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CMOS Mixers for 2. 4GHz WLAN Transceivers
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Abstract: A down-conversion mixer and an up-conversion mixer for 2. 4GHz WLAN transceivers are presented.
The down-conversion mixer uses a class-AB input stage to get high linearity and to realize input impedance match—

ing and single-ended to differential conversion. The mixers are implemented in 0. 18um CMOS process. The mea—

sured results are given to show their performance.
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1 Introduction

Mixers are widely used in modern communica-
tion systems in order to realize frequency transla—
tion of the carrier signals. Their performance has
an important effect on the dynamic range of the
whole communication systems. Usually, the mixers
must have high linearity, low noise figure, and good
port isolation. Moreover, their input/output
impedance must be matched to 50Q for monolithic
mixers.

In this paper, we present a down-conversion
mixer for 2. 4GHz WLAN receivers and an up-con-

version mixer for 2.4GHz WLAN
They have been implemented in 0.18um CMOS

transmitter.

process. The measured results are given to show

the mixer performance.

2 Down-conversion mixer

The schematic of the down-—conversion mixer

is shown in Fig. 1. It could be divided into three
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parts: input stage, switching pairs, and output
buffer. The input stage consists of M1~ M3. It
converts the single-ended input voltage into differ—
ential currents. The input stage works in class-AB
mode to have a high linearity'"”™”. The gu of M 1 is

fulfill the

impedance matching. To maintain the symmetry,

set to 30mS to wide-band input
the gn of M3 is also set to 20mS. The switching
pairs consist of M4~ M7 driven by LO signals.
T heir sizes are optimized to get a low noise figure.
Two open-drained nMOSs are used as the output
buffer, whose role is to isolate the mixer core from
the off-chip load.

The mixer has been implemented in 0. 18um
CMOS process. Figure 2 shows the die micropho-
tograph. T he die shape is not the regular rectangle
for the reason that it is only one block in the whole
die.

T o reduce the effect of the package on the cir—
cuit performance, the bare die is directly bonded on
a printed circuit board (PCB) with all required ex-
ternal components mounted on it. The outputs of

the buffer are converted into a single-ended signal
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Fig. 1 Schematic of down-conversion mixer

Fig. 2 Layout of down-conversion mixer

by a differential to single-ended conversion circuit
and then connected to the test equipments through
a SMA connector. The differential to single-ended
conversion circuit uses the most popular topology
as shown in Fig. 3. L2 is the AC choke inductor
used to bias the transistors in the output buffer. C3
is the AC-coupled capacitor. C1, C2, and L1 should

satisfy the following formula:

Fr= - I;l and Ci= C:2
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Fig. 3 Differential to single-ended conversion

circuit

The measured conversion gain is — 4. 5dB as

shown in Fig. 4. The input RF power level is

— 20dBm with a frequency of 2.40GHz; the LO
power level is 6dBm with a frequency of 2. 16GHz.
It must be mentioned that the — 4. 5dB conversion
gain includes all the off—chip loss: SM A connector,
PCB, and coaxial-cable. Such loss is difficult to
measure due to frequency-translation operation.

We only estimate the loss is 2~ 3dB.
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Fig. 4

version mixer

IF output spectrum of the down-con—

Linearity is another parameter. Due to limited
conditions, we only measure 1dB compression point
(Pum). Figure 5 shows the measured results. It
could be deduced from the figure that the input

P is about 1dBm.
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Fig. 5 Magnitude response of the down-con—

version mixer

Noise figure and input port return loss are also
measured, and the results are summed in Table 1.

It must be mentioned that the results include all
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the off-chip loss which is about 2~ 3dB. It must be
deducted for the true performance of the down-

conversion mixer.

Table 1 Performance summary of the down-conver—
sion mixer

P
1dBm

Sn
- 10dB

Noise rigur!} |
18dB |

Conversion gain I

-4.5d8 |

The power consumption is 40mA when the
power supply is 1. 8V. Only 10mA current is con-
sumed by the mixer core, and the other is con-
sumed by the output buffer to drive 50Q load. If
the mixer is integrated together with other RF
blocks, the output buffer will not needed and its

current consumption could be saved.

3 Up-conversion mixer

The schematic of the up-conversion mixer is
shown in Fig. 6. It is a standard Gilbert cell multi-
plier. The input impedance matching is realized by
the off-chip 50Q resistors. The output RF signals
are converted into single-ended signal by a RF
balun and connected to the measured equipments
through a SMA connector. At the input port, a

simply single-ended to differential conversion is re-
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alized by a simple LC network.

3

YDD Off—chip

L

500
Offchip ~

4 lvB

Fig. 6 Schematic of the up-conversion mixer

The up-conversion mixer has also been imple—

mented in 0. 18um CMOS process. Its micropho-

tograph is shown in Fig. 7. And the measured re-
sults are summed in Table 2. T he results also in-
clude all the off-chip loss which is about 2~ 3dB.
Moreover. The RF balun will induce excess 1dB
loss, and the input off-chip 50Q resistors will di-
rectly add the noise figure by 1dB. All these must
be deducted for the true performance of the up-
conversion mixer.

The power consumption is 14. 6mA when the

power supply is 1.8V,

Fig. 7 Microphotograph of the up-conversion mixer

Table 2 Performance summary of the up-conversion mixer
Puie | Noise figure | LORF isolation | IF-RF isolation

= 19dBm | 13dB = 25.33IB - 1848

Conversion gain

- 0.50d8

4 Conclusion

The paper presents a down-conversion mixer
and an up-conversion mixer for 2.4GHz WLAN
transceivers. Although the circuits have to be im-
proved to satisfy the performance requirements of
IEEE 802. 11b transceivers, they could be taked as
realize the whole integrated

a start-point to

transceivers.
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