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abstract 

In a previous Auto-ID publication, “Towards a 5¢ Tag” [1], we speculated on manufacturing and system 
methods to approach the elusive goal of a 5¢ Radio Frequency Identification (or RFID) tag. We extend 
our cost analysis in this paper and simulate manufacturing and assembly processes to examine the 
feasibility of the 5¢ tag. We do so assuming that large volumes are being manufactured achieving 
which is, of course, another challenge entirely. We experiment with variations in process, throughput 
and component variables to estimate what will be required to approach the 5¢ goal. As part of this 
experiment, we examine both the semiconductor manufacturing and the assembly of RFID tags. Our 
approach consists of two steps: bench-marking the processes employed and the equipment used, 
and 2) cost model simulation using this benchmark data. Our simulation models are inspired on 
earlier work on semiconductor costing at SEMATECH and at the University of California at Berkeley. 
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1. introduction 

In a previous Auto-ID publication, “Towards a 5¢ Tag”, we speculated on manufacturing and system 
methods to approach the elusive goal of a 5¢ Radio Frequency Identification (or RFID) tag [1]. We extend 
our cost analysis in this paper and simulate manufacturing and assembly processes to examine the 
feasibility of the 5¢ tag. We do so assuming that large volumes are being manufactured – achieving 
which is, of course, another challenge entirely. We experiment with variations in process, throughput 
and component variables to estimate what will be required to approach the 5¢ goal. As part of this 
experiment, we examined both the semiconductor manufacturing and the assembly of RFID tags. 
Our approach consists of two steps: benchmarking the processes employed and the equipment used, 
and cost model simulation using this benchmark data. 

1.1. Background 

Over the last three and a half years, the Auto-ID center has created the components of a system which will 
enable ubiquitous use of RFID tags. The tags designed by the Auto-ID Center and its partner companies 
are passive wireless RFID devices with a unique number which can uniquely identify almost every object 
in the supply chain – and indeed almost every object beyond. Typical tags today cost between 40¢ and 
$1.00 (US) depending on the scale and complexity of the tag. 

Auto-ID tags are simpler and cheaper because of our mantra of minimalism. The Auto-ID system reduces 
the information stored on the most basic tag. The tag merely stores an Electronic Product Code™, or EPC™, 
and the EPC™-associated knowledge resides on the network. Simplicity, along with a platform approach, 
has the benefit of enabling many applications based on one core technology, and results in economies of 
scale. It has two implications on the manufacturing process. First, the IC is much smaller, saving silicon 
cost. Second, the yield is likely to be much higher because the probability of a defect is greatly reduced. 
This, of course, impacts testing costs. Both factors result in reduced cost per tag [1]. 

1.2. Costing RFID Tag Manufacturing 

Our task was to study the costs involved in RFID manufacturing. Tags consist of integrated chips (IC’s) 
and an antenna-substrate assembly. Figure 1 shows the internals of a typical near-field 13.56 MHz RFID 
tag complete with a coiled antenna and chip. IC manufacturing has received a great deal of attention 
from the now mature silicon industry. RFID packaging and conversion, unfortunately, is a relatively new 
and much smaller industry, and does not have the benefit of the same body of previous research. 

Figure 1: RFID IC and Antenna, 
Courtesy Rafsec OY. 

MIT-AUTOID-WH-017 ©2003 Copyright 3 



Published February 1, 2003. Distribution restricted to Sponsors until May 1, 2003. 

The semiconductor industry has studied the problem of semiconductor costing extensively. In our research, 
we relied on previous work done by the SEMATECH consortium and the UC Berkeley CSM project [4,5,7,9]. 
The RFID tag assembly industry is more fragmented and processes are less standard. There is a dearth 
of established benchmarks of standard processes for RFID tag assembly. For the assembly process, we 
conducted a benchmark by interviewing several manufacturing companies and profiling 130 machines 
used in the tag assembly process [6]. We then used our data on these machines as input to a cost model 
which was based on the CSM analysis. 

There are several alternative processes for manufacturing RFID tags. In this study, instead of focusing 
on a particular process, we experimented with different process parameters and varied everything 
including the numbers of mask layers, metal layers, poly layers, to antenna costs, system throughputs, 
die sizes, process technologies, and even capital expense (capex) recovery times. We looked mostly 
at traditional processes rather than at new processes, which are difficult to model. Our goal was to 
understand whether a 5¢ cost is achievable at some production quantity, and what the key process 
parameters are, using these traditional processes. 

We elaborate on our analysis in the body of this report. The outputs of our work are a model, benchmark 
data and some cost estimates. For example, we estimate that currently, it is possible to reduce semi-
conductor costs to 2.8¢ for a 1 mm x 1 mm RFID chip using a 0.25 µm process with 25 mask, 3 metal and 
2 poly layers – a process fairly representative of implementations of the current Auto-ID specification for 
a UHF IC. Further process innovations may allow us to push the costs lower – a 20 mask, 2 metal process 
would allow us to push the silicon cost of a 1 mm die below 1¢. A die which is 0.5 mm x 0.5 mm would 
be proportionally cheaper. 

For the assembly portion, assuming antenna costs can be pushed as low as 1¢, it seems possible to 
assemble the tag for 3.3¢ at very high volumes using a traditional assembly process and at 2.08¢ if we 
harness innovations in flip-chip manufacturing processes. Overall tag costs (silicon + assembly) could 
be brought as low as 4.35¢ using a traditional assembly process and 3.31¢ using innovative flip chip 
manufacturing processes. 

In our analysis, we assume 300,000 wafer starts per year or 30 billion die starts per year with 100,000 
dies/wafer, and an equipment depreciation lifetime of 5 years. If the number of wafer starts for RFID 
manufacturing at a particular facility is increased to 3,000,000 per year, silicon costs can be brought 
down to well under 1¢. If the number of wafer starts is decreased to 30,000 wafer starts per year, the 
silicon cost rises to 6.1¢ per die. In other words, volume matters, as we will show, but the volumes 
at which scale can be achieved are not astronomical in relation to world-wide fab capacities, as we 
describe below. 

1.3. Capacity and Volume: Some Editorial Comments 

The total worldwide IC manufacturing capacity today is more than 50,000,000 wafer starts per year, 
and fab capacity utilization for MOS IC’s is around 65%. This is shown in Figure 2. 
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Figure 2: IC Wafer Capacity 

Note: All data in the graph are 
expressed in 8 inch equivalent 
wafers. The line “Total IC’s” in 
the table includes the “Bipolar” 
data, which were converted for 
this purpose from 5 inch to 8 inch 
equivalent wafers by using the 
factor 0.391. 

Source: SIA/SICAS, 
http://www.semichips.org 
/stats/xls/capq2_2001.xls 
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A question that has been asked recently is whether there is world-wide capacity today to make RFID 
tags in volumes equal to the demand of the retail industry. Clearly, this is a theoretical question. 
However, a simple thought experiment helps estimate the answer. Today, 5 billion bar codes are scanned 
daily according to the EAN.UCC. Let us say that 20% of these items have RFID tags in 2004. Our annual 
demand, then, is 400 billion IC’s a year. (It is unlikely that the other components of the tag, like the 
antenna, will prove the bottleneck in production.) Let us also say that we can make 100,000 dies per 
wafer. This implies 4 million wafer starts per year dedicated to world-wide RFID production. This is 
20% of world-wide fab capacity, and in today’s economy, only slightly higher than the idle capacity of 
capacity. Should RFID really “take-off,” we submit that IC manufacturing capacities will readily scale, 
and importantly, more and more depreciated equipment can be absorbed into RFID manufacturing, 
providing a secondary boost to the low-cost dream. The real challenge will be one of road-map management. 
It is important for the principal users of RFID tags to articulate their needs to the semiconductor and 
RFID tag industries, and to adhere to these estimates in a responsible and predictable way. This will 
give manufacturers the confidence to invest in capacity in advance of the need for the capacity, and 
facilitate a smooth transition into the future. In fact we speculate that the semiconductor industry 
craves the type of steady production that retail can provide, and with enough confidence, will be 
happy to cooperate in this industry [17]. In the absence of this pipe-line or road-map management, 
efficiencies will be lost, and more importantly, we run the risk of what is today an easily avoided 
speculative bubble. 

MIT-AUTOID-WH-017 ©2003 Copyright 5 



Published February 1, 2003. Distribution restricted to Sponsors until May 1, 2003. 

1.4. A Caveat 

It needs to be stressed that because RFID manufacturing is a fragmented and poorly documented industry, and 
because of commercial impediments to acquiring reliable data, our analysis is very much speculative. We 
have in essence reconstructed, to the best of our ability, the costs likely faced by RFID manufacturers. The 
more lasting contribution of our work may well be the model we have developed, which companies may be 
able to use with their own, more reliable models. We also hope that this model will be improved over time. 

2. understanding passive rfid devices 

An RFID tag consists of an RFID chip, an antenna and tag packaging. The RFID circuitry itself consists 
of an RF front-end, some basic signal processing portions, logic circuitry to implement the algorithms 
required and EEPROM for storage. 

The RFID chip is an integrated circuit implemented in silicon. The RF front-end portion of the chip 
typically consists of a simple circuit like a resistor-inductor circuit. RFID tags for low-cost, high-volume 
applications function in the ISM bands at 13.56 MHz and 915 MHz. Ultra high frequency systems like 
those which operate in the 868–930 MHz range and in the 2.4 GHz range are better suited for line 
of sight and long range applications. High frequency systems have better propagation characteristics, 
but poorer range in clear air. Pallets, for example, may use UHF tags, but a box of tomatoes may be 
better served by a HF tag. 

The front-end circuitry impacts the semiconductor process by requiring a process that allows for mixed 
mode fabrication. 

Figure 3 
rfid circuit block diagram 
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Figure 3 describes a block diagram for RFID IC circuits and lists many of its associated function blocks. 
The RF front end is connected to the antenna. Typically, at UHF, an electric dipole antenna is used. HF 
tags use a coil antenna. Passive RF tags have no power source and rely on the signal from the reader 
to power up. Thus the RF front-end implements modulators, voltage regulators, resets and connections 
to external antenna. 

RFID chips have control logic that typically consists of a few thousand gates. The lowest level Auto-ID chip 
uses very few gates, in the order of 1500 gate equivalents. Functions in the logic include the error and 
parity/CRC checkers, data encoders, anti-collision algorithms, controllers, command decoders and so on. 
More complex RFID chips may include security primitives and even tamper-proofing hardware. The size 
of the circuit affects the number of mask, metal and poly layers required in the semiconductor process. 
RFID systems usually use CMOS [8]. 

A certain amount of information is stored on-chip in an electrically erasable and programmable read only 
memory (EEPROM). The size of this EEPROM increases as more information is required to be on the RFID 
chip. The Auto-ID RFID chip specification only requires a 96-bit EEPROM but, for example, the Microchip 450 
RFID chip uses a 1024-bit EEPROM. The size of the required EEPROM is a factor in determining the number 
of mask, metal and poly layers required in the semiconductor fabrication process. It is also a factor in the 
size of the final semiconductor die. Silicon cost is directly proportional to both the die size and the number 
of mask, poly and metal layers. For example, in order to fabricate the Fairchild semiconductor FM24C16 
EEPROM, which is a 16K memory, a 14 mask, 1 metal, 2 poly layer CMOS process is required [18]. It is 
possible to trade-off die size against the complexity of the lithography process, but either way, costs are 
reduced by minimizing the EEPROM requirements on the IC. 

The IC in an RFID tag must be attached to an antenna to operate. The antenna captures and transmits 
signals to and from the reader. The coupling from the reader to the tag provides both the transmission 
data and the power to operate the passive RFID tag. Typically antennae for passive RFID systems can 
be either simple dipoles 915 MHz RFID tags or more complex coiled shapes for 13.56MHz systems. 
Currently, antennae are made of metals or metal pastes, and typically cost as much as 12¢ per antenna 
to manufacture. However new methods that range from conductive inks and new antenna deposition 
and stamping techniques are expected to reduce costs below 1¢. 

The RFID antenna needs to be electrically and physically connected to the RFID chip. This can be done 
in a number of ways ranging from wire-bonding to flip-chip. The entire system must then be converted 
to the packaged form. 

3. understanding the manufacturing process 

The tag manufacturing process has two major components: the semiconductor manufacture and the 
tag assembly. 

3.1. Semiconductor Manufacture 

Typical CMOS semiconductor manufacturing has mask, metal and poly layers. The mask layers are fabricated 
using photolithography. Basic CMOS features are formed by first growing silicon dioxide on the silicon 
substrate through an oxidation process. This involves heating the silicon in an oxidizing atmosphere 
such as water vapor. The silicon dioxide layer is then covered with a photo-resist coating. This coating 
is exposed through a mask to UV radiation and then the photo-resist layer is etched away. The etching 
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leaves a patterned silicon surface. After etching, the wafer is exposed to ion implantation with the 
patterned silicon dioxide acting as an implantation mask. Finally, the implantation is driven deep into 
the substrate using a thermal cycle. These steps translate to many sub-steps and machines. The basic 
process is repeated several times with in different combinations, and with different masks, to create 
complex circuits. Figure 4 illustrates the basic silicon lithography process. 

Figure 4 
basic semiconductor lithography 
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Metal layers are the most expensive to create and involve the most steps. Metal is deposited after creating 
a silicon dioxide layer that is exposed and etched to reveal contact points. Highly conductive metals like 
aluminum are usually preferred. Metal layers are created using physical vapor deposition (PVD). 

Polysilicon layers are created using a chemical vapor deposition (CVD) process to deposit gate polysilicon 
on top of the silicon dioxide layer. Subsequently, a similar process consisting of photoresists, masks, 
UV radiation, etches and cleanings create a polysilicon feature. All MOSFET gates are usually defined in 
one or two steps. Figure 5 illustrates the steps to create a polysilicon feature on a semiconductor wafer. 
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Figure 5 
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The following steps are repeated in the appropriate process sequence until the silicon die is ready: 

– Oxidize: Furnace oxidation, etc. 
– Expose: Expose implant, gate, line, contact/pad etc. 
– Measure: Measure overlay, film, CD etc. 
– Etch: Etch gate, metal, via. 
– Clean: Clean metal, oxide, etc. 
– Strip: Strip film etc. 
– Vapor deposition: chemical or physical vapor deposition of poly or metal. 

Figure 6: Mask Steps 250_a1_82 
Semconductor Process Steps 
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Figure 6 lists some sample steps 
from the SEMATECH 250_A1_82 Meas_Overlay Meas_Overlay 
logic/memory process. 
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Once the semiconductor wafer has been processed, the next sequence in the process is assembly. 
Tag assembly consists of a sequence of the following 4–5 process stages: 

The first step is the thinning the wafer to reduce its profile and remove excess silicon. Typically a chemical-
mechanical polishing technique is used. A conditioner and special scrubbing pads are used in this process. 
Rates can be low, but because each wafer in RFID may have tens of thousands of dies, the effective per-
die rate is quite. For example, a Strasbaugh 6EGCMP wafer thinning machine that can handle 10 wafers 
an hour, which translates to an equivalent of about a million dies an hour, or 1.2 billion tags a year. 

Once the wafer is thinned, the next step is dicing the wafer to create dies. Dicing can be done using a 
specialized saw but it is also possible to dice using a chemical dicing process. The latter process, though 
more space efficient, is as yet immature, but certainly the preferable approach for the future. We will 
concentrate on conventional dicing. For example, a Kulicke and Soffa 7100 dicing machine can process 
350 mm/sec. Sometimes an additional step may be implemented before dicing. For example, in the 
flip-chip process, another process “bumps” the wafer before dicing it. Returning to throughput for 
these machines, consider a wafer with 20,000 dies of 1 mm each. The total cutting length required is 
40,000 mm/wafer, which gives us a throughput of 40 wafers an hour. In other words, a dicing machine 
has greater throughput from a die-equivalent point-of-view than a polishing machine. Line balancing 
is therefore an important task in cost estimation. 

When the dies are ready, the next stage is attaching the die to the antenna and packaging it to create a 
complete tag. Most of the costs reside in this stage. There are three primary methods that can be used 
for the assembly: 

– Traditional assembly: In traditional assembly, the die is brought into position either by reeling it in 
or loading it into waffle packs. It is placed using a pick and place robot. Next, the die is attached to 
the packaging typically using a die-attach machine. The attach process uses an adhesive to attach 
the die to the packaging and the assembly is cured. Once the die is in position, the pads are connected 
using wire bonding, which is a solid phase welding process involving pads and wires. Either heat or 
ultrasonic energy is used to complete the bond. 

– Flip chip: Flip chip assembly is an alternative in which the chip is assembled directly onto the 
board or tag package. Figure 7 illustrates the steps in a typical flip-chip line. 

Figure 7 
flip chip assembly process steps 
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Pads are connected using “bumps” of conductive material such as solder, aluminum or gold. In the flip 
chip process, the wafer arriving from the fab is first “bumped” to leave a solder bump on top of each 
pad. After the wafer is bumped, it is then diced and the bumped dies are loaded onto a reel or waffle 
pack for assembly. Assembly is done using a pick-and-place robot that positions the bumped dies 
directly on the board or package substrate. For an RFID tag, the die is placed directly on the antenna 
inlet. The package is compressed and cured to complete the process. The figure below describes the 
flip-chip process. Sometimes an under-fill epoxy layer is also used between the die and the substrate 
to support and separate the die from the substrate. 

– Statistical assembly: We refer to a class of processes which use phenomena like fluid flows and 
vibratory fields as statistical assembly. The idea is that these processes will never be 100% accurate, 
but are extremely scalable with low variable costs. 

– FLUIDIC SELF-ASSEMBLY 
Fluidic self-assembly is a new technique for RFID tag assembly. In fluidic self-assembly, the wafer is 
diced through chemical etching into differently shaped units called nanoblocks. These nanoblock dies 
have a three dimensional shape. The tag/assembly substrate itself indentations that match the shape 
of the nanoblock dies. Next the separated dies are suspended in a fluid and flowed across the 
substrate, where the dies “drop” into the substrate “holes”. In Figure 8 We see a pictorial of the 
nanoblock dies attaching into the substrate holes. Finally the blocks are connected using standard 
metalization to connect to the pads. [Ref 10] 

– VIBRATORY ASSEMBLY

In an earlier paper, we speculated on the applicability of vibration to RFID assembly. Recently,

Philips Semiconductor stated that their analysis too confirmed the applicability of this process

to low cost tag production. 


Figure 8: Fluidic Self Assembly 
of Nanoblocks 

The final stage in any process is testing the completed tag to ensure that it functions. This is different 
from in-wafer testing, which is performed on the complete wafer to ensure functionality of individual 
dies. RFID tags can be tested using a specialized RFIC test system such as the Advantest T76 series. 
Basic logical testing, however, can be performed extremely inexpensively on the conversion line. 
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4. the simulation model 

We modeled semiconductor and assembly processes with the purpose of estimating the cost per tag. 

The benchmark consisted of interviewing engineers and profiling more than 130 machines that are used

in the tag assembly process. The most important elements of the equipment benchmark were throughput,

equipment fixed and variable costs, raw material cost, labor and overhead costs, maintenance and

replacement costs, utility costs and equipment yields or efficiencies.


The operating unit throughput per machine was a key parameter for benchmarking. This parameter

captures the number of units processed in one hour (UPH) and it is different from the spec sheet

value because it takes into account the operating efficiency of the machine.


The fixed cost or capital investment of the machine was another critical driver of overall cost. Typically

we depreciated equipment over a 5-year schedule using a straight-line depreciation model. The 5-year

depreciation model is standard in the rapidly evolving semiconductor industry.


Other costs include individual raw materials costs for materials or chemicals such as compressed air,

lubricants, materials such as silicon or antenna inlets, aluminum, gold, distilled water, epoxy, pads,

photoresist and etchers. These material costs also added a significant amount of the final tag cost.

Variables specific to the semiconductor process such as mask costs were included as well. Finally, 

an important material variable was antenna inlet cost. 


The majority of labor costs were estimated on a per-machine basis in terms of labor required to operate

a given machine. However, a small labor overhead consisting of facilities, and of administrative and

management overhead was also factored into our model. Yearly maintenance and part replacement costs

were factored in as a percentage of total capital costs. Utilities such as water, electricity and floor space

were factored in as inputs to our model. It turns out that their impact on the cost is minimal. We also

considered individual equipment yield and efficiency numbers in our model. Assembly equipment yields

are typically high and yields of 95% or more are industry-accepted.


Once all the stages of process to be costed were determined, the cost was computed based on the equip
-
ment associated with each stage of the process. Every time a line is stopped and the product changed, 

a fixed cost penalty is incurred, called the reset cost. Currently we do not factor in reset losses but assume

that the process is run continuously.


We used two types of process runs in our model; a line maximized run and fixed machine-count run. 

In a line maximized process run, we scaled the number of machines at each stage to balance the line.

The number of machines was adjusted to ensure that a maximum number of units were pushed through

at each stage of the process. We ensured that the cost per die was minimized by pushing this maximum

throughput at each stage. 


In a fixed machine process run, a fixed number of machines were used per stage of the process. Costs

estimated using this method were obviously higher than for a line maximized run. This number is useful,

however, because line balancing assumes larger volumes. Smaller manufacturing operations may not

have that luxury, and the fixed machine run may be more representative of initial costs.

The number of wafer or die starts was an input for line maximized simulation runs. Other inputs include

the depreciation schedule and the size of each die. 


Figure 9 is a snapshot of the assembly cost model. This snapshot shows some of the input parameters in the

model. For the semiconductor process we used the number of mask, poly and metal layers as an input and

generated a “pseudo” process of all the required equipment. This process was generated automatically by

concatenating individual steps required per mask, metal or poly layer. No process optimization beyond
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this was assumed. We assume that by using process optimization, we may be able to push the costs 
lower. Once a process was generated, it was costed to estimate a per-die cost. Figure 10 is a snapshot of 
the semiconductor cost model. This snapshot shows some of the process steps and associated variables. 

Figure 9: Assembly Process Costs 
Machine Specs & Costs 
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Figure 10: Sample Process Tool 
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†($/pa), * ($/pa) 
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Figure 11 is a snapshot of the semiconductor cost model that shows the inputs to the semiconductor 
costing process. The 250_A1_82 process from SEMATECH was used as a baseline semiconductor process. 
This is a 0.25 micron process and employs 283 steps. The 250_A1-82 process is used in UC Berkeley ESRC 
models and we used the equipment benchmarks for this process to cost our semiconductor process. The 
traditional and flip-chip assembly processes were based on industry standard definitions and interviews. 

Figure 11: Input to Cost Model 

5. results 

Assuming 300,000 wafer starts per year and 25 mask, 3 metal, 2 poly semiconductor process, it appeared 
that overall RFID tag costs could be pushed as low as 4.49¢ using a traditional assembly process and 3.31¢ 
using a flip chip process. The semiconductor or die costs accounts for 1.15¢ and the remaining 2–3¢ are 
tag assembly costs. 

300,000 wafer starts per year translates to around 30 billion die starts per year. This wafer start number 
accounts for only 0.45% of worldwide semiconductor production. The total worldwide IC fab capacity 
is 66,000,000 wafer starts per year and currently fabs are severely underutilized. Current fab capacity 
utilization for MOS IC’s is around 65% [16]. If the number of wafer starts is increased to 3,000,000, 
then the die cost drops to 0.8¢ per die. 
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Today, we find that it is possible to push semiconductor costs as low as 1.28¢ for a 1 mm x 1 mm square 
die using a .25 micron process with 25 mask, 3 metal and 2 poly layers. We found companies that had 
successfully implemented the Auto-ID standard in silicon using a 25 mask, 3 metal and 2 poly layer process. 
Further innovations may allow us to push the costs lower – thus a 20 mask, 2 metal process would allow 
us to push the silicon cost below 1C. For the assembly portion, assuming antenna costs can be pushed as 
low as 1¢, it is possible to assemble the tag for 3.3¢ at very high volumes using a traditional assembly process 
and 2.08¢ using an innovative flip-chip manufacturing process. If the number of wafer starts is increased by 
a factor of 10 to a total of 3 million wafer starts per year, the silicon costs can be brought to under 1¢ as well. 

In Figure 12 we show the variations in silicon die cost with mask layers. We assume 1 metal and 1 poly layer. 

Figure 12: # Mask Layers Vs. Die Cost 
die cost vs. mask layers 
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Figure 13 shows the variation silicon die costs with poly layers. We assume 25 mask and 5 metal layers 
for this case. 

Figure 13: Poly Layers Vs. Die Cost 
(25 Mask, 5 Metal). 
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Figure 14 shows variation in silicon die cost with metal layers. We assume 25 mask and 2 poly layers in 
this case. The silicon die costs are most sensitive to metal costs – a change of 1 metal layer can cause a 
10 % change in cost, but it requires 8–10 poly or mask layer increases to get the same effect. 

Figure 14: Metal Layers Vs. Die Cost 
die cost vs. metal layers 
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In Figure 15 and Figure 16, we show cumulative tag costs by different stages in the process for traditional 
and flip-chip assembly. Traditional assembly is by far the most expensive step. 

Figure 15: Assembly Costs 
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$ 

Figure 16: Assembly Costs 
cumulative assembly process stage costs (flip chip) 
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In Figure 17 we show the volume or throughput by assembly stage through the assembly process when 
3.3 million tags are input into the assembly process.


Figure 18 shows the breakdown of cost by different stages for the flip-chip assembly.


Figure 17: Throughput by Stage 
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Figure 18 
tag assembly cost 
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We find that line balancing and throughput improvements are the key drivers on the assembly side of 
tag manufacturing. Throughput in flip-chip manufacturing, for example, is very dependent on the time it 
takes to cure the polymers involved. Reducing this time greatly reduces the cost of operation of flip-chip 
machines, and also has a knock-on effect on the rest of the process – by making it possible to balance 
the rest of the line, and better using other machines in the line. Our model can be used to perform sen-
sitivity analysis on a number of such variables, and will help focus on the most critical processes and 
performance metrics for future development. 

6. conclusions 

We have developed a model for costing RFID tags which is similar to the approach used in the semiconductor 
industry. We speculate that it is indeed possible to achieve a 5¢/tag cost number at a sufficiently high 
volume of tags using even existing technology. The volume required to reach this cost metric is well within 
the reach of current fab capacities. Process innovations and improvements that drive down antenna costs 
will also significantly impact the cost per tag. These innovations are connected to each other. For example, 
lower powered dies will reduce the conductivity required of the antenna, enabling even lower cost printed 
antennas. In other words, aggressive thinking and innovations in RFID tag manufacturing will reveal 
numerous synergies which can play off each other in the coming years, providing additional cost reductions. 
Unfortunately, the industry today seems trapped in “catalog mode” where engineers are forced to pick 
inappropriate machines from catalogs rather than inventing solutions to critical problems. Volumes, 
roadmaps and, most importantly, orders will surely unleash a new cycle of much-needed innovation. 
This is a win-win for all parties. 
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