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(a) Baseband interpolation

(b) Bandpass interpolation

FsymFs = K * Fsym
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çFÝSâKç¶ß�äµÝDÜ~çFÛ>é(Û�øPÚSç(âIÛHçFÞÈä í äµÝIÞ�ÜYÛ�òSé ß�ç Þ�é(Û�ò<éFßµàtÝDéPù
è�ä�çmßúõ

Interp.
order

Unc. Comp.

Linear

Unc. Comp.

Quadratic

Unc. Comp.

Cubic

(a) Baseband interpolation

3 1.5 0.3 0.15 0.05 0.05 0.02

4 0.5 0.1

Interp.
order

Unc. Comp.

Linear

Unc. Comp.

Quadratic

Unc. Comp.

Cubic

4 (*) 6.8 8.6 2.9 3.8 1.3

5 0.7 0.3

0.03 0.02 0.01 0.01

(*) : Pe = 10     cannot be reached using these parameters

9.0 2.0 1.7 0.7

 K=Fs/Fsym

(b) Bandpass interpolation

 K=Fs/Fsym
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Þ�÷DÜþäæÝIÞ�ÜYÛ�ò<éFß�çFÞ�é(ÛjýDßµÞ�ÜYÛ0ä�ê0é"�;ÜYÛ�Ü~â»ìIà+Þ�÷DÜ �SçFÛ�ù
Û�éFñ´ê'Þ�Û%Ú í Þ�ÚDÛ�Ü � ���úõAü�Ý�ýSå(ÚDÛ�Ü �SáFÞ�÷Iä�ê>ê'Þ�Û�Ú í Þ%ÚDÛ�Ü>ä�ê
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âPä��;ÜYÛ�ÜYÝtÞ�ßæÜYïPÜ6ß�ê¶äµÝÇÞ�÷DÜ�ê'àIÝtÞ�÷DÜ~êrä�ê¶òDÛ�é í Ü~ê�êYõ
��Þ2Þ�÷DÜ�÷IäæåP÷DÜ~ê'ÞÇßæÜYïPÜ6ßÄá�çFÝ²éPòSÜYÛHçFÞÈäæéPÝ í é(ÚDÝIÞ2ä�ê
åFäµï(ÜYÝ0ëRé(Û�Ü~ç í ÷0Þ'àtò<Ü*éFëAé(òSÜYÛHç Þ'äµé(Ý ?ÄýSå(ÚDÛ�Ü9�C?rçCBDB6õ
�DéPÛ¦ç2è�ÚIßµÞ'äµòIß�ä í çFÞ'äµé(Ý�ìtà#ç í é(ÝSê'Þ6çFÝtÞmá;Þ�÷DÜ í é(ÝDù

LINEAR

QUADRATIC

CUBIC

T

T

T

3

3

0.5625 1/9

1/9

x[k]

y[k]

[k]µ

+− + − −+

+ +

+−+

+

+

−

+++

+ +

+−

+

−

−

T

T

0.5

− +

+−

++

[k]µ

2

y[k]

x[k]

−+

x[k]

y[k]

[k]µ

T
++
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ß�ä�ê'Þ�Ü~â0äµÝÇÞ�÷DÜ í éFßµÚDèKÝ É�
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Þ�é0ó(ÜYÜYò^Þ�÷DÜ¿äµÝtÞ�ÜYÛ%òSéFß�çFÞ�éPÛ�é(ÛHâIÜYÛ�ç(ê>ßµéFñ$ç(ê¶òSétêÈù
ê�äµìIßµÜ(õ
ö>÷DÜ í Û'äµÞ'ä í çmß�òSçFÞ�÷�âIÜ6ß�çmàÀÜYÝSçFìIßµÜ~ê0Þ�é í ç¯ß í ÚIß�çFÞ%Ü
Þ�÷DÜ�èwçmðIäµè�ÚDè ê'àIè�ìSéFßfÛ6çFÞ�Ü(õ �Dé(Û�äµÝSê'ÞHçFÝ í Ü(á
Þ�÷DÜ�øPÚSç(âIÛHç Þ'ä í äµÝtÞ�ÜYÛ%òSéFß�çFÞ�éPÛ2ýDßµÞ�ÜYÛ^ñ>é(Û�óDê2çFÞfç



èwçmðIäµèwçmß í ßæé í ó^ëbÛ%Ü~ø(ÚDÜYÝ í à#é ë ! �Sõ � �f÷Dû(õþüRë*çFÝ
éFï(ÜYÛHê�ç èKòIß�äæÝDå+Û6çFÞ'äµé�é ë !�ä�ê0Þ6çFó(ÜYÝ;á�çFÝ�ÚDòDòSÜYÛ%ù
ìSéPÚDÝSâKéFë��-�PõI� �ÇìSçFÚSâÌä�ê�òIß�ç í Ü~â0é(ÝjÞ�÷DÜ*ê'àIè�ìSéFß
ÛHçFÞ%Ü(õ0�SçPê'Þ�ÜYÛAäµèKòIßµÜYèKÜYÝIÞHçFÞ'äµé(ÝSê í çFÝ�ìSÜ�é(ìDÞ6çmäµÝDÜ~â
Þ�÷DÛ�éPÚDå(÷´Þ�÷DÜ^ç(âDâPäµÞ'äµé(Ý�éFë�òIäµòSÜ6ß�äµÝDÜ´ê'Ü í Þ'äµé(ÝSêÌäµÝ
Þ�÷DÜ�ýDßµÞ�ÜYÛ�ê'Þ�Û�Ú í Þ%ÚDÛ�Ü(õ

(a) operation complexity

(b) gate count and area/delay figures

order
delays CSD-ops add/subtr. mult.

linear

quadratic

cubic

1

2

3 5

0

0

15

5 2

3

11

opn. 
type

SC area : Standard Cell area (no intercell routing included) 
                  in 0.7 um 3.3V Mietec CMOS technology

order

NAND-2
gates SC area

crit. path
delay

linear

quadratic

cubic 1.50 mm

0.73 mm

0.35 mm

43.2 ns

29.0 ns

20.5 ns
2

2

2

785

1652

3415
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Û�Ü~ê'ÚIßµÞHê
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