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Abstract

This paper presents a method to improve time interval error for asynchronous communication systems. The proposed
method is designed and simulated with multi-phase VCO, interpolator, phase selector, up—down counter, comparator and
adder. The simulation results for CAN communication system show that the maximum time interval error can be tightly
managed for satisfying the required specification. The proposed frequency modulation method can be properly used for
asynchronous communication systems requiring high reliability.
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Frequency modulation with feedback compen
sation.
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Fig. 4. Multi-phase frequency modulation.
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~y Phasg<32-
"4 Phage<31>

o Vo ]
Lay tay ty taty &ty TimMeE

a7 2000 ot ofE fld 25 MY

Fig. 7. Multi-phase clock generation with interpolators.

Y Ao] EEol A=
of HolBE 9-the ALEE o el WSl Uliv
|

0}
il
T
o
ol
ol
X
o



144 Fote Hz J19o 2gt Al

CKinl @ >(\—(K0ut1
—inv2 =0
>0—(Kout2
—inv3 =0
CKin2 > >O—CK0ut3

a2l 8 23 H717| 3|2E
Fig. 8. 23 interpolator circuit.

rqlg"
v
> CLKzy
s<l>——| §<2> ——“f\ s<32>——||£\
phase<1> ——I phase<2> ——“ﬂ\ phase<32> ——II{\
v v

v

o|Ab MEHT| B2 S

9. o [ |
Fig. 9. Phase selector circuitPhase<32>7tX| & 32742
2{AE oHEO] Wik

=

2:3 31719 3R E Yehd=d VCO| &9

1 £9]2+= CKinl A%¢ CKin2 41371 JIHHE
% CKout2 &% 9#7} CKinl 7,\_
ool M Q b‘ﬂﬂo o]ﬁsl Hold}.
£ 09 9% A% UEsle HEEE et
pseudo-NMOS HE| 24| HIF7]9] ZAE 32
Aol 94 25& den wa <1~
SB2>E ol &7 fd AEe T3 T3

T Atk

4

o=
Al

AN
I

z
Vb M

o o
B
il

¢

R

B o=idA Ak vs 98 5
TEAA HAE S5 sgste =
2314 ModelSimo. 2 7Z3gon 2% 29t Ao] 1
271, 23171 2 93 de7]e] 52 Hspiceg ©]&
ato] 538Ath ModelSime TAE 3|2 Al &g ol E
o]7] wiel| H7l7|o] ZEHow THHE tE YA
verilog HIZE Wz std 2 vHEo] AFS-3it)

a9 102 23 B3] 329 Bojdd A wgo
ZA (@ B F4L, (e &% W] e 1
7] 99 WEkE, (0% 378 ¥ we B &

le)

i)
o >
rE
ok
e
lo

[¢)

0O
.‘_4

= - 1=
2% 9 3ol W] 2 Aolgle] w7] Fol
AR AEE A FdT 5 o, ol

# 93t Jjuol et ¢ 7

(302)

AEf R 2

inl

in2

outl

outZ

\ f !

out3

s
w
w
o
v

L e
w prie
Wt

At = A2

o

T Zne 3w Ame S 6w Tas B Ome 10w Q2w D3m M 15w

02

(@) 23 22t7| 3|2o| Z=t o}

5V

AU Uy A0 o 7

R Mo 3

av 5°C GUET =

30°Couts — |

L

30°Coutt —_

L

T30°C outZ ___f
|

!

1

]

I

I

L
%
g

—

—_—

Y

ov

b) 2= Hatol| s 220| £ Mt

FasTouf2 / ASTout3

NoMowt2—__ [/ inom fout3

v

]

LOWourt

::i:l
— =

ov

O3 10, A MEY| 2R
Fig. 10. Phase selector circuit.

&
o
—
=
Mo
(o}
o,
2
)
N
toty
o

phase3, phase
ERERE T E R
o Wsle] e F4

o [
z frog

E ¥ @

ot
il
Y
N
o

Lojdd A gy o
%% o] phasel, phase2,
%zl—

o oA e



20164 18 HABeE =2X H53H H2% 15
Journal of The Institute of Electronics and Information Engineers Vol.53, NO.2, February 2016

phase 1 - S S S —— i i _ INONFMCIK
sv n i aann

phase 2

phase 3 w
a8 18 Fube HE £ Aot Hjw

| Fig. 13. Frequency modulation outputs.

a1 /Y e BlRE

Fig. 11. Phase selector circuit.

Fast =

Nominal

Slow \WL/
e

a3 14, 3™ Hatof| wE Foie HE £
Fig. 14. Frequency modulation outputs with process
variation.

gxg %28 313t ModelSim¥} Hspice® A A%
)5 AFsto] WA NP E 8
ModelSimol| Al 94 A7 Aolstr] 93t
g M 2SS Hspice® R.9]4

eI Seha

N
Ho
o 2 Y e )
of\ —!?1' 2
o @
1uog
B oy
ot ]
rlo
&
&
3

B
> ol
-

M

rlo

[

it

o

e

°
O

>

o ¥ ™
w =

_&L_I‘
Y
o\

g gy E ) I N By Wy [ T N Ty T T Wy I Ty

BNl
ot ig
fo rr

B J®

18 o
i

H o
>
=N
K=
>

=

o

mL X

(o]

N
N
X
)
[e]
=S
X
(d

.

e F5& AYgozn NON-FMCLKREL $7]7h
a8 12 ClXE 82 zoMd A1 solUAl B o] AHE Qlete] vk Fukg AEo]
Fig. 12. Digital block simulation results. A g0 A7HA o a7t BAakE T
78S 2 9ok AL o 2 gt} S Wol7k Jlojk HIbolA BE A NS 32

13 125 ModelSime o] 43 txe 220 mo o] &S W] wiLol 4 AA A Gk F
49 A%2A @ m @) AheE Bl oy KOIE WL AUD Audel FASS W 5
W | e B4 9 27 B4 e g WIS 202 A 28 14e 5 wele) 1
BT, (D) m g3k AheE Eo] PopAA o ke T FHE WSS HelETh mhepA & =iel A
B 229 A3 e 7o 22 9 A7 ERS AlQtshs o] T4 Wstel] whE Fuk Mz £4
= P JE= gt oo soEe] Tuw 7 AU Al eakE 2k EAE EAs)
#9252 7] gor AN T g o shege ) BEEE Ol ERIE S
a5k ok a9 15= HF &9 259 2k 9% S &

(303)



146

ag
Fig.

15, 25 diglof| e Fos Hx &
15. Frequency modulation outputs with temperature
variation.

HAA7] wZol HE 29 F59 T Wz Uy
23] & A ES dod JheAde glth 23)Y
A B 2k B ok o]Hd ANES AHE T
BAA Fape 2 ERS HS FLATA Ho] AA
AE atds wells ks e a3 0% Az
g 5 g AR Jgey
v. 8 8
oA HET)A Al Al A AZEE 2
A5 7] olgtE FAISHHA AFEE Eol7] 9% V]
He ATt 1 S Abs A Alo] ExIv) e
LR A I B S L D M e B = o] Sl = M T B R A
£ o] g3t AT F e WS Adsta R
= FAsHATE 2 =EolA ARk Fuk Wx 7]
< o § Ade 9g Fog WMz 7|HE F5O
2 st glow ApEat A Alagla ZEe] =2 AlF
L7t 875 HE7)A B4 A2l T o] EatA
oz Hg /e Aoz 7|t
REFERENCES
[1] Seong-Sik Yang, el., “Design and

Implementation of a Novel Frequency Modulation
Circuit using Phase Locked Loop Synthesizer”,
Journal of Korea Electromagnetic Engineering
Society, vol. 15, no. 6, pp. 599 - 607, June 2004.

Young-Shin Kim, el., “A Design of PLL and
Spread  Spectrum  Clock  Generator  for
2.7Gbps/1.62Ghps ~ DisplayPort  Transmitter”,
Journal of The Institute of Electronics and

Fobe HE J[HO| Qs A2

2 Jjdoff chet AEf R 2

Information Engineers, vol. 47, no. 2, pp. 21-31,
October 2010.

Taiming Piao, el, “A Spread Spectrum Clock
Generator  Using  Discontinuous  Frequency
Modulation — Technique”, IDEC Journal of
Integrated Circuits and Systems, vol. 1, no. 1,
pp. 22 - 27, May 2015.

Thomas Steinecke, “Low Jitter Frequency
Modulated PLL”, IEEE EMC, pp. 329 - 333. 2011.

IS IPN |

oF el (4 329))
@A Sgvld s A7 AAEAFHY Fus
FAAFES A ARE A2E FE

=

of 2 (3
A4 vl e sha A7) 214
O AR A A5 A3

fofs ol
>,



