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Abstract- With the ever-increasing demand on wireless spectrum by wide bandwidth applications, such as 3G mobile 
phones at RF frequencies, Multipoint Video Distribution System (MVDS) and Local Multipoint Distribution System 
(LMDS) in the millimeter-wave frequency range, there is a growing need to exploit higher and higher frequencies. So, mm-
wave field is becoming a rapidly emerging area of research. 
 
Keywords- MIC, MPC, MMIC, LTCC, LMD. 
 
 
I. INTRODUCTION 
 
Millimeter-Wave Integrated Circuits explores the 
design and implementation of mm-wave integrated 
circuits using MMIC (Monolithic Microwave 
Integrated Circuit) technology. The main focal points 
are analyzing building block’s circuit necessary for 
the employment of MMIC technology for mm-
wavelength applications, and the other is associating 
circuit design methodologies with these building 
blocks. The analytical treatment is supplemented by 
specific mm-wave MMIC designs which varies in its 
complexity. 
 
The reality on a commercial 0.25 mm GaAs p HEMT 
foundry process could results in high volume, high 
quality of mm-wave MMICs. Millimeter-Wave 
Integrated Circuits includes broad scope which also 
includes details on high frequency materials and 
technologies, high frequency devices and the design 
of high frequency circuits, giving Practical MMIC 
realizations, targeted for transceiver applications 
operating near 40 GHz and 57 GHz, they include low 
noise amplifiers (LNAs), balanced diode mixer for 
both up and down-conversion, balanced HEMT mixer 
as down-converter, HEMT frequency doublers, 
HEMT frequency Tripler and a 57 GHz transceiver 
using integrated building blocks. Furthermore the 
viability of state of the art mm-wave processes for the 
generation of high power levels at 100 GHz will be 
presented.  
 
II. MMICS 
 
A monolithic microwave integrated circuit is an 
active or passive microwave circuit formedon a 
semiconductor substrate using various deposition 
techniques like evaporation, diffusion, epitaxy, etc. 
It is essential to note that the reason for this 
technology was to achieve the following goals: 
1) Reduction of cost by batch process 
2) Higher reliability and reproducibility 

3) Reduction in Size and weight. 
4) Flexibility in designing circuit and multifunction 
performance 
5) Multioctave operation. 
 
Figure 1 
 

 
Fig. 1 is a cross-sectional view of a hypothetical MMIC 

 
These goals have been fulfilled over the past decades 
to a lesser or greater extent. To be specific, the first 
four objectives were attained for the same reasons 
that digital computer circuits have achieved them.  
 
In the same sense, MMIC technology is simply an 
extension of existing computer chip technology to the 
microwave bands. The fifth objective follows from 
the compact circuit configurations possible, which 
minimize bandwidth-limiting parasitic capacitances 
and inductances, and from the confinement of 
electromagnetic fields within the semiconductor 
substrate. 
 
For example, indium–phosphide (InP) and silicon 
substrates based MMICs joined GaAs. In addition, 
FETs had been supplemented by high electron-
mobility transistors (HEMTs) and heterojunction 
bipolar transistors (HBTs). 
 
III. MMIC SEMICONDUCTORS AND 

DEVICES 
 
MMICs are manufactured  on  semiconductor  
materials  to integrate  active  devices  such  as  
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bipolar  or  field effect  transistors with  passive  
elements  to  perform  analog  functions  such  as  
signal amplification,  up  &  down-conversion,  
switching, attenuation…etc. MMIC substrate 
materials must behave  like  a dielectric with 
reasonable  low  losses at microwave and mm-wave  
frequencies.   
 
Table 1 shows different semiconductors for MMIC 
manufacturing and their important physical and 
electrical characteristics. Gallium Arsenide (GaAs) 
was the first material to be used in MMIC 
manufacturing 40 years ago due to its superior 
transport  characteristics  and  its  low  loss  at 
microwave  and mm- wave  frequencies.  In  the  
last  10  years  sub-micron  RF  CMOS devices  and  
SiGe  bipolar  devices  MMICs  are  offering  a  
strong competition. Silicon based MMICs, 
however, are constrained to low power applications 
due to high RF  loss  in Silicon substrate. For power 
applications GaAs technology is still  the  preferred 
choice. Bipolar or  field  effect  transistors  (FET)  
are manufactured  on  most semiconductors  with  
varying  degrees  of difficulty.      Recent  advances  
show  the  feasibility  of  Si  LDMOS MMICs  for 
applications  up  to  3GHz.  Wide  band-gap  
materials such  as  Silicon  Carbide  (SiC)  and  
Gallium  Nitride  (GaN)  have applications  for  
high  power  but  these  semiconductors  are 
expensive.  Silicon  Carbide  (SiC)  is  used  for  
high  power  but  is limited  to  below  5GHz  
applications  and  Gallium Nitride  (GaN)  is 
promising  to  push  the  power  limit  of MMICs  at 
microwave  and mm-wave  frequencies.  In  the  
last  few  years  many  research papers  were  
published  on  GaN  devices  and materials  and  
few MMICs  have  been  reported,  but  low  cost  
GaN  MMICs  are  not available yet due to the high 
cost of  growing  pure  GaN wafers  or depositing  
GaN  layers  on  SiC  substrates,  and  due  to  
reliability and  process  issues.  GaN  deposited  on  
Semi-insulating  Silicon wafers  could  offer  low  
cost MMIC.  Other  semiconductors  such as  
Indium  Phosphide  (InP)  and  Antimonide  base  
semiconductors (ABSC)  on  GaAs  are  in  
research  stage  and  their  applications  are limited  
to 100GHz  frequencies or to very low power 
consumption such as in ABSC.  
 
IV. FABRICATION PROCESS  
 
A. Process list    
1.  Wafer fabrication   
2.  Wet cleans   
3.  Photolithography  
4.  Ion implantation   
5.  Dry etching  
6.  Wet etching  
7.  Plasma ashing  
8.  Thermal treatment  

9.  Rapid thermal annealing  
10.  Furnace anneals  
11.  Oxidation  
12.  Chemical vapour deposition  
13.  Physical vapour deposition  
14.  Molecular beam epitaxy  
15.  Electroplating  
16.  Chemical mechanical polish  
17.  Wafer testing  
18.  Wafer back grinding  
19.  Die preparation  
20.  Wafer mounting  
21.  Die cutting  
 
V. MATERIALS 
 

 
 

 
Table2.  Properties of various materials. 

 
VI. PROCESS  
 
Active devices used in MMIC applications are 
mainly FET or bipolar types.  FET and Bipolar 
transistors have different names depending on gate 
type and device active layer structure.  Most Silicon 
FET devices use Metal-Oxide Semiconductor 
(MOS) structures. Examples of FET transistor 
types on  Silicon  are  the RF CMOS (same as  used  
in  digital circuits but small  gate length)  and  most  
recently  LDMOS. Most GaAs FETs have Schottky 
barrier for the gate since no gate insulator could be 
successfully deposited on GaAs surface. Many  
GaAs  FET  types  were  developed  such  as the 
Metal-Semiconductor Field Effect Transistor  
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(MESFET), the High-Electron  Mobility  Transistor  
(HEMT), the Pseudomorphic High-Electron 
Mobility Transistor (pHEMT). Examples of bipolar 
transistors types are the SiGe Heterojunction 
Bipolar Transistor (HBT) and the GaAs HBT. GaN  
and  SiC MMICs  usually  use MESFET  or HEMT  
device structures.  Figure 1 shows a common 
pHEMT structure and Figure 2 shows a typical 
GaAs HBT structure. Device  gate  length  in  FETs  
or  emitter  width  in  BJTs  and active  region  
doping  dictate  the  highest  frequency  a transistor  
can achieve which  are  traditionally  expressed  in 
terms of maximum frequency of oscillation (fmax ~ 
gm  (Rds / Rgs) 0.5/4/π/Cgs) [18]. For example 
GaAs FET devices with 1µm gate length give 
reasonable  gain  (i.e.  >  8dB)  only  up to  X-Band  
and  for  higher  frequencies  sub-micron  gates 
should  be  used.  FET  gate  length  of  0.15µm  is  
needed  for 77GHz and 94GHz applications. 
 

 
Figure 2.  GaN HEMT MMIC process components 

 

 
Figure 3. Typical HBT Structure 

 

 
Figure 4. Typical pHEMT Structure 

 
VII. MANUFACTURING  
 
MMIC manufacturing is costly, time consuming 
and require several replication to meet the RF 
specifications. So, it is critical that the designer 
selects the proper semiconductor process and the 
proper active device type. The steps of a typical 
GaAs MESFET MMIC fabrication process steps 
are illustrated in Fig. 5. Figure 5a shows the typical 

material structure for the active region mesa which 
is usually grown using MBE epitaxy and  is defined 
by ion implantation isolation  or by etching the 
surrounding areas. The process begins with photo 
resist patterning to define the ohmic contact area, 
then depositing the contact metal, usually 
AuGe/Ni/Au by lift-off technique. This defines the 
FET source and drain contacts. Then, the ohmic 
contact is sintered to obtain a contact resistance of 
less than 0.1 ohm-cm (Fig. 5b). Next, the channel 
region is exposed for the photo resist to be 
patterned. The N+ layer in the channel region is 
removed by etching to expose the active N region 
(first channel etch). Then the gate region channel is 
further etched (Fig.  5b), and gate metal is 
deposited (Ti/Pt/Au or Ti/W/Au) (Fig.  5c). This 
double recess process controls the current density 
(Usually 300 mA/mm gate width), as well as 
provides a reasonable drain-gate break down 
voltage of about 20 volts. After the gate 
metallization, a thin (300°A) Si3N4 layer is 
deposited on top of GaAs surface to protect the 
channel; it is called the passivation layer (Fig.  5c). 
Next, thin film resistor metal is deposited 
(Nichrome or Tantalum Nitride) then bottom metal 
(Ti/Au) (Fig.  5d). A relatively thick Si3N4 layer 
(1500°A-2000°A) is deposited followed by top 
metallization (Ti/Au). This forms the MIM (Metal-
Insulator-Metal) capacitor. The thick (2-5µm) top 
metal also serves as the spiral inductor and the 
matching circuit metallization (Fig. 5e). Finally, the 
back side of the semi-insulating substrate is thinned 
from about 12 mils down to 2 – 4 mils (50-100µm) 
thick (Fig. 5f). Via holes are etched under the FET 
source region, and Ti/Au are deposited on the back 
side to connect the source to the back side. The 
wafer is now ready to be mounted on the blue 
tape/wafer frame then is ready for dicing. 
MESFET, HEMT, pHEMT active layers are 
specially designed for LNA, power or switching 
applications. 
 

 
Figure 5. Manufacturing Process 
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VIII. PACKAGING  
 
MMIC Chips are small and fragile and most 
microwave and communications  companies  do  
not  have  the  special equipment to  handle  MMIC  
chips such  as  pick-and-place machinery, die attach 
or wire bonding., therefore packaging a MMIC  is 
usually needed before insertion in any system or 
sub-system  application.   
 
MMIC  packages  vary  in  shapes, dimensions  and  
number of pins and packaging  and assembly  could  
be  a major  cost  unless  the  process  is  fully 
automated.  Most cheap package types have serious 
limitations at high frequencies (> 5GHz).  MMICs 
are packaged either directly on carriers such in Fig.  
4 or in specially designed packages such as drop-in 
packages or Surface Mount Technology (SMT) 
packages (Fig.  6a,  b, c).High  frequency packages 
such as  in Fig. 6a & b are made of  co-fired  
ceramic  with  an  internal  cavity  to  attach  the 
MMIC to the metal using  epoxy  or  solder.   
 
The  ceramic  or plastic  lid  is  usually  attached  to  
the  cavity  using  epoxy. Most low cost packages 
such as in Fig.  6c use plastic encapsulation on lead 
frames. 
 

 
Figure 6 MMIC Packages 

 
The  RF  designer  most  important  task  is  to  
meet  his  RF and  packaging  specifications  but  
other  important  factors are sometimes  overlooked  
when designing a new MMIC. The most important 
step  is  to  choose  the  semiconductor process  best  
suited  for  the  application  at  hand.  Each 
combination of frequency and application type such 
as PA, LNA or switching would use a different 
process.  
 
Besides selecting a suitable MMIC process,  the  
RF  designer  should verify  his  device  models,  
select  device  sizes,  choose  and simulate  several  
circuit  configurations,  minimize  chip  size during  
layout, make  chip  yield  estimates,  perform  
thermal analysis  and  select  the  best  MMIC  
package  assembly technique.   
 
Figure 7 shows a block diagram of  the different 
steps  needed  to  produce  a MMIC  prototype  and  
Figure  8 summarizes  the  steps  for  taking  a  
MMIC  design  from  a prototype phase into 
production. 

 
 
IX. RESULT ANALYSIS 
 
Table3. Comparison of Merit parameters for GaAs 

MESFETs, HEMTs & HBT 
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X. APPLICATIONS 
 

 
Table 5: Microwave & mm-wave Applications and 

Process 
 
A. Communications Applications  
MICs and millimeter-wave circuits find extensive 
use commercial applications. These include two-
way radios, pagers, cellular telephones, line-of-
sight communication links, satellite 
communications, wireless local area networks 
(WLANs), Bluetooth, local multipoint distribution 
systems (LMDS), and navigation—global 
positioning system (GPS).  
 
B. Radar Applications  
Radar is used in many commercial and military 
applications. Military applications include target 
location, mapping, and surveillance. Commercial 
applications include weather mapping, motion 
detectors, speed measurement (radar guns), 
collision-avoidance automotive radar, and airport 
radars.  Radars are also used in automobiles for 
collision avoidance.  
 
A frequency of 77 GHz has been adapted for this 
application.  Radars are used for missile 
applications and use millimeter waves due to 
packaging constraints and resolution characteristics. 
At these frequencies, the use of MMICs is required 
in order to obtain the performance, low cost, and 
packaging densities (small and compact size).  
 
The radar circuitry described above all use a single 
transmitter and single-channel or multichannel 
receivers. The power can be directed to and 
received from an antenna that can be mechanically 
or electrically scanned. Examples of operational 
phased-array systems include Pave paws, Cobra 
Dane.       
 

 
 
C. ECM Applications  
ECM is used to render radars ineffective. Examples 
of passive ECM are chaff, decoys, or other 
reflectors that require no prime power. ECM uses 
both jamming and deception techniques.  
 
The deception ECM is the intentional and 
deliberate transmission or retransmission of the 
amplitude, frequency, phase, or otherwise 
intermittent or continuous-wave (CW) signals for 
the intention of misleading the interpretation or use 
of information by electronic systems 
 

 
 

D. Communications Applications  
MICs and millimeter-wave circuits find extensive 
use commercial applications. These include two-
way radios, pagers, cellular telephones, line-of-
sight communication links, satellite 
communications, wireless local area networks 
(WLANs), Bluetooth, ocal multipoint distribution 
systems (LMDS), and navigation—global 
positioning system (GPS).  
 
Line-of-sight tower communication links have been 
used since the 1940s to communicate at microwave 
frequencies for telephone conversations, video, and 
data. The DBS services use relatively high-power 
satellites to distribute television programs to 
subscriber homes or to community antennas where 
the signal is distributed to homes by cable. The 
original system was at the Ku-band and required a 
large dish, while the -band system very popular 
today requires a very small dish. The Mobile 
Satellite Services (MSSs) transmits between a large  
fixed Earth station and a number of smaller earth 
terminals fitted on vehicles, ships, boats, and 
aircraft. The IMMARSAT 3 provides a tenfold 
improvement to that system. These satellite systems 
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operate at high Earth geo-static positions. Other 
satellite systems operate in low Earth orbit (LEO) 
between 600 and 800 km (Iridium, Ellipso, 
Globalstar) or at intermediate (10 000 km) altitude 
in circular orbit (ICO). These systems provide 
communication between the satellite and handheld 
units.  In all of these satellite systems, reliable 
operation is paramount. 
 

 
 
Bluetooth radio module uses thin-film integrated 
passives and a flip-chip active integrated circuit 
(courtesy of the Intarsia LMDS is used to provide a 
terrestrial multimedia delivery system, to send and 
receive two-way broad-band transmission to and 
from cells about 3–6 mi in diameter. The 
bandwidth of 1300 MHz in the 28–31-GHz band 
was allocated in 1998 by the FCC for this 
application. The LMDS provides high-speed 
Internet access, television broadcasts, video 
conferencing, video, audio, and telephony.  
 
The GPS is very popular as a navigation aide and is 
available in handheld units. Integrated silicon BJT 
MMIC chips have been developed to down convert 
and process the 1.575-GHz GPS signal. Bluetooth 
also operates on the 2400-MHz band with 0-dBm 
power and 1–10-m range. With additional 
amplification to 20 dBm, it can have a range of 50 
m. 
 
CONCLUSION AND FUTURE TRENDS  
 
GaAs MMIC  technology  is  currently  mature  
enough  to  have  a dominant  presence  for  power,  
low  noise  and  passive applications  from  few  
GHz  to  100GHz.  Improvement  in  power levels,  
efficiency  and  linearity  for  GaAs  PA  
applications  will continue  to  happen  in  the  next  
few  years  particularly  for  HBT MMIC  which  is  
the  main  player  in  cellular  and  wireless 
applications. GaAs MMIC technology is not 
suitable for integrating digital  and  analog  
functions  and  BiCMOS  MMICs  will  start  to 
satisfy the need of mixed signal and system on a 
chip applications (SOC),  however,  BiCMOS  will  
have  difficulty competing with  the established 
GaAs  chips at  the 1  to 10W  power  levels and  in  

very low noise applications (i.e. NF < 1dB). For 
power levels above 10W, the  new  technologies  
based  on  GaN  will  start  filling  the  gap  in 
power applications in the 10W to 100W up to mm-
wave.  SiC and LDMOS technologies would 
continue to produce >10W MMICs for applications 
below 5GHz  but  are  not  expected  to  compete  
with GaN  or  GaAs  at  higher  frequencies.  Power 
dissipation  of  high power  MMICs will  
necessitate  the  use  of  flip-chip  designs  to lower  
device  junction  temperature.  InP  will  dominate  
the  mm-wave  above 100GHz.  Three  dimensional 
MMICs will  see  further developments  to  achieve  
higher  level  of  integrations particularly in SiGe 
and will find a niche application at mm-wave 
frequencies. As we see that this field of microwave 
devices for millimeter circuits is expanding at a 
rapid rate and we are also witnessing that they have  
been extensively used  in the application which are 
related to Radar and satellite which now a day’s 
play an important role. These elements with large 
bandwidth and high speed also have their 
importance.  
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