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Abstract  
Millimeter wave identification, or MMID, extends 
backscattering communication from UHF RFID to 
millimeter waves. The paper presents fundamental 
limitations of the MMID range based on power trans-
fer to and scattering from the transponder. Develop-
ments towards MMID systems for several applica-
tions are presented, such as short range high data 
rate communication, automotive radar transponder, 
and passive MMID. 
Keywords: backscattering, Millimeter Wave Identifi-
cation, MMID, millimeter wave radar, Radio Fre-
quency Identification, RFID. 

 
1. INTRODUCTION 

Radio frequency identification (RFID) has rap-
idly spread throughout the industry as a means to 
identify and track goods. The success of passive 
UHF RFID is based on robust identification with 
inexpensive (even less than 10 Euro cent) trans-
ponders. UHF RFID provides a range of even 
10 meters with data rate up to 640 kbit/s, but 
does not offer efficient locating capabilities. 

Millimeter Wave Identification (MMID) up-
dates the RFID system to millimeter waves [1]. 
The higher carrier frequency has several advan-
tages: First, smaller antennas enable miniaturized 
transponders as well as compact reader modules. 
Second, antenna arrays can be used to achieve 
(steerable) narrow beam reader antennas, which 
enable efficient transponder localization. More 
relaxed radio regulations e.g. at 60 GHz enable 
also high data rate communication.  

The drawback of a higher carrier frequency is 
that a low-gain antenna does not provide a long 
read-out distance due to a very small effective 
antenna aperture and thus inefficient power 
transfer  from  a  reader  to  a  tag.  Hence  MMID  
system design is strongly power-constrained. 

The next Section examines the power transfer 
between the reader and the transponder, as well 
as the backscattering modulation, and considers 
the effect of a millimeter wave carrier frequency. 
Applications from high data rate short distance 
MMID system to automotive radar compatible 

transponder and location sensing are discussed. 
Developments towards these applications of the 
MMID technology are presented in third Section. 

 
2. READ RANGE 

The transponder does not have any active mil-
limeter wave source, but the uplink communica-
tion is based on the modulation of the reflected 
signal from the tag, that is, the modulated back-
scattering. Hence the reader device resembles a 
continuous wave radar, as presented in Fig. 1. 
Passive transponders rectify DC power from the 
reader transmission, whereas semipassive trans-
ponders have a battery as a power source.  

 

 
Fig. 1. Block diagram of a passive MMID system. 

 
RFID and MMID systems have two power con-

straints  to  the  read  range:  First,  the  reader  trans-
mission must have high enough intensity at the 
transponder for passive operation, or in case of 
semipassive transponder, for detecting the ampli-
tude modulated commands in the reader transmis-
sion. Second, the backscattered signal from the 
transponder must exceed the receiver sensitivity 
of  the  reader.  With  the  aid  of  a  simple  series  
model of the transponder antenna – load system, 
the power limits can be described analytically by 
the effective aperture Ae and the radar  cross  sec-
tion of the transponder [1]: 
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Fig. 2. Power received by the transponder (Ptag) and 
the reader (Prx) as a function of a distance at 
865 MHz. GtxPtx = 33 dBmerp, Grx = 8 dBi, GA = 0 dBi. 
 

Here the GA is the transponder antenna gain,  
the wavelength, 1,2 the reflection coefficients of  
the two impedance states of the antenna load, 
and m the modulation index. The effective aper-
ture and the radar cross section have been calcu-
lated for a equal on- and off-cycle length square 
modulation of the load, and the radar cross sec-
tion is given only for the modulated scattering, 
i.e. structural ‘constant’ scattering is neglected).  

With Friis and radar equations, (1) transform to 
limitations in read range d: 
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Here the Grx and Gtx are the gains of the reader 

transmission and reception antennas, and P0
tag 

and P0
rx the sensitivities of the transponder and 

the receiver, respectively. 
The upper equation in (2) defines the maxi-

mum  range  limited  by  the  power  transfer  from  
the reader to the transponder, i.e. the downlink 
range. Similarly, the lower equation states the 
maximum  range  for  the  backscattered  signal  to  
be received by the reader, i.e. the uplink range. 
The overall maximum range of the system is the 
shorter of these two. 

Eqs. (2) illustrate an interesting characteristic 
of carrier frequency scaling. Because both range 
equations are directly proportional to the wave-
length of the system, the range diminishes with 
rising carrier frequency. On the other hand, 
smaller wavelength enables higher gain antennas, 
which increases range at higher frequencies.  

 
Fig. 3. Power received by the transponder (Ptag) and 
the reader (Prx)  as  a  function  of  distance  at  60  GHz.  
GtxPtx = 33 dBmerp, Grx = 15 dBi, GA = 8 dBi. 
 

The  read  ranges  at  UHF  (865  MHz)  and  milli-
meter waves (60 GHz) have been visualized in 
Figs. 2 and 3 by plotting the power received by 
the transponder (Ptag) and the reader (Prx) as a 
function of distance with typical system parame-
ters. The vertical line stands for transponder and 
reader sensitivity, -20 dBm and -90 dBm, respec-
tively, which represent the state-of-the-art values 
for UHF RFID. 

The range of both RFID and MMID systems is 
limited by the power transfer to the passive trans-
ponder. If semipassive transponders are used, the 
reader sensitivity becomes the limiting factor. 
The reader sensitivity is limited by the receiver 
white noise, and is thus dependent on the data 
bandwidth. Low data rate semipassive transpond-
ers can reach ranges of several tens of meters. 
Furthermore, an automotive FMCW radar can be 
used as the reader with small modifications.  

At very short distances, the signal to noise ratio 
of the received signal is huge. This allows in-
creasing the data rate to tens or hundreds Mbit/s.  
 

3. APPLICATIONS  
This Section introduces developments towards 

MMID applications from high data rate commu-
nication to longer range identification systems 
with localization. 

 
3.1. HIGH DATA RATE  
COMMUNICATIONS  

Semipassive transponders can be realized with 
a single diode as the millimeter wave front end, 
as presented in [1] and [2]. The diode acts as a 
detector and a modulator. To demonstrate the full 
system at  60 GHz,  an MMID reader  module has 
been implemented with CMOS components on an 
LTCC substrate [3].  The LTCC module includes 



 
Fig. 4. MMID reader module at 60 GHz. 

 
all the millimeter wave signals, and only bias and 
IF connections to the module are required.  

Signal (noise) bandwidth of 20 MHz 
(400 MHz) and read-out across 5 cm is demon-
strated with a semipassive transponder. The 
reader is shown in Fig. 4. 
 

3.2. PASSIVE MMID TRANSPONDERS 
A battery may limit the operation conditions, 

size,  and  life-time,  and  increase  the  price  of  a  
semipassive transponder. Passive MMID systems 
are  emerging  in  the  literature,  e.g.  in  [4]  a  pas-
sive  CMOS  transponder  at  60  GHz  is  reported.  
However, the protocol in the transponder is se-
quential, which limits the data rate to 5 kbit/s at a 
range of 13 mm. 

A passive MMID system has been demon-
strated with standard UHF RFID reader and 
transponder IC (ePc gen2), as presented in Fig. 5 
[5]. UHF signals from a commercially available 
reader are converted up to and down from milli-
meter wave frequencies by a millimeter source 
(LO) and mixers. Similarly, the transponder is 
equipped with a passive diode mixer. Range of 
30 cm has been demonstrated at 10 GHz. 

 

 
Fig. 5.  Passive MMID system with external mixing 
elements in the reader and transponder. 
 

3.3. TRANSPONDERS FOR 
AUTOMOTIVE RADARS 

Current commercially available automotive ra-
dars cannot reliably classify pedestrians, cyclists 
and  mopedists  from  other  targets.  Road safety 

 
Fig. 6. Semipassive MMID transponder on LCP sub-
strate for automotive application. 
 
could possibly be increased by equipping the 
aforementioned vulnerable road users with 
MMID tags that a modified automotive radar 
could identify from other targets. Currently 
24 GHz and 77 GHz frequency bands are allo-
cated for automotive radars in Europe.  

Even passive transponders have been studied for 
road user classification [6], but they can provide 
only a very limited detection range with current 
technology. However, semipassive MMID trans-
ponders could provide a range of several tens of 
meters, with the low data rate needed for classifi-
cation of the vulnerable road users.  

A photograph of a semipassive transponder de-
veloped for a 77-GHz automotive FMCW radar is 
shown in Fig. 6. The transponder consists of an 
antenna array on liquid crystal polymer (LCP) 
and a bias-modulated millimeter wave diode from 
United Monolithic Semiconductor. The measured 
modulated radar  cross  section (RCS) of  four  dif-
ferent prototype transponders are shown in Fig. 7. 
The detection range of these transponders would 
be 10-20 m when using a radar with comparable 
performance to the commercially available auto-
motive radars. 

 
3.4. LOCATION SENSING 

UHF RFID has several advantages for location 
sensing in short range applications over radio pro-
tocols. RFID provides inexpensive tags with very 
advanced features, such as non-volatile memory 
and anti-collision protocols.  

The relatively narrow bandwidth does not allow 
phase-based distance measurement and direc-
tional antennas are inconveniently big at UHF. 
However, MMID could provide both larger 
bandwidth and more directive antennas, and it 
could suit well for precise tag localization. 
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Fig. 7. Modulated radar cross sections of different 
prototypes of semipassive transponders. 
 

The phase-based distance determination of ge-
neric  tag is  challenging due to two things.  First,  
the dispersive properties of the tag should be 
known in advance. Second, the response of the 
tag depends on the received power, which is 
generally unknown. A phase-based distance de-
termination method where the aforementioned 
challenges are overcome, is presented in [7]. The 
method is demonstrated with UHF RFID al-
though the same principles applies for MMID as 
well. The determined distance of the tag with the 
method and without correction for dispersive 
properties of the tag are shown in Fig. 8. 

 
4. CONCLUSIONS 

Millimeter wave identification, or MMID, has 
stringent limitations to the range, because of low 
power operation at the transponder. Backscat-
tering communication allows 100 Mbit/s data 
rate applications at short distance. Even passive 
operation has been achieved, to a range of 30 cm. 
With semipassive transponders, longer range sys-
tems for e.g. automotive application are being 
developed. 

The scaling of CMOS to millimetre waves has 
made the reader modules as well as the (passive) 
transponders feasible for handheld and customer 
applications.  
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Fig. 8. The estimated uncorrected and corrected dis-
tance of the tag as a function of the true distance. 
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