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Abstract

This paper presents the research work towards a
fully integrated 17 GHz transceiver in 0.13 yum standard
CMOS. The simultaneous challenge of high-integration,
highest frequency and low-voltage design is solved com-
bining optimized on-chip passives and RF circuit tech-
niques with a double-conversion sliding RF-architecture.
Three measured chips clearly demonstrate the feasibility
of a CMOS transceiver at highest frequency. A fully inte-
grated A — ¥ 13 GHz PLL consumes 60 mW from 1.5V
supply. . The complete RF RX-path features a gain of
37dB, ITP3 of -37dBm and a SSB NF of 9.3dB, consum-
ing 180.8mW from 1.5V supply. A first TX path testchip
includes the second modulator and linear output driver.
Consuming 93mW from 1.5V supply, it features a gain of
4dB and an OIP3 of 13dBm.

Introduction

As the frequency bands for wireless data communica-

tion below 10 GHz get more and more crowded, attention
trivially goes towards higher frequency band, especially to
the ISM bands at 17 GHz and 24 GHz. Due to the ever in-
creasing high frequency capabilties of sub-micron CMOS
and to possibility to exploit its huge digital processing
power, CMOS is also attractive for these high frequencies
offering a cheap, highly integrated SOC. The purpose of
this work is to develop a completely integrated CMOS
transceiver for WLAN operation at the 17.1-17.3 GHz in-
- dustrial, scientific and medical (ISM) band [1], offering
data rates up to 155 Mbit/s.
For the transceiver architecture, a double conversion slid-
ing RF receiver and transmitter structure was chosen as
presented in Fig. 1. This concept was proposed in [2] and
is very advantageous for the integration of this highest
frequency project:

e In comparison to a ZERO-IF architecture, the LO-
generation is shifted downwards from 17.2 GHz to
4/5 or 13.8GHz of the input frequency. Main advan-
tage is that the generation of I/Q signals at 17.2 GHz
is completely avoided, and shifted to a frequency of
3.6 GHz.
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Fig. 1. Transceiver architecture

e The LNA amplifier is loaded by one mixer instead
of an IQ-mixer pair, strongly reducing the capacitive
load to the LNA

e The first demodulator can be optimized for highest
speed, the second demodulator for flicker noise.

o The separation of input or output frequency and LO-
signals avoids the unwanted coupling to the LO, and
offers the possibility to integrate the power amplifier.

o The RF gain can be optimally divided over LNA, first
and second demodulator.

The next sections describe recent results of this
transceiver project, consisting of three testchips: com-
pletely integrated PLL, complete receiver path and the
high frequency combination of modulator and output
driver (or pre-PA).

Receiver

The complete receive chain is fully differential. The
LNA and mixer together determine the performance of



the front-end. For instance, although a large LNA gain is
desirable, too large gain may overload the mixer and com-
promise dynamic range. On the other hand, the gain must
be large enough to overcome the fundamentally higher
mixer noise. It is also preferable to connect the LNA in
some simple way to the mixer input, without a high power
consuming buffer circuit. A fully differential common-
source type LNA with on-chip inductive degeneration is
chosen. LNA-design is one of the main challenges in the
front-end design, since this circuit determines the total
noise figure of a receiver [3]. The LNA core in Fig. 2
consists of a cascoded, inductively degenerated common
source input stage that converts the available power into
a current. This topology allows reasonable input match-
ing with a low noise figure at a low power consumption.
The inductive degeneration is employed at the common

Fig. 2. Schematic of the LNA

source node of the LNA to achieve a real valued input
impedance. The LNA-output is loaded by an integrated
LC-tank to improve the gain. In order to get a high qual-
ity factor in the LC-tank it is necessary to minimize the
total capacitance and maximize the inductance. There-
fore the total capacitance seen by the inductor in the cir-
cuit is realized by the parasitic capacitance. Furthermore
this tank provides a bandpass filter at 17.3 GHz. The
integrated series inductors at the input of the LNA im-
prove the input matching and the high-frequency gain in
a more robust way compared to external or bond wire
matchings. Due to the high frequency all inductors can
nicely be integrated without significant area penalty (see
chip photograph Fig. 4). The integrated series inductors
at the input improves the matching in a robust way com-
pared to external matching or bond wire matching. In
order to improve the gain, the LNA-output is loaded by
an integrated LC-tank, resonating at 17.2 GHz.

The amplified signal at the LNA output is downconverted
to a intermediate frequency of 3.5 GHz for further am-
plification, filtering and detection. The downconversion
mixer is an integral part of the RF front-end. In Fig.
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Fig. 4. RX chip photograph

3 the mixer schematic diagram is presented. The classi-
cal Gilbert type mixer [4] was preferred as the best solu-
tion to combine acceptable gain, noise figure and linear-
ity. To overcome the problems caused by the low supply
voltage of 1.5 V for the 0.13 ym CMOS process, a fully
differential integrated transformer [5, 6] was inserted be-
tween the input transconductance stage and the switching
pairs. Power supply is connected to the center taps of the
transformer. This topology effectively doubles the voltage
headroom available for the circuit design and enables the
insertion of cascode transistors to improve the linearity
and to control the current in the mixer switching stage.




the transformer should work in resosance. This was re-
alized by inserting two NMOS-capacitances connected to
the primary winding. Due this capacitancies the trans-
former is tuned to the desired center frequency of 17.3
GHz. Further the mixer is loaded by an integrated LC-
tank at 3.5 GHz to enhance the gain and to provide second
order bandpass filtering. In order to achieve the maximal
inductance the inductor is realized as cross-coupled fully
differentail inductor which exploits the coupling factor to
increase the inductance per chip area. The total capac-
itance seen by the the inductor in the circuit is realized
with the inherent capacitance of the inductor (inner wind-
ing and to substrate) and the capacitance of the connected
transistors (drain, gate). Also the parasitics of the inter-
connections must be considered, especially between two
stages. This tank features a fully differential integrated
6.6 nH inductor.

An IF-amplifier with a gain of approximately 5dB loads
the first mixer, before the signal is fed to the second com-
plex demodulator consisting of two standard gilbert mixer
cells. The performance of the receiver is summarized in
Table 1.

TABLE 1
Receiver performance summary.

Supply voltage RX 15V
3 dB bandwidth 17.02 - 17.33GHz
Si1 <-12dB
Gain 37.5dB
Noise figure (SSB) 9.4dB
RX input 1dB-CP -47.9dBm
RX input IP3 -37.4dBm
Power consumption 188.4mW
Die area 1.2mm?
Technology standard 0.13 yum CMOS

PLL

The fully integrated PLL design includes VCO, IQ-
divider, prescaler, loop filter, phase frequency detector,
charge pump and A-X Modulator. The IQ-divider is de-
signed to drive the second demodulator stage directly,
which explains it high power consumption. As this work
aims at a single chip transceiver, special attention was
invested to design the PLL as insensitive as possible to
crosstalk and VCO-tuning, as well as loop filter, and
charge pump use fully differential signals. The perfor-
mance of the PLL is summarized in Table II, further de-
tails can be found in [7]. Reference frequency is 64 MHz.

Transceiver

The most critical part of the transmit path is the combi-
nation of the high frequency second modulator and out-
put driver. For optimal performance these blocks have

Fig. 5. PLL chip photograph

TABLE 11
PLL performance summary.
Supply voltage 1.5V
Locking range 12.6-13.1GHz
Phase noise (IQ-output) -100dBc/Hz
@ 1 MHz offset -100dBc/Hz
Total power consumption 60 mW
vVCO 8 mW
1Q-Divider 40 mW
Prescaler 1mW
Loop filter 5mW
Charge pump 3mW
Biasing etc. 3mW
Die area 1.8x1.2mm?
Technology standard 0.13 pm CMOS

to be co-designed. The required linearity for a target
OFDM WLAN application, together with the high fre-
quency of operation clearly dominate the design. The
schematic of these blocks is presented in Fig. 6. The
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Fig. 6. Modulator+Driver schematic



mixer is a standard gilbert mixer cell loaded with an on-
chip LC-tank. The output driver consists of two induc-
tively loaded stages to enhance the gain. The inductors
at the output-pads provide ESD-protection, as their low
series inductance of 320 pH acts as a short circuit to the
power supply for the low-frequency ESD-pulses (rise-time
ca. 100ns). More details on the linear power driver can
be found in [8]. On the chip photograph (Fig. 7) the high

Fig. 7. Modulator+Driver chip photograph

number of coils is clearly visible. Chip area, however, is
still very small due to the high frequency. Figure 8 shows
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Fig. 8. Modulator+Driver measured gain

the frequency characteristic of the combination. Further
measured results are summarized in Fig. III.

Conclusions

An overview of the research work towards a fully in-
tegrated 17 GHz transceiver in 0.13 um standard CMOS
was presented. Measured results for the complete PLL
and receiver, as well as on the critical modulator path
show a good performance at a power consumption com-
parable to chip-sets for WLAN at 2.4 or 5GHz bands.
These results were obtained through the combination of

TABLE III
Modulator+Driver performance summary.

supply voltage 1.5V
3 dB bandwidth 16.6 - 19.6 GHz
gain 4dB
output 1dB-CP 4.2dBm
output I P 13dBm
total power consumption 93 mW
modulator power consumption 18 mW
driver power consumption 75 mW
die area 0.5 mm?
technology standard 0.13 yum CMOS

a double-conversion architecture with optimized circuits
and optimal use of on-chip passive components.
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