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Abstract  —  Utility of Schottky diodes fabricated in 

foundry digital 130-nm CMOS technology is demonstrated 
by implementing an ultra-wideband (UWB) amplitude 
modulation detector consisting of a low noise amplifier 
(LNA), a Schottky diode rectifier, and a low-pass filter.  The 
detector is matched to 50 �  from 0-10.3 GHz and 0-1.7 GHz 
at the input and output, respectively and almost covers the 
entire UWB frequency range (3.1 – 10.7 GHz). The measured 
peak conversion gain is -2.2 dB, the sensitivity over the band 
is between -53 and -56 dBm, and power consumption is only 
8.5 mW.  

Index Terms  —  amplitude modulation, CMOS, detector, 
Schottky barrier diode, ultra-wideband. 

I. INTRODUCTION 

Recently, a Schottky barrier diode (SBD) with a cut-off 
frequency (fcutoff) of ~1.5 THz has been fabricated using a 
foundry CMOS process [1]-[2]. The diode as shown in 
Fig. 1 is formed using a CoSi2-n-well junction by blocking 
the source/drain ion implantation in an active island. The 
structure can be created by using the layout layers 
available in standard design kits and its formation does not 
require any process modification. The diode consists of 16 
0.32 mm x 0.32 mm sub-cells (Fig. 1) connected in parallel. 
The capacitance and series resistance measured near 20 
GHz are ~12 fF and ~ 10 W. 

In order to investigate the usefulness of SBD’s formed 
in CMOS technology, an AM detector which can de-
modulate ultra-wide band (UWB) signals (~1 GHz) has 

been fabricated in the UMC 130-nm logic CMOS process. 
This paper reports the design and measured performance 
of the detector. It should be possible to use this detector to 
down convert a chain of monocycles implementing pulse 
position modulation that has been up-converted using a 
carrier so that the signal can be transmitted and received 
with relatively narrow band antennas. This down 
conversion scheme does not require a synthesizer and 
drivers for a mixer, which are major sources of power 
consumption in the radio frequency (RF) section of a 
receiver.   

 
II. CIRCUIT DESCRIPTION AND LAYOUT 

A. Overview 

The AM detector shown in Fig. 2 can be divided into 
two sections. The first section is a two-stage resistive 
feedback 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-cells in the shunt 
topology followed by a 5th order Chebychev low-pass filter 
for rejecting the carrier and other high order harmonics. 
Connecting the diode in shunt eliminates the impact of 
parasitic n-well to substrate junction capacitance to the 
circuit operation. Both the LNA and the filter sections are 
matched to 50-�  at their respective inputs and outputs. 
The input and output connections for detector are made 
using signal-ground probes. The DC biases for the LNA 
and the rectifier are provided using a 4-pin DC probe. 

 

 
 

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

 

 
 
Fig.2. A schematic of the AM detector  
 

Section – 1  

Section– 2  



B. Two Stage LNA Design 

The two stage resistive feed-back amplifier [3] in Fig. 2 
biases by itself. The bypass capacitors are formed using 
MOS capacitors in n-wells. The primary role of this stage 
is to improve the sensitivity of detector by reducing the 
impact of signal-to-noise ratio degradation in the rectifier 
and filter. This stage also helps to isolate the section which 
handles the signals at frequencies between 3 and 10 GHz 
and the one that handles signals at frequencies between 0 
and 1.5 GHz. Without this, achieving a flat gain and match 
over the band of interest for additional tuned amplifier and 
filter that may precede the detector is challenging since the 
input impedance of second section deviates significantly 
from 50W above ~2.5 GHz. The channel length of 
transistors is 120 nm and the widths for mP1 and mN1 are 92 
mm, while those for mP2 and mN2 are 96 mm. The feedback 
resistors Rf1 and Rf2 are 150 and 330�  and implemented 
using the silicided p+ polysilicon gate layer. 
 
B. Half-wave rectifier/Filter design 
 

To simplify the testing, the diode in half-wave rectifier 
is biased through a 5-kW polysilicon resistor thus 
eliminating the need for an external bias-tee. It is AC 
coupled to the LNA for DC isolation. The filter is 
designed using the standard design tables for low-pass 
filters and is frequency scaled to have a 3-dB frequency 
(f3-dB) of ~1.7 GHz. A Chebychev configuration is chosen 
because of its higher roll-off at the cut-off frequency. The 
number of diode sub-cells, mSBD and bias current (Idiode) of 
Schottky diode in Fig. 2 are set by maximizing the 
conversion gain at the desired frequency band (0-1.5 
GHz). The capacitance of the SBD and parasitic 
capacitance of coupling capacitor are absorbed into C1 of 
the filter. The following are the values of components used 
in Section-2: mSBD = 16, C1 = 700fF, L2 = 5.36 nH, C3 = 
2.65 pF, L4 = 5.36 nH, C5 = 820 fF, RBIAS = 5 k�  and IBIAS 
= 0.3 mA.  The inductors are implemented using the top 
metal (8) layer. The inductors are off set by 45 degrees to 
minimize the mutual inductive coupling between them. All 
the capacitors are metal-insulator-metal capacitors formed 
using metal layers 5-8. 

III. M EASUREMENT RESULTS AND DISCUSSIONS 

A. LNA and Filter Results 

The measured LNA S-parameters are shown in Fig. 3. 
The |S21| plot indicates a relatively flat gain over 0.5 to 4 
GHz with a 3-dB frequency of 6.8 GHz. The |S11| and |S22| 
curves in Fig. 3 indicate reasonable matching almost up to 
10 GHz. Reverse isolation is greater than 28 dB over the 

band of interest. The noise figure of LNA is 7.4 dB over 
the frequency range between 0.5 and 7.0 GHz.  

The filter transmission curve is shown in Fig.4. The 

pass-band loss is ~4 dB resulting primarily from the losses 
in inductors. The amplifier consumes 8.3 mW from a 1.2-
V supply. A photo-micrograph of the detector circuit is 
shown in Fig. 5. The LNA occupies an area of 50µm × 
70µm by itself. The filter consumes no power and 
occupies an area of 270µm × 370µm. The entire detector 
occupies 440µm × 740µm. 
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Fig. 3. Measured LNA S-parameter results. 

|S21| 

|S12| 

lS11l 

|S22| 

 

-50

-40

-30

-20

-10

0

0 2 4 6 8 10

Frequency (GHz)

lS
21

l (
dB

)

 
 

Fig. 4.  |S21| of 5th order Chebychev filter. 

 

 

Fig. 5. A photo-micrograph of the detector.   
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B. Detector Results 

As shown in Fig. 6, the magnitudes of input and output 
reflection coefficients are less than -10 dB up to 10 and 
1.7 GHz, respectively, indicating good matching. The 

output power (Pout) versus bias current (Idiode) plot for input 
signal with a 5.5-GHz carrier (fcarrier) amplitude modulated 
by a 700 kHz sine wave (fmod) at modulation depth of 50% 
is shown in Fig. 7(a). The input side band power level (Pin) 
is -42 dBm. The input/output waveforms and spectrum 
when the input power of sideband is -33 dBm (carrier 
power of -16 dBm) are shown in Fig. 8. The plots indicate 
that the modulating envelope has been recovered, and the 

carrier as well as other harmonics has been removed. 
Referring back to Fig. 7(a), the output power increases 
with bias current due to the increase in current change with 
input voltage, however at high current levels, Pout falls 
probably due to the effects of series resistance. The peak 
output power is achieved in the bias current range between 
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Fig. 6. Measured detector S-parameters   
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Fig. 8. Input signal seen on (a) spectrum analyzer, (b) an oscilloscope and output signal (700 kHz, 1.4 µS) seen on (c) 
a spectrum analyzer and (d) an oscilloscope.   

fmod  = 700 kHz ~1.4 µS 

fcarrier  = 5.5 GHz 
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Fig. 7. Output power vs. (a) bias current, and (b) 
carrier frequency   

fcarrier  = 5.5 GHz 
fmod     = 700 kHz 
Pin      = -42 dBm  

fcarrier  = 5.5 GHz 
fmod     = 700 kHz 
Pin      = -42 dBm  
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0.2 to 0.6 mA. Fig. 7(b) shows an output power versus the 
carrier frequency. Pout drops at frequencies greater than 4 
GHz because of the LNA |S21| roll-off. Between 4 and 7 
GHz, the gain decreases by ~ 4 dB. The gain drops at 
frequencies lower than 2 GHz due to the high-pass 
filtering effect of coupling capacitor (Cc). Fig. 9(a) shows 
an output power versus input power plot. The input signal 
is once again a 5.5-GHz carrier (fcarrier) amplitude 
modulated by a 700 kHz signal (fmod) at modulation depth 
of 50%. The square law region (slope of 2) from the curve 
indicates an input dynamic range larger than 35 dB [4]-[5]. 
Fig. 9(b) shows the conversion gain versus input power. 
The peak conversion gain is ~ -2.2 dB which occurs when 
the input power is ~ -30 dBm.  

A lower DC bias for the diode is preferred to reduce the 
noise added by the diode. Fig. 10 shows the measured 
output noise spectral density between 10 MHz and 1.8 
GHz at Idiode of 0.3 mA. The noise is measured using a 
spectrum analyzer after amplifying the noise generated by 
the detector. A 50-�  termination at the input of the 
detector is used as the white noise source. The output 
noise power over the 1.0-GHz band centered on 1 GHz is 
~ - 76dBm. For the required Eb/No of 6 dB and data rate of 
100 Mbps, the minimum required signal to noise ratio 
(SNR) is ~-4 dB. From Fig. 9(a), the corresponding output 
and input power levels are -80 dBm and -56 dBm for the 
signal with a 5.5- GHz carrier. This input sideband power 
of ~-56dBm is the sensitivity of this detector. By adding 
another amplifier with 20-dB gain in front of the LNA, it 
should be possible to improve the sensitivity to -76dBm, 
which is approaching that needed for an MBOA receiver. 

For the signal with a 9-GHz carrier, from Fig. 7(b), the 
sensitivity without the additional amplifier will be ~ -53 
dBm. 

IV. CONCLUSIONS 

Use of the Schottky diodes fabricated in foundry CMOS 
technology has been demonstrated by implementing a 
UWB AM detector that down-converts a UWB signal up-
converted to the frequencies between 3 and 10 GHz. The 
detector provides adequate 50-�  input and output match 
over 0-10.3 GHz and 0-1.7 GHz respectively, and 
consumes 8.5 mW of power. The sensitivities over the 
band range between -53 to -56 dBm. The Schottky diodes 
should allow implementation of new types of RFCMOS 
circuits.  
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Fig. 9. (a) Output power and (b) conversion gain vs. 
input side-band power   

fcarrier  = 5.5 GHz 
fmod     = 700 kHz 
IDIODE  = 300 µA 
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Fig. 10. Measured output noise power spectral density.   
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