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Abstract—This paper presents laboratory-scale methods for 
attaching integrated circuits (ICs) to passive ultra high frequency 
(UHF) radio frequency identification (RFID) antennas and 
discusses the effects of the attaching methods on tag 
performance. Commercial passive UHF RFID ICs were used. 
The studied attachment methods were strap attachment and 
direct IC attachment. One antenna design was developed for 
strap attachment where the IC was attached together with a 
strap, and two different antenna designs were developed for 
direct chip attachment. In addition, etched copper loop arm 
antennas for strap attachment and inkjet-printed loop arm 
antennas for direct chip attachment were studied. The 
measurement results show that the interconnection between the 
IC and the antenna is of paramount importance and that the 
performance of the tag is strongly dependent on the quality of the 
interconnection. The results of this study provide knowledge for 
reliable IC attachment in prototype laboratory conditions. 
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I.  INTRODUCTION 
Radio Frequency Identification (RFID) is a quickly 

developing technology which is gaining a foothold in the 
identification and security industry. Objects that are to be 
identified are equipped with tags consisting of an antenna and 
an application specific integrated circuit (ASIC). Active RFID 
tags contain also an external energy source, whereas a passive 
RFID tag is totally powered by the electromagnetic wave 
transmitted by the RFID reader. In practice, the most important 
tag characteristic is read range [1], which refers to the 
maximum distance at which RFID reader is still able to detect 
the backscattered response from the tag. There is therefore a 
strong interest in UHF RFID tags due to the great demand for 
longer read distances and smaller antenna sizes. Factors 
affecting the read range in passive backscatter RFID system, 
e.g. transmitted power, used frequency, gain of the reader and 
tag antennas, application environment etc., have been 
researched in several publications [2–4]. However, the effect of 
IC bonding process to tag antenna is less discussed. 

The aim of IC attachment to tag antenna is to provide a 
reliable interconnection, where the contact resistance and 
adhesion strength between IC and antenna are crucial factors 

for achieving proper and desired tag performance [5]. During 
tag design process, the impedance of the IC is matched to the 
impedance of the tag antenna in order to obtain maximal power 
transfer from tag antenna to IC and thus maximal read range. A 
poor interconnection will result in degradation in the power 
transfer, impairing the tag performance. In worst case the tag 
cannot be read. In RFID tag research work, where prototype 
tags are developed for diverse studies, the influence of 
laboratory-scale methods for RFID IC attachment has to be 
taken into account in order to get reliable and comparable 
results.  

The RFID IC can be attached to the tag antenna in various 
ways, such as wire bonding, tape carrier package (TCP), flip-
chip etc. Currently flip-chip assembly, in which the chip is 
flipped directly to a substrate without a surrounding case, is 
used with electrically conductive adhesives (ECA). These 
adhesives include anisotropic conductive adhesives (ACA), 
anisotropic conductive film (ACF) and isotropic conductive 
adhesive (ICA), which all enable inexpensive and 
environmentally friendly method. However, ACA is regarded 
as the best candidate for meeting the requirement of low-cost 
and large-scale manufacturing of RFID tags [5].  

ACAs have two main purposes: to provide a mechanical 
interconnection between two different substrates and to join 
these electrically. The electrical interconnection is established 
by metallic fillers deposited in the adhesive resin. Compared to 
ICAs, ACAs have low metallic filler loadings, < 5-10 wt% [6], 
which reduces the electrical conductivity only in the z-
direction. Reducing the interconnection resistance is thus a key 
factor for obtaining reliable interconnections. The ACA is 
interposed between the two bonding interfaces - the IC bumps 
and the conductor pad on the substrate. The adhesive resin acts 
thus as an underfill, eliminating the need for underfill process. 
The principle of flip-chip attachment with ACF is shown in 
Fig. 1.  

 
Figure 1.  Schematic principle of flip-chip attachment with ACF. 
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Compared to standard tin/lead solder technology, ACA 
offers several advantages, such as low processing temperatures, 
lead-free bonding and fine pitch capability thanks to the 
availability of small-sized fillers [7]. There are, however, some 
key issues with ACA regarding the reliability of the 
interconnection, e.g. ACAs available today have low electrical 
conductivity and poor current carrying capability due to the 
restricted bonding area between the ACA and metal bond pads 
[7]. Moreover, the deterioration mechanism of interconnection 
is not clear [8], nor the flip-chip bonding effects on RFID tag 
performance. However, researches indicate that interdependent 
elements such as IC, IC bumps, ECA, substrate, and antenna 
strap have to be taken into account in order to produce 
efficiently a low cost RFID tag. Measurement results show that 
the IC bump height and that the IC can significantly affect the 
impedance of the connection [9].  

In this paper, laboratory-scale methods for flip-chip RFID 
assembly with ACFs are presented. The influence of the 
interconnection on tag performance will be discussed in order 
to provide reliable IC attachment in prototype laboratory 
conditions. Two types of flip-chip RFID assemblies are 
investigated: Direct Chip Attachment (DCA), where the IC is 
directly attached to the tag antenna using ACF, and strap 
attachment, where the IC is attached to a strap before the strap 
is glued using conductive epoxy resin to the tag antenna. Four 
different strap versions were designed to be studied and 
compared to their effects on tag performance. For further 
comparisons, a commercial strap with Higgs 3 UHF RFID Tag 
IC (H3 IC) from Alien Technology [10] was used. Two passive 
folded half-wave prototype antennas for DCA attachment and 
one for strap attachment were etched. In addition, etched 
copper loop arm antennas for strap attachment and inkjet-
printed loop arm antennas for DCA attachment were used. All 
flip-chip attachments were performed using H3 IC. The 
attachments were achieved by means of Finetech Fineplacer 
Micro bonder [11] in clean room environment.  

II. TAG DESIGN  

A. Antenna Design 
Prototype antennas were developed and optimized using 

Ansoft’s high frequency structure simulator 12 (HFSS 12). The 
quality of impedance matching was predicted using the power 
reflection coefficient , given by [12] 
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where  is the power transmission coefficient, ZC is the IC 
impedance and ZA is the antenna impedance. ZA was 
conjugate-matched to the H3 IC impedance in order to 
maximize the power delivery to the IC. Therefore, the given 
equivalent parallel RC-circuit for the H3 IC was used during 
the simulations [10]. The overall footprints, 11.5 (L) x 0.7 (W) 
cm2, of the prototypes are shown in Fig. 2. Prototype 1 was 
designed for strap attachment and prototypes 2 and 3 for DCA 
attachment.  

 
Figure 2.  Designed prototype antenna (a) 1, (b) 2, and (c) 3. 

FR-4 substrate of 0.25mm thickness was chosen for the 
antenna substrates. Simulated  for designed prototypes 1 (P1), 
2 (P2) and 3 (P3) with optimized and final parameters is shown 
in Fig. 3. 
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Figure 3.  Simulated power reflection coefficient for designed prototypes 1 

(P1), 2 (P2) and 3 (P3). 

The studied etched copper loop arm antennas for strap 
attachment are shown in Fig. 4. The studied inkjet-printed 
antennas were of loop arm type [13], but their design was 
optimized to enable DCA, see Fig. 5. 

 
Figure 4.  Etched copper loop arm tag with Alien H3 IC strap. 

 
Figure 5.  Inkjet-printed loop arm tag with H3 IC. 

The printed antennas were formed on Kapton polyimide 
film by printing conductor layers of Harima NPS-J HP silver 
ink, which has a conductivity of 33 MS/m [13].   

B. Antenna Strap Design 
Different strap versions were manufactured by etching on 

flexible FR-4 substrate. Different strap footprints are shown in 
Fig. 6. The key dimensional parameters of the straps were L = 
6.28 mm, W1 = 1.10 mm and W2 = 2.00 mm. 
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Figure 6.  Footprint of designed strap (a) 1 (b) 2 (c) 3 and (d) 4. 

The purpose of the squares, triangle and corners of strap 
versions 1 and 2 was to help in the accuracy alignment of the 
H3 IC. FR-4 substrate was the same as with the prototype 
antennas. In addition to our own designed straps, commercial 
strap (strap 5) with H3 IC was used. Prototype antennas and 
straps were manufactured through photolithography and 
etching processes. 

C. Flip Chip Attachment to Antennas and Straps 
Flip-chip attachments with ACF were performed in clean 

room environment. The used ACF was AnisoMat FCP 
TFA21020-40 film from Telephus. It consists of one 50 m 
thick non-conducting polyester layer and one 40 m thick 
conductive layer containing gold fillers coated with nickel. 
Two-layer ACFs are developed especially for fine pitch 
applications, where the risk for short-circuit between two 
adjacent filler particles has to be taken into account. It has been 
shown that two-layer ACF offers a more reliable 
interconnection compared to one-layer ACF due to increased 
amount of conductive filler particles on the IC bumps [14]. 

 
Figure 7.  Prototype antenna 2 with DCA (right) and strap 2 with H3 IC 

(left). 

The ACF used was placed on the substrate with the 
conductive layer facing downwards and prebonded. The non-
conductive layer was removed. The two conductive bumps of 
the H3 IC were aligned with the bonder to the conductor pads 
on the substrate and final bonding was performed. Before the 
straps were glued to antennas, the help squares and triangles 
were removed. Example of DCA and strap attachment is shown 
in Fig. 7. 

III. MEASUREMENTS  
Measurements were carried out in RFID-cabinet using 

Tagformance measurement system [15]. Frequency range from 
800 MHz to 1 GHz with 0.5 MHz step and transmit power 
from 0 to 27 dBm with 0.1 dBm step was used. Distance 
between measured tag and reader antenna was 0.45 m.  

Using Tagformance, threshold sweep measurement was 
performed to all tag samples. It describes how much transmit 
power Ptx is needed from transmitter port to activate the 
measured tag as a function of transmit frequency. Based on the 

threshold sweep results and calibration of measurement system, 
theoretical read range dtag, i.e. maximum distance at which 
communication between reader and tag still works, can be 
calculated assuming free-space conditions. The theoretical read 
range is given by 
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where PEIRP is the maximum equivalent isotropically radiated 
power allowed by local regulations (3.28 W by ETSI) and Lfwd 
is the measured path loss including the cable losses during 
calibration. 

IV. MEASUREMENT RESULTS AND DISCUSSION  
The obtained results for prototype 1 (P1) and etched copper 

loop arm (LA) tag with strap attachment are shown in Fig. 8.  

Clearly, the interconnection between strap and IC for P1 
strap 3, P1 strap 1, and LA strap 2 has not succeeded. For those 
tag samples the threshold power is much higher for all 
frequencies and thus the theoretical read range is shorter. The 
performance patterns for the tags deviate also significantly. The 
explanation to this radical change in performance is probably 
the change in impedance matching caused by poor electrical 
and mechanical interconnection. Additionally, connection 
parasitic capacitance between strap and antenna might have 
contributed to the occurred shift to higher frequencies. 
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Figure 8.  Measurement results for prototype 1 (P1) and etched copper loop 

arm (LA) tags with strap attachment. 

It is also seen that successful interconnections will provide 
tag samples with relatively little performance variations and 
maximum read ranges of 7–13 meters depending on antenna 
type. Moreover, the strap version used does not influence the 
performance of the tag, even though strap versions 2 and 4 
were easier to attach to the antennas thanks to their wider pads.  
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Figure 9.  Measurement results for prototype 2 (P2) and 3 (P3), and inkjet-

printed loop arm (PLA) tags with DCA. 

Results for prototype 2 (P2) and 3 (P3), and inkjet-printed 
loop arm (PLA) tags with DCA are given in Fig. 9. The results 
show that variations among individuals exist even though no 
extraordinary performance patterns are found. This denotes that 
the designer cannot always be sure whether an optimal 
impedance matching has been achieved, even though the 
measurement results for the tag sample indicate such a match. 
Prototype 3 was considerably harder to etch due to its more 
detailed structure compared to prototype 2. This can explain 
why there are more performance deviations among prototype 3 
samples. However, DCA shows to be an alternative to strap 
attachment in prototype laboratory assembly. Maximum read 
ranges of almost 12 meters can be achieved. There are fewer 
variations among the inkjet-printed loop arm tags compared to 
prototype antennas 2 and 3. This is probably because the inkjet-
printed loop arm antennas were not manufactured by low 
resolution etching process as prototypes 2 and 3.  

V. CONCLUSIONS 
This paper presented laboratory-scale methods for attaching 

ICs to passive UHF RFID antennas. DCA and strap attachment 
accomplished by flip-chip technology with ACF was 
considered. It was found that the performance of the tag is 
strongly dependent on the quality of the interconnection 
achieved by the flip-chip technique. An imperfect 
interconnection will affect the impedance matching and power 
transfer and thereby result in lower read ranges. Even though 
good interconnections are achieved, performance deviations 
among samples exist. However, these deviations are relatively 
few. A successful interconnection is easier to attain with DCA 
due to elimination of the strap. However, in both DCA and 
strap attachment the properties and limitations of the ACF have 
to be taken into account. Moreover the alignment resolution of 
the bonder used and resolution of used manufacturing method 
of antenna and strap will influence the obtained results. A 
proper and reliable interconnection is attained when the 
interconnection is considered as an entity, to which the tag 
antenna, IC, possible strap and ECA belong, throughout the 
whole design and manufacturing process.  
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