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Soldering Technologies Keep up with 
Performance Requirement of EVs 

The governments of France and 
Great Britain were the first to 
announce a policy that prohib
its the sale of petrol and diesel 

cars by 2040. This electric vehicle (EV) 
shift triggered by France and Great Brit
ain has spread to other European coun
tries , like Norway and the Netherlands. 
Following this trend , emerging countries 
are also promoting their respective shift 
to EV. China is considering prohibiting 
the sale and manufacture of petrol and 
diesel cars by 2040 , while India is aim
ing to limit the ·sale of new cars to only 
EVs after 2030. 

Japan , the United States, and Germa
ny, which have been leading the petrol 
and diesel car markets , are also begin
ning the development of EV sin earnest. 
In the United States, more and more 
states have introduced zero-emission 
vehicle (ZEV) standards . Both Japan 
and Germany will carry out a two-track 
policy: 1) to put efforts in EV develop
ment, and 2) to continue to develop hy
brid electric vehicles (HEY) and plug
in hybrid electric vehicles (PHEV), in 
which they are leading other competi
tors (See Table 1). 

Table 1: Global market for hybrid vehicles, plug-in hybrid vehicles, and electric vehicles 
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Note: Trucks, buses, and micro mobility vehicles are excluded. 

(Source: Fuji Keizai Co., Ltd.; June 14, 2018) 

In the shift to EV, change in the power 
source from petrol engines to electric 
motors is not the only thing that takes 
place. EV shift extends to a wide range 
of technological fields, such as auto
mated driving. It is called "automotive 
revolution" -a once-a-century revolu
tionary change. 

Sen ju Metal Industry Co. , Ltd. (SMIC) 
thinks that this automotive revolution can 
be roughly segmented into four pillars: 
EV, renewable energy, Internet of Things 
(IoT) , and artificial intelligence (AI) , 
and that the age of vehicle to everything 
(V2X), in which these four pillars are in 
collaboration with V x X, will become a 
reality in 10 years or so (See Figure 1). 

New manufacturers are expected to 
enter the car industry with both hardware 
and software in a similar way as emerg
ing EV manufacturers in Silicon ValJey 
attracted global attention. Manufacturers 
that already do business related to either 
EV, renewable energy, IoT, and AI are 
starting business related to the other three 
by making acquisitions or setting up joint 
ventures. Also, there is a great possibility 
that this automotive revolution will cause 
new key players to emerge. 

SMIC's Product Proposal for V2X 
Focusing on EV 

Soldering in the age of V2X 
As cars could directly threaten people's 

lives, manufactmers are required to ensure 
that cars mn and stop safely even in harsh 
environments. In soldeting for the auto
motive field, counterplans have been con
tinuously implemented for heat dissipation 
propetties and against aging and vibration 
in order to improve the safety of cars. 

In addition to these , in the age of 
V2X, comprehensive responses will 
be needed, including counterplans for 
high- and low-temperature environ
ments and for high-density or low
temperature soldering required for re
newable energy, IoT, and AI, as well as 
measure for CO2 emission. 
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Fig. 1: SMIC's Vision Map for the automotive industry in 2030 

The need for heat dissipation 
properties 

Nowadays , in soldering for the au
tomotive field, improvement of heat 
di ssipation property is a key issue . The 
primary reason for this is that elec
tronic components do not have a cool
ing function anymore. So far , discrete 
components and heat sinks have been 
assembled by flow soldering, but these 
components are being replaced with 
quad flat packages (QFP) or quad flat 
no-lead packages (QFN) , which do not 
have a cooling function, and compo
nents are beginning to be soldered on 
substrates only by SMT. The secondary 
reason is high-density soldering. Prod
ucts like smartphones have a limited 
size , but provide an increasing number 
of functions, and their electronic com
ponents are being reduced in size and 
are increasingly arranged densely; as a 
result , heat is retained in the products . 
Finally , electronic components have 
become highly functional despite hav
ing the same size as older electronic 
components, necessitating much high
er electrical current into them. Due to 
these advancements in electronics, sol
der joints take a significant role in heat 
dissipation functions . 

In solder joints, voids could be formed 
as a result of the retention of chemical 
substance in the substrate or solder paste 
that is evaporated during solder melting. 
Cracks could also develop due to stress 
caused by repeated changes in the tem
perature of the electronic components, 
solder, and substrates, which have dif
ferent thermal expansion coefficients. 
The thermal conductivity of the air layer 

of a void or crack is only about 1/2300 
that of solder (See Table 2) . 

Table 2:Thermal conductivity of materials 

Carbon nanotube 

Thermal conduct1v1ty 
(W/(m/k)] 
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Heat dissipation measures by 
solder reform 

Conventional soldering requires flux 
that removes oxide films on components , 
substrates , and solder to prevent reoxi
dation . SMIC's solder preforms reduce 
oxide films on surfaces and allow flux
less soldering when used in combination 
with a reduction reflow furnace that uses 
hydrogen or formic acid. They do not 
use flux , which is a source of voids , so 
they can greatly reduce voids. 

Also , cracks develop in the weakest 
part of a solder joint. Solder preforms 
with nickel balls can reduce cracks by 
equalizing the thickness of solder joints. 
Moreover, reduction of cracks leads to 
increases in product life. The solder pre
forms can be effective not only on EVs , 
in which they need to be used for long 
time, but also in the fields oft.rains, aero
space, and electric power. 

Increasing importance of sensing 
and IoT for EVs 

In the field of EV s, user assistance 
functions that ease the driver 's burden , 
such as automated driving , are drawing 
attention . Sensing technology supports 
these assistance functions. More spe
cifically, the following components are 
important: 1) optical components that 
serve as eyes, such as CMOS and lenses , 
and 2) AI (semiconductor) components 
that serve as the brain to examine infor
mation collected by those optical com
ponents and to give instructions to con
trol systems, like electronic control unit 
(ECU). In order to comprehensively ex
amine information as big data , user as
sistance functions, like a supercomputer, 
to communicate with AI are needed. 

Also, in smartphones , many flexible 
printed circuit boards (Photo 1) are used 
so that their limited space is effective
ly utili zed to provide many advanced 
functions without changing their size. 
Electronics require both the three-di
mensional flexibility of flexible circuit 
boards and the strength of glass epoxy 
circuit boards, and are joined by connec
tors. Rigid flexible circuit boards, which 
have both features , are expected to be 
widely used in the future. 

Photo 1: Rigid flexible printed circuit board 

Low-temperature solder contributes 
to sensing and loT 

The performance of optical compo
nents, semiconductor components , and 
flexible circuit boards as mentioned 
above are degraded by heat. Conven
tional lead-free standard Sn-Ag-Cu com
positions require high temperature during 
the reflow process , making it difficult for 
these components and circuit boards to 
fully optimize their performance. This 
is why low-temperature Sn-Bi solder al
loy is more preferred. The use of this 
low-temperature solder alloy makes it 
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possible to change flexible circuit boards 
material from the conventional polyimide 
films to polyethylene teraphthalate (PET) 
films, which have an even lower melting 
temperature , but is low-priced. 

Also , low-temperature solder can re
duce temperatures set for the reflow pro
cess , and tests conducted by SMIC show 
that power consumption can be reduced 
by 30 percent during startup and by 20 
percent during stable operation (*results 
of tests in SMIC's reflow furnace) . As 
there is demand for the reduction of CO

2 

emissions for environmental friendliness , 
low-temperature solder is gaining atten
tion as a future soldering technology. 

SMIC has been continuously devel
oping low-temperature solder, and has 
started to supply the L29 low-tempera
ture solder alloy featuring resistance to 
both drop impact and heat fatigue, which 
have been issues with Sn-Bi solder (See 
Figure 2a and Figure 2b) . Also , the 
145HF solder paste fl ux for L29, while 
halogen-free , provides good wettability 
to nickel silver, nickel , and brass, and 
is compatible with any base material. 
It can be stored under refrigeration for 
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Fig. 2a: Drop impact resistance of 
low-temperature solder 
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six months, and provides customers with 
the same usability as lead-free standard
composition Sn-Ag-Cu solder paste . 

Conclusion 
SMIC has been developing solder 

materials on the basis of metallurgy and 
chemistry, and also has been developing 
equipment on the basis of mechanical 
and electrical engineering. The com
pany has been developing soldering 
technologies through the development 
of both soldering materials and equip
ment. It employs these technologies to 
propose new products or engineering 
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low-temperature solder 
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methods, helping customers with new 
products or to achieve stability during 
mass production . Moreover, its prod
ucts have been chosen by customers in 
a wide range of fields , including the au
tomotive industry. It aims to contribute 
to the upcoming car revolution and to 
continue to support people's daily lives 
by exploiting the knowledge it has ac
cumulated in many technological fields. 

About This Article: 
The author is Masayuki Suzuki from 

the Public Relations Division of Senju 
Metal Industry Co., Ltd. 

Low-Power HiFi DIA Converter Integrates 
Bluetooth Headphone Amplifier 

Improvement in high-resolution 
audio transmission comes along 
the growing adoption of wireless 

Bluetooth headphones. With this trend, 
Asahi Kasei Microdevices Corporation 
has released AK4331, a 32-bit stereo 
digital-to-analog (D/ A) converter with a 
built-in headphone amplifier. It achieves 
high quality sound with low power con
sumption and long playback time. It 
uses half the power of AK4375A, which 
was released in 2014, and has been 
widely adopted in portable audio. 

AK4331 is an advanced 32-bit high 
sound quality stereo audio DI A converter 
with a built-in ground-referenced head
phone amplifier. It has four types of 32-
bit digital filters for better sound quality, 
achieving low distortion characteristics 
and wide dynamic range.AK4331 also has 
a jitter cleaner with a built-in sample rate 
converter and crystal oscillator. AK4331 
is available in 36-pin chip-scale package, 
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using less board space than competitive 
offerings. It features maximum sampling 
frequency/resolution of 192kHzJ32-bit 
with signal-to-noise (SIN) ratio of 109dB 
and -lOOdB distortion (THD+N) using 
only 4.4mW of power. 

AK4331 ECB D/A converter 

Low Distortion at Ultra-Low Power 
To achieve the level of distortion 

(THD+N =-lO0dB) at ultra-low pow
er of 4.4mW, the VELVET SOUND 
technology adopted for premium DI A 

converters for high-end audio equip
ment has been further optimized for 
portable devices. A newly developed 
low-power consumption technology 
has also been implemented. Each cir
cuit block, such as the headphone am
plifier or low-dropout (LDO) regulator, 
maintains sound quality while reduc
ing power consumption. With 4.4mW 
ultra-low power consumption, THD+N 
at -1 00dB, and 109dB S/N ratio , long 
playback time with Bluetooth head
phones can be achieved in AK4331. 

Headphone Functions in Small 
Package 

AK4331 integrates the necessary 
functions , like headphone amplifier, 
digital microphone input, and LDO into 
a compact 36-pin CSP package. A jitter 
cleaner (sample rate converter) , which 
is effective under a jittery clock input 
environment, is also included. 0 
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