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Verification of TTD Based Time Control Device for SI Cancellation in the
L-Band
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Abstract

This study experimentally validated the performance of a true-time delay (TTD)-based time control device developed to ensure the
high efficiency of a self-interference (SI) cancellation system operating in the L-band (1~2 GHz) frequency range of global navigation
satellite systems (GNSS). The fabricated time-delay control module utilizes TTD elements to implement precise time-delay control
functionality with picosecond resolution. The performance of the module, specifically its time delay control capability, was thoroughly
evaluated in the L-band. The experimental results successfully verified the picosecond-level time delay accuracy, which is essential for
achieving a high SI signal cancellation rate. Furthermore, the effectiveness of the module in achieving successful self-interference
cancellation with a high signal cancellation rate exceeding 99.99 %, was empirically demonstrated.
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Fig. 1. Phase difference of SI by asymmetric antenna arrange-
ment.
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Table 1. Delay-time interval for SI cancellation rate.

L-band delay time (ps)
SIC (%)
1 GHz 1.5 GHz 2 GHz
99.99 6 4 3
99.9 20 13 10
99 64 43 32
95 144 96 72
90 or more 205 137 102
22 TTID &Kt

A 79 QRS A7 e 7 HAE ] 93 2R
obdZ 1 Ynfo] X (Analog Devices) AlollA  AlF-3t=
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Table 2. ADAR4002-CSL key specifications.

Category Specification
Product ADARA4002-CSL (analog devices)
Single-channel bidirectional TDU (true time
delay unit) with DSA (digital step attenuator)
0.5~19 GHz
- Range 0: Up to 508 ps (4 ps std.
resolution)
- Range 1: Up to 254ps (2 ps high
resolution)
0~31.5 dB, 0.5 dB steps
Performance Insertion loss: —16 to —20 dB
(@10 GHz) Noise figure: 16~21 dB
Control SPI, 14-bit shift register, 32 states
14-lead LFCSP (3x2 mm), ~1 mW
Phased arrays, SATCOM, radar, test
equipment

Function

Frequency range

Time delay

Attenuation

Package/power

Applications
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Fig. 2. ADAR4002-CSL functional block diagram.
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Fig. 5. TDCM performance measurement environment.
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Allowable Error vs. Delay Time at L-Band
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Fig. 6. TDCM performance measurement at L-band.
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