods and
oor Known Today or Known Today 0 n on tool and/or die, tool i tool i tool i
GAP Press fit assembly Gap and limitations on handling press-fit connectors for pick and placement
process is basic placement. machines for
manual and minimal 2
<5% CURRENT TECHNOLOGY STATUS | Solutions Solutions Solutions Solutions
CHALLENGE ion cost, and incoming connector packaging placement or Known Today or Known Today or Known Today or Known Today
handling challenges. GAP Non-standard packaging between all connector manufacturers is not ideal for press fit
GAP costly to design No industry spec or standard, common press fit tool developed for
universal i that is ing and friendly used as
Color Key | Readiness Levels Range Description to handle and press | common across manufacturers.
TRL1t04 o N a!l ionlnector;ype&
i esearcl pick, place an
MRL: 1to 4 press machines
TRL:5to 7 Development require customized
MRL:5t0 8 fixturing and tooling
TRL:8to 9 which vary from
MRL: 9 to 10 Deployment customer to
customer.
CHALLENGE Common connector packaging cost impacts. High change over time and labor to set up
and run.

TODAY |3 YEARS |5 YEARS

[ TECHNOLOGY ISSUE (2023) | (2026) | (2028)

POTENTIAL SOLUTIONS

Since signal speeds are restricted by PCB materials, Cu plated
through, connector pin designs; a clear solution is to be
discovered. Hybrid connectors (press fit, surface mount
technology (SMT), mixed contact types),

Fiber optic cable and related interconnects will require
innovative solutions to advance to higher speeds,
frequencies, and data rates.

Issue #1a: Press fit

, high speed
signal performance
limits

Table 2. PCBA press-fit assembly process automation issue
and potential solution

| ROADMAP TIMEFRAME
TECHNOLOGY ISSUE ‘ TODAY ‘ 3 YEARS ‘ 5 YEARS ‘

10 YEARS

(2023) (2026) (2028) (2033)
ISSUE #2: Printed circuit board
assembly (PCBA) press -fit
assembly process i
NEED Limited fully Enhanced Fully automated Standard assembly

automated process | automated pick,
for PCB connector | inspect, place and
press -fit insertion press process with
(pick, (inspect) standardized
place, and press) in | package trays or
high-volume, high- | feeders

mix environment.

pick, inspect, place
and press process
with standardized
package trays or
feeders

process with
automation for
press fit assembly
deployed and low-
cost equipment
solutions available.
pick, inspect, place
and press process
<5% <50% i <75% '’ >90%
CURRENT TECHNOLOGY STATUS | Solutions Deployed | Solutions Deployed Solutions Need Solutions Need

or Known Today oor Known Today Optimization Optimization
GAP Press fit assembly | Gap and limitations on handling press-fit connectors for
process is basic placement.
manual and minima
automation <5%
CHALLENGE ion cost, ji

and incoming

Technical issue #4: Press-fit compliant pin bending

As shown in Figure 4, some press-fit compliant terminal
already deformed/bent during handling or packaging prior
the press operation. These terminals are easily bent during
loading and pressing processes. The challenge is to improve
alignment features to locate connector to PCB. Ability to
implement inspection equipment prior to shipment from
connector manufacturing to EMS. Use of all imaging
equipment for appraisal during connector manufacturing
using artificial intelligence (AI) technology. Looking
forward to optimizing placement methods and Al camera
can be used to validate no bent pins before pressing of
press-fit connector.

Table 4. Press-fit connector bent pin challenge and potential
resolution.

| ROADMAP TIMEFRAME

handling challenges.

Technical issue #3: Press-fit connector packaging not
ready for automation

One reason for the lack of pick and place equipment for press-
fit is the lack of connector package standardization of
connector trays. So, it is costly to design a universal
equipment to handle and press all connector types. Pick, place

TECHNOLOGY ISSUE TODAY 3 YEARS 5 YEARS 10 YEARS
(2023) (2026) (2028) (2033)
ISSUE # 4: Bent compliant pins Solutions Need
Optimization
NEED Some pins bent during handling or packaging prior to assembly. Pins are easily bent during

loading and pressing process.

CURRENT TECHNOLOGY STATUS | Improved alignment features to locate connector to PCB. Ability to implement inspection
equipment prior to shipment from connector manufacturing. Use of all imaging
for appraisal during ing using artificial intelli (Al).

Develop handling methods for press-fit connector alignment to PTH pattern during
placement without bending pins.

GAP

CHALLENGE Optimized
methods
and Al camera use

to validate no bent

Quick, easy and no Implement
damage to PCB

surface or PTH.

improved
methods
and Al camera use
to validate no bent
pins. pins. pins.

methods
and Al camera use
to validate no bent
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Technical issue #5: Press-fit connector pin acts as an
antenna during highspeed signal transmission creating
electromagnetic interference (EMI) crosstalk.

When high speed signal >100GHz transfer through the press-
fit connector and pin configuration, the length of plated via
hole and the tip of pin protrusion will create radiation in a
form of energy emission of electro-magnetic wave. This
radiation can impact the signal integrity at high frequency
through electro-magnetic interference/crosstalk mechanism.

The circuit designers are fully aware of this crosstalk issue in
press-fit connector and press-fit manufacturer are also
informed. Signal designer is using of shorter compliant pins
in combination of back drilled PTH in PCB as a potential
mitigation approach as tabulate in Table 5, to eliminate the
antenna effects for high-speed circuits. There are still
technical challenges such as the precision of the back drill
depth. At the same time, the retention force should be
maintained for the shorter pins.

Table 5. Press-fit connector pin tail acts as an antenna during
highspeed signal transmission.

Table 6. Mechanical compressed compliant pins might be a
challenge for asymmetrically designed PCB due to inherent

wrapage and board layout
| ROADMAP TIMEFRAME
TECHNOLOGY ISSUE TODAY | 3 YEARS 5 YEARS 10 YEARS
(2023) (2026) (2028) (2033)
ISSUE #6: Mechanical Solutions Deployed
compressed compliant pins or Known Today
might be a challenge for
asymmetrically designed PWB
due to inherent warpage.
NEED The mechanical Same need as Same need as today, a better retention
stability is required. | today, but better mechanism may be available by variable
High density retention pin length and eye location.
population or key mechanism which
locations of still enables rework
complaint pins can | if required
contribute to the
PCB warpage.

CURRENT TECHNOLOGY STATUS | Design and layout
constraint for both
local and global
warpage
constraints.

PCBA connectors The dynamics of the | May need the variable location of the

and quantity, space | pin retention needs | compression location on the pins to

and proximity to to be studied along | accommodate the PCB design. High density
application specific | with the PCB population or key locations of complaint
integrated circuit technology pins can contribute to the PCB warpage.
(ASIC). Need to development. High
retain electrical density population
connectivity while | or key locations of
accommodating complaint pins can
both local and contribute to the
global warpage. PCB warpage.

Solutions Deployed EINTLLELEECRe T ENLT S
or Known Today

GAP Design and layout
constraint for both
local and global
warpage
constraints.

With the capped maximum pin density, the
gap is expected to be bridged by the newly
developed technology.

| ROADMAP TIMEFRAME

TECHNOLOGY ISSUE TODAY 3 YEARS 5 YEARS
(2023) (2026) (2028)

10 YEARS
(2033)

CHALLENGE Need more effective solution which is quick and easy

Back drilled holes and shorter compliant pins would be
required to eliminate the antenna effects for high-speed
circuits. There are still technical challenges such as the 2 4

Issue #8: Press fit tail
acts as an antenna

Issue #6: Mechanical
compressed compliant
pins might be a
challenge for

Additional retention mechanisms/techniques might be
required to overcome increased PWB warpage due to the

during high signal N asymmetrical designs.
o precision of the back drill depth. At the same time, the asymmetrically Enh | il
transmission retention force should be maintained for the shorter pins designed PWB due to | 2CI"é design guidelines will be required
inherent warpage.
Technical issue #6: Mechanical compressed compliant SU ARY

pins might be a challenge for asymmetrically designed
PCB due to inherent warpage and board layout.

With massive DIMM and press-fit connector designed
around multiple CPU and GPU, the inherent PCB wrapage is
already a major issue in direct solder attached or LGA socket
for interconnection of process units onto a PCB®. Beside the
pre-pressing pin inspection and automation to ensure no bent
pins problem, the designer need to rationalize the location of
press-fit in the layout as high density population or key
location of compliant pins can contribute to the PCB wrapage
to induce press-fit assembly yield rate as well as causing issue
for CPU socket interconnection. Additional retention
mechanisms and techniques might be required to overcome
increased PWB warpage due to the asymmetrical designs.
Enhancing design guidelines will be required.

Table 6. Mechanical Compressed compliant pins might be a
challenge for asymmetrically designed PWB due to inherent
warpage and layout.

As part of the INEMI Technology Roadmap for board
assembly, a press-fit roadmap team including press-fit
manufacture, OEM/ODM and EMS are getting together
every two years to identify the future technology trend, future
technical challenges and needs and then to find potential
solution for next 5 to 10 years in the horizon. Several
summaries can be derived from Press-Fit team discussion in
challenge and potential solution.

I. During the press-fit pressed into PTH, process, f the EON
area of the compliant pin will in contact with PTH hole wall
which result in plastic deformation in the outer region of the
pin. Afterward the contact between the pin and metallization
of the PCB hole is established to induce a large contact area
after elastic and plastic deformation. The contact impedance
of press-fit system after the press into plated through hole is
in the mQ range. This value is being used as pass/fail criteria
in reliability testing such as ATC, accelerated thermal cycling.

IL. In functional form, once press-fit connector is pressed into
PTH, they form a press-fit interconnect system. The key
electrical functions (such as contact impedance) are contact
resistance and current carrying capacity with press-fit pin
shape and size, base material and plating type and thickness
as control variables. And the key mechanical functions are
insertion force, retention force, and through hole deformation
with drill diameter, PTH size, plating type and thickness,
PCB board material and pre-processing as control variables.
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II1. Several technical issues have been identified and covered

in this article. In summary:

e The new research of PCB material, pin design and Cu
plated through hole is needed. Potential fiber optic cable
and related interconnect study are potential resolution to
overcome the performance limits for high-speed signal
over 40Ghz for coming 3 plus years.

e  For press-fit assembly automation of product in high mix
and low volume, fully automated, flexible press-fit
connector assembly lines that inspect the connector,
pick, and place the connector and have common
packaging, tools, fixtures, and machines are the key
factory to assembly good quality and high yield press-fit
operation

e missing of pick and place equipment for press-fit is the
lack of connector package standardization of connector
trays. By 2028 Roadmap Team expect to see highly

collaborative relationship among connector
manufacturers to achieve the loading tray and fixtures
standardization

e  For press-fit bent pin issue, improved handling methods
to prevent bent pins include but are not limited to plastic
protective covers or guards to protect pins. Connectors
should have no bent pins prior to and after assembly onto
the PCBs. Bent pin mitigation methods are deployed and
sound.

e In very high frequency application >100 GHz the
connector pin tip acts as an antenna to cause EMI
crosstalk to induce signal integrity problem in the
electronic product. back drilled holes and shorter
compliant pins will highly likely be required to eliminate
crosstalk issue.

e The designer needs to rationalize the location of press-fit
in the layout as high-density population or key location
of compliant pins can contribute to the PCB wrapage to
induce press-fit assembly yield rate problem as well as
causing issue for CPU socket interconnection.

CONCLUSION

The press-fit connector pin and plated through hole
interconnect together to form a press-fit system. Current
press-fit system and technology used in printed circuit board
assembly applications continues to be a strong, dependable,
and reliable interconnect system for electronic product
applications. iNEMI Press-Fit technology roadmap Team
identified several major technical issues for next 5 to 10 years
and potential solution is proposed. Join development
programs among press-fit supplier, OEMs and EMS are
needed to derive solid resolution for these challenges.
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