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1 INTRODUCTION TO TIMES-7 

 

Times-7 Research Ltd [1] is a high-tech company specialising in the design and manufacture of RAIN (UHF) 

RFID antennas, based in Lower Hutt, New Zealand. We export all over the world and count the largest RFID 

companies amongst our customers. Our brand is well-established in the global RFID market, and we are known 

for high quality and reliability, as well as our significant RF expertise. 

In addition to our world-class products and in-depth expertise, our customers appreciate Times-7 for our quality 

of customer service and technical support. We place emphasis on our responsiveness in supporting a large 

global customer base and ensuring the success of our customer's implementations. 

Founded in 2006, Times-7 has developed the largest portfolio of fixed RAIN RFID reader antennas. As well as 

a large portfolio of standard antennas for all applications, Times-7 also offers a custom antenna development 

service, when the requirements are not fully satisfied by our catalogue antennas.  

Times-7 is a member of the RAIN RFID Alliance and regularly attends and participates in industry events. 

 

 

 

Address: 29 Railway Avenue, Lower Hutt, New Zealand 5010 

Website: www.times-7.com 

Phone: +64 4 974 6566 
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2 PACKING STATIONS 

 

The Times-7 Packing Station is designed for packing and shipment verification in e-commerce businesses 

across all industries.  

Many organisations are creating agile, decentralised supply chains, utilising RAIN RFID systems for tracking 

and verification. This bring the required products closer to the end customer and allows same-day delivery or 

pick-up from a local store or other smaller space-constraint warehouses at a moderate cost. 

 

RFID enabled distribution centres, and retail back offices often have traditional RFID tunnels to verify packed 

goods before they can be processed and shipped. These bulky tunnels consume a lot of real estate, require 

more technical resources to be set-up and are expensive.  Alternative fixed reader solutions using single multi-

patch antenna arrays are lower in cost and take up less real estate, but struggle to achieve the performance of 

a tunnel using four high gain multi-patch array antennas in different orientations.   

 

The Times-7 Packing Station delivers the benefits of both solutions, making it a powerful, but compact Packing 

Station offering fast and reliable tag reads of up to a 1000 tags per second for very high-tag density packages. 

The Packing Station achieved over 1100 tag reads reliably and consistently in less than 2 sec in controlled 

conditions. The tags were very densely packed (over 1000 tags in a 4.5 cu ft. standard carton box, creating a 

very challenging tag read scenario). 

 

Here is what makes the Times-7 Packing Station novel: 

 

✓ Lightweight: Weighs only about 9.5 kg (21 lbs) compared to a 50 kg (110 lbs) tunnel 

✓ Low cost: A fraction of the cost of similar products 

✓ Ease-of-deployment: Minimal labour required for upright or flush configuration 

✓ Compact: Much less real estate required, unlike a tunnel system 

✓ Reader Compatibility: The system can accommodate any four-port RAIN RFID reader 

✓ Excellent RF performance: Consistently reads up to 1000 tags densely packed in less than 2 sec 

within a controlled environment. 
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3 PRODUCT DESIGN 

 

RFID enabled distribution centres and retail back offices often have traditional RFID tunnels to verify packed 

goods before they can be processed and shipped. Some examples of RFID tunnels available in the market is 

shown in Fig. 1. These bulky tunnels consume a lot of real estate and are often expensive.  

 

Fig. 1. Existing RFID tunnels for distribution centres and retail stores – (a) Smartcomm’s Embiway UHF RFID 

tunnel [2], (b) Dipole tunnel TS-110 [3], (c) 2Trace’s UHF RFID tunnel UTx [4], (d) Bionix’s ICM-105 [5], [e] 

Bionix’s ICM-104 [6]. 

 

Generally, tunnels contain four circularly polarised antennas installed in different planes (top, bottom and sides). 

Cartons containing tagged goods are typically moved through the tunnel from one opening to the other. Circularly 

polarised (CP) reader antennas create polarisation diversity to read tags with different polarisations. Most of the 

RFID tags are dipole-like designs and thus change in tag orientation will change its polarisation. When goods 

are packed in a box, practically, it is difficult to maintain the tag’s orientation consistently. The circularly polarised 

tunnel antennas overcome that challenge and can detect the tags in any orientation. Similarly, the spatial 

diversity created by RF waves coming from four antennas in different planes helps to detect tags in different 

orientations. As the radiation pattern of a dipole tag antenna is doughnut-shaped (Fig. 2), the antenna’s gain 

along its axis is minimal (close to null). When a tag is receiving energy only along its axis, the probability of 

exciting the tag is very low. Fig. 3 explains polarisation and spatial diversity [7].   
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Fig. 2. Dipole-like tag antenna’s radiation pattern – (a) Smartrac DogBone Monza 4D and (b) Alien Squiggle 

Higgs3 

 

Fig. 3. (a) and (b) polarisation diversity explained with a CP antenna and (c) spatial diversity explained with 

two CP antennas 

 

Tunnels are often equipped with moving conveyor belts or rollers to move the assets through the RF fields. 

Moving tags have a greater probability of getting detected as the RF field inside the tunnel is not homogeneous 

all the time. When tags are present in less intense RF zones (commonly referred to as dead zones), stationary 

tags suffer from misreads while mobile tags move past the dead zones to get read by more intense RF fields.  

It is widely accepted that RFID reader antenna design is niche and RFID application-specific compared to 

generic antenna designs intended to use in other wireless applications [8]. Times-7 has designed a new ‘Packing 

Station’ system by carefully analysing and understanding the customers’ requirements. It offers mounting 
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flexibility and can be set up upright (Fig. 4(a)) or flush on a table. Removable ramps can be installed to ease 

carton movement (Fig. 4(b)).  

 

 

Fig. 4. Times-7’s ‘Packing Station’ – (a) mounted upright and (b) mounted flush on a table 

 

 The following makes the Times-7’s ‘Packing Station’ novel; 

a. Lightweight: Weighs only about 9.5 kg (21 lbs) compared to a 50 kg (110 lbs) tunnel 

b. Ease-of-deployment: Minimal labour required to set up upright or flush configuration 

c. Much less real estate required: Unlike a tunnel system 

d. Compatible: The system can accommodate any four-port RAIN RFID reader 

e. Powerful multi-linearly polarised antenna to create polarisation diversity, in contrast with circularly 

polarised antennas with 3 dB low gain 

f. One antenna to create spatial diversity, as opposed to having four antennas in a tunnel 

g. Tilted and non-static RF beams: Thus, the need for a conveyor to move assets through the RF field 

or the need to “shake” the box is not necessary. 

h. Uniform near-zone power distribution: The antenna’s RF field is uniform across its length and width 

i. Diversified RF fields: The antenna has reactive near-fields, radiative near-fields and far-fields to 

increase the probability of efficient detection 
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4 ANTENNA DESIGN AND TEST RESULTS 

 

The ‘Packing Station’ system consists of a complex patch antenna array with sixteen patches. All 16 patches 

are not driven at once, but they are excited differently by four different ports. Each port is built with a predefined 

algorithm to provide phased beam tilts. The antenna is intended to be powered by a four-port RAIN RFID reader. 

By default, RF energy is switched between the ports of a reader and only one port is turned ON at one instance 

of time. This principle is common across all UHF RAIN RFID readers, and the typical switching rate is 60 mS. 

The reader switches between pre-defined beams and the beam appears to sweep in different axes. RF beams 

in different planes/orientations, help us achieve spatial diversity. 

The antenna is multi-linearly polarised to obtain polarisation diversity. The antenna operates in both of the 

orthogonal polarisations (vertical and horizontal) at different times.  

The sixteen-patch array is driven differently by four inputs to yield four different RF beam profiles, viz., 

1. Horizontally polarised conical beam with ~10° azimuth tilt in the north and ~10° elevation tilt in the west 

direction (see Fig.6 in section 5) 

2. Vertically polarised conical beam with ~10° azimuth tilt in the south and ~10° elevation tilt in east 

direction (see Fig.7 in section 5) 

3. Multilinearly polarised broadside directional beam with ~15° azimuth beam tilt in the north-west and 

~20° elevation tilt in north direction (see Fig.8 in section 5) 

4. Multilinearly polarised broadside directional beam with ~15° azimuth beam tilt in the south-east and 

~20° elevation tilt in south direction (see Fig.9 in section 5) 

 

 

Fig. 5. Packing Station antenna and different coordinates 
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Fig. 6. Vertically polarised conical beam with 10° azimuth tilt in the north and 10° elevation tilt in west direction 

 

 

Fig. 7. Horizontally polarised conical beam with 10° azimuth tilt in the south and 10° elevation tilt in the east 

direction 

 

 

Fig. 8. Multilinearly polarised broadside directional beam with ~15° azimuth beam tilt in the north-west and ~20° 

elevation tilt in the north direction 
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Fig. 9. Multi-linearly polarised broadside directional beam with ~15° azimuth beam tilt in the south-east and ~20° 

elevation tilt in the south direction 

 

Each antenna port yields 8 dBi gain and has < 10 dB return loss. A microstrip transmission line is used for the 

array feed network. Radiative fields that arise from the microstrip line, in combination with closely spaced patch 

elements contribute to reactive and radiative near fields at near zones. The phased patch array generates far 

fields. Diversified RF field generation is key for reliable asset detection.    

Closely spaced patch antennas with a bunch of microstrip transmission lines around them also contribute to 

uniform power distribution across the antenna’s length and width.  
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