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Abstract—A fully integrated front-end IC is demonstrated for
802.11b/g transceivers with integrated power amplifiers. The
SP3T-LNA architecture integrates Bluetooth® functionality with
transmit and receive for wireless LAN. The transmit switch
achieves a P14 greater than 33.0 dBm at 2.5 GHz by employing
a cross-biasing approach, transistor stacking and deep n-well
process. Power handling techniques used for the switches and the
associated performance tradeoffs are discussed. The measured
noise figure of the LNA and the receive chain comprising both an
LNA and a switch is 1.5 dB and 3.0 dB, respectively. The LNA
achieves an IIP3 of 7.0 dBm while consuming 7.0 mA of current.
The measured switching times are less than 350 ns. The front-end
IC employs a 3.3 V supply and occupies 0.64 mm? in 0.18 zm bulk
CMOS technology.

Index Terms—CMOS, FEIC, switched LNA, T/R switch, wire-
less LAN.

I. INTRODUCTION

IRELESS LOCAL AREA NETWORK (WLAN)
W systems switch between transmit and receive function-
ality using a single-pole double-throw (SPDT) RF switch at
the front-end. However, most of the modern WLAN module
architectures have settled on the use of a SP3T switch in order
to also incorporate Bluetooth® (BT) functionality [1], [2].
This allows the common blocks such as crystal oscillator,
bandgap reference, and power management units to be shared
between WLAN and Bluetooth®, thus saving die size, I/O
count, and cost. To keep the overall solution cost down, the
transceiver should be highly integrated with the baseband PHY
and MAC as a System-on-Chip (SoC) solution, preferably in a
low-complexity pure CMOS process [3]-[6]. Due to extensive
CMOS scaling (sub-100 nm) and integration of the WLAN
transceiver with baseband, it has become extremely difficult to
integrate the RF front-end on the same chip to obtain the desired
performance. Thus, a standalone front-end module is typically
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used, which includes performance critical blocks such as the
RF switch, the low-noise amplifier on the receive side, and the
power amplifier on the transmit side [7], [8]. Lately, standalone
WLAN power amplifiers, and a power amplifier integrated with
the WLAN transceiver have been demonstrated in highly scaled
65 nm CMOS technology [9], [10]. This approach necessitates
RF front-end modules with only switch and LNA functionality
for use with WLAN chipsets with integrated PAs.

Therefore, integrated SP3T and LNA as flip-chip die using
GaAs pHEMT processes have been reported [11], [12]. WLAN
switches have been historically dominated by GaAs platforms
because of their superior high power handling capability
and semi-insulating substrate. Owing to low mobility, high
substrate conductivity, low breakdown voltage, and various
parasitic parameters of CMOS processes, it is very challenging
to design CMOS switches and LNA to simultaneously achieve
low-insertion loss, high isolation, wide bandwidth, high power
handling and low-noise comparable to their GaAs counterparts
[13]. However, in the present work, the first implementation
of a single-chip fully integrated SP3T and LNA front-end on
0.18 um CMOS is reported for 802.11b/g WLAN applica-
tions at 2.5 GHz. The integrated solution includes on-chip dc
blocking, bypass-mode, matching network and ESD protection
and drives the die-size (0.64 mm?) towards a low-cost, fully
integrated solution.

One of the key constraints for a WLAN (or any portable)
system is power dissipation. The most efficient technological
approach for reducing power consumption is power-supply
voltage. However, front-end power supply voltage (Vpp) is
usually constrained by transceiver architecture and system re-
quirements. In a typical radio receiver front-end, the low-noise
amplifier (LNA) is one of the key components since it domi-
nates the radio sensitivity. The LNA design involves tradeoffs
between noise figure (NF), gain, power dissipation, input
matching and harmonic content. With the added power dissi-
pation constraint inherent in portable applications, the primary
goal for LNA design is to achieve simultaneous noise and
input matching at any given amount of power dissipation.
The amplifier’s compression point requirement also imposes
a limitation on the LNA device size, thus making the simul-
taneous noise and input match harder to achieve. When the
mobile device is close to a base station, the input signal can
be high enough to overdrive the amplifier and thereby cause
distortion [14]. A bypass mode is incorporated into the receive
functionality which allows the amplifier to be switched into a
low gain mode when the device is close to a base station [15].
While the switching and LNA functions are mostly achieved
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Fig. 1. (a)3-D EM view of the inductor. (b) Back-end-of-line metal layers used
in the three metal layer process.

using two separate devices, this work presents a fully integrated
single-chip RF front-end solution for WLAN chipsets with
integrated power amplifier. The power-handling techniques,
as described in Section IV, allow one to achieve record power
handling performance while maintaining competitive insertion
loss with state-of-the-art CMOS T/R switches at 2.4 GHz
without Bluetooth® functionality.

II. 180-NM CMOS TECHNOLOGY

The front-end integrated circuit (FEIC) has been fabricated in
IBM’s 180-nm bulk CMOS process. IBM’s 7RF starting wafer
is lightly doped p-type Si with a resistivity of 11-16 ©2-cm [16].
A low resistivity substrate can be detrimental for RF applica-
tions since it provides an extra capacitive component to the sub-
strate. To verify the nature of the substrate in an RF context, an
inductor’s S-parameters were measured and substrate resistivity
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Fig. 2. Architecture of a switch-LNA WLAN front-end with integrated Blue-
tooth® functionality.

was used as a back-fit parameter in EM simulations, as shown in
Fig. 1(a). The substrate resistivity was verified to be 13 £2-cm.

The technology utilizes a twin-well CMOS process with
shallow-trench isolation to provide isolation between FETs and
other devices. Both thin and thick gate-oxide FETs are available
in the technology, with an operating voltage of 1.8 Vand 3.3 V,
respectively. Triple-well isolation is provided for both types
of FETs for improved substrate isolation. MIM caps, spiral
inductors and transmission lines for RF interconnects are also
provided as back-end passives. Finally, this technology uses
copper wiring at the first metal level and aluminum wiring at
the subsequent metal levels, as shown in Fig. 1(b). A three-layer
metal stack is used for the present design.

III. RF FRONT-END IC ARCHITECTURE

The FEIC is a single-chip solution with a Bluetooth® port to
complement WLAN chipsets with integrated power amplifier.
The FEIC integrates a SP3T switch and a low-noise amplifier
with bypass mode. It is capable of switching between WLAN re-
ceive, WLAN transmit and Bluetooth®, as illustrated in Fig. 2.

When the transmit mode is ON, the signal from the PA is fed
into the TX pin and the transmit throw of the switch is turned on.
This allows the signal to be switched and propagated through to
the antenna (ANT). In view of this architecture, one of the most
critical specifications for the transmit and Bluetooth® switch is
insertion loss. The maximum transmitted power of the system is
reduced by the insertion loss of the transmit switch. Similarly,
on the receive side, the insertion loss of the switch adds directly
to the noise figure of the receiver. The number of shunt devices
(for the on-throw) and series devices (for two off-throws) are
critical to meet the isolation specification. Moreover, the Fed-
eral Communications Commission (FCC) imposes strict regu-
lations for out-of-band RF emission, thus limiting the maximum
modulated harmonics from the switch.

The FEIC is controlled by a logic decoder with four inputs
and five modes, as shown in Table I. When the RX mode is en-
abled, Vc2 is set to high and the LNA is cascaded with the switch
to improve the sensitivity of the receiver. The LNA shares a
3.3 V supply voltage with the switches and is turned on when
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TABLE I
CONTROLLER LOGIC FOR FEIC OPERATION
Modet# Description Vel V2 Ve3 Von
0 All Off 0 0 0 0
1 TX 0 0 1 0
2 BT 1 0 0 0
3 RX — high gain 0 1 0 1
4 RX — bypass 0 1 0 0
Gate 1
$20k0 $20kQ 200
Body
20k 2040 3 20k
NW
20kQ - 20kQ
s N ; : ;
: 2 ] : ;
: P : :
P opwell i p-well : 3 pwell
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Fig. 3. A stack of three series transistors with isolated gate, p-well and n-well using 20 k2 polysilicon resistors.

both Vc2 and Von are high. To avoid overdriving the LNA and
causing distortion from a strong RF input signal, a bypass mode
is provided in the LNA. The bypass mode is turned on when
Vc2 is high and Von is low. The LNA is matched on-chip and
all necessary paths are dc blocked with MIM caps. The sizes
of series dc blocking MIM caps are chosen to provide optimum
match at the frequency of interest.

IV. DESIGN METHODOLOGY

Key figures-of-merit of a RF switch include insertion loss,
isolation, and power-handling capability, as measured by the
power 1-dB compression point (P14p). CMOS switches usu-
ally have a lower power-handling capability compared to III-V
pHEMT switches due to their lower breakdown voltage and the
parasitic diodes between source/drain and the body. To improve
the power handling capability and linearity of the switches, the
following methods are used, as shown in Fig. 3:

i) the bulk and n-well terminals of triple-well nMOS are
kept floating (from a RF standpoint) to avoid forward bi-
asing of parasitic diodes under large input signal [17],

ii) the series and shunt transistors are stacked to sustain
higher voltage swings and therefore improve the power
handling of the switch [18]-[20], and
a cross-biasing arrangement is used in a series-shunt
switch topology to dc bias the source and drain terminals
for maximum swing across each transistor. The source
and drain are kept at the same dc potential by means of a
polysilicon resistor tied between the two terminals.

Isolated triple-well nMOS devices use deep n-well to isolate
the p-well and divide the voltage swing in a stack of devices.
The deep n-well separates the bulk of the nMOS transistors from

iif)

the p-substrate. The p-well and deep n-well are left floating, thus
reducing the parasitic loss by increasing the effective impedance
in the body of the device, as shown in Fig. 3. The p-well is
biased at 0 V, and the deep n-well is biased at 3.3 V through
20 k€2 polysilicon resistors to reverse bias the p-n junctions,
reducing the parasitic capacitance associated with the diodes.
The channel length of nMOS devices used is 0.32 pm.

At high frequency, the power handling of switch FETs is lim-
ited by voltage swing in the ‘off” state (capacitive state) and cur-
rent saturation in the ‘on’ state (resistive state). The series and
shunt stacks are composed of two to three FETs each, so that the
voltage across the stack is evenly divided among these FETs.
Even though a three FET switch stack multiplies the voltage
handling capability ideally by 3x, it also increases the insertion
loss by adding the on-resistance of the three transistors in series.
Thus, the increased power handling typically comes at the cost
of higher insertion loss.

In a cross-biased approach, the source and drain of shunt tran-
sistors are connected to the gate of the series transistors and
vice versa. This allows for more voltage headroom (higher lin-
earity) across the shunt arm by biasing the source and drain of
the transistor higher than the gate.

A. TX Switch Topology

A series-shunt topology was chosen for the TX switch, as
shown in Fig. 4. The transmit mode needs to handle more than
one-watt (30 dBm) of RF power while maintaining minimal
insertion loss. When the transmit switch is on, the shunt (off)
devices limit the maximum voltage swing before the parasitic
diodes in the shunt transistors turn on and the switch starts to op-
erate in compression. To minimize insertion loss of the transmit
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Fig. 4. Series-shunt stacked FET switch topology with cross-biasing for the
transmit switch.

path, an asymmetrical switch design is used [14], [19]. An asym-
metrical topology uses different switch stack designs for each
switch throw, whereas a symmetrical topology adopts the same
configuration in all throws with the most commonly used se-
ries-shunt configuration.

The correct balance between the on-resistance, parasitic ca-
pacitance and harmonics requirement must be established to
size the devices correctly. While a bigger device allows lower
on-resistance (and thus smaller insertion loss), it also has higher
capacitance in off-state, leading to a higher insertion loss for
other ‘on’ switch paths (Bluetooth® and receive) in the SP3T.
In this case, the width of the series transistors was chosen to be
1000 z¢m, while the width of the shunt transistors was chosen to
be 400 ;sm. This geometry optimizes the performance of the RF
switches at 2.5 GHz. Since cross biasing is used to bias the se-
ries-arm and shunt-leg, on-chip dc blocking MIM capacitors are
required, as shown in Fig. 4. In the final analysis, the dc power
dissipated by the switch FET is only due to the leakage current
in the device.

B. BT Switch Topology

The voltage swings 20 V peak-to-peak when a signal of
30 dBm is transmitted into 50 €2 on the transmit throw. Thus,
the BT switch in “off” state should be able to tolerate this
voltage swing without any of the series FETs turning “on”.
A stack of three series FETs is used in the Bluetooth® throw
to withstand the high transmit voltage swing, as shown in
Fig. 5. Additionally, it should not dissipate significant signal
power and should maintain good isolation between transmit
and Bluetooth® ports. The transmit throw also needs to have
a good isolation in the BT mode so as not to draw power from
the antenna (ANT), which would increase insertion loss.

C. RX Design

The switching part of the receive path uses a three-stack of
series FETs. The shunt transistors are eliminated by adding a
switch S1, which protects the LNA input from turning on due to
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Fig. 5. Series-shunt stack topology of the Bluetooth® switch with 3-series and
3-shunt stack of FETs.
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Fig. 6. Schematic of the receive path with high-gain mode (switch + LNA) and
bypass mode.

the large voltage swing at the transmit output. Thus, S1 is turned
on only during normal operation of the high-gain receive mode.
The logic state CRX is set to high when either high-gain or by-
pass mode are enabled. The CLNA or CBYP are set to high
when the high-gain or the bypass modes are enabled, respec-
tively. The bypass switch uses a stack of four series transistors
to maintain the required gain (—3 dB), as well as to provide suf-
ficient isolation between the input and the output of the LNA. To
minimize feedback and maintain stable operation of the LNA,
the bypass path is tapped after the first series transistor, as shown
in Fig. 6 below.

The LNA employs a cascode topology to realize high-gain
and provide good isolation between the receive port and an-
tenna. The 3.3 V thick-oxide cascode device (M2) enables direct
operation with a 3.3 V rail, while the thin-oxide input device
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(M1) helps to minimize noise figure with a minimum channel
length of 0.18 m. The cascode is biased using a p-FET based
current mirror and an on-chip constant-g,,, source. The gates of
both transistors are biased in such a way that the bias across
input device M1 is 1.2 V. All of the matching elements are
on-chip, and all the capacitors are implemented as MIM capac-
itors. The spiral inductor L, utilizes a patterned ground shield
structure, while the spiral inductor Lq4 is implemented without
a ground shield to reduce the number of bondpads and hence
the die area. The Q-factor of the output inductor L4 is less sig-
nificant because of the resistance R4, added to de-Q the output
match for stable operation of the amplifier. The source degen-
eration inductance is implemented as a double bond-wire with
an inductance of about 200 pH.

Once the drain current is fixed to 7 mA, the device width
is scaled in order to move the real part of noise matching
impedance close to 50 2. The gate widths of the FETs, M1 and
M2, are both 300 pm. It is noteworthy that the devices cannot
be sized too small due to the input P; 45 constraint. Hence,
there is a three-fold tradeoff between dc power consumption,
minimal noise figure and power handling requirements. The
next step is to match the input impedance to 50 2, which
is accomplished by the addition of bond wire degeneration
inductor. The value for this inductor, L is given by

50
T 27TfT

where fr is the cut-off frequency of the device at its operating
point. Once the source degeneration inductance has been se-
lected, the remaining portion of the input matching network, L,
serves to resonate out the C'zg capacitance and conjugate match
the reactive portion of the noise impedance. The following equa-
tion can be used to determine the value of L,:

M

Ly =1/(w?Cgs) — Ls. )

Typically, this type of matching network is very narrow band,
and therefore is suitable for 802.11 b/g WLAN applications with
less than 100 MHz bandwidth.

D. Controller Design

A simplified schematic of the logic controller is shown in
Fig. 7. Vcl and Vc3 are buffered using NAND gates to pro-
vide enable signals for Bluetooth® and transmit throws, respec-
tively. As shown in Table I, when Vc2 is high, either high-gain
or bypass mode are enabled on the receive throw. Thus, the
receive enable signal (CRx) is buffered from Vc2. Additional
NAND logic is designed to enable the LNA in the high-gain
mode, when both Vc2 and Von are high.

V. CIRCUIT IMPLEMENTATION

The IC was fabricated on 180-nm CMOS technology pro-
vided by IBM using a standard resistivity (p ~ 13 {2-cm) sub-
strate. The active devices used in the design are 1.8 V and 3.3V
nMOS transistors with triple-well isolation. The geometry of the
active devices was chosen to minimize the contribution from
substrate coupling, which cannot be ignored in a low-resistivity
bulk CMOS process. The values of the on-chip spiral inductors,
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Fig. 7. NAND gate based logic decoder for switching between FEIC states.

Fig. 8. Die micrograph of the FEIC.

L, and Lq, have been optimized to 7.1 nH and 3 nH, respec-
tively, as explained in Section IV.

A micrograph of the fabricated die is shown in Fig. 8. The
chip dimensions are 0.8 mm X 0.8 mm including on-chip dc
blocking and decoupling MIM capacitors. The LNA draws
7 mA current from a 3.3 V supply.

VI. RESULTS AND DISCUSSION

For all measurements, the die were mounted directly on a
FR-4 evaluation board and wire-bonded onto the respective
traces. The reference plane for measurements is at the edge of
the RF traces on the board.

A. Small-Signal

The measured S-parameters of transmit and Bluetooth®
switches are shown in Fig. 9(a) and (b), respectively. The
10 pF on-chip series MIM capacitor not only serves as a dc
blocking capacitor, but it also helps improve return loss (and,
in turn, insertion loss) of the switch. The measured insertion
loss between the transmit port and antenna is 1.3 dB at 2.4
GHz, while between the antenna port and Bluetooth® port
is 1.45 dB. The return loss is about 20 dB in both the cases.
Thus, the higher insertion loss for the Bluetooth® throw can
be attributed to the extra series transistor in the Bluetooth®
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Fig. 9. (a) S-parameters of the transmit switch, (b) Bluetooth® switch, and
(c) isolation between transmit and Bluetooth® throws.

path. It is noteworthy that the S-parameters are measured after
terminating the remaining ports with 502 load. The isolation
between Bluetooth® and transmit throws is shown in Fig. 9(c).
The measured in-band isolation between transmit and Blue-
tooth® port is better than 28 dB. This prevents the transmit
signal from leaking into the Bluetooth® path, and vice versa.
The measured S-parameters of the LNA are shown in Fig. 10.
In the high-gain mode, the LNA has a power gain of 13 dB
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Fig. 11. Noise figure of the full receive path and the LNA. The LNA NF is
1.5 dB at 2.4 GHz.

at 2.4 GHz and a good output matching (Sq3~—20 dB). The
LNA draws 7.0 mA current from a 3.3 V supply. In the low-gain
mode, the measured LNA gain is —2.7 dB (Fig. 10(b)), which
meets the desired specification. The measured noise figure is
plotted versus frequency in Fig. 11. The in-band receive noise
figure is 3 dB, which includes the switch loss and the LNA
noise figure. The noise figure is also plotted after de-embedding
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Fig. 12. Measured 1-dB compression point and harmonics of the (a) transmit
switch, (b) Bluetooth® switch, and (c) receive path.

the noise added by the switch FETs. The inductively degener-
ated cascode LNA has a noise figure of about 1.5 dB between
2.4 GHz and 2.5 GHz.

B. Large-Signal and Harmonics

Fig. 12(a) and (b) shows the measured 1-dB compression
point of the transmit and Bluetooth® switches. From the mea-
sured data, 33 dBm of linear input power can be transmitted to
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Fig. 13. (a) Turn-on and (b) turn-off time measurements for the switch paths
at 2.5 GHz with an input power of +5 dBm.

the antenna through the transmit path. Thus, input power han-
dling greater than 2 W in a standard 0.18 ;sm CMOS switch has
been reported with 1.3 dB insertion loss. The less stringent re-
quirements of the Bluetooth® throw allow for 30 dBm (1 W)
linear power from the antenna to the Bluetooth® port. Second
harmonics dominate the harmonic response of both the transmit
and Bluetooth® switches. Fig. 12(c) shows the two-tone mea-
surement on the receive side with a tone-spacing of 1 MHz at a
center frequency of 2.5 GHz. At 2.5 GHz, the IIP3 is measured
to be 7 dBm. Therefore, the output IP3 of the LNA is 20 dBm.
The input 1-dB compression point of the LNA is measured to
be —6 dBm after de-embedding the board loss.

C. Switching Time

The switching times for both transmit and Bluetooth® throws
were measured at 2.5 GHz with an input power of 45 dBm, as
shown in Fig. 13. The enable pin for the corresponding switch
is triggered and the output of the switch is monitored on the
scope. The turn-on time includes the delay and rise-times, while
the turn-off time includes the delay and fall-times. The turn-on
and turn-off times of the switch are dominated by the R-C time
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TABLE 11
SUMMARY OF 2.4 GHz CMOS SWITCHES
Freq Switch | TxIL | Iso(dB) | Linearity NF Switching Supply CMOS Ref
(dB) (dBm) (dB) Time (ns) Voltage Tech
V) (um)
2.4 GHz SP3T 1.3 28 33 3 350 33 0.18 This
work
2.4 GHz SPDT 1.5 32 28.5 - - 1.8 0.18 [17]
2.4 GHz SPDT 1.5 24 11 4.5 - 33 0.18 [22]
2.4 GHz SPDT 1.1 20.6 20.6 - - 1.8 0.18 [23]
2.4 GHz SPDT 1.8 15 - 6 - 1.8 0.18 [24]
2.4 GHz SPDT 0.4 30 30 5.5 150 1.2 0.09 [21]
constant of the circuit, which is determined by the dc blocking [2] O. Charlon, M. Locher, H. A. Visser, D. Duperray, J. Chen, M. Judson,
capacitor, gate-isolation resistor and the cross-biasing resistor. 2- IL)~ La“de&m‘g“ CS H}rllm U\'/ Kl\j’[hLSCI;lue“‘?r’:'BZhan% (I:\I-_Fa}r:‘es:’
. . . . Daanen, M. Gao, S. Haas, V. Maheshwari, A. Bury, G. Nitsche, A.
The t.urn—on time is measured to be 350 ns while the turn-off Wrzyszcz, W. Redman-White, H. Bonakdar, R. El Waffaoui, and M.
time is about 70 ns. Bracey, “A low-power high-performance SiGe BiCMOS 802.11a/b/g
Table 11 compares the results of this work with state-of-the-art transceiver 'IC for cel'lulaf and Bluetooth co-existence applications,”
CMOS itches. It i hy th SP3T itch i d IEEE J. Solid-State Circuits, vol. 41, no. 7, pp. 1503-1512, Jul. 2006.
switches. [t1s noteworthy thata switch 1s expecte [3] M. Zargari, L. Y. Nathawad, H. Samavati, S. S. Mehta, A. Kheirkhahi,
to have higher insertion loss compared to SPDT, due to the P. Chen, K. Gong, B. Vakili-Amini, J. A. Hwang, S.-W. M. Chen, M.
off-state capacitance from the extra throw. The insertion loss Eem’;’{‘“% %hj. Ka‘I’quln)Sk" S. ém/;(l))tgrzlilkl}? x;lf'_l](\’”gkbﬁt(};“’ ]\Ig
. . . . ee, R. T. Chang, H. Dogan, S. ollahi-Alibeik, B. Baytekin, K.
of the SP3T switch presentéd in this vs./or.k is better or compa- Onodera, S. Mendis, A. Chang, Y. Rajavi, S. H.-M. Jen, D. K. Su,
rable to most of SPDT designs at a similar technology node. and B. A. Wooley, “A dual-band CMOS MIMO radio SoC for IEEE
The highest power handling and lowest NF is obtained due to 802.11n wireless LAN,” IEEE J. Solid-State Circuits, vol. 43, no. 12,
E S . Pp. 2882-2895, Dec. 2008.
the c.ross-blasmg approach., the body isolation, the transistor [4] A. Behzad, K. A. Carter, H.-M. Chien, S. Wu, M.-A. Pan, C. P. Lee,
stacking, and carefully optimized cascode topology for LNA, Q.Li, J. C. Leete, S. Au, M. S. Kappes, Z. Zhou, D. Ojo, L. Zhang, A.
respectively. The reported NF for [21], [24] includes mixer and Zolfaghari, J. Castanada, H. Darabi, B. Yeung, A. Rofougaran, M. Ro-
balun 1 in th . hai m fougaran, J. Trachewsky, T. Moorti, R. Gaikwad, A. Bagchi, J. S. Ham-
alun loss 1n the recerve chain as well. merschmidt, J. Pattin, J. J. Rael, and B. Marholev, “A fully integrated
MIMO multiband direct conversion CMOS transceiver for WLAN ap-
plications (802.11n),” IEEE J. Solid-State Circuits, vol. 42, no. 12, pp.
2795-2808, Dec. 2007.
VIL. CONCLUSION [5] T. Maeda, H. Yano, S. Hori, N. Matsuno, T. Yamase, T. Tokairin, R.
We hav resented a tematic approach for desienin Walkington, N. Yoshida, K. Numata, K. Yanagisawa, Y. Takahashi,
e. € prese .e Syste ¢ approach To es_g g M. Fujii, and H. Hida, “Low-power-consumption direct-conversion
fully integrated, switch-LNA based front-end ICs for wireless CMOS transceiver for multi-standard 5-GHz wireless LAN systems
applications in bulk CMOS technology. A detailed analysis of with channel bandwidths of 5-20 MHz,” IEEE J. Solid-State Circuits,
. . vol. 41, no. 2, pp. 375-383, Feb. 2006.
the switch and LNA .deglgn and topolqu trade.OffS hgs been [6] Z.Li, R. Quintal, and K. O. Kenneth, “A dual-band CMOS front-end
presented. A cross-biasing approach is combined with the with two gain modes for wireless LAN applications,” IEEE J. Solid-
benefits of body isolation technique and transistor stacking to State Circuits, vol. 39, no. 11, pp. 2069-2073, Nov. 2004. _
achieve transmit P14p greater than 33 dBm, while maintaining 7] f/f-\g&i lrlg,n%; V{;}Xgaﬂéanlggiusr:’ g : ]12\2 EJS.(S;’HJ'aigrxeg:r;'ir?ffzglsleje‘s’
1.3 dB insertion loss. The receive switch is cascaded with the mm highly integrated dual-band WLAN front-end module simplifies
LNA architecture which degrades the noise figure by 1.5 dB. 802.11 a/b/g and 802.11n radio designs,” in IEEE Radio Freq. Inte-
: o : : grated Circuits Symp. Dig., 2007, pp. 665-668.
The mt,egrated switch L,NA aChl,eveS a t9ta1, noise figure of [8] C.-W. Huang, C. Masse, C. Zelley, C. Christmas, T. Whittaker, J. Sori-
3 dB with moderate quality on-chip matching inductors and dc celli, W. Vaillancourt, and A. Parolin, “Ultra linear dual-band WLAN
blocking. The fully integrated 802.11b/g/n solution includes on front-end module for 802.11 a/b/g/n applications with wide voltage and
Chip de blocking capacitors, bypass—mode, matching network temperature range operation,” in /[EEE MTT-S Int. Microwave Symp.,
. 2007, pp. 247-250.
and hence, does not require any external components. The [9] C. P. Lee, A. Behzad, B. Marholev, V. Magoon, 1. Bhatti, D. Li, S.

switch exhibits better than 28 dB isolation between transmit
and Bluetooth® ports.
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