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Design of high—accuracy and megabit True-Time Delay chip

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

Abstract: Based on the GaAs substrate Enhanced/Depletion—-mode pseudomorphic High Electron
Mobility Transistor(E/D pHEMT) process, a three-bit adjustable 1 400 ps Digital-Controlled Delay
(DCD) chip operating in the 0.5~6 GHz frequency range has been developed. The chip measures 3.60 mm
x 4.00 mm x 0.07 mm and integrates a three—bit digital-controlled delay line and a 3-bit parallel port
drive circuit. Within the 0.5~6 GHz range, the DCD chip exhibits insertion loss of less than 11 dB, with
insertion loss variation of less than + 0.5 dB. The Voltage Standing Wave Ratio(VSWR) for both input
and output is less than 1.5 across all states. The 1 400 ps delay error can be internally adjusted to =4 ps,
achieving a delay quantity at the nanosecond level. By incorporating additional adjustable units and
bonding cut—off methods, the delay accuracy is enhanced to 3%o. The chip features broadband operation,
high precision, large delay quantity, and a compact size, making it well-suited for applications in
antenna systems.

Keywords: broadband; large Time Delay(TD); GaAs; high—accuracy; Monolithic Microwave
Integrated Circuit(MMIC)
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Fig.5 Delay accuracy of traditional design
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Tablel Truth table of the 3 bit TTD
TTD state 8 ps state 1 400 ps state 16 ps state
UT! UT UT?

reference state 0 0 0

8 ps TTD state(operational reference state) 1 0 0

1400 ps TTD state(operational state with higer measured TTD values) 0 1 0

16 ps TTD state 0 0 1

1400 ps TTD state+8 ps TTD state
(operational state with normal measured TTD values) ! : 0
1400 ps TTD state+16 ps TTD state 0 1 1

1400 ps TTD state+8 ps TTD state+16 ps TTD state

(operational state with lower measured TTD values)

Annotationl: "0":TTL low level, 0~0.4V; "1":TTL high level, 4.5~5 V; U, ~U,,:TTL levels of the corresponding delay bits
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Table2 Delay adjustment range

measured TTD rangel/ps  measured TTD range2/ps adjustment method TTD accuracy after adjustment
1 384~1 388 1412~1 416 method 1+method 2 within+4 ps
1388~13 92 1408~1 412 method 1 within+4 ps
1392~1 396 1 404~1 408 method 2 within+4 ps
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Fig.8 Photograph of the TTD
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Fig.10 Simulated and measured results of the TTD
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Table3 Delay accuracy and size table of this article and other references

item this paper reference 4 reference 5 reference 8 reference 9 reference 10
frequency range/GHz 0.5~6.0 5.0~6.0 8.0~12.0 0.5~2.0 0.5~2.0 0.5~2.0
TTD/ps 1 400 1454 1 600 1700 550 400
TTD accuracy 2.8%o 3.4%0 7.5%0 +8% +2% +2%
component dimensions: component dimensions:
120 mmx45.00 mm, 120 mmx45.00 mm,
TTD dimensions 3.60 mmx4.00 mm 3.00 mmx2.00 mm  2.00 mmx2.00 mm  2.00 mmx=2.00 mm
TTD dimensions : TTD dimensions:
12 mm=20.00 mm 70 mmx30.00 mm
4 g
T GaAs MMIC £ R, R H GaAs E/D pHEMT T 233 B iiE T — 3K = B0KS B . R Qe i B4 S B 25005, 76
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