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Abstract— This paper presents a 60-GHz direct-conversion

transceiver in 65 nm CMOS technology. By the proposed gain

peaking technique, this transceiver realizes good gain flatness and

is capable of more than 7Gbps in 16QAM wireless communica-

tion for all channels of IEEE802.11ad standard within EVM of

around -23 dB. The transceiver consumes 319mW in transmitting

and 223mW in receiving, including the PLL consumption.

I. Introduction

Recently, wireless communications in mm-Wave, especially

in 60-GHz are expected because the frequency bands around

60-GHz are available without any license in many countries.

The IEEE802.11ad standard defines four 2.16-GHz bandwidth

channels in 57.24GHz to 65.88GHz and it is capable of achiev-

ing 7Gbps for 16QAM by each channel. To realize 16QAM

communication, EVM is a very important factor, which is as-

sociated with phase noise, I/Q mismatch, LO leakage and gain

flatness. Table I shows the relationship between gain flatness

and EVM, without considering other factors. EVM has to be

less than -17 dB to communicate with 16QAM, so the gain flat-

ness has to be kept below 2 dB. Gain flatness can be improved

by equalizing in baseband, but in a high speed communication

system, it consumes a lot of power. This work improves gain

flatness by the proposed gain peaking technique and realizes

communication for 16QAM in all channels.

II. Proposed Transceiver

Fig. 1 shows the block diagram of the proposed transceiver,

using a 65 nm CMOS process. The transmitter consists of

a 4-stage PA, differential preamplifiers, I/Q double-balanced

Gilbert mixers and a quadrature injection-locked oscilla-

tor(QILO). The matching block uses 6 µm-width transmission

line to reduce area. In addition, the capacitive-cross-coupling

technique is used to improve gain and I/Q isolation. The re-

ceiver consists of a 4-stage LNA, differential amplifiers, I/Q

passive mixers, a QILO, and a baseband LNA. The LNA em-

ploys common-source common-source topology to improve

the noise figure.

Fig. 2 shows the baseband amplifier employing gain equal-

izing technique, and Fig. 3 shows the gain and NF compared

to the previous work [2]. In the previous work, the gain dete-

riorates in high frequency, and it influences on the total gain

flatness of the receiver. In this work, the common-source am-

plifier is employed in input to compensate for gain. The gain is

equalized in 1-GHz to 2-GHz, and a good flatness is achieved.

In addition, NF is around 2 dB in large bandwidth.

III. Measurement results and conclusion

Fig. 4 shows a die photo of the chip using a standard 65 nm

CMOS technology. The chip size is 4.2mm × 4.2mm. The

antenna built in a package is used, and it has a 6-dBi gain. The

transmitter and receiver consume 257mW and 162mW from

a 1.2V supply, respectively. The PLL consumes 61mW from

the 1.2V supply.

Fig. 5(a) shows the measured Rx conversion gain. Rx has a

low-gain mode and a high-gain mode to avoid saturating sig-

nal. These two modes are adjustable by changing bias voltage

of the LNA. Moreover, the conversion gain achieves good flat-

ness, suppressed under 1 dB for every channel because of the

gain peaking technique of the BB amplifier. Fig. 5(b) shows

the measured power characteristics, NF and the signal to noise

and distortion ratio (SNDR) derived from IM3 and NF. IIP3 of

Rx is -14 dBm in low-gain mode.

Table II shows the measurement results for 16QAM, show-

ing the constellation, spectrum, back-off, RF data rate, EVM,

SNR(MER) and communication distance. The symbol rate

is 1.76Gs/s with a roll-off factor of 25%, and the RF data

rate with 2.16-GHz bandwidth are 7.04Gbps for 16QAM.

The maximum data rate measured in a wider bandwidth for

16QAM with a 25% roll-off is 10Gbps within a BER of 10−3.

The measured EVM is around -23 dB in every channel, which

is normalized by the maximum symbol amplitude.

Table III shows a performance comparison with other 60-

GHz transceivers. The proposed transceiver integrates Tx, Rx,

LO including PLL, and is evaluated with the embedded anten-

nas. This front-end covers all four channels of 60-GHz and

achieves full-data rates for QPSK and 16QAM with the best

EVM.
IV. Conclusion

The 60-GHz direct-conversion transceiver can communicate

with 16QAM in every channel of IEEE802.11ad standard. The

gain flatness is improved by the proposed gain peaking tech-

nique, which contributes to good EVM of around -23 dB.
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TABLE I

Gain flatness to EVM correspondence.

Gain Flatness 0dB 1dB 2dB

EVM - -18dB-22dB
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Fig. 1. Block diagram of the 60-GHz direct-conversion transceiver.
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Fig. 2. Gain equalizing LNA.
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Fig. 3. Gain and NF of gain equalizing LNA.
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Fig. 4. Die micrograph of RF chip.
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Fig. 5. Rx conversion gain and output power.

TABLE II

Measurement summary of RF-frontend for 16QAM.
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Channel ch. 1 ch. 2 ch. 3 ch. 4 Max rate

Constellation

Spectrum

Back-off 4.4 dB 4.6 dB 5.0 dB 5.7 dB
5.0 dB
(ch.3)

Data rate 7.0 Gb/s 7.0 Gb/s 7.0 Gb/s 7.0 Gb/s
10.0 Gb/s

(ch.3)

EVM -23.0 dB -23.0 dB -23.3 dB -22.8 dB
-23.0 dB 

(ch.3)

Distance 0.3 m 0.5 m 0.5 m 0.3 m
>0.01 m 

(ch.3)
.

SNR 20.4 dB 20.5 dB 20.7 dB 20.3 dB
20.4 dB 
(ch.3)

TABLE III

Performance comparison.
Max rate Distance for BER < 10−3 PDC (Tx/Rx)

Tokyo Tech
11Gbps [2]

ch.1-2 (EVM < -17 dB)
252mW /

16Gbps [3]
2.7m (BPSK/QPSK)

172mW
0.2m (8PSK/16QAM)

SiBeam [4] 7Gbps

ch.2-3(EVM < -19 dB)
1820mW /

50m (LOS)
1250mW

16m (NLOS)

IMEC [5] 7Gbps
ch.1-4 (EVM < -17 dB) 176mW /

(not wireless) 112mW

This work 10Gbps

ch.1-4 (EVM < -23 dB)
319mW /

1.3m-1.6m (QPSK)
223mW

0.3m-0.5m (16QAM)


