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Design of Ultra-Wide Band Flat Negative Group Delay Circuit
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Abstract: A fundamental theory of novel ultra-wide band (UWB) bandpass (BP) negative group delay (NGD) topolo-
gy is established in this paper. The microwave circuit under study consists of lossy transmission lines and stepped imped-
ance resonators. The flat NGD topology is constructed using fully distributed elements. The ABCD- and S-parameter mod-
els are formulated to derive the NGD optimal values and bandwidth. In order to verify the theoretical feasibility, NGD proto-
types are designed, fabricated, and measured. The flat BP-NGD microstrip circuit has a compact size of 11 mm X 81 mm
(0.13 N, x 1.01 ) with a NGD center frequency of f,=2.14 GHz. Excellent agreement has been observed between experi-
mental and theoretical results, revealing Af,,=1.28 GHz (BW,,=61%f,) NGD bandwidth and 7 =—0.52 ns NGD value. Fur-
thermore, within the NGD frequency band, the flat BP-NGD prototype presents a good performance in terms of bandwidth
about Af,,, =1.01 GHz, BW,, ., =48%f, with 7 +0.05 ns group delay fluctuation. Compared with similar broadband flat
NGD circuits, the flat NGD bandwidth of the SIR NGD circuit proposed in this article is increased by about 215%. The flat
BP-NGD prototype return loss at the center frequency is better than 18.8 dB.
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J5T PRI FOM, 755 2 B R I SEE (L A 246 X0 115 1 2L 67
AT AT v A% i 22 B SRR, 0 — Ak it BT L FOM,
FR AT L FOM, 5 NGD H i RST I HUAEL . 5
PIEL FOM, FH —fk i BT R £ FOM, 1 BARFA AR
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FOM, = ‘Tg(fo)‘ X BW NG ) % |S21 (fo)|
FOM, = FOM, /L RL5f
A AR FE Y SIR NGD HL g 5 2 & 22 S0k

(13)

SEERRY NGD HL % ELA B RTS8 NGD L H 5 (1 o0
AR H RSH A N RS ZE SN, 5 B TR B SR i)
e NGD HL A L, P NGD A S T T 49 215%,
HHXT 4 S $2 T+ T 249 226%, [ i B A H A i 5 10 & 5

B 58 NGD HL Y EZEMEReXT LL a5 SRR 2 s A gL
%2 SIRNGDBESHAEH NGD BHIEREXTLL
B UL | R E S, 1d R H?ﬂ@ SFINGD G | AX T 96/ vl T PR s 5T PR
Jy/Hz GD/s (Ag X 2y) Weshi% BW/MHz (% @f) | FOM, /(x107) | FOM,/(x107)
SCHik[23] 1.962 -6.0 -32 0.64 x 0.60 16 60 3 4.1 10.7
SCHik[24] 2.14 -0.49 -35 0.73 x 1.01 10 320 14.7 10.7 14.5
SCHR25] 1.00 -2.02 -11.3 0.18 x0.25 8 100 10 9.6 213.3
SCHik[26] 2.14 -1.21 -20.9 0.64 x 0.92 29 40 2 1.1 1.72
SCHik[27] 1.00 -1.50 -30 0.80 x 0.09 13 120 12 3.6 50.0
k28] 2.00 -3.10 >-10 0.63 x0.71 16 85 43 16.4 36.7
SCHiR[29] 2.14 -1.11 -22.3 0.65% 1.18 11.5 130 6.1 22.0 28.7
AL 2.14 -0.52 -18.8 0.13x 1.01 10 1010 48 324 247.1
5 Zig scenarios[J]. Chinese Journal of Radio Science, 2023, 38(1):

AR SCHET WA BT R e 4 R T —Fh EA
S HH B R A ZEE 1) B (74 NG D HL 5, 70 BB I 8 35 505 15 31
1.28 GHz, V-4 11 I ZE 417 56 i 1 GHz, AR T H
A A B NGD HL 6 ELA BT 3 L 48% XA 9
ST HE i R g 5 S RS AR 8SC4A T SIR NGD
SERTEYN A BRIE A AT , Zead SEIRIE I T HE R SE PR
BRI 2 () A R — 2ot . IeAh s T ARG
TIRTBA L IG , RE S AN [ A8 B AN () 6 B el 22 ()
SF-XE A7 FE IS AE W R, 7 AT S ARG D I ) TR S AE 3
o7 FH PR AT

S 30k
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