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Abstract 
This dissertation focuses on millimeter-wave front-ends and technologies and, especially, 

on integrated circuits operating at millimeter-wave frequencies. Several issues concerning 
millimeter-wave circuits are discussed, such as transmission lines and transistor models for 
small-signal simulations and noise characterization. The applications for these circuits vary 
from 60-GHz high-speed radio links to atmospheric precipitation measurement systems 
operating up to the water molecule resonance frequency of 183 GHz. 

In chapter 3, the transistor model is calculated from measured data using saturation 
measurements only. The de-embedding is obtained using open and short coplanar waveguide 
structures. By calculating the extrinsic parasitics using linear regression, the small-signal 
parameters of the transistor model can be calculated and then simulated up to 110 GHz. The 
noise model is calculated based on the measured V-band (50–75 GHz) noise parameters and 
the corresponding noise matrices related to the open and short structures as well as the 
extrinsic parasitics. The values obtained for the noise sources and their correlation make 
wideband simulations of the transistor noise characteristics possible. The small-signal model, 
including the noise sources, can be used to simulate three different realized amplifiers and the 
results are compared to the measured data. These simulations show a very good agreement 
between the measured data and the simulated values. 

Certain select design principles related to millimeter-wave, low-noise amplifiers and mixers 
are presented as well. This includes front-end system aspects as well as transistor selection 
issues. Chapter 5 discusses the issues related to millimeter-wave measurements in detail. The 
losses of different parts of the measurement setup, such as the back-to-back probe loss from 
two separate measurements and harmonic mixer, are shown. The noise measurements at these 
frequencies require special attention since the setup requires downconversion of the noise 
signal either within the device under test or externally with a separate measurement mixer. 
Empirical results are presented for both compound semiconductor and silicon -based circuits, 
namely GaAs HEMT and CMOS technologies. The measured results for the low-noise 
amplifiers are presented at operating frequencies of 94, 155, and 183 GHz. The 183 GHz 
amplifier achieved a gain of 16 dB and a 7.4-dB noise figure. In addition, two receiver front-ends  
are presented. One is realized with 150-nm GaAs PHEMT and the other with 65-nm CMOS 
technology. The GaAs receiver front-end consists of a three-stage, low-noise amplifier and an 
image-rejecting resistive mixer, while the silicon-based circuit has a balanced active mixer 
integrated with a five-stage amplifier. 
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Tiivistelmä 
Tämä väitöskirja käsittelee millimetriaaltoalueen radioetupään suunnittelua ja toteutusta 

erilaisilla mikropiirien valmistusteknologioilla. Erityisesti käsitellään millimetriaaltoalueen 
piireihin liittyviä asioita, kuten siirtojohtoja ja transistorimalleja piensignaalisimuloinneissa 
sekä kohinan mallintamista. Näille piireille löytyy useita erilaisia sovelluksia, kuten esimerkik-
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1. Introduction 



   

1.1 Objectives and contents of this dissertation 



   



   



2. Passive components 

2.1 Transmission lines 
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  W [μm] S [μm] Z0 [Ohm] A [dB/mm] A / λλλλ [dB / λλλλ] 

CPW 12 9 55 3 5 

CPWCS 8 11 67 2 3.3 

CPWSW 12 9 40 2 2.5 

CPWSW8 8 11 55 1.4 2.1 

       

GaAs GCPW 37 6.5 31 * 0.6 * 1.2 * 

GaAs GCPW 17 16.5 52 * 0.4 * 0.8 * 

GaAs GCPW 7 21.5 69 * 0.5 * 1.1 * 

2.2 Capacitors in CMOS 



   



3. Transistor 



   

3.1 Transistor model 
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Rs 1.00 [Ohm] 

Rd 1.50 [Ohm] 

Rg 2.67 [Ohm] 

Ls 1.70 [pH] 

Ld 4.10 [pH] 

Lg 5.40 [pH] 
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3.2 Noise characteristics 

( )YkTC aA Re2=



   

Cgd

Cgs

RdRg

Rgs

Rds

Rs

gm

Ls

LdLg

Intrinsic FET

Gate Drain

Source

Cdb

CsiRdb

ig
id



   

0

10

20

30

40

50

60

70

50 55 60 65 70 75

Freq. [GHz]

ig
, i

d
 [

p
A

]

id [pA]

ig [pA]

-1

-0.5

0

0.5

1

50 55 60 65 70 75

Freq. [GHz]

C
o

rr
el

at
io

n
 [

-]

real(corr)

imag(corr)

 

3.3 Comparison to experimental amplifier results 
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4. Receiver system 
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4.1 Receiver front-end performance measures 
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4.2 Low-noise amplifier circuit design 
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4.3 Mixer circuit design 
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5. Measurement techniques 
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6. Integrated millimeter-wave 
amplifiers 

6.1 94-GHz amplifier 
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6.2 155-GHz amplifier 
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6.3 183-GHz amplifiers 
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7. Receiver front-ends for 60-GHz 
applications 

7.1 Realized receiver front-ends 



   

7.2 Receiver front-end in 150-nm PHEMT GaAs technology 
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7.3 Receiver front-end in 65-nm CMOS technology 
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8. Conclusions 
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