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Design of broadband millimeter—wave True—Time Delay chips

CHEN Yueying, LIU Huidong, YANG Liu, ZHAO Zirun
(The 13th Research Institute of CETC, Shijiazhuang Hebei 050051, China)

Abstract: The function and working principle of the True-Time Delay(TTD) chip has been studied
and the chip has been applied in phased array radar. Based on GaAs Pseudomorphic High Electron
Mobility Transistor(PHEMT) technology, three broadband millimeter—wave TTD chips are designed and
fabricated. The measured results on wafer show that the 6 bit TTD provides 0.446 ps up to 28.125 ps in
the frequency range 32 GHz-40 GHz, the TTD phase error for all 64 bit states is =2°~9°, the Insertion
Loss(IL) is less than 19 dB, and the 64 states insertion variation is reduced to =1 dB, the input and
output Voltage Standing Wave Ratios(VSWRs) are better than 1.5 on the whole bandwidth; the 4 bit TTD
provides 7.142 ps up to 107.148 ps in the frequency range 32~40 GHz, the TTD phase error for all 16 bit
states is better than £ 12°, the IL is less than 12 dB, and the 16 states insertion variation is reduced to
+ 1 dB, the input and output VSWRs are better than 2.0 on the whole bandwidth; the 3 bit TTD provides
28.57 ps up to 200 ps in the frequency range 32~40 GHz, the TTD phase error for all 8 bit states is =10 °~
22 °,the IL is less than 14 dB, and the 8 states insertion variation is reduced to * 1 dB, the input and output
VSWRs are better than 1.8 on the whole bandwidith. The TTD chips are characterized with ultra
wideband, large time delay and compact size, and mainly applied to wideband active phased array
applications.
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Tablel Truth Table of the 6 bit TTD

TTD state Pl P2 P3 P4 P5 P6

0 state 0 ps 0 0 0 0 0 0
TTDI1 5.625° state(N/64) 0.446 4 ps 1 0 0 0 0 0
TTD2 11.25° state(N/32) 0.892 8 ps 0 1 0 0 0 0
TTD3 22.5° state(\/16) 1.785 7 ps 0 0 1 0 0 0
TTD4 45° state(N/8) 3.571 4 ps 0 0 0 1 0 0
TTDS 90° state(\/4) 7.142 8 ps 0 0 0 0 1 0
TTD6 180° state(N/2) 14.285 7 ps 0 0 0 0 0 1
354.375° state TTD max 28.125 ps 1 1 1 1 1 1

“0” means TTL low:0~0.4 V; “1” means TTL high:3.3~5 V; U_,=-5V, /;=35 GHz
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Table2 Truth Table of the 4 bit TTD

0.25) 0.5 V8 2L
TTD state Pl 3 Y e
0 state(0 ps) 0 0 0 0
0.25) state(7.142 8 ps) 1 0 0 0
0.5A state(14.285 7 ps) 0 1 0 0
1A state(28.571 4 ps) 0 0 1 0
2 state(57.142 8 ps) 0 0 0 1
3.75 state(107.142 7 ps) 1 1 1 1
“0” means TTL low:0 ~ 0.4 V; “1” means TTL high:3.3~5 V; Uy =-5V; /=35 GHz

#3 3FAERTEAE R
Table3 Truth Table of the 3 bit TTD

TTD state 1 2 4

P1 P2 P3

0 state(0 ps) 0 0 0

1A state(28.571 4 ps) 1 0 0
2 state(57.142 8 ps) 0 1 0
4 state(114.285 7 ps) 0 0 1
7). state(199.999 8 ps) 1 1 1

“0” means TTL low:0 ~ 0.4 V;“1” means TTL high:3.3~5 V; U,,=—5 V; /=35 GHz
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Table4 The test results of the TTD accuracy

D 0.446 4 ps 0.892 8 ps 1.785 7 ps 3.5714 ps 7.142 8 ps 14.285 7 ps 28.125 ps
state
(N/64) state (A/32) state (A/16) state (A/8) state (A/4) state (A/2) state (631/64) state_max
Tlps 0.44~0.52 0.80~0.85 1.69~1.78 3.27~3.61 6.8~7.1 14.0~14.2 27.5~27.9
AB/(°) -2~0 1~3 0~3 -2~3 0~4 0~4 0~8
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Fig.9 The test results of the 6 bit TTD accuracy
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TableS The test results of the TTD accuracy

TTD state 7.142 8 ps(A/4) state 14.285 7 ps(X/2) state 28.571 4 ps(12) state 57.142 8 ps(24) state 107.142 8 ps(3.752) state_max
Tlps 7.1~7.3 14.3~14.5 28.3~28.8 56.6~58.1 106.5~108.5
AG/(°) -2~0 -2~3 -5~3 -71~8 -12~12
3 3
2k
g
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Fig.10 The test results of the 4 bit TTD accuracy
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Table6 The test results of the TTD accuracy

TTD state 28.145 7 ps(12) state 57.142 8 ps(2A) state 114.285 7 ps(44) state 199.990 0 ps(7A) state_max

Tlps 28.6~28.9 56.5~57.4 113.2~114.7 198~201

ANO/(°) -2~3 -5~3 -4~7 -3~12
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Fig.11 The test results of the 3 bit TTD accuracy
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