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Optimized Design Technique of a Differential Pair Having 2 Drop
Configuration through Impedance Analysis
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Abstract

In this paper, impedance analysis of a differential pair having 2 drop configuration is performed using the reflection
theory and verified by circuit simulator (Ansoft designer). Through the impedance analysis, it was possible fo
understand the signal transmission at a differential pair, and an optimized 2 drop design technique of a differential
pair could be developed. When compared with the conventional design, the proposed design shows a good signal
integrity and has much less design restrictions.
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Figure 2.5. Multidrop confi guration

32 1. Differential pair®} multi drop 4
semiconductor)

Fig. 1. Design rule of the multi-drop configuration of a
differential pair(national semiconductor).
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II. Impedance Analysis
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Fig. 2. Impedance analysis of the driver and junction
structure in a differential pair.
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I8 3. Model 18] YRAMA (7] &7-2)
Fig. 3. Reflection coefficient of model 1 structure(con-
ventional).

8 4. Model 298] WRAHAIFAILE +2)
Fig. 4. Reflection coefficient of model 2 structure(pro-
posed).

L=70 mm, L;=50 mme]™, o] W& odd mode pro-
pagation delay™ TD=14 ns, TD:=0.392 ns, TD,=0.28
ns©] o},

2 drop model®) A} 342 drop= termination A} 7] A
% Ao &3 voltage equation reflection theory S
Agsted 7k AT 5 UTHY 1 A 2).

V(= V(- aX1—b)
x 3 (ab) " lult= QTD, (k= 1)+ TD+ TD) = V
(#] I: RX1)
V(D= V(11— @u(t—(TD+ TD)+ V(1—a)(1 + a)(1+ b))

« 3 (b)) (4~ (2TD \k+ TD+ TD ) — V

(4] 2: RX2)

Z 7}A % Differential Pair®) Impedance 3|4 2 AA et

-k 0,1, 2.

- u(f): unit function

- a, by WA

- TD, TDy, TDy: Transmission line g A A7k

A oHgk voltage equation®] HF AT AlEd o]

A(Ansoft designer)S 88tk YHLOE +/— 330
mV 29 #8e 2= differential voltageE 1713+
©. o rising/falling time=0.2 ns®|Th.

19 59 18 62 RX;, R4 9] voltage 348 &
Uebd A EH A Axjelth ® 13 £ 2+ RX 3
RX,9] 42219 voltageZ equations ©]-&3te] Al
3 g3k AlEEolXE e Hladd 22 Yehd
Aolth RXi3 RX,ol thal 7+ voltage point(V:, Vs,
voll thak Al EglolA 3 el gt i AE 4
HEE X E# oAz A gho] A A= A

T

o} 0]
=2 AR

ek 19 59 2™ 6914 voltage ripple (2*TD;)
& o) g 0.785~0.786 nsZ A, A4t 34(0.784 ns)F A
9 §AE e M E AL & F A °E Bl

P — EEE

200.00..

0004

200.00..4

/

% ; -
~400.00 :
75. 5. 76 7650 700

Time {nsec)

O8 5 RXi Y Algdield 23}
Fig. 5. Simulated result at RX:.
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Table 1. Comparison of the simulated result and cal-
culated result at RX1.

Calculation(mV) | Simulation(mV) | Difference(%)
|4 525 512 1.970
Va 245 259 —2.121
V3 339 337 0.303
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Fig. 6. Simulated results at RX,.
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Table 2. Comparison of the simulated result and cal-
culated result at RX,.

Calculation(mV) | Simulation(mV) | Difference(%)
14 105 100 0.758
¥ 385 370 2273
Vs 291 298 —1.061
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Fig. 7. Voltage waveform at the RX; according to ter-

minated stub length.
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Fig. 8. Voltage waveform at the RX; according to un-
terminated stub length.

Li(ES Adto] gl SR sub Aoly] &3]
AR, [ data skewol T 9FE I A= A
ot = gom ABEold T3 7S AAE A A
o o} 2 o
2 2 T M

7H¢ EAQ 2 drop 7221 model 1] A% A
& EAS ANEYolA ¢ A E B3 AEst
I, 7 @ol 593 s veille A& Usdith
A A HAH-E E3 voltage equation®] E2F F
3] differential pair®] drop 73X AE EAE
&g & ik



2 Drop &

IV. Z|™s1E M7 2oKModel 2)

Model 2= 439X 42 wgoz ¢ HH9
2 drop AA FxolH 4 e £715 7Y 4).
Model 2 F stub7h L3 AolE 7HAA AA =

Aon, TG Agg FATo| ofd £ o) 4%
o ALY FA e EHE A

71E9) F2(Model 1)9h ¥3L8E7) 9)8ke] model
1,29 27k2) 3¢l i3ted 800 Mbps pseudo random
signal's 17}k eye patternd Ar B 9Thvoltage
swing level: 330 mV /transient time : 0.2 ns). Model 1,
model 29 Z+ AZAY Aol [=250 mm, L=35
mm, L,=35 mm, L;=10 mmo|™, ¢]7Z-& AL board 9
specs HPRO® Stof AA G gholoh

Model 2 FZE 2 stub4ol(Li=L)E 7}Ath

T, junction FEAA MHLEHE ASE e
AZVH2)E 7 1S 180 THE zfolrh &
o mebA s gEE AE9 A7 Suis "
o} webA model 27F model 1 T3 H& Hold
signal integrity 545 HOITHIH 9).

% 10 800 Mbps= 5= model 13} model
29 eye pattern: H] W ate] el 1 ot). 7zt
B +/-330 mVE saturation 3t} 3HAIRF model 1
< voltage ripple©] WA 317]) w £l signal integrity A3
b"] UHHTE 7o) wkaf model 29] AG AlS *hﬂ o

Ql3ted signal integrity’h S 3tE S & & k.

1% 1S model 2 #2] stub Zol(L, L2)7} 80
mm, 180 mm<] 7% eye diagram S FA)oll LR A
ojtt. Stub®] Ao|7t AAALE time delaydt HA S

¢

VHL2Y(-1/2)

8 9. Model 28] 72 54 WE AT A T
Fig. 9. Signal cancellation effect of model 2.

£ 7}A) & Differential Pair®] Impedance 3141 ¥ A ot

s -

38 10. Model 13} model 29] eye pattern H] 3l
Fig. 10. Comparison of the eye pattern of model 1 and
model 2.

Rz {m}

Tine frves) ’

J& 11, Model 29 stub Zololl W& eye pattern
Fig. 11. Eye pattern of the model 2 according to the
stub length.

signal integrityoll & Q&2 PIAA] Fevhe A
& 3t Model 29 AA = stwbd o] Ly, [yE
A A FuhH stubd Hol7h oAk
o] ZAadtA & Aol vk oA model 19
o] termination ¥|A ¥ stub o7} ZAojA
Aadhs Ades & Abolg Hith

_llm

}~

I .itm ox oft 2 HE‘:

V.2 B
M 712 differential pair®] 2 drop 7]+
s BAE FYsith AEH oS
transient 3141& B3 vl 149 gFA

AZ8 3, A ket voltage equations E38ho] A

[od

it

197



BRHBHAPERIGE B20E H29% 009528

Al parameter$] ©]3] L3
-149Jr 22 AN FgE Bk b drop F2
3 Y EAS oHE F gloH, o1& nigo
z2 ﬂ”-l signal integrityS 3+ 2 drop A A WS
AtstEtt 71EY YA (model 1) termination
A 2 stub HolE HuUld FA sdof sk
Al eFo] YA T A QS FZ(model 2)= F stub 4 o)
E 27 RAAA O, stubd] Lo A ko)
g1l PCB tAR] SHllM w4 AFFch T8, A
5 FIHHOE AL &7) Wl AE UrtE
SAI7IA] FET WEkA PCB AA EHoIA o

T3 453 ¢

12

jﬂ

§ml

ook

A5 251, signal integrity A5

.

4 Ho ox

-

(1] WA, 284, AE, F=TE, DY+, "2 dop T

2E 7MA & differential pair®] signal integrity<l

FF 2P, A0 FRAEERIY =R
20, 18(1), pp. 120, 20084 11,

2] WA, A&A, g, FFE, 94, "Differen-
tial pairll A 32 ] signal integrityS $ 3} 2-drop

3

20079 28: ABWEY HzpA7
E  AFEHEE (A
20099 24 EFARE AR
AN FEI (FHAAY
20099 28 ~EA: FHHEATA
a4
[+ BH =0} sI, P

a4 & 3

2001 29 SEUEgy HAngs
% (F8Ah

0083 24Y: ¥t F Ay AAA
71883 (F3EAph

2008'd 2€~8A: 2IFAYIL
AAAZFes AL 3 d7Y

Z ZAIZO0H SI, PL, EMI, EBG

198

A whr, g s FAGeEYI=E
#, 31(2), pp. 1013-1014, 2008 11€.

[3] Texas Instruments, "LVDS Application and Data
Handbook", Literature Number: SLLD009, Nov. 2002.

[4] Elliott Cole, "LVDS Multidrop Connection”, Applica-
tion note, Texas Instrument, 2002.

[5] LVDS Owner’s Manual, Including High-Speed

~ CML and Signal Conditioning, Fourth Edition, 2002.

[6] John Goldie, "A Baker’s dozen of high-speed diffe-
rential backplane design tips", High-Performance
Design Conference, 2000.

[7] Eric Bogatin, Signal Integrity Simplified, Prentice
Hall, pp. 471-549, 2002.

[8] John Goldie, Michael Hinh, "Multi-Drop Channel-
Link Operation", National Semiconductor, Applica-
tion Note 1109, May 1998.

[9] Clayton R. Paul, Electromagnetic Compatibility, Wiley,
2005.

[10] Kenneth M. True, "Long transmission lines and

data signal quality", National Semiconductor Applica-
tion Note 807, Mar. 1992,

2004 2¥: TYUET ARAF
G5 (FHAD
2004 24 ~EA: TdFJREY
¥F AT EIS AAE TR
[F BAFO0H SI, PL, EMI

2008 29 2Ydy Az
Gl (Jg‘i}*})

2008 29 ~3A): T3lEAuU s
AR 738 H HArE

[ #AEO} sI, PI, EMI, EBG



2 Drop #ZE 7HAE Differential Pair®] Impedance 314] 3 A W<t

19749 29 MEUsty AR

3 (F3Ah

19801 29: University of Kansas 21
A58t (334D

1984\ 29: University of Kansas &
A8 (3ot

i , 198314 ~1987'3: Florida Atlantic Univ.

A28 22Xy

1987 ~8A: 2RFHANGL AT wg

(F ZAEOH #Holth 2353 AAYAL EMIEMC, ©]

199



