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Enabling the 5G RF front-end module evolution with the 
DSMBGA package
By Curtis Zwenger  [Amkor Technology, Inc.]

i t h  t h e  r i s e  o f  5 G 
wi reless tech nolog y, 
cellular frequency bands 

have increased considerably, requiring 
innovative solutions for the packaging of 
radio frequency (RF) front-end (RFFE) 
modules for smar tphones and other 
5G-enabled devices. Our double-sided 
molded ball grid array (DSMBGA) is 
an example of such solutions. Double-
sided packaging technology has vastly 
increased the level of integration for RF 
front-end modules used in smartphones 
and other mobile devices. Common RF 
front-end modules consist of a low noise 
amplifier (LNA), power amplifier (PA), 
an RF switch, RF fi lters and duplexers.

Advanced system in package (SiP) 
design rules and DSMBGA technology 
enable the integration of addit ional 
components – such as antenna tuners 
and passive components – freeing up 
premium device motherboard real estate.

5G overview
5G is the fifth-generation technology 

standard that cellular phone companies 
began deploying worldwide in 2019. It 
includes three distinct classifi cations as 
noted below.

Low-band 5G Internet of Things 
(IoT).  Low-band 5G uses a similar 
frequency range to 4G cellphones, 600–
850MHz, delivering download speeds 
a little higher than 4G: 30–250Mbps. 
Low-band cell towers have a range and 
coverage area similar to 4G towers. In 
this range, packaging can be similar.

Mid-band 5G sub-6. Mid-band 5G 
sub-6 is an upgrade of 4G technology 
and involves incremental innovation 
in packaging. Operating at frequencies 
below 6GHz, the minor modifications 
of current RF packaging architectures 
result in minimal changes to the bill of 
materials (BOM).

5G mil l imeter Wave (mmWave).
5G mmWave technology is a disruptive 
innovation. The introduction of mmWave 

frequencies greater than 24GHz provides 
opportunities for the adoption of new 
packaging architectures and platforms. 
An example is the integration of the 
antenna into the package. To do this, 
major design changes and new low-loss 
materials are required.

5G technology enables advancements 
in products in all the major integrated 
c i r c u i t  ( I C )  m a r k e t  s e g m e n t s , 
i nclud i ng:  1)  Mobi l i t y ;  2)  IoT;  3) 
Automotive (advanced driver assistance 
systems (ADAS)); 4) High-performance 
computing (HPC)/networking; and 5) 
5G network topologies. 5G is more 
than a new generation of technologies. 
I t  d e n o t e s  a  n e w  e r a  i n  w h i c h 
connectivity will become increasingly 
f luid and f lexible. 5G networks will 
adapt to applications and performance 
and will be tailored precisely to the 
needs of the user. 

W For 5G, small cells are low-powered 
cellular radio access nodes that operate 
in licensed and unlicensed spectrums 
that have a range of 10 meters to a few 
kilometers. Small cells are critical to 5G 
networks because 5G radio waves cannot 
travel long distances due to 5G’s higher 
frequencies [1].

In a technique called beamforming, the 
base station computer will continuously 
calculate the best route for radio waves to 
reach each wireless device and organize 
mult iple antennas to work together 
as phased ar rays to create beams of 
millimeter waves to reach the device [2].

Edge computing occurs by locating servers 
closer to the ultimate user. This distributed 
computing reduces latency and data traffic 
congestion. For the 5G ecosystem, cloud 
data centers provide the computing core. 
Figure 1 shows the architecture of these 
mmWave-enabled changes.

Figure 1: Small cells connected by beamforming technology link to data centers in 5G-enabled 
communications.
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Outlook on 5G market growth
By 2025, 5G networks are l ikely 

t o  cove r  one - t h i rd  of  t he  wor ld’s 
population. The impact on the mobile 
indust r y and it s customers wil l  be 
profound [1]. In addit ion, by 2026, 
5G will have more than 3.5 bil l ion 
subscriptions and will grow faster than 
4G in most regions, per the Ericsson 
Mobility Report, June 2021 [3].

The advanced packaging market for 
5G RFFEM is projected to reach US$2.3 
billion by 2026, representing a 30% 
compound annual growth rate (CAGR) 
according to Yole Développement (Yole), 
SA, an industry consulting fi rm [4].

“ T h e r e  h a s  b e e n  a  c h a n g e  i n 
f requencies with the ar r ival of 5G, 
adding frequency bands above 3GHz 
i n  F R 1 ,  a n d  m mWa v e  i n  F R 2 ,” 
a c c o r d i n g  t o  A n t o i n e  B o n n a b e l , 
Technology & Market Analyst ,  R F 
Devices and Technology at Yole [5]. 
“ T h i s  a nd  t he  sys t e m-level  t r e nd 
have had a profound impact on both 
the number of components and the 
technology platforms on which they 
are built.”

RF front-end integration history
T h e  n e x t  s e c t i o n s  d i s c u s s  t h e 

challenges associated with 5G packaging 
along with the associated “toolbox” 
available to enable solutions. 

5G IC packaging challenges. Advanced 
packaging for 5G systems requires the 
integration of RF, analog, and digital 
functions along with passives and other 
system components into a single module. 
Called heterogeneous integration (HI), the 
advanced SiP designs that accomplish this 
integration become more important for 5G 
because of several reasons, including:

a)  I n t eg r a t ion  of  a n t e n na s  w i t h 
transceiver ICs and other circuitry; 

b)  Addition of the sub-6GHz frequency 
range 1 (FR1) in the near-term 
through advances in packaging 
technologies;

c)  New mmWave bands frequency 
range 2 (FR2) drive the integration 
of RF circuitry, including filters, 
d i p l e xe r s ,  b r o a d b a n d  p owe r 
amplifi ers and switches; and  

d )  T h e  a d d - o n  m o d u l e s  t o  t h e 
existing RFFE require optimum 
miniaturization and component 
integration. 

Fur ther reduction of package size 
and losses requires close proximity 
of  t h e  t r a n s c e ive r  a n d  f r o n t - e n d 
module. Package-level integration of 
antennas or antenna in package (AiP) 
designs within the RF module as well 
a s  s imult aneous model i ng of  heat 
dissipation to keep active components 
w i t h i n  a cce p t able  t he r m a l  l i m i t s 
address these needs. The integration of 
power amplifiers with antenna arrays 
to address the design issues of size, 
cost and performance is a critical step. 
For package designers, the solution 
t o  t he s e  ch a l l e nge s  i n c o r p o r a t e s 
mult i - laye r  fabr ica t ion with  f i ne -
l ine feat u res and precise layer- to -
layer registration, advanced low-loss 
materials to reduce conductive losses 
and co-simulation of circuit, device, 
package and thermal performance.

T h e  t r a n s i t i o n  t o  3D  p a c k a g e 
integ rat ion at  h igher power levels 
and frequencies requires exceptional 
isolation between the various circuit 
blocks. In addition, for high-volume 
deployment, the manufacturing costs 
of high-power amplif iers and large 
antenna ar rays in mil l ions of base 
stations must be addressed [6].

5 G  R F  p a c k a g i n g  t e c h n o l o g y 
t o o l b o x .  To  m e e t  t h e  t e c h n i c a l 
demands for complex 5G RF f ront-
e n d  m o d u l e s ,  a d v a n c e d  p a c k a g e 
i n t e g r a t i o n  t e c h n i q u e s  m u s t  b e 
deployed. An advanced SiP technology 
toolbox add resses  these demands. 
Figure 2 identifies the key attributes 
of an effective 5G technology toolbox.

T h e  g r o w i n g  n u m b e r  o f  n e w 
f r e q u e n c i e s ,  c o m b i n e d  w i t h  t h e 
va r ie t y  of  mu l t iplex i ng  me t hod s , 
significantly increases the complexity 
of  t he  R F  f r o n t - e nd .  I n t eg r a t io n 

u s i n g  S i P  m e t h o d o l o g y  e n a b l e s 
customers to design, t une and test 
R F  s u b - s y s t e m s ,  a l l ow i n g  f o r  a 
reduct ion in desig n ite rat ions and 
an accelerated time-to-market.

Advanced SiP package integration is 
being utilized for 5G packaging for a 
myriad of reasons [7]:

• M o r e  f l e x i b i l i t y  f o r  s y s t e m 
desig ner s  –  to  m i x and match 
I C  t e c h n o l o g i e s ,  o p t i m i z e 
performance of each functional 
block and reduce cost. 

• Faster time to market (compared 
t o  t h e  s y s t e m  o n  c h i p  (S o C ) 
approach).

• Reduced motherboard complexity 
–  by m ig ra t i ng s ig na l  rout i ng 
c o m p l e x i t y  t o  t h e  p a c k a g e 
substrate.

• Better performance – various ICs 
and passives placed close together 
means shorter line length, which 
reduces resistor (R), inductor (L) 
and capacitor (C) losses leading to 
higher signal integrity and lower 
power consumption.

• Lower system cost – compared to 
discrete packages, optimized SiP 
solutions result in overall system 
cost reduction.

• Small form factor – sub-system 
si ze i s  reduced by i nteg rat i ng 
multiple dies and passives into a 
single SiP.

• Improved reliability – better solder 
joint  con nect ions compared to 
discrete components assembled 
on a board/printed circuit board 
(PCB) result because the SiPs are 
molded, which alleviates stress in 
the joints.

Figure 2: An advanced RF packaging technology toolbox incorporates many different tools.
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The introduction of DSMBGA
T o  m e e t  t h e  h i g h  l e v e l s  o f 

i nteg rat ion requ i red for  5G f ront-
end modules, an extension of existing 
single-sided SiP package technologies 
was  pu r sued .  T he combi nat ion of 
severa l  enabl ing package feat u res 
and assembly processes resulted in 
the double -sided molded bal l  g r id 
ar ray (DSMBGA) package. Package 
d e v e l o p m e n t  b e g a n  i n  2 018  a n d 
t he  f i r s t  p roduc t  wa s  r e lea se d  t o 
p r o d u c t ion  i n  M ay  2020.  F i g u re 
3  shows  a  t y p ica l  b lo ck  d i ag r a m 
of  a  DSM BGA f r o n t - e nd  mo d u le 
with integ rated duplexer (FEMiD) 
and a power amplif ier module with 
integrated duplexer (PAMiD).

To  p r o v i d e  t h e  h i g h  l e v e l  o f 
i n t eg r a t io n  n o t e d  a b ove ,  s e ve r a l 
enabling technologies were combined 
t o  c r e a t e  a  D S M B G A  f r o n t - e n d 
module. By utilizing str ip grinding, 
m o l d e d  u n d e r f i l l  ( M U F )  a n d 
d ou ble - s id e d  mold i ng ,  c ombi ne d 
with indust ry-leading design rules, 
signif icant advancements in package 
size reduction were achieved. Other 
improvements include state-of-the-
a r t  con for mal  and compar t ment a l 
s h i e l d i n g  f o r  e l e c t r o m a g n e t i c 
i n t e r fe r e nce  ( EM I )  i sol a t ion  a nd 
a t t e n u a t i o n  a n d  i m p l e m e n t a t i o n 
o f  i n - l i n e  R F  t e s t i n g  t o  d e l i ve r 

robust and cost-ef fect ive assembly 
technology. Figure 4 illustrates the 
ex tensive  t ech nolog ies  appl ied  to 
c rea t e  t h i s  R F f ront- end  pack age 
w i t h  key  pe r fo r ma nce  a t t r ibu t e s . 
With additional power amplif ication 
and filtering circuitry, the DSMBGA 
package improves sig nal  integ r it y 
a n d  r e d u c e s  l o s s e s ,  r e s u l t i n g  i n 
i m p r o v e d  R x / Tx  a m p l i f i c a t i o n , 
which translates into reduced system 
power requirements.

Advanced SiP design rules
A cr it ical benchmark for any IC 

package technology is its design rules. 
For  DSM BGA, the most  advanced 
SiP design rules are applied to enable 
a highly integrated and small form 
factor package. Figure 5 illust rates 
the typical SiP design rule attributes 
for  pack age  m i n ia t u r i za t ion .  T he 
minimum spacing for packages and 
components is directly related to the 
substrate supplier’s process capability 
(e.g.,  for solder mask regist rat ion) 
coupled with the package/component 
p h y s i c a l  t o l e r a n c e s ,  a s s e m b l y 
p ro ce s s  robu s t ne s s  a nd  a s se mbly 
m a t e r i a l s  u s e d .  Fo r  e x a m pl e ,  t o 
p r eve n t  c om p one n t  t omb s t on i ng , 
t he  subs t r a t e  bond pad geomet r y, 
s o l d e r  p a s t e  s t e n c i l  d e s i g n  a n d 
solde r  pa s t e  mat e r ia l  a l l  i n t e r a c t 

a nd  mu s t  b e  op t i m i z e d  fo r  h ig h -
v o l u m e  m a n u f a c t u r i n g .  M o l d e d 
underf il l (MUF) is commonly used 
to reduce process cost and decrease 
package spacing requi rements. For 
a robust MUF process, the molding 
t e ch n iq u e  (e .g . ,  c o m p r e s s io n  v s . 
t ransfer molding), the mold process 
p a r a m e t e r s  (e . g . ,  t r a n s f e r  t i m e , 
pressure, temperature) and the mold 
compound material must be carefully 
chosen and opt imized to ensu re a 
h igh-y ield ing product ion process . 
Su b s t r a t e  s o ld e r  m a s k  t h i ck n e s s 
c on t rol  a nd  s t r a t eg ica l ly  lo ca t e d 
solde r  m a sk  ke e p - ou t  z one s  he lp 
ensure the molded underfill’s process 
quality and the package’s long-term 
reliability are as robust as possible.

A d v a n c e d  d e s i g n  r u l e s  a r e 
rigorously validated through extensive 
process optimization, workmanship 
analysis and component/board-level 
reliability testing. Figure 6 represents 
a typical advanced SiP test vehicle 
( T V )  t h a t  cont a i n s  va r iou s  s i z e d 

Figure 3: Integrated FEMiD and PA in the cellular handset PAMiD. IMAGE SOURCE: Yole Développement SA.

Figure 4: DSMBGA enabling technologies include both top and bottom molded underfi ll.

Figure 5: Typical SiP design rule attributes.

Figure 6: Example of an advanced SiP design rule 
validation test vehicle.
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f lip-chip chip-scale packages (CSPs) 
a n d  p a s s i ve  c o m p o n e n t s .  S o l d e r 
mask-def ined and non-solder mask-
def ined bond pads are incorporated 
i nto the T V to va l idate  the ef fec t 
on  component /pack age  s t a nd- of f , 
tombstoning and MUF performance. 
The assembled test vehicle is then 
subjected to the t ypical bat ter y of 
component- level  r e l iabi l i t y  t e s t s , 
including high-temperature storage 
(HTS), preconditioning, temperature 
cycl ing (TC), and unbiased h ighly 
a c c e le r a t e d  s t r e s s  t e s t  (u H A ST ). 
Board-level reliability is also verified 
through temperature cycling and drop 
shock testing.

EMI shielding 
M a i n t a i n i n g  s i g n a l  i n t e g r i t y 

w i t h i n  t h e  D S M B G A  p a c k a g e 
was essent ia l  to g uarantee system 
p e r f o r m a n c e .  To  m i n i m i z e  a n y 
electrical disturbances and resulting 
signal degradat ion in an IC and its 
su r rou nd i ng c i rcu i t r y,  i n novat ive 
elect romagnet ic inter ference/radio 
f requency inter ference (EMI / R FI) 
shielding needed to be integrated in 
the s t r uct u re.  Figure 7  i l lust rates 
some of the EMI shielding techniques 
that have been incorporated into the 
DSMBGA package. 

By leve r ag i ng  i ndu s t r y- lea d i ng 
physical vapor deposition (PVD) tools, 
a thin metal stack-up is applied to the 
external surfaces of the package and 
coupled to an exposed ground plane in 
the DSMBGA’s organic substrate. This 
conductive EMI coating is referred to 
as conformal shielding. By applying 
state-of-the-ar t masking techniques, 

a conformal shield can be applied to 
select areas of the package, if needed. 
Compar tmental shielding is another 
EMI suppression technology utilized 
i n  t h e  D S M B A  p a c k a g e .  T h e s e 
compar tmental shielding techniques 
s h o w c a s e  a d a p t a b l e  d e s i g n s  f o r 
i nte r na l  component- to - component 
shielding with in-package partitioning.

T h e  o r i g i n a l  c o m p a r t m e n t a l 
sh ield ing technique was k nown as 
t rench and f i l l .  Laser ablat ion was 
used to create a t rench with in the 
mold  compou nd to  r evea l  g rou nd 
c o n n e c t i o n s  o n  t h e  u n d e r l y i n g 
subst rate. A conduct ive epoxy was 
dispensed in the t rench to form an 

electrically conductive wall to create 
the EMI shield par tit ioning needed. 
M o r e  a d v a n c e d  c o m p a r t m e n t a l 
s h i e l d i n g  t e c h n i q u e s  h a v e  b e e n 
developed that utilize sophist icated 
wire bond technologies to create a 
wire fence, a wire cage or a vertical 
w i re  s t r uc t u re  w it h i n  t he  molded 
package. Strip grind or laser ablation 
p r o c e s s e s  a r e  u s e d  t o  r e ve a l  t he 
encased wire. Conformal shielding is 
then applied to create a Faraday cage 
ef fect ,  whereby the wi re st r uctu re 
ser ves to block elect r ic f ields and 
elec t romag net ic  waves  [8].  T hese 
EMI shielding structures are shown 
in Figure 8.

Figure 7: EMI/RFI shielding techniques minimize electrical disturbances in and near the package.

Figure 8: EMI shielding techniques for DSMBGA packages to achieve improved system performance.
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The conformal shielding technology 
requ i re s  s t r ic t  cont rol s  t o  ensu re 
process quality and yield. To enable 
this capability, PVD was adapted to 
package -level  p rocessi ng.  Fig ure 
9  i l l u s t r a t e s  t he  PV D c o n fo r m a l 
shielding technique. A focused ion 
beam (FIB) cut is used to val idate 
t h e  m e t a l  s t a ck  t h i ck n e s s .  Fo r  a 
5-sided appl icat ion, the PVD must 
be  opt i m i zed  to  ge t  a ccu r a t e  a nd 
repeatable top surface and sidewall 

c o a t i n g  t o  e n s u r e  e f fe c t ive  E M I 
shielding. Figure 9 also compares the 
EMI shielding effectiveness between 
an unshielded and a shielded package.

5G front-end module evolution and 
roadmap

V i r t u a l l y  a n y  5 G  R F  s y s t e m 
ci rcuit r y needing component-level 
i n t eg r a t ion  c a n  b e nef i t  f r om t he 
size, cost and performance benef its 
offered by the DSMBGA package. The 

majority of DSMBGA packages being 
used today are for PAMiD products. 
H is tor ica l ly,  t hese  p roduc t s  we re 
served by single-sided SiP designs 
because the front-end module circuit 
complexity was not very demanding 
(e.g., for 3G applications).

W i t h  t h e  a d v e n t  o f  4 G  LT E , 
m e d i u m -  a n d  h i g h - b a n d  p o w e r 
amplif icat ion and f ilter ing circuity 
became more demanding with up to 
f ive RF front-end modules required 

Figure 9: Conformal shielding and EMI radiation suppression effectiveness.

Figure 10: Packaging integration evolution and trends in smartphones. SOURCE: [9]
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in a single handset. This led to the 
evolution of DSMBGA’s predecessor, 
t h e  D SB GA  (d o u b l e - s i d e d  B GA) 
package where  ICs were  mou nted 
to the bot tom of the st ructure. This 
a l l o w e d  f o r  s i g n i f i c a n t  m o d u l e 
s i z e  r e duc t ion  fo r  t he  e qu iva le n t 
c i r c u i t r y  i n  a  s i n g l e - s i d e d  S i P 
st ructure. Then, with the evolut ion 
of the 5G cellular spect rum, f ront-
e n d  m o d u l e  c o m p l e x i t y  f u r t h e r 
increased with the int roduct ion of 
ultra-wideband (UWB) circuitry.

To suppor t these mult iple bands, 
u p  t o  s e v e n  a n d  n i n e  f r o n t - e n d 
modules were required for 5G sub-
6GHz and 5G mmWave applications, 
r e spec t ively.  T h is  re su l t ed  i n  t he 
advent of the DSMBGA package. The 
latest version of the DSMBGA package 
is almost 50% smaller than the f irst 
mid-/high-band PAMiD. Thanks to 
innovations such as EMI shielding, 
f lip-chip PA and double-sided molded 
BGA packaging, PAMiD suppl iers 
managed to integrate the same system 
in a smaller footprint [9]. Figure 10
illustrates the evolution and roadmap 
for RF front-end module integration 
for 5G smartphones. Figure 11 shows 
an example 5G PAMiD product in a 
DSMBGA package.

Summary
T he adva nced Si P  double - s ided 

molded BGA platform has become an 
industry technology standard in this 
domain. Applying leading-edge design 

Figure 11: Example of a PAMiD DSMBGA product showing layout a) (left) before MUF; b) (middle) top; and c) 
(right) bottom after MUF and EMI shielding.
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r ules for 3D component placement 
and double-sided molding, together 
with conformal and compar tmental 
sh ie ld i ng  a nd  i n - l i ne  R F t e s t i ng , 
delivers integration levels in a small 
form factor with high yield.

I n  a d d i t i o n  t o  f o r m i d a b l e  S i P 
capacity and DSMBGA technology, an 
extensive toolset has been developed 
t o  m a x i m i z e  p e r fo r m a nce  a nd  t o 
address the sophisticated packaging 
for mats requi red to product ize 5G 
appl ica t ions .  Some of  t hese  tool s 
include AiP, substrate-embedded die, 
wafer-level SiP and a variety of RF 
shielding design options. This toolset, 
combined with expertise in RF module 
design, character izat ion and bench 
test , enables us to serve customers 
who want to outsource the challenges 
(including the substantial investment) 
associated with combining multiple 
ICs with advanced package assembly 
and test technologies for 5G networks.

As demand for packages that support 
5G cl imbs ,  we a re  wel l  u nder way 
with the successful implementation of 
DSMBGA technology having been in 
production for high-volume markets 
for more than a year.
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