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ABSTRACT

This thesis proposes the low-voltage low-power CMOS variable gain amplifier (VGA).
The proposed circuit merges a source-degenerated transconductance amplifier with a current-
mode transimpedance amplifier, which renders voltage gain control with constant wide bandwidth.
Coarse gain tuning is achieved by using a switched-resistor network, while fine gain tuning is
obtained by using a voltage-controlled active resistor. Simulation results using a 0.13-um
technology show that a two stage VGA achieves a controllable gain range of 60-dB with more
than 100-MHz bandwidth, while draining 1.5 mA from a 1-V power supply voltage. The two-
stage VGA was fabricated in a 0.35-um technology. Experimental results show that the prototype
VGA has a gain range of 40-dB with more than 10-MHz bandwidth, while draining 600 pA from

a 1.5-V power supply voltage.
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MNTAREINNNTTe AR LIS veeTnaziiduvesntloundy (feedback loop)
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Feedback network
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2.5.2 M3 UNAVUVVVHIU-VUIU (shunt-shunt feedback)

Transimpedance amplifier
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2.5.3 mytloundunuueynsn-8nIH (series-series feedback)

Transconductance amplifier
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2.54 nni’]aunﬁ'wmwum—wnsu (shunt-series feedback)

Current amplifier
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2.6.1 2905VNBT YR IVUHAA (differential amplifier)
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Differential Transcenductance Ampilifier
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Current Amplifier B.13um

AC Response
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Transimpedance Amplifier 8.13um

AC Response
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Tronsimpedance Amplifier 8.13um

AC Response

a: RF = 51.6K v: RF= 29.02K a: RF = 16,32K
=: RF = 9.176K »: RF = 5.16K
162 E
90.9 | sy
. o o —

— |
8 IR
o 3 i
£ 800 —— e - Ee il
el ; | !
& | __»..-—//;
E | '
5 :
o 70.9 ]
= | :
5 1
e i
E ‘

60.9 ‘

- ] i ; i i
50.9 1 L ) | 1 ! i
1K 18K 180K ™ 19M 190M

Frequency (Hz)
a o o da A ¢ A = o = '
51 4.25 wadinesonsveIensMFBNTIIA YD R = 5.16k~51.6. 7 1a o1y 1oz Ai=4 1

uwnn Inua A

Transimpedance Amplifier 8.13um

AC Response

Output Transimpedance (dB)

o: RF= 516K v: RF = 29.02K a: RE = 16.32K
- RF = 9.176K 1 RF = 5/16K
100 : :
| Piliig
$5.9 =
! ____'__;A
|
4 i1 ___,_..,4/
80.0 (P i ? : I
LA g_.‘/’\
70.9 1
60.9
, )
|
56.0 i
1K 18K 188K 19M 190M 1G

™
Frequency (Hz)

. d'- o o da A & & a s . 1
3‘1]1'] 4.26 HDUDDIBATIVYIUNIIUADNWUAUNIND R, = 5.16k~51.6 ﬂiﬁiﬂﬁ‘u o Ar=4 In

P
guwnin lnua B



70

95

| —@— Vout
| ——

90

85

Transconductance gain (dB)
[o2]
o

70

65 : r
1 10 100
RF (Kohm)

/ = [ 4 @ o3 = 9 =4 a s P
51 4.27 wamsilSsuiontaswnedioliunmeumu R uguduuuuasnmsnuiie

HJoudygiasunni lvua A

95

—&— Vout

90

85
80 -

Transimpedance gain (dB)

70 A

65 : il
1 10 100

Rf (Kohm)
dl =l =1 @ A ) (v a 9 =1 o R A
gﬂ‘n 4.28 Namsrﬂsuumuuamwmmamﬂsnmmmumu R, LﬂUL‘BQLﬂuLLﬂUﬁBﬂﬂ'I’SﬂiJHJﬂ

Houdyamdunni inua B



71

Transimpedance Amplifier
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VGA cell 8.13um
AC Response
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VGA cell 8.13um
differential output THD
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Voltage buffer 8.13um
AC Response
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Abstract: This paper proposes a novel low-voltage, low-
power wide-bandwidth variable gain amplifier (VGA) cell.
The proposed circuit combines source degeneration and
current-mode techniques to achieve high linearity and
constant bandwidth. Using a 0.35-pum CMOS process and
dissipating 84 uW from a 1-V supply voltage, the proposed
VGA cell can have a voltage gain varying from 0 dB to 25-
dB DC gain while maintaining a constant bandwidth of
100-MHz.

1. Introduction

Variable gain amplifier (VGA) is a key building block
in many applications, such as disk drives [1], hearing aids
[2], and communication systems [3], in order to maximize
the dynamic range of the overall system. In wircless
communication receiver, VGA is typically employed in a
feedback loop to realize an automatic gain control (AGC),
to provide constant signal power to baseband analog-to-
digital converter (ADC) for unpredictable received signal
strengths. The specification for the linearity of the VGA is
generally very high to maintain good overall system
linearity. High linearity VGA cell can be designed using
techniques including source degeneration [4], variable
current bias [5], variable triode bias [6], variable load [7],
and high gain with feedback [8]. It is also important that the
bandwidth of the amplifier remains constant when the
voltage gain is varied. This can be obtained by employing
current-mode techniques [9].

This paper describes a novel compact VGA that
exploits current-mode technique to achieve high linearity
and wide bandwidth simultaneously with very low power
supply voltage and power dissipation. Section 2 describes
the VGA architecture, which can achieve constant
bandwidth. Section 3 describes the circuit implementation
of the proposed VGA. Simulation results are reported in
section 4 and conclusion is given in section 5.

2. VGA Architecture

Fig. 1 shows the architecture of the proposed VGA. A
current amplifier with shunt-feedback resistors (Ry) is used
to allow constant bandwidth when varying the voltage gain
[9]. The closed-loop transimpedance gain of the
transimpedance stage is given by:

527

1+ A4
IfA4;>>1,R = _R,r therefore the voltage gain of the VGA is

R _»;_”,:_(R,_A,—ﬁ} )

approximately given by (2).
A,=-G R, (2)
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Fig, 1: Architecture of the proposed VGA.

3. Circuit Implementation

This section describes the circuit implementation of
the proposed VGA, which consists of a source degeneration
differential input transconductance amplifier and a current-
mode transimpedance amplifier.

3.1 Souwrce degeneration fully differential input
transconductance amplifier

A source degeneration fully differential input structure
is employed to get high precision gain steps and good
linearity. Fig. 2 shows the basic source degeneration
differential amplifier whose differential transconductance is
given by (3), where R, =1/gy, is the resistance looking into
the source of M.

1 3)

™ (R,+R.)
When R >> g, the transconductance G =1/R;

and the voltage-to-current conversion is free of the non-
linear characteristic of the transistor thus the circuit is



linear. Linearity can be improved by reducing R,;, which
can be done by applying negative feedback via M,, as
shown in Fig. 2. The feedback forces a constant current to
flow in M, thus the differential input voltage appears across
the source degeneration resistor and the differential output
current signal flows in M,. With the negative feedback, Ry
is approximately given by

~ gol (4)
gmlgMZ

which is a factor of gma/ge smaller than the original value.

Thus the circuit in Fig. 2 can achieve better linearity for the

same value of R,. The circuit requires only VitV to

operate-and does not have a high-impedance node, thus it is

suitable for low-voltage and wide bandwidth operation.

51

Fig. 2: Basic source-degeneration differential pair.

v

Do

Fig. 3: Source-degeneration differential pair with linearity
enhancement.

3.2 Low-Voltage Transimpedance Amplifier

A low-voltage transimpedance amplifier can be realized
by using a current amplifier with feedback resistor as
shown in Fig. 4 [9]. The circuit can achieve a closed-loop
gain approaching —R, for large current gain (o).

Assuming g, << g,,, the transimpedance gain (R,) is
Vau _ p gm(g; _gml) @)

I, ” g, (szc,ulcl +S(Cgtlgm] +Cg, )+ 2 (2 +gﬂ|3))
where g=1/Ry, C3= CgaatCyn = Cyoa(1+a) and gy = agma.
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The DC transimpedance gain (Rno) is given by (8).

__8,7%m _8 "% 1 (8)
gjgm1(1+a) 8/8m (1+a)

If @« > 1, R, and Ry are given by (9) and (10)

respectively.

h(l__lf_agmz]
o C. g G 9)
s’+s[-—7-ag"' 8o |y Bt OEmy
CZ Cgsl Cx.rl C?
B, s (10)

&s
It can be seen from (9) the transimpedance function
has two poles at @p= -gm/Cgsi and @y = -00gmf/Cy = -
gm2/Cgsa. Which are the fr of the transistors. Therefore the
dominant pole of the transimpedance amplifier will be
determined by the load capacitance.

Fig. 4: Low voltage transimpedance amplifier.

3.3 Proposed VGA cell

Combining the circuits in Fig. 3 and Fig. 4, the
proposed VGA is depicted in Fig. 5. Note that the
transistors M; and M, of the circuits in Fig. 3 and Fig. 4 are
merged, resulting in a very compact VGA circuit. In this
paper, the current gain () of 5 is chosen to compromise
between accuracy and power dissipation. High gain
accuracy can be obtained with large bias current.

al, aly
Vo+ Vou
M,, Mg,
M M ih

Fig. 5: Proposed VGA cell.



4. Simulation Results

The proposed low-voltage low-power VGA was
designed and simulated using Cadence Spectre™  with
process parameters from a 0.35-pm standard CMOS
technology. The circuit was designed to operate with a
single 1-V power supply voltage and nominal parameters
summarized in Table I. Note that the main focus of this
work is to push the VGA bandwidth to the limit under a 1
V supply voltage, thus less attention was given to other
characteristics.

Fig. 6. and Fig. 7 show the simulated AC frequency
response of the proposed VGA when varying Ry and R,
respectively. The voltage gain can be varied from 0 to 25dB
and the —3dB bandwidth of 100 MHz can be obtained. It
can be seen that gain control with constant bandwidth can
be achieved by varying R,, while varying R, affects the
bandwidth of the VGA because Ry determines the dominant
output pole frequency of the circuit. Therefore to design the
VGA, R should be chosen first according to the bandwidth
requirement and R, is then tuned to adjust the voltage gain.

Fig. 8 shows the gain control characteristic of the
VGA. Fig. 9 and Fig. 10 show the simulated total harmonic
distortion (THD) of the circuit as a function of input
amplitude, and frequency, respectively. Table II
summarises the simulated performance of the VGA. It can
be seen that the proposed circuit can achieve wide
bandwidth with only 84 pW power dissipation.

5. Conclusion

A novel low voltage VGA circuit has been described.
The proposed VGA combines a source degeneration
transconductance amplifier with a current amplifier in
transimpedance configuration to achieve high lnearity and
wide bandwidth. Using the current-mode technique, the
voltage gain of the VGA can be tuned while the bandwidth
remains constant. The key advantages of the proposed VGA
are low supply voltage, wide and constant bandwidth.
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Table I: Circuit parameters of the proposed VGA

Parameters Value
(W/L); and (W/L), 40/0.35
(W/L), and (W/L), 0.7/0.5

Current mirror ratio (o) 5

Vpp 1o Vss )

Ig THA
Vg (V) 0.85

Table 1I: Simulated performance of the completed OTA.

Parameters This work [10]

Supply (V) 1 33
CMOS Technology 0.35um 0.35 pm
Dynamic range 0~25dB 0~16dB
—3dB bandwidth 100MHz 100MHz
Power consumption 84 nw 1.§ mW
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Low-voltage wideband compact CIVIOS
variable gain amplifier

A. Thanachayanont and P. Naktongkul

A novel Tow-voltage wideband CMOS variable gain amplifier (VGA)
is proposed. Using a 013 jum CMOS technology. the VGA exhibits a
linear-dB3 controllable cam range of 40 dB with a bandwidih in exeess
of 130 MHz, while dramwing only SO pA from a single |V power
supply voltage

Introduction: The variable gain amplifier (VGA) is an indispensable
building block in modern wircless communication systems [1. 2]. In
deep submicrometre CMOS rechnology where the supply voltage can
be as small as 1.2 V. designing a VGA with high lincarity and wide
bandwidth with acceptable power dissipation is a real challenge. In
this Letter. a new low-voltage low-power wideband CMOS VGA
circuit is proposed.

Proposed VGA cell: The architecture of the proposed VGA cireuit is
shown in Fig. |, which is a cascade of a linear transconductance
amplifier and a lincar transimpedance amplificr. The transimpedance
amplifier is realised using a current amplifier with shunt-feedback
resistors (R,). This allows constant bandwidth when varying the
voltage gain [3]. The voltage gain of the VGA circuit is the product
of the transconductance gain (G,,) and the transimpedance gain (R,,).
The transimpedance gain is given by (1). where Ry, and 4. respec-
tively, are the input resistance and the eurrent gain of the current
amplifier. Note that, when -, 1, we have R, =~ —R,. Thercfore, a
linear G,, and a high-gain current amplifier are required to realise a

high-linearity VGA:
RA ~R
v =S i

Fig. 2 shows the circuit implementation of the proposed VGA cell,
which combines a source degeneration differential input transconduc-
tance amplifier (M. M> and R and a current-mode transimpedance
amplifier (M,—M, and R} [3]. Transistors M, and A5 perform two roles
simultaneously, both as part of the transconductance amplifier and-as an
input section of the current amplifier. This saves power dissipation and
chip area. As part of the transconductance amplifier, M. provides
negative feedback to force a constant current fowing through M,:
thus the differential input voltage appears across K, and the differential
output current flows in A7-. As an input section of the current amplifier,
M, and Ay provide low mput impedance for the differential current
signal. The differential nansconductance gain is given by (2). where
R 2 @t/ o1&z 15 the resistance Tooking into the source of Ay, Thus,
it 1s required that &, 3> /R, 10 obtain high lincarity:

|
TR+ R

G

(2)

The transimpedance gain is given by (3), where 7 is the current gain,
= 1/R Ca =y + i = Cpnl | +2) and g3 = %gy,2. and assuming,
that g, g,. When 235 1. the low-frequency transimpedance gain is
equal 1o —R, and the poles are at o= =g/ Cu and
2 = =gy Cova. which are at the fp of the transistors. Therefore the
proposed VGA circuit inherently has a wide operating bandwidth,
which is determined by the output load capacitance (). Varying R,
affects the output pole and thus the bandwidth of the VGA. Therefore to
design the VGA, R, and (', should be chosen first according to the
bandwidth requirement and R, is used to adjust the voltage gain while
keeping the bandwidth constant:

1

= o e (3)
U a[tr, 1+ 201 ) 4 (Coa/ )]

+ \‘[((,_:.‘ diZERE e L-Jf.'x'm:)]
Sinutlation resulis: The proposed VGA  cireuit was designed Lo

operate with a single 1V power supply voltage. The circuit was
simulated using Specre™™ awith process parameters from o 0,13 pm
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andard CMOS technology, Wide-swing cascode 20nt sources
were used. and £y and 7 equal 5 pA and A0 espectively. Resistors K,
and /. were implemented using triode PMOS tansistors. To allow
direet coupling of twa or more VGA cells Tor higher voltage wain,
both input and output common-made voltages were designed to be at
one-hall the supply voltage.

Fig. 3 shows three families ol AC frequency response with different
3 dB bandwidth, as set by using MOS switches and £, Lach family of
curves shows a lincar-in-dB gain range of 12.dB in steps of 2.dB.as
obtained by varying R, The VGA cell inherently exlfibits constant
bandwideh of 130, 350, and 650 M1z when the gain ranges are 15 10
30. 16 to 4 and 2 to — 10 dB. respectively.
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A~ Ry =130 KD

1 - Ry = 130kQ
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Fig. 4 shows the simulated otal harmonic distortion (THD) agamsta
I MIlz differential input voltage. For high gain setings (= 10 dB), the
THD is below =40 dB for a SO0 MmN peak differential outpur voliage.
For low gain setiings (<10 d13), the THD is below —40dB Tor peak
differentinl input voltage less than 120mV. The THD s roughly
constant over 130 Mz bandwidih. The simulated input-referred 1173
were at =205, —0.9 and +4.9 dBm for pain settings at 30, 0 and
—10dB. respectively. For 30 dB gain. the input-referred noise nte-
srated over 130 Mz bandwidth was S04 TR PR
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Conclusion: A novel low-voltage VGA circuit has been described.
The proposed VGA combines a source degeneration transconductance
amplifier with a current amplifier in transimpedance configuration to
allow compact realisation and to achieve high linearity and constant
wide bandwidth.

Acknowledgments: The financial support of the Thailand Research
Fund (RSA4680027) and National Electronics and Computer
Technology Center, National Science and Technology Development
Agency (NT-B-07-4B-13-517) are gratefully acknowledged.

. 1EE 2005
Electronics Letters online no: 20057110
doi: 10.1049/e1:20057110

A. Thanachayanont and P. Naktongkul (Research Centre of Conmu-
nication and Information Technology and Department of Electronic

22 September 2004

Engineering, Faculty of Engineering, King Monghuts Institute of

Technology  Ladkrabang, Chalongkrung  Road,  Bangkok 10520,
Thailand)

E-mail: ktapinun@kmitl.ac.th

References - %

I Kwon, LK.. Kim, K.D.. Song, W.C., and Cho, G.H.: *Wideband high
dynamic range CMOS variable gain amplifier for low voltage and low
power wireless applications’, Elecrron. Ler., 2003, 39, (10), pp. 759-760

2 Yamaji, T., Kanou. N.. and ltakura, T.: "A temperature-stable CMOS
variable-gain amplifier with 80-dB lincarly controlled gain range™, [ELE
A Solid-Stie Cireuirs. 2002, 37, (5). pp. 353-558

3 Phang, K., and Johns. D.A A 1V 1 mW CMOS front-end with en-chip
dynamic gate biasing for a 75 Mb/s optical receiver”. IEEE Int. Solid-
State Circuits Conf.. San Francisco. CA. USA. 2001, pp. 218-220

Compact diversity antenna for wireless
devices

Y. Ge, K.P. Esselle and T.S. Bird

A compact diversity antenna. consisting of two E-chaped microstip
patch antennas, 15 presented. 1t has o wide bandwidth, covering all
frequency bands of 5--6 GHz WLAN systems operating under 1EEE
SO2.1 Haand HiperLAN2 standards. Corrugations have been introduced
toreduce the overall width of the diversity configuration 1o 54 mm- - the
width ofa standard PCMCIA card, The isolation between the two inputs
is greater than 20°dB and the signal conclation is less than 0.2 over all
WELAN bands,
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Introduction: Antenna diversity has been recognised as an effective
way to combat multipath fading in wireless communication systems.
To implement antenna diversity, at least two antennas with suitable
characteristics are required. The overall size of the antenna pair is a
crucial factor in the case of thin compact communication devices such
as wireless local area network (WLAN) cards in the PC format (also
known as PCMCIA or CardBus format). E-shaped microstrip patch
antennas have been developed in the past for wircless communication
systems operating in 2 GHz bands [1] and 5 GHz bands [2, 3]. It has
been shown that the bandwidth required for 5 GHz WLAN systems
can be achieved by an E-shaped patch antenna that is only 3.5 mm tall
[2]. However, this antenna is too large in its lateral dimensions
(~32 mm x 23.6 mm), and hence two of them cannot be accommo-
dated inside a standard PC card (which is only 54 mm wide), without
extending the width of the card [3].

In this Letter, a novel E-shaped patch diversity antenna is presented
to address the size limitation of previous diversity antennas. In the new
antenna, corrugations have been introduced to the two side-wings of
each E-shaped patch to reduce the overall width of each antenna
element without significantly affecting the performance of the antenna.
With this technique, the width of each antenna element has been
reduced by about 25%. Two such antenna elements have been inte-
grated into a single compact ground plane to create a diversity antenna
configuration. Owing to the reduced size of the antenna eclements, the
overall width of the new diversity antenna does not exceed the width
of a standard PC card (i.e. 54 mm). This antenna also offers wide
bandwidth (~20%), high isolation (>20 dB) and low correlation (<0.2)
between the two elements. In particular, it covers all 5-6 GHz wireless
communication bands (e.g. 5.15-5.35 GHz and 5.725-5.825 GHz
U-NII bands in the USA, 5.15-5.25 GHz High Speed Wireless
Access band in Japan, 5.15-5.35 GHz and 5.470-5.725 GHz Hiper-
LAN2 bands in Europe).
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‘,b
" i
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e 4
L 1
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[

probe

Fie. 1 Geowmenry of corrueaied E-shaped patch anrenna element
b 3 =

Antenna configwration: The geometry of a single E-shaped patch
antenna clement with corrugated wings is shown in Fig. 1. The main
difference between this antenna and its planar version in [1-3] is the
corrugation of the wings. The corrugations can be seen well in the
cross-sectional views in Fig. 1. To maintain the same antenna overall
height as before, the corrugations are bent towards the ground plane
rather than away from the ground plane. With corrugations and
adjustment ol parameters. it was possible to reduce the width of
each pateh by about 253% without aflfecting performance significantly.
The patch is fabricated by cutting an 12 shape out ol a metal sheetand
pressing it to form the corrugations. Each patch is fed by a coaxial
probe connected 1o the central wing.

The compact diversity antenna comprises two corrugated L-shaped
patches. which are orthogonal to cach other and mounted close to cach
other on a common ground planc. A photograph of o prototype
diversity antenna is shown o Fig. 2. The relative rotation between
the two antenna clements serves twa purposes: («) it provides polarisa-
tion diversitv: (h) it reduces mutual coupling between the two clements.
The antenna pair has been designed as an integrated unit using the
commercial software Ansoft FIFSS, to achieve desirable matching and
isolation over the 5-6 GHz WLAN. ficquency bands. The ground plane
has a width of 53 mm.owhich is close to the width (54 mm) ol a standard
PCMCIA card, and a length of 34 mm. The dimensions ol the two
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A 1-V 60-dB 100-MHz CMOS Variable Gain Ampliﬁ%r

P. Naktongkul ' and A. Thanachayanont *

\licroelectronics Research Laboratory, Research Center of Communications and Information Technology
Department of LZlectronic Engineering, Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang
) Chalongkrung Road, Ladkrabang, Bangkok, 10520, THAILAND
Tel: (02) 737-3000 ext 3309, Email: putli_n@@hotmail.com ', ktapinun@kmitl.ac.th >

WBSTRACT . ' )

Ihis paper describes the design and implementation of
| Jow-veliage high-frequency variable gain amplifier in a
i1 3-pm CMOS technology. The proposed circuit employs
wuree degeneration and current feedback techniques to
achicve high lincarity and wide bandwidth. Simulation
results show that the overall amplifier (including output
valtage bulfer) has a linear-in-dB controllable gain range of
wl-di3 with more than 100-MHz bandwidth, while draining
I.5-mA from a |-V power supply voltage.

keywords: variable gain amplifier, analog circuit

LINTRODUCTION

Variable gain amplifier (VGA) is an indispensable
building block in modern wireless communication system
I 121 [3] which is used to maximize the dynamic range
of the overall system. A VGA is typically employed in a
feedback loop 1o realize an automatic gain control (AGC),
W provide constant signal power to- baseband analog-to-
dighal converter (ADC) for unpredictable received signal
srengths. The voltage gain of the VGA is controlled by the
Wi loap. and a lincar-in-dB3-gain control characteristic is
wually desired w obtain constant settling time of the AGC
loap 1] In addition, VGA is generally required 1o maintain
igh linearity and low noise over the entire bandwidth and
s rmge. 1L is very challenging 10 design a VGA with
figh “”}'ﬂl'il.‘r' and wide bandwidth with acceptable power
Bssipation, especially in modemn deep submicron CMOS
'““’"{3) where the supply voltage can be as low as 1 V.

[his paper describes the design and implementation of
:_L'l“'[‘]‘i;‘“l.’l|“llgc' t‘zo.mpact _VGA 1ha} exploits Current-mode
|’-Illd\\'ild;h n]'|dd].m.c high linearity and ‘wide. operating
Section 3 -d“l‘e._res_l of the paper is orgamzed as follows.
Wl e L__L_’?u.lh_!:h the architecture of the overall VGA,
s g _“:ltguiﬂ‘ _unplcm?ntatmr_\ of the proposed VGA_ is

Seclion 3. Simulation results and conclusion

TP T g i 7
Fienin Section 4 and Section S, respectively.

Ly HI"
GAARCH] FTECTURE
[he overall
ANCUIN and
Pk v

amplifier comprises a two-stage cascaded
A g AN outpul voltage buffer, as shown in Fig. 1.
| Maee is optimized for both noise and lincarity
S EUN range of -5 1o +25 dB. The output voltage

A

butfer, which is used to drive load capacitor, is realized by
using simple current-mirror  active-load  operational
transconductance amplifier in a unity-gain feedback
configuration.

The architecture of each VGA cell is shown in Fig. 2.
The VGA cell is a cascade of a transconductance amplifier
and a transimpedance amplifier, which is realized by using
a current amplifier with shunt-feedback resistors (R). The
voltage gain of the VGA circuit is the product of the
transconductance gain (G,,) and the transimpedance gain
(Ry). The transimpedance gain is given by (1), where R,,
and A;, respectively, are the input resistance and the current
gain of the current amplifier. Note that when A; >> 1, we
have R, = ~Rp Therctore, a linear G,, and a high gain
current amplifier are required to realize a high-linearity
VGA. The key advantage of this VGA structure is that the
voltage gain can be controlled by varying the value of G,
while keeping the bandwidth constant with fixed R [5].

RfA:‘ _‘Rl'n
Rm = WY S0 (”
T+ 4,

-SdB~2548

VGA
ecll

-SdB-25d48

|

|

|

I

T |
i

VoA 1
cell |
I

|

|

|

|

|

L

Comtrnl
riln
|

| 2xtuge VGA Cell 1 Voltage Buffer

Fig.1: Block diagram of the overall ¥GA

3. CIRCUIT IMPLEMENTATION

Fig. 3 shows the circuit implementation of the
proposed VGA cell, which combines a source degeneration
differential input transconductance amplifier (M;, M, and
Rs) and a current-mode transimpedance amplifier (M,-M,
and Ry) [5]). Cascode current mirrors arc used to implement
the DC current sources. Transistors M, and M, perform two
roles simultancously, both as part of the transconductance
amplifier and as an input section of the current amplifier.
This saves power dissipation and chip area. As part of the

ECTI-CON 2005
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transconductance amplifier, M provides negative feedback
to force a constant current llowing through M, thus the
differential input voltage appears across R, and the
differential output current flows in M. As an input section
of the current amplifier, M, and M, provide low input
impedance for the differential current signal. The
differential transconductance gain is given by (2), where

R, = g,/ €8, is the resistance looking into the source
of M,. Thus, it is required that R >> 1] /R to obtain high

linearity.

1
G, =
" (]‘?.sl =+ R,c )

The transimpedance gain is given by (3), where « is
the current gain, gr= 1/Rp, Ca ™ CuotCuey = Cyeal( 14a) and gy
= og,, and assuming that g, >> g, When o >>.1, the low-
frequency transimpedance gain is equal to ~Rpand the poles
are at p;= -2 /Cyar and Wy = -gina/Cysne which are at the fy
of the transistors. This allows the VGA circuit to-have wide
operating bandwidth. Therefore the dominant pele of the
transimpedance amplifier will be determined by the load
capacitance. Varying Ry affects the output pole and thus the
bandwidth of the VGA. Therefore to design the VGA, Re
and C_ should be chosen first according to the bandwidth
requirement and R, is used to adjust the voltage gain while
keeping the bandwidth constant.

The controllable linear resistance R, is realized by the
resistance between node 1 and node 2 of the circuit shown
in Fig. 4(a) [0]. The value of R, is controlled by varying the
control current source (leuuie). To obtain coarse voltage
gain tuning, the feedback resistance Ry is realized by using
a swilched resistor network as shown in Fig. 4(b).

(2)

g, -ag,,

B Rrgu-:(]"'a)l|+_‘.[[_0_{_\._(‘.‘£.'.+ ;.

I | b3 !
! I AN
| I P R | T
i I ; i
T S } [ o oy W
W = e
G K ! -4 > |
' | i | 1 4 ) I
i L] 1 = -
L 1 I e I
" ]
: | el 0
I "
| [ ® |
| | 4 |
! et |

Transcorducrunce | Pransimpedance

Fig. 2: Architecture of each VGA stage
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Vuw

Fiy

(a) (b)
Fig. 4: Circuit implementation of Ry and Ry

4. SIMULATION RESULTS

The overall VGA was designed and simulated using
Cadence Spectre™  with process parameters from a 0.13-
pm standard CMOS technolagy. The circuit was designed
to operate with a single 1-V power supply voltage. Both
VGA stages are identical and  their nominal circuil
paramelers are summarized in Table 1. The load capacitor
was sct to 2 pF. Under the nominal condition, each VGA
stage and the output voltage buffer have the same power
dissipation of 0.5 mW, thus the total power dissipation is
1.5 mW. To allow direct coupling of two or more VGA
cells for higher voltage gain. both input and output
common-mode voltages were designed to be at one half of
the supply voltage.

Fig. 5 shows three families of curves of simulated AC
frequency response. Each family of curve, which was
obtained by setting Ry to 6 K2, 16.5 KQ and 51.5 K,
demonstrates the coarse gain tuning. Within each family ol
curve. the value of R, was changed from 2.6 KQ to 17.2
K to obtair fine gain tuning. The overall voltage gain can
be varied in linear-dB3 manner from ~10 to 50dB. The =3dB
bandwidth is moere than 160 Mz at the maximum vollage
gain, 1L can be seen thal voltage gain control with constunt
bandwidih can be achieved by varying R.. while changing
Ry allects the bandwidth ol the VGA because Ry (lulurlnipuh
the dominant eutput pole frequency of the circuit. Therelor
to design the VGA, Ry should be chosen lirst according ¢
the bandwidth requirement and R, is then tuned 1o adjust
the voltage gain.
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Lios. 0 und 7 show the sin}u'[alcd total harmonic
o ogon (1HDY as a function of input amplitude, and
""'“‘”‘ wov, respectively. In Fig. 6. a 1-MHz sinuseidal input
"l.;,ltll,t. l. \i'.,-‘.lpplicd and the THD is below -40 dB for a peak
\|l'.|\"'=?mk"'“i”i input voltage of less than 10 mV for most gain
e oo Lhe [TID figures in Fig. 7 were obtained at a
\l.ii\lilml oupul P‘-‘ﬂk‘m‘l'-’c“[f vollage of 2()0' mY- At the
usimum gain setting, the input-referred noise mfega—dted
;m., joo-MIE bundwidth was 200 _uV,,,,s. Table 2
mmarizes the =imulated performancc_of the VGA It can
he ~een Hhat the proposed VGA can achleve.lhc similar gain
e o uther reported VG_A:;. while operating under lower
apply volage and consuming much less power.

5 CONCLUSION

A novel low voltage VGA has been described. The
proposed — VGA - combines  a - source deger}crati{?n
ransconductance  amplifier with _a current amplifier in
wansimpedance configuration to achieve high linearity and
wille bandwidth. Using the current-mode technique, the
voltage gain of the VGA can be tuned while the bandwidth
remains constant. “The key advantages of the proposed VGA
are low supply voltage, wide and constant bandwidth.
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Tuble 11 Circuit paramerers Jor a single VGA stage
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Table 2: Performance summary of the proposed VGA

VGA circuit [1] [2] 13] This
work

Technology | 0.18um | 0.25um 0.35pm | 0.13um

Bandwidth 350 210 246 100

(MHz)

Gain range -42~42 | -35~55 | -15~45 | -10~50

(dB)

Supply 1.8V 25V 3V v

voltage

Total 3 mA ITmA 9mA 1.5mA

current

Power 54mW | 27.5mW | 27mW | L3mW

consumption
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