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Abstract 

Recently, one of the most frequently mentioned keyword 
is “Ubiquitous”, which shows that radio frequency 
identification (RFID) becomes important and its demands 
are extremely expanding in the market. As mobile 
applications are widely spreaded, the importance for the 
RFID expands not only to the stationary  reader systems but 
also the mobile readers. 

As the size of the mobile application with multi-function 
decreases, the most considerable factors of the RFID reader 
used in mobile applications are size and power consumption. 
We have designed two chips including a digital circuit, a 
receiver, and a transmitter. Furthurmore, we have integrated 
those designed chips in a single package whose dimension is 
23 mm by 23 mm with low power consumption (1 watt). In 
this paper, we propose and verify design of chips and 
package for the mobile RFID reader. 

1.  Introduction 
In the past days, a revolution in identification systems 

was triggered by barcode labels, but data storage in a silicon 
chip has been considered as a novel optimal solution. And a 
number of companies has involved in the development and 
sale of radio frequency identification (RFID) systems whose 
gravity is increasing. Recently, one of the most frequently 
mentioned keyword is “Ubiquitous”, which shows that the 
portable RFID application becomes important and its 
demands are extremely expanding[1]. 

13.56 MHz RFID such as a traffic card, an ID card, and a 
credit card is one of the most popular system in these days. 
However, we expect that the demand for the ultra high 
frequency (UHF) identification system will increase based 
on its long identification range, small size, low cost of 
antenna, and fast data processing. And the arrival of  
“Ubiquitous” age has increased the importance of mobile 
RFID rather than stationary RFID.  

We have designed an RFID reader for portable 
applications that has so low power consumption (1 watt) and 
small size (23 x 23 mm) as to be suitable for the mobile 
phones and portable equipments. Since system-in-package 
(SiP) of the UHF-band RFID includes noise-sensitive analog 
circuitries, considerations of signal integrity and power 
integrity makes it possible to be a high performance system 

2.  Mobile RFID reader and Designed Chips and SiP 
System block diagram is shown in figure 1. We have 

designed two chips including a digital circuit, a receiver, and 
a transmitter. Furthurmore, we have integrated those 
designed chips in a SiP with two main targets; low power 
consumption and small size. As shown in figure 1, the 
designed RFID reader has two parts including digital and 

analog part. The digital part consists of a micro controller 
unit (MCU) and a digital base-band modem, while the 
analog part is composed of a receiver and a transmitter. 
Usually, RFID reader has a high speed clocked(160MHz) 
DSP or ARM based CPU, but we design a 16MHz clocked 
16-bit reduced-instruction-set-computer (RISC) to acheave a 
low power consumption system. Therefore, we could reduce 
computing power to 10 percents. 

 

 
Figure 1. System block diagram of the designed RFID 

reader 
 

 
Figure 2. Spectrum in air condition 

(a) Spectrum of reader transmission to a tag 
(b) Spectrum when a tag responses to a reader 

 
If the system is implemented as one chip-based SiP, the 

system size becomes smaller. However, in our design, two 
chips-based SiP is chosen for the noise coupling isolation 
between the transmitter and the receiver. Because an UHF 
RFID tag does not use battery, it receives and transmits data 
with power from the reader. When a tag transmits data to a 
reader, the reader transmit a single frequency continuous 
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wave to supply the power to a tag. The tag modulates data 
with a sub-carrier to avoid interference between the tag and 
reader. Figure 2(a) shows the spectrum measured when the 
reader transmits data to the tag, and figure 2(b) shows the 
spectrum measured when the tag transmits data to the reader. 
But the sub-carrier frequency is only several hundreds kHz 
and the transmitted power is about 3 to 20 times higher than 
the received power. Thus, it is hard to avoid interference 
between the reader and the tag, which degrades system 
performance.  

There are two kinds of noise coupling. First, since 
mobile RFID reader has only one antenna to transmit and 
receive signals, there is a coupling between Rx and Tx 
signal. Second, there is a substrate coupling between 
receiver and transmitter in the case that they are designed in 
a single chip. We select a circulator which has -35dB 
isolation level to reduce the leakage of power from 
transmitter to receiver and separate the transmitter with the 
receiver to suppress the substrate coupling. 

 

 
       (a)                         (b) 
Figure 3. (a) Transmitter chip with power amplifier used 

direct ASK modulation. (b) Digital and receiver chip 
including MCU, DBM, PLL, ADC, analog and RF circuits.  

 
Figure 3 shows two designed chips.  Figure 3.(a) is the 

direct modulated power amplifier to modulate data with 
Amplitude Shift Keying (ASK) like a mixer. Figure 3.(b) 
shows the chip which consists of  DBM, MCU, SRAM, 
PLL, analog circuits and RF circuits. As shown in Figure 4, 
the designed SiP has four layers and 456 balls. There are ten 
power planes and five ground planes.   

 

3. Effect of Noise Coupling on Circuits 
It is described in the previous chapter that we design the 

two-chips-based SiP to improve the isolation between TX 
and RX. In this chapter, we will compare two-chips-based 
SiP with one-chip-based SiP and show the effect of noise 
coupling on other circuits. 

 

 
Figure 4. Layout of the designed SiP which has four 

layers stack up.  
 
 

 
                    (a) 

 
                            (b) 
Figure 5.(a) Noise coupling ratio through substrate in the 

frequency domain, up to 3GHz, (b) in the time domain for 
one-chip-based SiP and two-chips-based SiP. 

 
Figure 6(a) shows the graph for the noise coupling ratio 

through signal line. The solid line and the dashed line show 
the ratio of the designed SiP and the single-chip SiP, 
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respectively. It is understood that the noise coupling through 
signal line causes distortion for other signals as shown in 
figure 6(b) and (c).  

 

 
         (a) 

 
     (b) 

 
     (c) 
Figure 6. (a) Isolation ratio of signal line coupling, (b) 

Signal of seperated chip SiP, (c) Signal of one chip SiP 
 

The coupled signals affect other circuits. Noise coupling 
through signal and substrate distorts output signals inducing 
DC offset and making the gross signals as shown Figure 7. 
Figure 7(a) shows spectrum for the output signal of the 
designed mixer when there exists the substrate noise 
coupling. If 500kHz data are modulated with 900MHz using 
the mixer, the output signals consist of 500kHz and 
1800.5MHz signals [figure 7(a)]. But if there is a noise 
coupling, an unwanted 934.5 MHz noise signal is added to 
the 500 KHz output signal of the mixer, as shown in figure 
7(b). Furthuremore, the coupled noise is mixed with the 
input signal of the mixer. Eq. (1) is the equation of the 
output signals of the mixer without coupling noise and Eq. 
(2) is that with coupling noise. There is a difference between 
Eq.1 and Eq.2 for the DC values. The DC offset is generated 
when a system uses a direct conversion receiver. We chose 
the direct conversion method to reduce the circuit 

complexity. In this case, a coupled noise are mixed with a 
LO signal and a received signal [4]. And it generates the 
unexpected DC offset. After all, self-mixing with substrate 
coupling noise induces DC offset, and it degrades 
identifying performance of the system 
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(c) 

Figure 7. effect of coupling noise on the circuits (a) the 
fft result of a mixer output with no noise,  (b) the fft result of 
a mixer output with coupling noise, (c) output signal of 
opamp. 

Figure 7(b) indicates the output signals of operational 
amplifier. In Figure 7(b), the dashed line and the solid line 
represent the output signal without and with power/ground 
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noise, respectively. Signal and power/ground noise coupling 
induce a distortion of output signals [Eq (3)], increasing an 
output offset and reducing voltage gain.  
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4.  Suppression of Noise Coupling through Signal and 
Substrate 

On the basis of previous results, we need to improve the 
noise isolation for the SiP design. In previous chapter, we 
separated the transmitter with the receiver to reduce the 
noise coupling through the signal and the substrate since the 
power of the transmitter is much larger than that of the 
receiver. In this chapter, several noise isolation techniques 
will be proposed and verified for the designed UHF mobile 
RFID reader SiP, using the 3D full wave simulation.  

As the power amplifier of a direct modulation formula 
consumes far larger current than other blocks, it generates a 
significant power/ground noise. Therefore, the 
power/ground plane of the power amplifier chip should be 
separated from one of another chip.  

 

 
Figure 8. Noise coupling coefficient of power/ground  
Plane. At 900MHz, the isolation ratio with split is 
improved as 79dB as without split. 

Figure 8 represents that the split plane reduces the 
power/ground noise coupling by 80 dB at 900 MHz between 
power amplifier and other chips. 

 

 
         (a) 
 

 
(b) 

 

 
        (c) 
 
Figure 9. comparison of insertion loss of a signal line 
with split plane and reference change, and without split 
plane and reference change (a) signal line without split 
plane and reference change, (b) signal line with split 
plane and reference change, (c) Insertion loss about a 
worst case line 
 
However, signal integrity is worsen by a split on plane. 

A gap between planes makes a return current path long, 
which increases inductance. The inductance and the 
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capacitance of the gap make a new resonance frequency 
which degrades the transmission characteristic of a signal. 
However, as shown in figure 9, there is negligible effect of 
P/G plane split on signal integrity at 900MHz (-0.44 dB 
insertion loss). 

 

5.  Conclusions 
In this paper, to minimize the noise coupling between a 

transmitter and a receiver, the digital and receiver chip, the 
TX chip that separates with the RX chip and two chips-
based RFID SiP have been proposed. Therefore, to improve 
noise isolation characteristic, several noise isolation 
techniques has been shown. As a result, interference 
between Tx and Rx signals and the power/ground noise 
coupling of transmitter including direct modulation power 
amplifier have been reduced. And the mobile RFID reader 
SiP which has small size and low power consumption has 
been implemented.  
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