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Abstract — This paper presents an X-band chirp radar 

receiver with bandwidth reduction for range detection. 
The proposed receiver is composed primarily of a RF front 
end with reconfigurable bandwidth, a receiver baseband 
and an ADC.  The receiver uses dual down-conversion 
architecture to convert the X-band chirp signal to the 
baseband signal, which is further mixed with a replica of 
the transmitted chirp through stretch processing in a
modified Weaver receiver. The resulting waveform is of 
greatly reduced bandwidth and thus relaxes the power and 
bandwidth requirements of the ADC. The de-stretched 
baseband waveform is a single tone signal with a fixed 
frequency that is related to the range of the target. 
Therefore, the proposed radar receiver with stretch 
processing achieves power and bandwidth reductions 
without degrading the range resolution. The radar 
receiver including a 12-b ADC was implemented in a 
0.13�m SiGe technology with die area of 2.64 mm2 and 
total power consumption of 403 mW from the 2.2V and 
1.5V power supplies. 
 

Index Terms—Chirp Radar, receiver, stretch processing 
 

I. INTRODUCTION 

Radar on Chip (RoC) has recently been explored for ranging 
detection in mobile environment [1]-[3].  Pulse radar and 
ultra-wideband (UWB) radar require high peak-to-average 
power ratios (PAPR) or wideband operation to transmit or 
receive a narrow pulse width signal [1].  For the pulse 
compression radar, the narrow pulse width will be recovered 
after pulse decompression in the receiver. A narrow pulse 
width in time domain corresponds to a wide bandwidth in the 
frequency domain. Since the radar range resolution  is simply 
inversely proportional to the bandwidth of the transmitted 
chirp, it is thus desirable to transmit the chirp waveform with 
as wide of the bandwidth as possible. However, processing a 
received signal with such a high bandwidth imposes 
tremendous challenges in ADC designs. The proposed RoC 
receiver with stretch processing mixes the received chirp 
signal with a local replica of the transmitted chirp signal. 
Since the mixing chirp and the transmitted chirp have the 
same frequency slope, the time interval between the 

 
 

transmitted and received chirp signals can be translated into 
the instantaneous frequency difference between the two chirp 
signals, which is represented by a single tone output at the 
receiver baseband. Thus, the required receiver bandwidth at 
the ADC input is much smaller than the bandwidth of the 
transmitted chirp. Therefore, the proposed radar receiver gains 
a great advantage of bandwidth reduction. Its ADC bandwidth 
can be reduced to a small portion of the transmitted chirp 
bandwidth. As a result, wide bandwidth required by fine range 
resolution for the transmitted chirp and low power as well as 
low bandwidth for the data-converter can be simultaneously 
achieved. 

The direct-conversion receiver topology is popular in 
FMCW radar due to its simple architecture and low cost for 
both area and power [1]-[2]. The heterodyne receiver 
architecture is known as the most reliable reception technique 
due to its excellent sensitivity and selectivity. 

In the VCO-based and analog PLL-based FM radars, the 
chirp signal is generated at the VCO output [1]-[2]. Therefore 
the chirp signal mixing occurs in the radio frequency range. 
The direct digital synthesis (DDS) based chirp radar generates 
the chirp signal in the baseband. Thus chirp signal processing 
is done in the receiver baseband, which simplifies the design 
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Fig.1 Block diagram of the chirp radar receiver. 
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of signal processing circuitry and reduces the power 
consumption. 

Compared to the VCO or PLL-based chirp radar, the DDS 
based RoC is featured with fast modulation, fine frequency 
step, and flexible output frequency range especially in 
generating the baseband chirp signal. The relative delay, the 
frequency slope and the initial phase of the transmitted chirp 
are all programmable and controllable, which adds some 
freedom to the design of the receiver baseband with stretch 
processing features. 

This paper is organized as follows. Section II discusses the 
architecture of the proposed chirp radar receiver. The detailed 
design of the critical building blocks, such as RF front-end, 
baseband low pass filters, ADC and PGA, are introduced in 
section III. The measurement data and chip implementation 
are presented in Section IV.  

II. ARCHITECTURE OF THE CHIRP RADAR RECEIVER 
As shown in Fig. 1, the proposed receiver employs super-

heterodyne architecture and primarily consists of the receiver 
front ends, the receiver baseband, the ADC and the PLL. The 
receiver front end includes LNA, VGA, RF mixer, RF buffer, 
IF VGA and IF mixer. The received X-band chirp signal from 
5*fLO+f1 to 5*fLO+f2 is first amplified by a reconfigurable 
front-ends with either a narrow band LNA or a wide LNA, and 
then down-converted by the RF LO (4*fLO) to the IF chirp 
signal in the range from fLO+f1 to fLO+f2. An off-chip SAW 
filter is used to remove the harmonics, image signal and LO 
leakages at the RF mixer output. After the IF VGA stage, the 
IF mixer further down-converts the chirp signal to the 
baseband chirp in the range from f1 to f2.   

In down converting the high IF signal to a low IF frequency 
band, the image signal may cause a severe problem without 
the use of an image rejection filter. The Weaver receiver uses 
two-stage IQ modulation to down convert the high frequency 
signal to baseband. The harmonics are low and close to the 
desired tone, therefore a high order low pass filer is needed in 
order to remove these interferences. The range information is 
detected in the receiver baseband circuitry. In order to extract 
the time interval between the transmitted and received chirp 
signals, the Weaver architecture is revised by replacing the 
quadrature LO signals at the 1st IQ modulator with the replica 
of transmitted quadrature chirp signals. 

The quadrature DDS in the transmitter (Tx) baseband 
generates a replica of the transmitted chirp from f1+�f to f2+�f 
when the down-converted echo chirp is from f1 to f2. The low 
pass filter following the DACs removes the spurs and 

harmonics of the DDS output chirp signal, and feeds it to the 
clock terminals of the 1st mixer in the receiver baseband. As 
mentioned earlier, the fundamental tone �f at the mixer output 
indicates the range distance between the target and the radar 
transceiver, namely,  
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where t1 and t2 are the time corresponding to the chirp 
frequency f1 and f2, respectively, and c is the speed of light.  

III. CIRCUIT DESIGN 

A. Receiver RF and IF circuitry 
A block diagram of the receiver RF & IF architecture is 

given in Fig. 1. The input stage of the LNA is a cascoded 
common-emitter amplifier that is designed to simultaneously 
achieve both power and noise matching [4], as shown in Fig.2 
(a). Input matching is obtained by carefully choosing the bias 
current, transistor sizes and inductor values. This radar 
receiver employs a reconfigurable front-end. The wideband 
front-end is designed for scanning the background. Once the 
target is identified, the receiver can be reconfigured to a 
narrow-band mode with increased sensitivity and anti-
jamming capability, which are desired for tracking the targets. 
The RF VGA is a differential cascoded amplifier with a 
current steering branch connected to the upper cascode 
transistors. A pair of current steering transistors under the 
control of the Vctrl signal adjusts the current flowing to the 
load. Thus the gain of the RF VGA can be continuously tuned. 
Traditional Gilbert cells are used for both RF and IF mixers.  
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Fig.2 The simplified circuit of the (a) narrow band LNA (b) RF VGA. 

Fig.3 Block diagram of 7th order Butterworth LPF. 

 
Fig. 4 Block diagram of the time interleaved pipeline ADC. 
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B. 7th order Butterworth low pass filter 
The 1st mixer pair in the receiver baseband generates the 

harmonics and image signal at its outputs. Low pass filters are 
needed to remove those undesired tones. Since the 
fundamental frequency is close to 10MHz, a high order low 
pass filer with a high roll-off is needed to attenuate these 
undesired frequency components. The proposed filter employs 
the gm-C filter architecture with a constant capacitor load.  

Fig. 3 shows the architecture of the widely-tunable gm-C 
low pass filter with a cutoff frequency tunable from 4MHz to 
54MHz. Programmability is achieved by tuning the bias 
current of the trans-conductance cells, i.e. the gm of each 
stage.  

C. 12-bit time interleaved pipeline ADC 
A 12-bit time interleaved pipeline ADC is used to digitize 

the single tone at receiver output and extract the frequency 
information, namely the range of target. The pipelined ADC 
architecture has been proven to be very suitable for high-speed 
operation and high-resolution ADC converters. A time 
interleaved pipeline ADC structure is proposed in this design 
using opamp sharing technique to reduce the large power 
consumption from power hungry opamps. 

The block diagram of the 12-bit time interleaved opamp-
sharing pipeline A/D is shown in Fig.4.  It consists of two 
eleven-stage 1.5-bit/stage time-interleaved pipeline ADCs.  
One pipeline processes the even samples, while the other 
pipeline works on odd samples. For both pipeline ADC 
channels, two complementary clock phases are used to handle 
multiplying and sampling.  However, the opamp only works in 
the multiplying phase for every single channel, which is half 
of one complete clock cycle.  Thus, both pipeline ADCs are 
capable of sharing their opamps by only using the 
corresponding multiplying clock phase.  This makes for a 
large power savings since the number of power hungry 
opamps is cut in half.  In addition, this can also help to 
minimize offset and gain mismatches between pipelines that 
could degrade the ADC’s performance.  Each pipeline stage 

includes a flash sub-ADC, a sub-DAC, and a residue 
amplifier. 

Fig.5 shows the schematic of the front-end sample-and-hold 
amplifier, which uses the conventional flip-around 
configuration.  Unlike the famous precise SC amplifier used in 
each pipeline ADC stage, the opamp used in flip structured 
sample-hold (S&H) does not have to provide the charge to the 
sampling capacitor in the following stage.  This can 
significantly enhance its speed performance and realize low 
noise and fast settling behavior.  Similar to each pipeline 
stage, S&H also uses the opamp sharing technique to save 
required power.  By using �1 and �2 non-overlapping clocks, 
op-amps can be switched between two time-interleaved 
channels according to corresponding sampling/holding phases.  

In order to achieve high accuracy for a sampled voltage on 
the sampling capacitor in S&H, a bottom-plate sampling 
technique is employed.  A typical bootstrap technique, whose 
schematic is also shown in Fig.5, is utilized. 

D. Programmable gain amplifier 
Fig. 6 shows the simplified schematic of the 3-bit 

programmable gain amplifier (PGA). The PGA in the Radar 
receiver is intended to provide gain variability from -5dB to 
30dB with a step size of 5dB. The PGA consists of 4 cascaded 
gain stages and each stage includes two differential pairs with 
different gain as shown in Fig. 6(a). The gain of a differential 
pair is often a compromise with the linearity when a 
degeneration resistor is used. In order to meet the linearity 
requirement of the receiver baseband, the total gain of 35dB is 
distributed over 4 stages, and the maximum gain obtained in a 
single stage is less than 10dB. The stages with lower gain are 

 
Fig.6 (a) Block diagram of the programmable gain amplifier (PGA), (b) the 
simplified schematic of the gain stage in the PGA. 
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Fig. 7 Die photo of the implemented chirp radar receiver. 

 
Fig. 5 Simplified circuit of ADC sample-and-hold amplifier. 
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placed before higher gain stages to reduce the overall 
nonlinear distortion. The VGA gain distribution and the 
control bit for each stage are illustrated in Fig. 6 (a).The gain 
of each stage is programmed by choosing different degenerate 
resistor values as shown in Fig. 6 (b). The same load 
resistance is used in each stage to maintain the unique input 
DC voltage. To avoid switches in the signal path, it is 
desirable to use two independent differential pairs with 
different generation resistors to achieve the programmable 
gain. A pair of switches controlled by digital bits is inserted 
below each differential pair to turn on or off the corresponding 
amplifier.  

IV. CHIP IMPLEMENTATION AND MEASURED 
RESULTS  

The proposed chirp radar receiver prototype chip was 
implemented in a 0.13μm SiGe BiMOS technology. Fig.7 
shows the die photo of the proposed receiver. The chirp 
receiver occupies a total active area of 2.64mm2, while the 
receiver IF circuitry and baseband use an area of 0.23 mm2 
and 0.75 mm2, respectively. The ADC occupies an area of 
0.81mm2. The receiver front end and baseband consumes only 
326mW of power from the 2.2V power supply. The ADC 
consumes the power of 77mW.  Table I summarizes the 
implemented receiver performance. 

Fig.8 (a) shows the measured receiver front end gain vs. the 
Vctrl voltage. The gain tuning has the max gain of 44.7dB, 
and its dynamic range is 34dB totally. The gain control curve 
is saturated at the low control voltage. Fig.8 (b) shows the 
measured P1dB of receiver front-end. The output P1dB is - 
21.2dBm. 

The chirp Radar receiver is also measured through a 1.8GHz 
single-tone test signal applied to the IF circuit input, and the 
quadrature chirp signals from 27.5 to 30.9MHz generated 
from the transmitter baseband. The chirp signal at the receiver 

output is from 1.1 to 4.5MHz. Fig.9 shows the measured 
spectrum of the chirp signal at the receiver baseband output. 

V. CONCLUSIONS 
  This paper presented the development of an X-band chirp 
radar receiver implemented in a 0.13�m SiGe BiCMOS 
technology. The proposed radar receiver employed the strech 
processing technique to reduce the bandwidth and 
consequently the power of the ADC. The prototype chirp radar 
receiver occupied a die area of 2.64 mm2 and consumes total 
power of 403 mW.  
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Fig. 8 (a) Measured narrow receiver front end gain vs. the VGA 
Vctrl. (b) measured P1dB of Rx front-end.  

 

Fig. 9 Measured chirp spectrum at the Rx BB output. 

TABLE I SUMMARY OF RECEIVER PERFORMANCE
Technology�� 0.13�m�SiGe�BiCMOS�

Area�� 2.64�mm2�
Supply�Voltage�� analog/RF� 2.2V 

digital� 1.5V�
Power�

Consumption�
Front�end�&�BB� 326mW�

ADC� 77mW�
Rx�Bandwidth� Front�end� 150MHz�

ADC� 10~40MHz�
PLL� Tuning�range� 4.8~6.8GHz�

Phase�Noise�
(6.56GHz)�

�86dBc/Hz@10�kHz,��
�114dBc/Hz@1MHz�

Front�end�
bandwidth�

Narrow�Band� 8�9GHz�
Wide�Band� 7�12GHz�

Front�end�linearity�
(narrow)�

P1dB(output)�
�

�21.2�dBm�
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