#xy National Taiwan University

\@ﬂf Electrical Engineering

Study of 10GBase-T

Transmitter

eE M EEF R
% X >
24 ¥EibE

NTU/NSC Confidential 1



#xy National Taiwan University

Electrical Engineering

Survy on IEEE 802.3an task force material
The impairment of the DAC

Random walk method

Dynamic random walk

Working Iltems

NTU/NSC Confidential 2



PSD (dBm/Hz)

/=y National Taiwan University

-78

-80

-82

-84

-86

-88

-90

-92

-94

&@fj Electrical Engineering ™\
PSD Specification
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Note:

« With 2V +/- 6% at the
T~ transformer output, the lower
PSD curve has smaller margin at
lower end.

- i » 2V +/- 6% with the filter

M tolerances as specified meets the
s power spec
PSD lower curve
indraft 2.1

* Upper PSD has a larger margin,
especially the lower 0-70MHz
range.
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[Sandeep Guptaand Ramin Shirani, "10GBASE-T Transmitter PSD", July 2005 PleNﬂ}UédNS@e@&)rhﬁEi}H%bﬁﬂan Task Force] 3
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Nonlinear Distortion
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[Bijit Halder, "Effect of Transmit Distortion On Receiver SNR", February 2005 InterfhMdANBELonfigen si@.3an Task Force] 4




@ National Taiwan University
e @ Electrical Engineering

Transmitter from
Broadcom (1)

No digital filtering, T-spaced DAC, front-end filter with frequency-dependent
input impedance Z, and constant output impedance R
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[Gottfried Ungerboeck and Scott Powell, "10GBASE-T Cable characteristics, fromg- | i rs",
IEEE P802.3an Task Force, Atlanta, March 22-24, ZIW(%W/%%@OWW%} 5
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Transmitter from
Broadcom (Il)

Digital TX-filtering & T/2-interpolation, T/2-overlapping DACs,
trivial front-end filter
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[Gottfried Ungerboeck and Scott Powell, "10GBASE-T Cable characteristics, fromg- Tevy PERFS rs",
IEEE P802.3an Task Force, Atlanta, March 22-24, JS](.)%W/SN @@Oﬁ"ﬁj dOﬁ 6



National Taiwan University
Electrical Engineering

|
} Digital : e T (haiod Z
Precoder — fllteg-]rmg 00— ; Uli L filtering & ~° i Upr 1009
| | SIAT < 7 transformer < |

Pr =5dBm:
Ur =562.3mV,

rms

=

Baseline approach: I=156.9mA .. U;=89L.1mV cqrr = Vor £445mV,

Preferredappraoch: I=12.7mA .. Uy =630.7mV, 4 = Ver £315.3mV, ¢

Headroom
for DAC
current
sources

GND =0V assume : Vep =25V
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[Gottfried Ungerboeck and Scott Powell, "10GBASE-T Cable characteristics, fromg- Tevy PERFS rs",
IEEE P802.3an Task Force, Atlanta, March 22-24, JS](.)%W/SN wﬁow %ﬁ 7
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The Impalrment of the DAC

« DC accuracy
— Random errors: device mismatches

— Systemic errors:
e Linear gradient: common centroid
 Higher order effects

« AC accuracy
— Voltage Fluctuation
— Control signals feedthrough
— Clock synchronization

[Jose Bastos et al, “A 12-Bit Intrinsic Accuracy High-Speed CMOS DAC”, IEEE J. Solid-State Circuits, Vol. 33, No. 12 Dec. 1998]/
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Random Walk Method

« Use random walk method to
mitigate systemic mismatch

1/2]3

k [Geert A. M. et al, “A 14-bit Intrinsic Accuracy Q> Random Walk CMOS DAC”, IEEE JSSC Vol. 34, No. 12, Dec. 1999] j
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Dynamic Random Work

e Use switch as round robin
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Spur in the Sine Wave

Simulation
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Working ltems

10Gbase-T Transmitter
“ITransmitter architecture design
YIDAC design

1System design

OCircuits design

OLayout and verification
OLine driver design

OSystem design

OCircuits design

OLayout and verification
OHybrid design

OSystem design

OCircuits design

OLayout and verification

BFinished KIOn-going OFuture work
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