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Abstract —  Utility of Schottky diodes fabricated in  been fabricated in the UMC 130-nm logic CMOS prsces
foundry digital 130-nm CMOS technology is demonstreed  This paper reports the design and measured penfmena
by implementing an ultra-wideband (UWB) amplitude  of the detector. It should be possible to usedktector to

modulation detector consisting of a low noise amfier : : :
(LNA), a Schottky diode rectifier, and a low-passifter. The down convert a chain of monocycles implementingspul

detector is matched to 50 from 0-10.3 GHz and 0-1.7 GHz ~ POsition modulation that has been up-convertedgusin
at the input and output, respectively and almost ogers the  carrier so that the signal can be transmitted @ceived

entire UWB frequency range (3.1 — 10.7 GHz). The nasured ~ with relatively narrow band antennas. This down
peak conversion gain is -2.2 dB, the sensitivity evthe band  conversion scheme does not require a synthesizeér an
is between -53 and -56 dBm, and power consumptios only  qrivers for a mixer, which are major sources of pow

8.5 mW. . . . .
: _ consumption in the radio frequency (RF) sectionaof
Index Terms — amplitude modulation, CMOS, detector, receiver

Schottky barrier diode, ultra-wideband.

[I. CIRCUIT DESCRIPTION AND LAYOUT

|. INTRODUCTION .
A. Overview

Recently, a Schottky barrier diode (SBD) with a-ofit _
frequency {.un) Of ~1.5 THz has been fabricated using a ,Section — 1

the source/drain ion implantation in an activeriglaThe IR
; Coc L, L, Cpc

structure can be created by using the layout layers —ji— i .

available in standard design kits and its formatioas not o ﬂmsaﬁcr c; Lics

require any process modification. The diode coa®étl6 ’%N’ i Nz'

0.32nmm x 0.32mm sub-cells (Fig. 1) connected in parallel. = l

The capacitance and series resistance measured?2@ear FTmmrmmmmmrmsmemest Bemmmnmmnsnoneee e
GHz are ~12 fF and ~ . Fig.2. A schematic of the AM detector

In order to investigate the usefulness of SBD'sried The AM detector shown in Fig. 2 can be divided into

in CMOS technology, an AM detector which can de- ) . L .
two sections. The first section is a two-stage stes

modulate ultra-wide band (UWB) signals (~1 GHz) hasfeedback LNA for providing wide-band gain and input

match to 50- . The second section consists of a half-wave
rectifier using the 16 Schottky diode sub-cellshia shunt
topology followed by a8 order Chebychev low-pass filter
for rejecting the carrier and other high order hamics.
Connecting the diode in shunt eliminates the impatct
parasitic n-well to substrate junction capacitabcethe
circuit operation. Both the LNA and the filter secs are
matched to 50- at their respective inputs and outputs.
The input and output connections for detector asslen
using signal-ground probes. The DC biases for tN& L
and the rectifier are provided using a 4-pin DChyero

foundry CMOS process [1]-[2]. The diode as shown in Vbiooe
Fig. 1 is formed using a CoSi-well junction by blocking ; BYP ICB\g fon o
! L ection—

Fig. 1. A layout and a cross section of an SBD. cell



B. Two Stage LNA Design

The two stage resistive feed-back amplifier [3Fig. 2
biases by itself. The bypass capacitors are forosg
MOS capacitors in n-wells. The primary role of thiage
is to improve the sensitivity of detector by redgrithe
impact of signal-to-noise ratio degradation in thetifier
and filter. This stage also helps to isolate ttatise which
handles the signals at frequencies between 3 ar@HD
and the one that handles signals at frequenciegebatO
and 1.5 GHz. Without this, achieving a flat gairl amatch
over the band of interest for additional tuned afigpland
filter that may precede the detector is challengimge the
input impedance of second section deviates sigmiflg
from 50N above ~2.5 GHz. The channel length ofpand of interest. The noise figure of LNA is 7.4 diger
transistors is 120 nm and the widthsfigr, andmy, are 92 the frequency range between 0.5 and 7.0 GHz.

mm, while those fomes, andmy; are 96nm. The feedback  The filter transmission curve is shown in Fig.4.eTh
resistorsRy; and Ry, are 150 and 330 and implemented
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Fig. 3. Measured LNA S-parameter results.

using the silicided ppolysilicon gate layer. 0
-10 K-~<ar oo T
B. Half-wave rectifier/Filter design _ > faas = 1.7 GHz
@ -20
To simplify the testing, the diode in half-wave tier T 30 |
g -

is biased through a 5# polysilicon resistor thus .
eliminating the need for an external bias-tee.sItAIC -40 |
coupled to the LNA for DC isolation. The filter is I
designed using the standard design tables for ksgp
filters and is frequency scaled to have a 3-dB Uesgy

(fa.q0) Of ~1.7 GHz. A Chebychev configuration is chosen Frequency (GHz)

because of its higher roll-off at the cut-off fresuey. The  Fig. 4. |S,,| of 5" order Chebychev filter.
number of diode sub-cellsjsgp and bias current {qqe Of

Schottky diodein Fig. 2 are set by maximizing the aqs pand loss is ~4 dB resulting primarily from kbsses
conversion gain at the desired frequency band %0-1.j, jnductors. The amplifier consumes 8.3 mW frorh.2-
GHz). The capacitance of the SBD and parasiticy gypply. A photo-micrograph of the detector citcisi
capacitance of coupling capacitor are absorbed@tof  shown in Fig. 5. The LNA occupies an area of 50um x
the filter. The following are the values of compotseused 70um by itself. The filter consumes no power and
in Section-2:msgp = 16,C, = 700fF,L, = 5.36 nH.Cs = ccypies an area of 270pm x 370um. The entire tetec
2.65 pF,L4 =5.36 nH,Cs = 820 ﬂ::RBIAsz 5k and|B|AS OCCUpiES 440um x 740um

= 0.3 mA. The inductors are implemented usingttie

metal (8) layer. The inductors are off set by 4frdesto ™ = o oo oo o = -
minimize the mutual inductive coupling between théih
the capacitors are metal-insulator-metal capacfnrsed
using metal layers 5-8.
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[1l. M EASUREMENTRESULTS ANDDISCUSSIONS Lt

A. LNA and Filter Results e e e e = -

The measured LNA S-parameters are shown in Fig. 3.
The |$4 plot indicates a relatively flat gain over 0.540
GHz with a 3-dB frequency of 6.8 GHz. The@nd |$)]| <«--------———-c e 1
curves in Fig. 3 indicate reasonable matching almpso v
10 GHz. Reverse isolation is greater than 28 dB tive  Fig. 5. A photo-micrograph of the detector.

et e = >



B. Detector Results
As shown in Fig. 6, the magnitudes of input andbatt E
reflection coefficients are less than -10 dB upl@band i'g, f o —55GHz
. . . . . carrier — .
1.7 GHz, respectively, indicating good matching.eTh 'lg fmod = 700 kHz
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Fig. 6. Measured detector S-parameters Foarier (GHz)

output power o) versus bias currentyqd plot for input ~ Fig. 7. Output power v4a) bias current, and (
signal with a 5.5-GHz carrief ;) amplitude modulated carrier frequency

by a 700 kHz sine wavé,{,9 at modulation depth of 50% . )
is shown in Fig. 7(a). The input side band poweel¢P;,) carrier as well as cher harmonics has been.removed
is -42 dBm. The input/output waveforms and spectrunfX€ferring back to Fig. 7(a), the output power iases
when the input power of sideband is -33 dBm (carrieW'th bias current due to the increase in curreange with

power of -16 dBm) are shown in Fig. 8. The plogisate  INPUt voltage, however at high current levefs,, falls
that the modulating envelope has been recoveretittan probably due to the effects of series resistante. geak
output power is achieved in the bias current rdrgfeveen
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Fig. 8. Input signal seen on (a) spectrum analy®dran oscilloscope and output signal (700 kHz,|1S) seen on (
a spectrum analyzer and (d) an oscilloscope.



0.2 to 0.6 mA. Fig. 7(b) shows an output power weithe For the signal with a 9-GHz carrier, from Fig. 7(the
carrier frequencyP,, drops at frequencies greater than 4sensitivity without the additional amplifier willeb~ -53
GHz because of the LNA 4 roll-off. Between 4 and 7 dBm.
GHz, the gain decreases by ~ 4 dB. The gain drops a
frequencies lower than 2 GHz due to the high-pass
filtering effect of coupling capacitor (C Fig. 9(a) shows Use of the Schottky diodes fabricated in foundry @M

an output power versus input power plot. The irgighal  technology has been demonstrated by implementing a
is once again a 5.5-GHz carrieffeafer) amplitude  UWB AM detector that down-converts a UWB signal up-
modulated by a 700 kHz signdk§) at modulation depth converted to the frequencies between 3 and 10 Ghe.

of 50%. The square law region (slope of 2) fromdbeve  detector provides adequate 50input and output match
indicates an input dynamic range larger than 354385]. over 0-10.3 GHz and 0-1.7 GHz respectively, and
Fig. 9(b) shows the conversion gain versus inpwgro consumes 8.5 mW of power. The sensitivities over th
The peak conversion gain is ~ -2.2 dB which ocedien  band range between -53 to -56 dBm. The Schottksledio

IV. CONCLUSIONS

the input power is ~ -30 dBm. should allow implementation of new types of RFCMOS
circuits.
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A lower DC bias for the diode is preferred to regltice
noise added by the diode. Fig. 10 shows the megsure
output noise spectral density between 10 MHz a®d 1.[1] S. Sankaran and K. K. O, “A Schottky DiodettwCut-off
GHz atlgoqe Of 0.3 MA. The noise is measured using a  Frequency of 400 GHz Fabricated in 08 CMOS,”
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