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Development of Low-cost Card-edge ECU for Small Motorcycles
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ABSTRACT

In the development of ECU this time, the transfer
molding of semiconductor manufacturing method and
the card edge connector technology were applied
to the ECU of electronic fuel injection system. In
the ECU, whole components, except for the edge
connector terminals, are sealed with resin. This ECU
is transfer-molded using an epoxy resin specifically
developed and mold die with a new mechanism.
Furthermore, we developed a waterproof card edge
connector to be mated with this ECU. Multi-contact
terminals and vibration suppressing mechanism were
applied to get a stable contact state. These enabled
the equivalent vibration resistance as before and the
detachability to the ECU in narrow space. With those
measures, the developed ECU achieved more than
five times higher productivity and 20% cost reduction
compared to the conventional products.
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Filled resin
(thermoplastic)

W57 x L71 x H27 mm, 113 g
(with male connector)

Plastic case
Male connector

Fig. 1 Conventional ECU

Molded resin (thermosetting)
W57 x L47 x H17 mm, 50 g

Electronic

components
(a) ECU structure

Connector Spacer
W63 x L75 x H25 mm, 47 g

Female
housing
Cable seal
Seal holder

(b) Connector structure

Fig. 2 Developed ECU and connector
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Item Transfer molding Injection molding
Low-viscosity resin is Melting resin, which is
Outline transferred into die while heated in cylinder, is

being heated by die  |molded with high pressure

|

)

Schematic of
process

Material properties

Resin type Thermosetting resin Thermoplastic resin
Viscosity Low High
Molding conditions

Pressure <10 MPa 30 MPa <
Temperature < 180°C 250°C <
Cycle time < 5 minutes < few minutes
After cure 2-5 hours None

Fig. 3 Comparison between transfer molding and
injection molding

Code TO220 QFP * BGA *

External ‘
view ‘

* QFP: Quad Flat Package, BGA: Ball Grid Array package

Bondi )
onding wire Lead-frame

Silicon-cl

‘g |

Cross-section of QFP

Fig. 4 Example of semiconductor packages (top) and
internal structure (bottom)
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Name Card edge type Through hole type Surface mount type
Female Card edge Female Male housing Female Male housing
terminal terminal terminal / Male terminal / Male

~G PCB \ [ / terminal \ terminal

Structure .\J/ ; —Solder o+ Solder

/// Ecu // A} // C
Female housing housing | Female housing PCB Female housing PCB

Contact type Pressing Pinching Pinching

§ Male terminal Non-existing (PCB) Copper alloy Copper alloy

€ |Connection PCB  |Unneeded Flow soldering Reflow soldering

= Occupancy area |Small Large (both-sides) Medium (single-side)
Female terminal  |Copper alloy Copper alloy Copper alloy

=2 Male side Non-existing (ECU housing) Existing Existing

g Female side Existing Existing Existing

T |Height Low High High

Connector cost Low (male connector less) Medium High

Fig. 5 Comparison of automotive connectors
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Fig. 6 Rubber seal straddling over parting line
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Fig. 7 Parting line height vs. waterproofness
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1nu foil
Female 2ig,
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/

Female

housing Back surface

(b) Cut edge surface

(a) External view

Edge connector terminal Female housing Female

(male terminal) \ / terminal
\“\‘ |$ ( =
TNy

/
Y
PCB Levering up and down to insert

(c) Mating operation

Fig. 8 Overview of card-edge connector

Movable insertion die Support pin

l y Load |—| Fliunner

| =/ adjustment spring Resin

\
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Cut edge surface Support pin

Fig. 9 Transfer molding dies
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Fig. 10 Sealed PCB cut edge surface
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Fig. 11 Electrolytic capacitor deformation
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Fig. 12  Multi-cavity molding dies arrangement
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Engagement condition Details of terminal structure

(1) Before

Edge connector terminal
ECU PCB  Spacer

ISpacer Female/terminal

B

Female housing|

1(2) During “ (@

Fig. 13 Mating operation with spacer

Female terminal

e— | (copper alloy)

Male terminal

(copper alloy) \

Cable

(a) Conventional type

Edge connector terminal Female terminal

\(;/ (copper alloy)
A \
/.

s / Cable

(b) Card-edge type

Fig. 14 Terminal contact structure
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Fig. 15 Card-edge terminal contact structure
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Fig. 17 Cross section of developed vibration-resistant
connector with slider
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Fig. 18 Vibration suppression effect by slider
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Fig. 21  Cost reduction result and contributing factor
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