
actual orientation angle after delay is 90�, 75.5�, and 65�, which
agrees well with theoretical calculation results. This shows that

UWB time-domain antenna array scanning can achieve by pre-

cise delay of fiber delay line.

5. CONCLUSIONS

The transmission system of UWB impulse radar comprises delay

controller, pulse source, and transmitting antenna array. UWB

time-domain antenna array scanning is realized by UWB time-

domain antenna array and delay controller, which is most prom-

ising, such as in the applications of detecting moving-target and

tracking UWB impulse radar.
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ABSTRACT: A variable gain amplifier is demonstrated using only one

fully-differential operational transconductance amplifier (OTA) as the
core circuit element. Gain control is achieved by varying the

transconductance of the OTA and by using an output buffer circuit to
sum the output signals of the OTA in the correct phase relationship. The
circuit was designed and fabricated using 0.18 lm CMOS technology.

Measured results show a gain control range of 15 dB between 1 GHz

Figure 6 The waveform is tested in the far field of CST. [Color figure

can be viewed in the online issue, which is available at www.

interscience.wiley.com]

Figure 7 The waveform is tested in the far field of experiment. [Color

figure can be viewed in the online issue, which is available at

www.interscience.wiley.com]

Figure 8 The directivity pattern that delay time of 2-unit antennas is

set as 0, 0.3, and 0.5 ns. [Color figure can be viewed in the online issue,

which is available at www.interscience.wiley.com]
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and 3 GHz and the input and output reflection coefficients are below
�10 dB and �20 dB, respectively. The output power of the amplifier is

þ2.3 dBm at its 1-dB compression point. The chip has a maximum DC
power consumption 12.6 mW and it measures 0.25 mm2 including

bonding pads. VC 2010 Wiley Periodicals, Inc. Microwave Opt Technol

Lett 52: 1112–1116, 2010; Published online in Wiley InterScience

(www.interscience.wiley.com). DOI 10.1002/mop.25114

Key words: variable gain amplifier; automatic gain control; OTA;

feedback amplifier

1. INTRODUCTION

An abundant number of variable gain amplifier (VGA) circuit

designs exist and more continue to be developed on a regular ba-

sis. The majority of these circuits typically rely on four broad

design methods. One method is to use a fixed-gain amplifier in

conjunction with a variable attenuator circuit. This approach is of-

ten used at very high frequencies due to its simplicity [1]. A sec-

ond method is to also use a fixed-gain stage but with a variable

output load, often called a degeneration resistance [2–4]. The third

method involves using a feedback amplifier with an adaptive feed-

back network (e.g., a variable resistor) to control the VGA gain

[5]. Either a voltage amplifier or an operational transconductance

amplifier (OTA) can be used in this approach. The fourth common

method is to vary the gain of the VGA by changing the transcon-

ductance, Gm, of an OTA through its DC bias current [6–8].

In this article, we demonstrate a VGA that relies on a combi-

nation of the latter two approaches: it consists of an OTA with

a static feedback network and gain control is achieved by vary-

ing the Gm of the OTA. An input active balun feeds the OTA

with differential signals and an output buffer circuit serves to

combine the output waveforms of the OTA into a single-ended

signal in the correct phase relationship. These two interface cir-

cuits have the added benefit of providing a nearly constant input

and output impedance at the VGA ports, leading to a very good

impedance match over a broadband. While many VGA’s that

rely on OTA’s rarely reach 1 GHz in operating frequency [4],

the VGA in this work can function up to 3 GHz by using a very

high-speed feedforward-regulated cascode OTA. The circuit uses

only one OTA, leading to a very compact chip measuring only

0.25 mm2 including pads.

2. VARIABLE GAIN AMPLIFIER CIRCUIT

A schematic of the proposed VGA is shown in Figure 1. It con-

sists of three stages: an active balun, an OTA with feedback,

and a final output stage. The active balun converts the single-

ended input signal, vin, into a pair of differential signals, viþ and

vi�, which are fed to the differential OTA through two bypass

capacitors (C3 and C4). The OTA stage is configured as a nega-

tive feedback amplifier using two identical feedback impedan-

ces, Zf ¼ R6 þ 1/jxC5. The overall gain of the VGA is varied

by changing the gain of the feedback amplifier through the OTA

transconductance. Since the OTA amplifier produces differential

output signals (voþ and vo�) these waveforms are converted into

a single-ended signal by using an output stage. The resistors

R8–R10 in this stage are very large, and they are used for DC

biasing purposes. The output stage has a common-drain transis-

tor T3 which yields an output signal at its source terminal that is

in-phase with voþ. Transistor T4 is a common-source device

which adds a 180� phase shift to its input signal, vo�. Since vo�
is originally out-of-phase with respect to voþ, the additional

180� phase shift puts these two signals in-phase and they are

thus power-combined at the output.

The active balun has a common-gate/common-source (CG-

CS) topology, and it was chosen for its compact size and wide-

band performance. Its design is well understood and further

details can be found in various references such as [9].

The OTA cell used in this work employs a feedforward-regu-

lated cascode topology, and the schematic is shown in Figure 2.

The DC bias voltages to all the transistor gates in the OTA are

applied through a set of very large resistors, R11–R14, and

capacitors C10 and C11 are used for DC isolation between the

cascode transistors. The OTA uses a PMOS current mirror

arrangement consisting of transistors T9–T11 as its DC current

source.

The feedforward regulation is implemented by using a set of

cross-connections between the cascode pairs (T5–T7 and T6–T8).

With this procedure the gate-source voltages of the cascoding

transistors, T7 and T8, will either increase or decrease to coun-

teract changes in the drain voltages of T5 and T6 when there are

large differential input signals. The result is a stabilization of

the drain voltages of transistors T5 and T6 by creating an inter-

locking regulation mechanism between these two drain voltages.

This OTA cell is a variant of our previous works on feedfor-

ward-regulated OTA’s, which are described in detail in Refs. 10

and 11.

The gain of the feedback amplifier stage in Figure 1 can be

derived by making a few simplifying assumptions: (a) that the

input impedance into the OTA cell is very large and (b) that the

parasitic reactances are negligible. In this manner, the gain is

Figure 1 Variable gain amplifier schematic
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given by,

AfðjxÞ ¼ voþ � vo�
viþ � vi�

¼ ð1� 2GmZfÞðRojjZL;ampÞ
2Zf þ ðRojjZL;ampÞ (1)

where Gm and Ro are, respectively, the transconductance and the

output resistance of the OTA cell, and ZL,amp represents the load

impedance seen at the output of the feedback amplifier. This

load impedance is very large since it consists of the bias resis-

tors R8–R10 and the small gate capacitances of T3 and T4.

By making use of the symmetry in the feedforward OTA cell

in Figure 2, the transconductance and the output resistance of

the OTA can be derived to be,

Gm ¼ ioþ � io�
viþ � vi�

¼ gm5

1
ro7

þ 2gm7

1
ro5

þ 1
ro7

þ 2gm7

" #
(2)

and,

Ro ¼ 2ro5 þ 2ro7 þ 4gm7ro5ro7 (3)

where ro5 and ro7 are the small-signal output resistances of tran-

sistors T5 and T7, respectively, and gm5 and gm7 are the trans-

conductances of those same transistors. Since ro5 and ro7 are

each several kX in size and because the NMOS transconduc-

tance, gm7, in this work is larger than a few mS then 2gm7

� 1
ro5

þ 1
ro7
; and we can conclude from Eq. (2) that,

Gm � gm5 (4)

which is in agreement with the well-known expression for the

transconductance of a cascode amplifier [12].

From the previous discussion and from Eq. (3) it is clear that

Ro has a very large value and since ZL,amp is also very large

compared to 2Zf, then the equation for the gain of the feedback

amplifier described by Eq. (1) can be approximated as,

AfðjxÞ � 1� 2GmZf � 1� 2gm5Zf (5)

Given that the input balun and the output stage in Figure 1 each

have about unity gain, then Eq. (5) is also the first-order expres-

sion for the overall gain of the VGA circuit. As a result, the

gain of the VGA can be varied just by changing the value of

gm5 through the gate control voltage, VC3, and that is the

approach taken here.

Figure 3 Measured forward gain of the VGA at different control

voltages

Figure 4 Gain versus control voltage at 2 GHz

Figure 5 Measured input and output reflection coefficients

Figure 2 Feedforward-regulated cascode OTA

1114 MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 52, No. 5 May 2010 DOI 10.1002/mop



3. EXPERIMENTAL DEMONSTRATION

The variable gain amplifier described in the previous section

was fabricated using a standard 0.18 lm CMOS process. On-wa-

fer measurements were carried out on the chip using GSG co-

planar-waveguide (CPW) probes.

The s-parameters of the amplifier were measured using an

Agilent 8510C vector network analyzer for different values of

the gain control voltage, VC3. In Figure 3, the forward gain of

the VGA, S21, is plotted versus frequency from 1 GHz to 3 GHz

at various control voltages. The observed frequency roll-off is

mainly due to the frequency response of the active balun circuit.

While the active balun has a good amplitude balance between

the signals at its two output ports, these output signals do ex-

hibit a uniform roll-off nonetheless.

Figure 4 is a plot of the VGA gain versus control voltage at

the center frequency of 2 GHz. The gain can be varied from

0 dB to 15 dB using a control voltage of 0.59 V for the highest

gain state and a voltage of 0.475 V for the lowest gain state.

The gain curve exhibits an essentially linear-in-dB versus volt-

age dependence and this is without the use of any special con-

trol voltage bias circuitry.

In Figure 5 the input and output reflection coefficients, S11
and S22, are plotted from 1 GHz to 3 GHz. The S11 parameters

are below �10 dB and the S22 parameters are below �20 dB

for all values of the gain control voltage, VC3. Both sets of

reflection coefficients show only a small variation with fre-

quency and VC3. In many VGA’s the reflection coefficients

show a much stronger variation with frequency and specially

control voltage because as the gain of the amplifier changes, its

input and output impedances also change, thus leading to mis-

matches. In this VGA, the relative flatness of S11 and S22 is the

result of using an input balun and an output stage which serve

to isolate the variable-gain section from the output ports.

The noise figure (NF) of the VGA was measured versus fre-

quency at the lowest and highest gain states, and the results are

plotted in Figure 6. Normally in a VGA, the lowest noise figure

is achieved at the highest gain state and conversely the worst-

case noise figure occurs at the lowest gain state. For this VGA,

the NF is between 6.6 dB and 7.8 dB for the high-gain state and

it is between 12 dB and 15.5 dB for the low-gain state.

The output power versus input power of the VGA was meas-

ured at its highest gain state of 15 dB at the center frequency of

2 GHz. The results are shown in Figure 7. From this graph the

Figure 7 Measured power performance of the VGA at 2 GHz

Figure 8 Third-order intermodulation distortion performance

Figure 9 Microphotograph of the VGA

Figure 6 Measured NF at the maximum and minimum VGA gain

states
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output 1-dB compression point, P1dBout, of the amplifier is deter-

mined to be þ2.3 dBm at an input power of �12.7 dBm. Fur-

ther measurements reveal that, as expected, the P1dBout of the

amplifier remains constant as the gain of the system is decreased

and that the input power necessary to achieve that P1dBout

increases. The third-order intermodulation distortion perform-

ance of the VGA was also measured and, the results are plotted

in Figure 8. The IIP3 is at about �14 dBm, which is lower than

expected since the P1dB,in is at �12.7 dBm. One straightforward

explanation for this occurrence is that the IP3 measurements

were made at a different amplifier gain setting than the P1dB
measurements.

Figure 9 shows a microphotograph of the fabricated inte-

grated circuit, which occupies a total area of only 0.25 mm2

including bonding pads. With the chip supply voltage set to

2.1 V the DC power consumption of the VGA ranged from

8.4 mW in the low-gain state to 12.6 mW in the high-gain state,

with the average power draw being 10.5 mW.

Table 1 shows the performance summary for this VGA.

4. CONCLUSION

In this article we have demonstrated a novel concept for a VGA

that uses a single, very high-speed, fully-differential CMOS

OTA as the core circuit element. Only a small amount input and

output circuitry is used to interface with the OTA, and the result

is a super-compact VGA measuring only 0.25 mm2. The circuit

exhibits a wide gain range with a very moderate power con-

sumption, and it has a 100% fractional bandwdith relative to its

center frequency.
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ABSTRACT: A UHF band near-field antenna using microstrip lines
and stubs for tagging stacked tags in a smart table is presented. It is
shown that a suitable near-field reader antenna can be designed from

signal lines, ground lines, and several stubs to generate coupled electric
and magnetic fields. The proposed near-field reader antenna

satisfactorily operates in a UHF radio frequency identification (RFID)
smart table, and the measurements show that the antenna is capable of
detecting 200 stacked tags in a reading area of 200 mm � 190 mm and

achieves a detection rate of 97% when the tags are stacked in a smart
table. The proposed UHF RFID smart table is successfully implemented

for casino chip management. VC 2010 Wiley Periodicals, Inc. Microwave

Opt Technol Lett 52: 1116–1119, 2010; Published online in Wiley

InterScience (www.interscience.wiley.com). DOI 10.1002/mop.25115

Key words: RFID; reader antenna; near field

1. INTRODUCTION

Radio frequency identification (RFID) is a rapidly developing

technology for the automatic identification of objects. In con-

trast to RFID applications for pallet and case tracking, RFID

applications at an item-level is driven by the tagging of fairly

small items – retail apparel, jewelry, rented apparel/laundry,

drugs, postal authorities, libraries, and so on. RFID systems

for near-field communications are increasingly popular for

item-level tagging since the tags can be detected more consis-

tently on various target objects such as bottles of water,

clothes, and small items [1].

The antenna, including the reading zone of a reader antenna,

is one of the key factors for RFID systems. A patch antenna

array for an RFID reader was designed to cover the whole belt

width for a bottom conveyor reader in the RFID sortation of an

item-level tagging application [2]. Besides retail applications, a

smart shelf or smart table is expected to be applied in libraries,

pharmacies, restaurants, and offices to manage small items. An

TABLE 1 Performance Summary Table

Min. gain at 2 GHz 0 dB

Max. gain at 2 GHz 15 dB

Frequency span 1–3 GHz

Min. NF 6.6 dB

Max. NF 15.5 dB

P1dB,in at 2 GHz �12.7 dBm

DC power 8.4 mW (min)

12.6 mW (max)

Chip area 0.25 mm2

Technology 0.18 lm CMOS
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