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Reduction of Phase Delay between Signal Modes in
an Asymmetrical Single-Ended Parallel Bus
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Abstract

This paper proposes an effective technique to reduce crosstalk between two single-ended transmission lines by compensating the phase
difference between even and odd modes. Two single-ended transmission lines are usually designed and fabricated symmetrically, in
which the odd mode delay time is smaller than the even mode delay time. To minimize this difference, we propose an asymmetrical
structure in this paper. The widths of the two microstrip lines and the thicknesses of the two conductors are changed to reduce the
difference between the delays; we used electromagnetic optimization tool for this purpose in this paper. The asymmetrical structure that
was finally obtained showed reduced phase difference and jitter, thereby verifying that the proposed method is valid.
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Fig. 1. Memory data bus(DQ, DQS, memory controller).
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Table 1. Mode inductance and capacitance per unit length
of symmetrical microstrip lines.

Inductance (nH/m)
Ly, Cy 303.9 105.32
Lrn,7 OITL 4462 69

Capacitance (pF/m)
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Table 2. Mode inductance and capacitance per unit length
of asymmetrical microstrip lines.

BES @97

Inductance (nH/m) Capacitance (pF/m)
Ly, Cy 315.79 102.66

L. C, 43.09 7.66

YA AAste] AlEdoldS FYstth

£ 20l WA melARAEY AR 2344 a4
AE e en, 2 3 A (1)l £ 29 34 4
o} A7 7o) 50 mmE tYste] A& BE 7+ Ay} X
9] AIATD, )= 20 ps(=400 ps/mx0.05 m)°] T},

oA s A e oA AE A 2 GHzol M 9 BE - 9%
A Axel HAstE vy MdEe BE 7F 914 Aol
S WS W, oF 5 ps9 A3t AA Aol(aTD,)7t
MAHN TS AT+ Stk

V. 32AET MZE Q& HICHR MLEMEQ|
At MA7|E AlEd0]M

3201 Q2DE o] &3 224 HAst Ao A=
BT Al 7 vt ASAR] 728 dAS
ATk oA o] F2F 33 R Aot AAANH
AlEd oS st

41 CHEIMZO| M K}7| S

Hlgl A o] 2& A &3 AR 9 Az o), A3} v
S dste] A A2 AEHH A4E HA B4

AlEY o] A AR Y AEE 229 7 394
AANEHRE ZhAA AHAEH w3 73] A7) 9
A, AR Yn|eh Fo] BE 72 E@OM

a9 62 EH*' ASA F2o BE 7F X
o thelol 1 R Zlojth RE xl‘ﬁ Apol=
ANSYS A}€] HFSS§ AHg-3ted °é% éﬂrow ofo] t}o
o] 18L& Agilent AH2] ADS Z 2 132 Ab&-a}o] e
Atk 2 GHzol A B3 Al 54 ;4 BE 7 917 Aol



*Not to scale
(a) HFSS® Rdgd oy AEdz setrg(w="=z] v,
d="E Atele] Az
(a) Parameter of symmetrical microstrip lines(w=width of line,
d=distance between lines)

T T T
200 300 400 500

time, psec
(b) W 213219 ofo] theloj1d A}
(b) Eye-diagram of symmetrical lines
a8 6. 3 2def sfetnEfe} ofo] thelo] 1y At
Fig. 6. Modeling of symmetrical microstrip lines and eye-
diagram results.

= 19 4a)oll ek 7o) oF 13460019, 18 73 7o) A
1 )

He 237 psde 91T 5 9

42 HICHEMZo] FAP| i

I8 T(a) 32914 AR v A28 3349 7=
= AR 299 sietee s vekd 2ol whEbA w,=
0.345 mm, w,=0413 mm, ¢,=0.0158 mm, ¢,+= 0.0136 mm
ojm] 7|gte] 72 o)} A2 ZelE 17 6a)st FL3t
o 19 6= 2 =wolA A HA AEH 72
o BE 7F A9 Apololm, ok 83391 A2 AT 5

o 38 60y A T2 obe] Tololageln, A
7F 163 psg S FAEF 5 Qith
14 6*} 19 79 vy AFHE 1% 39 A &

3 Ak 29 4@st 2k
P29 94 A9 B3t

w4 729 9%

g A A
;4 3% Fol Hd Aed

*]Not to scale
(2 HFSSZ REdgd vy A$H=Z g2 8(w,,w,=7t
Az |H], 0.635=4% % Atol9] Ae)
(a) Modeling of asymmetrical microstrip lines(w,,w,=line width,
0.635=distance between center of line)

200.00-
150.00
100.00- A
50.00 - I
0.00- I
-50.00- I
I

I

I

——\\T107.85

/4

Phase [deg]

-100.00
-150.00+
—200_08

N
4.50

250 350
Frequency [GHz]

(b) MIthR W50 BE 7 Sl A Aol
714 EE=107.85%)

(b) Phase difference of asymmetrical line(even mode=99.52°, odd
mode=107.85°)

50 150

HEE=99.529,

Density

200 300 400 500
time, psec

(¢) WIth A2de) ofo] thoo] g 23}

(c) Eye-diagram of asymmetrical line
Jg 7. WA 299 seug, ZE 2 AD Felg)
sfo] thojoi e A
Modeling of asymmetrical microstrip lines, phase
difference and eye-diagram results of asymmetrical

model.

0 100

Fig. 7.

241



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 31, no. 3, Mar. 2020.
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Table 3. Comparison of phase difference and jitter results
between transmission line models.

Symmetrical Asymmetrical
Phase difference (°) 13.46 833
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