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ABSTRACT -A low-power 5-GHz-band transceiver front- 
end chip is described that uses highly reliable, high- 
performance InGaP/GaAs HBTs and complies with 
IEEESOZ.lla standards. Integrated into the chip (2.4x2.4 
mm’) are a 20/O-dB dual-gain low-noise amplifier and a wide 
IF-range down-conversion mixer in the receiver path, a 20. 
dB variable-gain driver amplifier and a low and stable local 
oscillator (LO) leakage up-conversion mixer in the 
transmitter path, and a high-isolation LO buffer. Very low 
power consumption (120 mW) is attained with a single 3-V 
supply voltage in receiver mode together with high 
transceiver performance. The key features and new circuit 
approaches in each function block are described in details. 
Measurement showed that a S-GHz OFDM-modulated TX 
signal meets IEEE802.11a standards. 

I. I~-~TR~DUCTI~N 

Wireless local area networks (WLANs), which are 
becoming common in homes and offices as well as in hot 
spot areas, commonly use 2.4~GHz KM-band wireless 
LAN systems like IEEE802 II b. Newer 5-GHz WLANs 
systems based on orthogonal frequency division 
multiplexing (OFDM) modulation, such as defined in 
IEEE 802.11~7 and used in HiperLAN2, are more 
attractive due to their high data rates, e.g., 54 Mbps, and 
robustness in multipath fading environments. Recent 
activities that relax regulations restricting outdoor usage 
of these systems should expand their market size. 
A key issue in their acceptance is the development of 

transceivers (TRx) with lower power consumption and 
lower cost. Rl-TRx ICs for 5-GHz-band wireless systems 
using BiCMOS, CMOS, and SiGe technology have been 
reported [l-S]. However, to the best of our knowledge, 
there have been no reports on a one-chip TRx front-end 
IC that complies with IEEE 802.1 la standards. The main 
obstacle to development is the strict linearity requirements 
for OFDM signals. 
We have developed a 5-GHz-band transceiver front-end 

chip that complies with IEEE 802.11a standards. New 

circuit design approaches are used to achieve various 
functions, robustness over interference, and low power 
consumption. 

II. Circuit Design 

Figure 1 shows a block diagram of the 5.GHz-band 
transceiver front-end chip. It is composed of a low-noise 
amphtier (LNA) and a down-conversion mixer in the 
receiver path, a driver amplifier and an up-conversion 
mixer in the transmitter path, and a local oscillator (LO) 
buffer. The chip operates at a single voltage of 3 V and 
has a shut-down mode; that is, the transmitter path is shut 
down when the receiver path is in use, and vice versa. 

A. LNA 

A wide dynamic range LNA has two-stage amplifier 
configuration with dual gain mode. The first stage is a 
cascode amplifier, and the second is composed of two 
path circuits.. One is a high-gain path using an HBT 
amplifier, and the other is an attenuation path using a 
resistor. The mode is switched by externally controlling 
the base-bias voltages of two common-base-HBT 
amplifiers placed in parallel in the first stage. A low noise 
figure (NF) is required in the high-gain mode to maximize 
signal sensitivity; it is achieved by using the high-gain 
cascade amplifier. A high handling power capability is 
required in both modes; it is represented by the input 
referred 1-dB compression point (PldB). This capability 
is achieved by suppressing PldB degradation in the 
second stage, which is done by operating the low- 
resistance bias-feed resistor of the HBT amplifier in high- 
gain mode and by operating the attenuation resistor in 
attenuation mode [6]. Simulation showed that operation of 
the chip in high- (low-) gain mode produced an NF of 2.6 
dB (3.8 dB), a gain of 21.3 dB (1.8 dB), and a PldB of 
-10.8 dBm (-5.3 dBm). 
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B. Driver Amplifier 

The hvo main functions of the driver amplifier are to 
amplify the up-conversion signals and to drive the power 
amplifier. It also has a variable gain feature that 
suppresses gain fluctuations due to variations in operating 
temperature and frequency in the transmitter path. It 
consists of a two-stage amplifier, a diode-loaded emitter 
follower attenuation circuit, and a simple on-chip LC filter 
for direct connection with the up-conversion mixer. By 
controlling both the base-bias of the second-stage HBT 
and that of the attenuation circuit, a gain control range of 
more than 20 dB is achieved, as shown in Table I. The 
basic variable gain scheme was reported in our previous 
work [PI. 

C. Down- and up-conversion mixer 

Both the down- and up-conversion mixers are designed 
to operate in a wide IF frequency range (about 1 GHz) to 
enable the use of a wide variety of IF frequencies. The 
mixers are composed of a Gilbert cell with resistive 
loading and a push-pull output amplifier, as shown in Fig. 
2. The push-pull amplifier transfornx the differential 
output into a single output in the wide IF frequency range. 
Its configuration enables it to obtain high gain with much 
lower current consumption. 

In the down-conversion mixer, an emitter degeneration 
spiral inductor is used in the Gilbert cell to &prove 
linearity without degrading the NF. 

In the up-conversion mixer, an impedance-matching 
resistor (RR), see Fig. 2, is newly introduced to reduce 
and stabilize the LO leakage. Simulation showed that LO 
leakage is very sensitive to fluctuations in the inductance 
of bonding wire (LL) connected to a large external chip 
capacitor (CC) because it degrades the differential 
operation of the IF input HBT pairs (Fig. 3). It also 
showed that a matching resistance of about 50 a results in 
both small LO leakage and weak dependence of it on the 
inductance fluctuation. The simulated results are 
summarized in Table 1. 

D. LO buffer 

An LO buffer is needed to increase the isolation 
between the LO inputs of the hvo mixers and an external 
VCO output and to stabilize the LO frequency when 
switching between mixers. The LO buffer is composed of 
two cascaded differential amplifiers and an output emitter 
follower. 

III. CH~ PERFORMANCE 

The TRx front-end chip was fabricated using a highly 
reliable InGaPlGaAs HBT process [7]. A 
microphotograph of the chip is shown in Fig. 4. The chip 
is 2.4x2.4 mm2 and was assembled in a 44pin-QFN 
package. The evaluation conditions were 5.25-GHz RF 
frequency, 500-MHz IF frequency, 3-V supply voltage, 
and -h-dBm LO power. The simulation and measurement 
results for each function block are summarized in Table I. 
There was good agreement. 

Figure 5 shows the gain and NF of the LNA. In high- 
gain mode, a high gain of over 20 dB and a low NF of 
about 2.7 dB were achieved at around 5 GHz. In low-gain 
mode, 21.dB step gain attenuation was achieved, leading 
to avoiding linearity degradation at high input-signal 
power levels. 

Figure 6 shows the dependence of the output power 
attenuation of the variable-gain driver amplifier on the 
control voltage. The IF input power was -20 dBm through 
the up-conversion mixer. A large gain variation of 25 dB 
was achieved by increasing the control voltage from 1 to 2 
V. The total gain of both the driver amplifier and the up- 
conversion mixer was 15 dB in full-gain mode. 

Figure 7 shows the down-conversion-mixer gain 
dependence on the IF frequency. The gain degradation 
was very small, less than 1.5 dB, demonstrating that this 
chip can be used for a wide variety of IF frequencies. This 
mixer had a gain of 7.5 dB, an NF of 12.5 dB, and a PldB 
of 0 dBm. 

As shown in Fig. 3, the measured LO leakage of the 
up-conversion mixer was -22 dBm, which is sufficiently 
small compared with the 8.dBm output power of the up- 
conversion mixer. As explained in Sec. II, an impedance- 
matching on-chip resistance of 50 R reduces LO leakage 
and its fluctuation, and this results in high yields. 

The transmission spectra of an OFDM-modulated 5- 
GHz RF signal shown in Fig. 8 shows that the adjacent 
channel penetration power ratio (ACPR) meets the 
specifications of the IEEE 802.1 la standard. 

IV. CONCLUSION 

We have developed a low-power 5.GHz-band 
transceiver front-end chip using InGaPiGaAs HBTs that 
complies with IEEE802.1 Ia standards. The small chip 
(2.4x2.4 nd) is composed of a LNA, up- and down- 
conversion mixers, a driver amplifier, and a LO buffer. 
Several new circuit design approaches were used to 
achieve lower power consumption (120 mW) in receive 
mode and to meet the high linearity requirement of the 
OFDM modulation scheme. This chip is thus suitable for 
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use in IEEE 802.1 la wireless local area network systems. 
Future work to further reduce power consumption and 
cost as well as to incorporate the multi-band/multi-mode 
functions will further expand the WLAN markets. 
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1 Block diagram oftransceiver front-end chip 

Fig. 2 Simplified circuit schematic of up-conversion mixer 
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Fig. 3 External bonding-wire inductance (LL) and internal 
matching resistance (RR) dependences of LO leakage in 
up-conversion mixer. Lines represent simulated results. 
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Fig. 4 Microphotograph of developed transcewer front-end 
chip (2.4x2.4 mm’). 

Table I. Simulation and mea~uremenf results for each circuit 
block @ RF=5.25 GHz, IF=500 MHz, LO=-6 dBm, 
and Vcc=? V. 

Circuit i+f”ES Simulation Meas”reme”t 
LNA Gain fdB) 21.3 22 

Down Mixer 

DRV+Uo 

Gin b-i (dB) 
NF (dB) 
1 (m4 
Gain (dB) 
T-S @B) 
PldB IdBm) 
I 04 
Cam CdB) 

Mixer 
, 

Gun ATT (dB) 
PldB (de”,) 
LO leak (dBm) 
I,d, 

19.5 
2.6 
14.1 
8 
13 
3 
18 
17 

22 
5 

-13 
68 

21 
2.7 
14 
7.5 
12.5 
0 
17 
15 

25 
0 

-15 
69 

LO Buffer I(4 IO IO 
Rx Total 1 NW 41 41 
TX TOtal 1 (m‘.v 78 79 

3 4 5 6 7 
Freq (GHZ, 

Fig. 5 Gain and NF of dual-gain LNA for high-gain and low- 
gain modes. 
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Fig. 6 Dependence of output power (Pout) attenuation of 
driver amplifier on control voltage. IF input power 
was -20 dBm through the up-conversmn mixer. 

Fig. I Down-conversion-mixer gain dependence on IF 
frequency. 

Fig. 8 Transmission spectra of OFDM-modulated S-GHz RF 
signal. 
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