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Intra/Inter Chip Wireless Interconnect System for ULSI  (2) 
－A CMOS Ultra Wideband Transmitter－ 

Pran Kanai Saha (COE Researcher) and Nobuo Sasaki (COE Researcher), 
Takamaro Kikkawa (Professor, Research Center for Nanodevices and Systems,  

Graduate School of Advanced Sciences of Matter) 
 

1.  Research Target 
The delay time associated with the parasitic resistance, 

capacitance and inductance of conventional interconnect 
system will become the primary obstacle for high speed data 
and clock distribution  among different sub-circuits within a 
chip and among the chips for future ULSI. Thus a new design 
or technology solution must be adopted to overcome the delay 
problem of conventional interconnect system. An ultra 
wideband (UWB) wireless interconnect systems using 
integrated antenna shown in Fig. 1 could be a novel solution  
to avoid any parasitics delay [1] for future ULSI.  

In this study we report a single chip UWB  transmitter  
circuit  based on time hopping spread spectrum technique [2] 
for wireless interconnect system as shown in Fig. 2. Thus a 
new technique based on CMOS technology  is also developed 
to generate the monocycle pulse with a target monocycle pulse 
center frequency of  5 GHz. As a result, it leads us to design a 
single chip transmitter for developing the intra/interchip 
wireless interconnect system of future ULSI. 

2. Research Results 
This transmitter transmits very short duration Gaussian 

monocycle pulses with wide bandwidth as a signal without a 
sinusoidal carrier. The circuit  simulation is done from the 
extracted layout netlist of  designed transmitter by HSPICE for 
TSMC 0.18 µm CMOS process. The simulation results are 
shown in  Figs. 3–10. The frequency stability of the frame 
clock  generated by VCO is an important factor in UWB 
system. From simulation it is found  that the frequency 
stability with change of  Vdd and temperature is about 5% in 
the worst case. The phase noise of the VCO for 100KHz offset 
is  found  as about –93.6 dBc/Hz.  Precise delay generation is 
required to generate the time shifting frame clock.  Thus 
voltage controlled delay line is   used and its response is 
shown in Fig. 5.  Linear feedback shift registers  which 
consists of four clocked D-type Flip-Flop along with an  
exclusive-or  logic is designed to generate pseudorandom (PN)  
sequence.  It is observed that the generated PN sequence 
satisfies all its randomness properties such as balance , run and  
co-relation property. The 8 to 1 multiplexer which is designed 
using NAND and NOR gate selects the time hopped frame 
clock according to PN sequence. The time shifted pulse train 
due to PN sequence and PPM is obtained from the output of 2 
to 1 multiplexer. The monocycle pulse generator circuit 
consists of RLC network with RC filter, pass gate and short 
rectangular pulse (SRP) and Gate Control Pulse (GCP) 
generator is designed as shown in Fig. 8 to produce damped 
sinusoidal like waveform from the time hopped signal (THS) 
which contains information. The Fig. 9 shows that the 
generated  monocycle pulse (MCP) is symmetry. The FFT of 
the generated monocycle pulse reveals that it has wide 
bandwidth characteristics as shown in Fig. 10.  The designed 

transmitter performance data are given in Table. I. The chip 
die photograph is shown in Fig. 11.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Summary and Future Plan 

A single chip UWB  transmitter  circuit  based on time 
hopping spread spectrum technique for wireless interconnect 
system has been developed based on CMOS technology to 
generate the monocycle pulse with a target monocycle pulse 
center frequency of  5 GHz. The chip  is now under evaluation 
process. 
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UWB system Time hopping Impulse  
Carrier Frequency No carrier 
Transmitter Signal bandwidth 3.3 GHz 
Data rate 50 Mbps   
Single Channel bandwidth  400 MHz 
Modulation Pulse position modulation 
Average power consumption 12.5 mW @1.8v 
Architecture All digital except pulse generator 
Technology TSMC 1.8v,  0.18 µm CMOS mixed signal 
Implementation Single chip 
Circuit Size 0.729 mm2  (excluding antenna) 
Application Short distance (on chip  wireless 

interconnection for future ULSI) 

Table I: Transmitter performance data 
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Fig. 11 Die photograph of  Transmitter. 

Fig. 5  Voltage controlled delay response. 

Fig.4  VCO Phase noise. 
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Fig. 8 CMOS monocycle pulse generator circuit Fig. 10 FFT of  Monocycle pulse. 
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Fig. 9  (a) RZ Data (b) THS ; (c) SRP ; (d) 
damped sinusoidal signal (Vosc); (e) GCP and 
(f) Monocycle pulse. 
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Fig.6  (a) 400 MHz Chip; (b) first tap; (c) 
second tap ; (d) third tap and (e) last tap 
outputs of LFSR. 
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Fig. 7 (a) 50 MHz frame ; (b)-(h) shifted frame 
(2.5ns-17.5ns); (i)-(k) hopping bits ; (l) 8 to1 
multiplexer output according to hopping bits 
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Fig.2  Transmitter circuit Schematic. 

0 .6 0 .8 1 .0 1 .2 1 .4 1 .6 1 .8

0 .1

0 .2

0 .3

0 .4

0 .5

0 .6  G a te  le n g th = 0 .1 8  m ic ro n
 G a te  le n g th = 0 .3 6  m ic ro n

D
el

ay
 (n

s)

C o n tro l v o lta g e  (v o lts )

1 0 0 0 0 0 1 0 0 0 0 0 0 1 E 7 1 E 8
- 1 6 0

- 1 5 0

- 1 4 0

- 1 3 0

- 1 2 0

- 1 1 0

- 1 0 0

- 9 0

dB
c/

H
z

O f fs e t  F r e q u e n c y  ( H z )

0 5 1 0 1 5 2 0 2 5 3 0 3 5 4 0
0 . 0

0 . 5

1 . 0

1 . 5

2 . 0

Fi
rs

t D
iv

id
er

 O
ut

pu
t (

V
ol

ts
)

T i m e  ( n s )

0 5 1 0 1 5 2 0 2 5 3 0 3 5 4 0
0 . 0

0 . 5

1 . 0

1 . 5

2 . 0

Fr
am

e 
C

lo
ck

 (V
ol

ts
)

T i m e  ( n s )

0 1 0 2 0 3 0 4 0
0 . 0

0 . 5

1 . 0

1 . 5

2 . 0

VC
O

 o
ut

pu
t (

V
ol

ts
)

T i m e  ( n s )

 

(c) 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


