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Abstract

This paper investigates the feasibility of the latest 

CMOS technology for the implementation of the emerging

60-GHz wireless applications. The double-conversion zero-

IF receiver architecture is proposed for the evaluation.

From the recently reported work of wireless front-end 

building blocks, most of the components required in the

proposed 60-GHz receiver have been demonstrated in

CMOS technology. It is very promising that the improved

characteristics of the scaled CMOS technology, down to

0.13 m or below, is viable for the 60-GHz wireless front-

end ICs.

1. Introduction 

Recently the RFIC designed for 60-GHz applications 

has attracted growing interest worldwide because of the 

availability of the unlicensed 7-GHz bandwidth and

numerous obvious opportunities [1]-[4]. Many applications

require or benefit from high data rate communication, such 

as the high quality video transmission which requires the

data rate exceeding 1 Gb/s [2]. The wireless LAN at 2.4

GHz or 5 GHz can obviously not meet this kind of 

transmission requirement. In addition, the signals at 60 

GHz are prone to be absorbed by walls and floors, and are 

less likely to interfere with the signals far away. Therefore,

it is very suitable for pico-cell high-data rate wireless

communications.

CMOS technology has not been thought intuitively as a

viable option for the 60-GHz RFICs although it has entered

successfully the low giga-hertz RFIC arena. However, with 

the rapid scaling and progress of CMOS technology, the

speed of CMOS transistors seems to be not an invincible

bottleneck for the 60-GHz applications already.

The double-conversion zero-IF 60-GHz receiver

architecture, shown in Fig. 1, is proposed for the feasibility 

evaluation of the CMOS technology. The high-pass filter is 

placed in front of the LNA to reject the image signal of the 

first down-conversion. The frequency of the first-stage

local oscillator (LO) is 48 GHz and the IF is the 12-GHz

signal. The IF signal goes through a band-pass filter to get

rid of the harmonics and then feeds into the zero-IF down-

converter. The quadrature LO signals of the direct down-

converter can be obtained by dividing the first LO signal.

The following sections will investigate the feasibility of the

latest CMOS technology for every function block of the

receiver, including the low noise amplifier (LNA), voltage-

controlled oscillator (VCO), mixer, and frequency divider.

Fig. 1. The proposed CMOS 60-GHz receiver

architecture.

2. CMOS Technology 

One of the most major differences between silicon and

III-V semiconductor technology is the lossy nature of the

Si substrate. The resistivity of the Si substrate for a modern

CMOS process is around 10 -cm, whereas that of the III-

V process is semi-insulating, 107~109 -cm. The lossy Si 

substrate inevitably poses significant limitation on the

performance of the CMOS devices. However, with the

down-scaling the cutoff frequency fT and the maximum

frequency of oscillation fmax are enhanced continuously.

The transistor performance of the CMOS technology

scaling from 0.25 m to 0.13 m is summarized in Table 1

[5]. The CMOS scaling improves both the speed and noise
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figure of the transistors. The fmax of the 0.13- m CMOS

technology has reached 90 GHz, and it suggests that some

60-GHz receiver building blocks can be demonstrated in 

the CMOS technology.

3. Front-end Function Blocks 

3.1 Low Noise Amplifier 

The LNA is the most challenging building block for the

proposed receiver architecture because it must offer decent 

gain and low noise figure for the 60-GHz signal. The 

performance of the LNA is closely related to the sensitivity

of the receiver. Although the 60-GHz CMOS LNA has not 

been reported yet, several CMOS LNAs operating beyond

20 GHz are demonstrated and summarized in Table 2 [6]-

[8]. The operating frequency and gain of the 0.18 m

CMOS LNA can achieve 26 GHz and 9 dB, respectively

[6]. Since the fmax of the 0.13- m CMOS transistor is about

twice that of the 0.18- m CMOS transistor, the LNA in

0.13- m CMOS technology, with proper design, should be

able to deliver some gain at 60 GHz. 

3.2. Mixer

The first mixer in the receiving path needs to translate

the 60-GHz signal to the 12-GHz IF signal with a 48-GHz 

LO source. Two CMOS mixers designed for down-

converting the signals above 30 GHz have been reported

[9]-[10]. Their performance is summarized in Table 3. One

of the CMOS mixers is actually designed to convert the 60 

GHz signal down to IF [10]. When the 0.13- m CMOS

mixer is driven by the 0-dBm LO signal, it’s IF and 

conversion loss are 2 GHz and 2 dB, respectively. The 

schematic of the quadrature balanced CMOS mixer is

shown in Fig. 2.  The direct-conversion mixers of the

proposed receiver architecture don’t seem to be an issue for 

the latest CMOS technology because the input signals and

LO sources that they deal with are 12 GHz. 

Technology 0.25um 0.18um 0.13um

fT 30 GHz 45 GHz 105 GHz 

fmax 20 GHz 35 GHz 90 GHz 

Noise Figure 

@ 2.4GHz
0.8 dB 0.6 dB 0.58 dB 

Table 1. The fT, fmax, and noise figure of the CMOS 
technology (0.25um-0.18um-0.13um) [5].

Ref. Technology

CMOS

fRF/fIF

(GHz)

GC

[dB]

PLO

[dBm]

[9] 90 nm SOI 35/2.5 -4.6 0

[10] 0.13 µm 60/2 -2 0

Table 3. Summary of CMOS mixers above 30 GHz. 

3.3. Voltage-controlled Oscillator 

Most of microwave VCOs are implemented in III-V or

SiGe technology. However, with continuous scaling of 

CMOS technology, the fT and fmax have been high enough 

to demonstrate the VCOs oscillating above 40 GHz [11]-

[15]. The schematic of the widely-used microwave CMOS

VCO architecture is shown in Fig. 3. Accompanied by the 

high quality inductors, the CMOS VCO can achieve the 

low phase noise of -99 dBc/Hz at 1MHz offset from 50 

GHz [11]. The push-push architecture can be used if the

oscillating frequency is higher than the device fmax [13].

The 50-GHz fundamental frequency oscillator is also

demonstrated in the standard 0.12- m CMOS technology

[12]. The recently published CMOS VCOs oscillating 

above 40 GHz are summarized in Table 4. Therefore, the

Fig. 2. Schematic of the 60-GHz quadrature balanced CMOS 
mixer [10].

Ref. Technology

CMOS

fcenter

GHz

S21

[dB]

NF

[dB]

Vdc

(V)

Idc

mA

[7] 0.18 m 23.7 12.86 5.6 1.8 30

[6] 0.18 m 25.7 8.9 6.9 1.8 30

[8] 90 nm SOI 40 9.5 4 2.4 17

Table 2.   Summary of CMOS LNAs above 20GHz.
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48-GHz first-stage local oscillator required in the proposed 

60-GHz receiver, although difficult, is doable using the

latest standard CMOS technology. The 12-GHz quadrature

signal sources for zero-IF conversion can be obtained by

feeding the 48-GHz LO signal to a divide-by-four

frequency divider.

3.4. Frequency Divider

High speed frequency dividers are often implemented

using current mode logic (CML), dynamic logic, or

injection locking. The frequency divider working up to 100

GHz has been demonstrated in III-V and SiGe HBT 

technology [16]-[19]. Recently there have been efforts on 

developing CMOS frequency dividers for the signals above 

40 GHz. A 40-GHz Miller divider of 2.5-GHz lock range is

implemented in the 0.18- m CMOS technology [20].

Based on the injection locking architecture, the 0.13- m

CMOS divider operates at 50 GHz and dissipates only

3mW [21]. The performance of these CMOS frequency

dividers are summarized in Table 5. It can be inferred that

the 48 GHz divide-by-four frequency divider is feasible in

the 0.18/0.13- m CMOS technology.

fcenter

GHz

CMOS

( m)

Pnoise

@1MHz

(dBc/Hz)

Tuning

Range

VDD

(V)

Power

(mW)

50

[11]

0.25

modified

substrate

-99 2% 1.3 17

51

[12]

0.12

standard
-85 1.4% 1 9.25

63

[13]

0.25

standard
-85 1.6% N/A N/A

40

[14]
0.13 SOI -90 15% 1.5 17.25

43

[15]

0.13

standard
-90 4.2% 1 14

Table. 4. Summary of CMOS VCO above 40 GHz. 

Frequency divider
Miller divider 

(4:1) [20]

Injection-locked

divider (2:1) [21]

Operating

frequency

38.25 GHz ~ 

40.75 GHz 

50.31 GHz ~ 

50.39 GHz 

Fabrication

process
0.18-µm CMOS 0.13-µm CMOS 

Supply voltage 2.5 V 1.5 V 

Power

consumption
31 mW 3 mW 

Chip size (mm2) 0.5 x 0.7 0.49 x 0.47 

Table 5. Summary of the CMOS frequency dividers above

40 GHz. 

4. Conclusion

Fig. 3.   Schematic of the popular cross-coupled CMOS VCOs.

The latest CMOS technology is evaluated for the 60- 

GHz wireless applications based on the double-conversion

zero-IF receiver architecture. From the paper survey of the 

individual function block of the receiver and the scaling 

performance of the CMOS technology, it is very promising

that 0.13- m or further down-sized CMOS technology is

viable for the emerging 60-GHz wireless applications.
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