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Arsenide. It is intended to be used together with a 5-bit True Time Delay (TTD) 
circuit, but it can easily be expanded into an arbitrary number of bits. The circuit 
has been designed with a logic style called DCFL, and a 0.20 µm process 
(ED02AH) from OMMIC has been used to fabricate the circuit. The chip size of 
this 5-bit MMIC serial to parallel converter is 2.0x0.8 mm (including pads) and 
close to two hundred transistors are used. Due to the complexity of the transistor 
models the complete serial to parallel converter has not been fully simulated. 
However, the smaller building blocks like inverter, latch, etc. have been 
simulated successfully. These blocks were assembled into the complete circuit.  
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  Introduction  
 

 

1 Introduction 
 
One of the aims among circuit manufactures today is to put as many electronic 
functions as possible on an individual chip. Thanks to advances in the 
fabrication processes it is now possible to integrate complete systems on a single 
chip, called system-on-chip (soc). Soc applications include both analog and 
digital circuitry. 
 
When both analog and digital circuits are implemented on the same chip the 
circuit is called a mixed signal IC. The advantage of mixed signal IC’s 
compared to a design with separate analog and digital chips is that a higher level 
of integration is achieved, which results in smaller area used, possibly lower 
power consumption, and fewer signals between the analog and digital parts. 
 
FOI (Swedish Defence Research Agency) has developed many Monolithic 
Microwave Integrated Circuits (MMICs) for radar and electronic warfare 
applications. Most of these circuits are made using Gallium Arsenide (GaAs), 
due to the high frequency applications. 
 
A key element in these applications are the true-time delay (TTD) circuit, the 
present solution involves an external digital unit for distribution of control 
signals. There is a strong interest from FOI to integrate this unit on the same 
chip as the true-time delay circuit. To achieve this, the digital circuitry needs to 
be designed in Gallium Arsenide. 
 
Digital circuits in GaAs are seldom used in designs, due to the high costs and 
that common Silicon design still meet the demands of those circuits’ 
performance in speed.    
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1.1 Project Goals and Specification  
 
The aim of this thesis work is to design a 5-bit serial to parallel converter in 
Gallium Arsenide (GaAs). The requirements for this circuit are to achieve low 
power consumption, a small circuit area and a guaranteed stable function. High 
performance for speed is not a necessary property for this application. 
   
The process for this circuit is the ED02AH 0.20 um process from OMMIC. The 
basic functions needed for this circuit are inversion, serial to parallel conversion 
and voltage conversion. 
 
The circuit must have compatibility with a TTL-level input signal. The input 
signals have a logic swing from 0 V to 5V. These levels are converted to the 
internal DCFL levels of  –1.5V to 0V, which are sufficient to open and close the 
depletion mode P-HEMTs connected to the outputs. Each complementary output 
should be able to drive the depletion mode P-HEMTs, which consumes a few 
µW.  
 
In order to set a speed requirement for this circuit, the application has to be 
considered. For example, with a 5-bit True Time Delay (TTD), the upper speed 
limit will be limited by the switching speed of the TTD. 
 
It is important to keep the used area small to achieve a high level of integration. 
The size is dependent of the number of bits. It should be easy to expand the 
serial to parallel converter to an arbitrary number of bits. 
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1.2 Abbreviations 
 
There are a number of words in this report that needs an explanation. Below is a 
list of words and shortenings with their explanation. 
  
 
 
VLSI  Very Large Scale Integration  
 
LSI  Large Scale Integration 
 
MMIC  Monolithic Microwave Integrated Circuit 
 
GaAs  Gallium Arsenide   
 
Si  Silicon 
 
IC  Integrated Circuit 
 
Vdd  Voltage supply 
 
Gnd  Ground   
 
Clk  Clock signal 
 
GaAs FET  Gallium Arsenide Field Effect Transistor 
 
MOSFET  Metal Oxide Semiconductor Field Effect Transistor 
 
P-HEMT  Pseudomorphic High Electron Mobility Transistor 
 
DCFL  Direct Coupled FET Logic 
 
PCFL  Pseudo-Complementary FET Logic 
 
Fan-out  Ability to drive a load 
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1.3 Chapter Description 
This section contains a brief summary of all the chapters in this report.   
 
 
Chapter 1: Introduction 
Background, specification, etc. It gives an introduction to the complete report. 
 
Chapter 2: GaAs and Si 
Different properties of GaAs and Si described.  
 
Chapter 3: Logic Families in GaAs 
The structure of different families for digital design in GaAs. 
 
Chapter 4: Design Methods 
Methods used to achieve a correct design.  
 
Chapter 5: Building Blocks 
The serial-to-parallel converter and the low-level circuitry design. 
 
Chapter 6: Layout Design 
Here is the physical design shown. This chapter also describes the methods for 
achieving a good layout. 
 
Chapter 7: Simulations and Results 
How the simulations have been done and the corresponding results. 
 
Chapter 8: Conclusions 
Some comments of the thesis project. 
 
Chapter 9: References 
List of used literature for the thesis project. 
 
Appendices 
Layout pictures of different block are showed and simulation results from the 
circuits are presented. 
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2 Comparison of GaAs and Si  
 
Gallium arsenide is a III-V compound semiconductor which is mainly used for 
high frequency analog integrated circuits, so called microwave circuits. GaAs is 
used at high frequencies because of its good properties in terms of low-noise, 
high-power, and high-speed applications. On the other hand, silicon finds its use 
in both analog and digital circuits. The main difference in the structure of a 
typical GaAs FET and a MOSFET transistor is how the conductive channel is 
shaped. 
 
The electrical properties of GaAs and silicon are compared in Table 2.1. These 
properties will be reviewed in the text below. 
 
GaAs is a direct-gap semiconductor, which means that the minimum energy 
separation between the conduction band and valence band occurs at the same 
momentum. Silicon is the opposite, an indirect semiconductor. This is because 
the conduction band minimum is separated in momentum from the valence band 
maximum. 
 
The direct-gap leads to desirable properties for the electron transport. The 
electrons reach their peak velocity at a relatively low electric field (E). For N-
type silicon the electron velocity slowly increases with the increase in electric 
field (E), this is due to a higher effective mass than GaAs. The high velocity at 
low electric field is what is desired for very high speed FETs. This improves the 
performance at high frequencies for GaAs applications.  
 
 

Property Silicon   GaAs

5000 cm 2̂/(Vs)
Nd=10 1̂7/cm -̂3

 Indirect, 1.12  eVDirect, 1.42  eV

Low field
electron drift
mobility

Bandgap

Peak
electron
velocity

1.7*10 7̂ cm/s
E=3.5 kV/cm
Nd=10 1̂7/cm -̂3

Low field
hole drift
mobility

250 cm 2̂/(Vs)
Nd=10 1̂7/cm -̂3

 300 cm 2̂/(Vs)
 Nd=10 1̂7/cm -̂3

 800 cm 2̂/(Vs)
 Nd=10 1̂7/cm -̂3

 6.5*10 7̂ cm/s
 E>>10  kV/cm

 
Table 2.1 Comparison of electrical properties for GaAs and Si 

 7 



Design of a MMIC Serial-to-Parallel Converter in GaAs 

 8 



  Logic Families in  GaAs  
 
 

3 Logic Families in  GaAs 
 
A number of GaAs logic families have been developed during the years. Both 
dynamic and static families have been developed for different purposes. Today 
the DCFL is one of the most common families used for digital applications in 
GaAs. There has been a constant progress in the research for more efficient low-
power logic families. Recently a number of new families have been developed, 
Two Phase Dynamic FET Logic (TDFL) and Source Coupled FET Logic 
(SCFL) just to name a few. 
 
This chapter will describe the behaviour and performance of two different logic 
styles, DCFL and PCFL, and their sub structures. The inverter circuit is chosen, 
because of its simplicity. This makes it easier to compare and illustrate the 
differences between the two styles. 
 
  
 
 

 

 

 

  

 

  

 

  

 

 
  

 
Table 3.1 Comparison of DCFL and PCFL1 
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3.1 Direct Coupled FET logic (DCFL) 
 
DCFL is the most common logic style for GaAs used today. It is used for 
compact digital integrated circuits. DCFL uses a lower number of transistors 
than other logic styles in GaAs, compared with the equivalent circuit. 
  
Some of the characteristics for DCFL is that it uses a simple structure and has a 
rather high speed combined with a low power dissipation. One of the most 
serious constraints with DCFL is the schottky junction effect. This schottky 
junction forms a diode from Gate to Drain and from Gate to source. This limits 
the voltage swing to the forward conduction voltage of the diode, about 0.7 V. 
 
The structure of DCFL logic is very similar to NMOS logic in Silicon. Two 
kinds of transistor are used. Both are N-type transistors, depletion-mode (D-
mode) and enhancement-mode (E-mode). DCFL belongs to the static family in 
GaAs digital styles. There are a number of sub structures for DCFL logic. 
 
 
 

 

(A) (B) (C)

E E

ED D

VinVin Vin

Vout Vout Vout

E

R

 
 
Figure 3.1  Schematic of (A) E/D-inverter, (B) E/E-inverter and (C) E/R-
inverter.
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3.1.1 Enhancement/Depletion-mode logic  
E/D-mode logic uses an E-mode switching transistor and a D-mode load 
transistor. This is a very simple structure with only two transistors. Although the 
simple structure, the characteristics for this circuit are low power dissipation and 
high-speed performance. Disadvantages that occur are small noise margins and a 
difficult fabrication process, which gives a low yield.  
 
3.1.2 Enhancement/Enhancement-mode logic 
In E/E-mode logic, both the switching and load transistor are of E-mode-type. 
The D-mode transistor acts as a low current source and drives the gate of the E-
mode load transistor. The performance of this circuit is improved compared to 
conventional E/D logic. The E/E logic has a lower power dissipation and power 
delay product. The E/E logic is also more stable with a variable temperature. 
 
3.1.3 Enhancement/Resistor-mode logic 
In the E/R circuit the active load (D-mode transistor) is replaced with a 
resistance (passive load), which gives the circuit other properties. The circuit 
becomes easier to make compact due to the resistor. In other aspects such as 
power dissipation, the circuit becomes more effective. 
 
In the design of the serial to parallel converter DCFL with resistive loads is 
used. DCFL with resistive load requires a smaller number of devices for the 
same logic unit compared with other logic styles. In addition to that it has low 
power consumption and reasonably high speed. This makes it suitable for LSI 
and VLSI designs. 
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3.1.4 DCFL Power Dissipation 
 
There are three sources of power dissipation in DCFL circuits that has to be 
considered. The total power is represented by equation 3.1. 
 
Equation 3.1 LeakageDynamicaverageStaticTot PPPP ++= )(

 

)(averageStaticP
This is by far the most dominant source of power dissipation. The DCFL gates 
consume a current when the output is both high and low, which results in static 
power dissipation. When the input is high and the output is low, a conducting 
path will form from Vdd to ground, generating power dissipation. When the 
corresponding output switches to high level, the parasitic schottky diode 
between gate and source will start to conduct. A current will flow from supply to 
ground through the diode and consume power.   
 

DynamicP
The dynamic power dissipation is decided from the charge of the total load 
capacitance on the output. Due to low power supply and small voltage swing, 
the dynamic power dissipation is always much smaller than P_static. The small 
voltage swing occurs because of the schottky diodes conduction level at 0.7 V. 
Therefore the output voltage swing is never greater than 0.7 V.     
 

LeakageP
The third source for power dissipation is the sub threshold leakage current, 
which occurs when the gate-source voltage is below the pinch-off region. This 
power dissipation is negligible compared to the static power. 

 

Schottky
Diodes

Vout

Vin

D

E

 
Figure 3.2 Schematic of a DCFL E/D-inverter with the schottky diodes. 
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3.2 Pseudo-Complementary FET Logic(PCFL) 
 
PCFL is a low power, static, logic family in digital GaAs design and consists 
only of enhancement-mode transistors. By using complementary logic signals, 
PCFL reduces the static power consumption. The PCFL circuit can be divided 
into two nets. The pull-up, which receives the inverted input signals and pulls 
the output to high level, and the pull-down net, which gets the non-inverted 
signals and pulls the output to a low level. Three sub structures are so far 
included in the PCFL family and the development for more improved structures 
is still under progress. 
 
3.2.1 PCFL1 
PCFL1 has a more complex structure than for example DCFL. The higher 
complexity is due to the fact that more transistors are needed for an equivalent 
circuit, which results in a larger circuit. On the other hand, the power 
consumption is very low, which results in a “trade-off” between area and power. 
For GaAs VLSI design power dissipation is a very limiting factor, rather than 
area and number of gates. GaAs has lower heat conductivity than Si, which also 
justifies the “trade-off”. PCFL1 logic consumes dynamic and short circuit power 
only, just like the CMOS in Si. PCFL1 also suffers from voltage level 
degradation at the output. 
 

Vin

 Vout

  Vin_inv

 Vout_inv

 
Figure 3.3 Schematic of a PCFL1 inverter.
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3.2.2 PCFL2 
PCFL2 is mainly devoted for high-speed applications. The dominating drawback 
for this logic is the high complexity of its circuits. The voltage degradation in 
PCFL1 is eliminated in PCFL2, with a trade-off to the cost of area and 
complexity. A bootstrap technique is used to overcome the threshold voltage and 
keep up the output level. PCFL2 may consume a low static power due to the 
bootstrap capacitors which occurs between gate and source of transistor M. The 
capacitance keeps being charged and a static power is consumed. With larger 
Vdd, the static power dissipation increases.   
 

Vout

Vin

Vin_inv

Vout_inv
M

 
Figure 3.4 Schematic of a PCFL2 inverter.
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3.2.3 PCFL3 
PCFL3 was developed for very high speed and low power applications. 
Compared to PCFL2, a transistor is added to compensate for the leakage current. 
The transistor is connected to the output Vout. This generates a feedback signal, 
and the input transistor is pulled down when the output is low. This significantly 
reduces the static power dissipation. PCFL3 is therefore a bit more complex than 
PCFL2. The PCFL3 logic allows the elementary logic functions NOT, NAND 
and NOR to be implemented.  
 
 

Vin

Vout

 
Figure 3.5 Schematic of a PCFL3 inverter.  
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4 Design Methods 
 
When a design is large and complex, it’s almost necessary to reduce the 
complexity and divide the problem into smaller parts. A design method is a way 
to organize and divide the large design task into smaller tasks. That makes it 
easier to get a correct design without logic errors. It is very important to have a 
correct circuit when the “turnaround time” is long, often several months. There 
is no method that can generally be applied for all designs, but there are some 
common features for most design methods. Two design methods will be 
explained here, and the design project has been partially designed from them. In 
practice, often a meet-in-the-middle approach is used. With this approach the 
specifications-synthesis process is done in a top-down fashion, and the actual 
design is carried out in a bottom-up fashion. 
 
 

4.1 Top-Down Approach 
 
With the Top-Down method the whole system is partitioned into smaller blocks. 
The top level consists of a behavirol description where all the input and out 
output signals are defined. The top level is then divided into smaller blocks of 
subsystems. These blocks contain a behavirol description of the components. 
This process is stepwise repeated until the components have been simplified 
enough. It’s an advantage if the partitioning is done in a way so that the 
complexity is the same at all the levels.  
 

Logic

Gate

Transistor Layout

Cell

Layer

Module

To
p-

do
w

n

B
ot

to
m

-u
p

   VLSI and Circuit Design
 

Figure 4.1 Meet-in-the-Middle VLSI design approach.
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4.2 Bottom-Up Approach 
 
The Bottom-Up approach starts with the assembly of well-known and simple 
building blocks. These building blocks can be tested individually before they are 
put together into more and more complex blocks. Finally, when all the advanced 
blocks have been put together the complete design is realized. This significantly 
reduces the risk of errors when the whole system is assembled. But on the other 
hand the system requirements for power dissipation etc. can be hard to reach. 
For a satisfying result with this method, from the start, a certain skill from the 
designer is required. 
 

4.3 Logic Design 
 
This is one of the most important and time-consuming parts of the design 
process. The building blocks in the design will now be realised by transistors 
and other components. Until now has there only been so called “black boxes” 
with an unknown content. At this point the design work will continue at a 
transistor level. 
 
There are many things to consider at this point, the first thing to decide is which 
GaAs logic style to use. There are many different logic styles to chose from, for 
instance: PCFL, SBFL, DCFL, SCFL, etc. They all have their advantages and 
disadvantages, which are suitable for different applications. For the design of the 
serial-to-parallel converter the following things have to be considered: 
 
• Achieve a sufficient output voltage level 
• Ensure the function with reasonable noise margins 
• Minimize the area 
• Minimize the power dissipation 
 

When the choice of which logic style to use has been made, the design work can 
begin. The main work with the design lies in circuit development and 
simulation. 
 
The DCFL-logic with a passive load was chosen for its over all good properties 
and ability to match the requirements. The bottom-up approach was found 
suitable for the design of the serial to parallel converter. The first step in the 
design process is to study the structure and behaviour of DCFL-logic until 
everything is fully understood. 
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4.4 Designing in Schematic 
 
The design is created in schematic with a bottom-up approach. For the serial to 
parallel converter three standard-cells were created. The inverter, the NOR-gate, 
and the latch are the basic building blocks. The basic blocks are then simulated 
and their functions verified. This is often an iterative process, where the circuit 
is changed and tested many times until the requirements are reached. When 
everything is in order with the building blocks, it is time to move to the next 
level where the blocks are then put together to form more complex blocks at a 
higher level. 
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5 Building Blocks 
 
The serial-to-parallel converter is divided into smaller blocks. This is to make 
the layout easier to expand. The smaller blocks have been simulated individually 
to ensure its various functions. This approach also limits the possibility for 
errors in the final design. 
 

TTL in

TTL in

TTL in

TTL->DCFL

TTL->DCFL

TTL->DCFL

Data

Strobe

Clock

Bit Block 1 Bit Block 2 Bit Block 5 DCFL->TTL

Vg Vg inv Vg inv Vg invVg Vg

TTL out

 
Figure 5.1 Block schematic of the serial-to-parallel converter. 
 
 
 
 

Data

Strobe

Clock

Bit 1 Bit 2 Bit 3 Bit 4 Bit 5

t=0 Tim

 
Table 5.1 Serial input signals for the serial-to-parallel converter. 
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5.1 TTL to DCFL Voltage Converter 
 
To change the voltage levels from TTL, where 1 is represented by 5 volt and 0 
by 0 volt, to DCFL a voltage converter was designed. The DCFL levels in this 
circuitry are 0 volt for 1 and –1.5 volt for 0. Six diode-coupled transistors 
connected in series are used to achieve the voltage drop. An inverter is used to 
achieve the new levels. For the strobe-signal, a buffer stage is added to give the 
signal sufficient driving capabilities.  
 

5.2 Non-overlap Circuit 
 
To realize a non-overlap two-phase signal, two NOR-gates are used. The 
switching characteristics can be viewed in appendix B.3.  
 
 

Clock in
Clock out, inverted

Clock out

 
Figure 5.2 Complementary clock signal generator. 
 
 
For the Clock and Data signals complementary signals are needed. In these 
cases a non-overlap circuit is used. This is to ensure that the Clock signals are 
never high at the same time due to propagation delays or rise times. 
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5.2.1 NOR-Gates 
 
The NOR-gates in the non-overlap circuit are designed using super buffered 
DCFL-technology. By using super buffered outputs we increase the fan-out, 
which is necessary since the clock-signal is distributed to all flip-flops. The 
super buffer stage also stabilizes the signals. The supply voltage to the circuits is 
–1.5 volts. 
 
 
 

A

B

X

 
Figure 5.3 Schematic of a super buffered DCFL NOR-gate. 
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5.2.2 Inverter 
The inverter used in the circuitry is a buffered DCFL-inverter. DCFL has a 
relatively low transistor count, which keeps the area down and increases the 
yield. The fan-out of an unbuffered inverter, i.e. the number of inputs that can be 
driven by one output, is approximately 2 according to the simulations. Since this 
is not enough, super buffered outputs are used. That increases the fan-out and it 
also stabilizes the signals. All transistors are minimum sized, L = 0.20 µm and 
W= 10 µm. This is to keep the area and power consumption down as much as 
possible. The inverters are used as memory cells in the latches. 
 
 

X

X_inv

 
Figure 5.4 Schematic of a super buffered DCFL inverter. 
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5.3 Bit Block 
 
The bit block consists of two main blocks, the edge-triggered flip-flop, and the 

output latch. The flip-flops in the shift register are based on memory cell latches.  
 
 
 

Vg Vg_inv

Output
Latch

D flip flopData

Data_inv

Vg Vg_inv

Output
Latch

D flip flop

Q

Q_inv

Q

ClkStrobe

Q_inv

Clk inv  
 

Figure 5.5 Block schematic of two Bit Blocks, each containing a D flip-flop and 
an output latch  
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D Q

Q_invD_inv

Clk

 

Figure 5.6 Schematic of  a memory cell latch. 
 
This figure (fig 5.6) illustrates the latch from which the most accurate simulation 
results were obtained, using both the circuit simulation tools P-spice, from 
Cadence, and Libra, from HP EEsof. Two buffered inverters and two pass 
transistors are used for the memory cell latch.  
 
When the clk-signal is high, Q and Q_inv are equal to D and D_inv. When the 
clk-signal is low, the memory cell holds the value on Q and Q_inv regardless of 
D and D_inv. To get a flip-flop two memory cell latches are used. The Clk-
signal is connected to the first latch and the inverted clk-signal to the second 
one. This results in an edge-triggered flip-flop. Q and Q_inv change values on 
the negative edge of the clock-signal. 
 

D_inv

D Q

Q_inv

Clk Clk_inv

 
Figure 5.7 Schematic of an edge-triggered flip-flop
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5.3.1 Output Latch 
 
The outputs of the latches have a voltage swing of approximately 1 volt. Since 
the depletion mode P-HEMT:s connected to Vg and Vg_inv need approximately 
-1.5 volt to close and 0 volt to open, diode-coupled transistors are connected to 
increase these levels.  
 

Vg_inv

Vg

Strobe

Q

Q_inv
 

Figure 5.8 Schematic of the output latch. 
 
With this solution, the inverters in the output latch will need an additional 
supply voltage to reach 0 volt as a high level. 
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5.4 DCFL to TTL voltage converter 
 
When a new data word is shifted in the serial to parallel converter the old values 
are converted to TTL level again. By doing so, the old values can be checked for 
errors or used again. The circuit is designed using two inverter stages. This 
circuit needs an extra supply voltage to obtain 5 volt as a high level. 
 
 

+5.5 V

DCFL

TTL out

-1.5 V
 

 
Figure 5.9  Schematic of the DCFL to TTL converter
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6 Layout Design 
 
Every circuit, which is to be realised into physical hardware, needs a layout 
design. Before a circuit is manufactured, a layout design has to be finished. The 
circuit performance in speed, power dissipation and area is strongly dependent 
of the physical layout. The layout is always designed in a certain process, which 
consists of a set of geometric constraints or rules. These so-called design-rules 
usually specify minimum isolation widths, minimum line widths etc. 
  
If a conductive line is too narrow it might break during the manufacturing 
process, or if it lies to close to another line it may form an unwanted short circuit 
when it is tested. The procedure to correct all these design-rule errors is often an 
iterative process. Two of the main reasons why design rules are used in all 
processes are to facilitate high yields and to obtain minimum area. Even if a 
circuit did not pass the design rule check, it may still be functional and the other 
way around. For the design of the serial to parallel converter the OMMIC 
ED02AH process was used, same process as for the microwave circuits. 

 

6.1 Layout styles 
 
There are several common design layout styles used today, they are identified by 
the physical placement and how the different blocks of components are created 
and connected. Here are two different layout styles compared in the design for 
the same product. 
 
6.1.1 Full-custom 
Full-custom applications are personalized by the designer, all the mask layers 
are specified “by hand”. The placement and W/L ratio can be individually 
optimised for every transistor and component that is placed in the layout. This 
requires a longer design time, yet gives the designer the opportunity to improve 
the circuit performance. The result is a circuit with a high level of performance 
in speed and low power dissipation. 
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6.1.2 Semi-custom  
The semi-custom often uses standard-cell blocks. The designer is only involved 
in some layers in the layout when standard cellblocks are used. This is a faster 
way to design circuits, but it gives the designer less space for improvement of 
the circuit performance. The standard-cells are optimised and in the beginning of 
the design, the circuit performance can be even higher than the full-custom 
design. But in the long run the performance will be lower than that of a full-
custom design. 
 

Full-custom

Semi-custom

C
irc

ui
t  p

er
fo

rm
an

ce

Design time

More oppertunity
for performance
improvement

Shorter design time

 
Table 6.1 Full-custom and Semi-custom compared in design time and 
performance. 
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6.2 The ED02AH Process 
 
In the ED02AH process from OMMIC ten active layers are used. This process is 
mainly devoted for integrated microwave circuits and for high rate digital 
circuits for optical links. Enhancement-mode and Depletion-mode transistor are 
available with a minimum gate length of 0.20 µm. 
 
There are many design rules to follow, some are more important then others. 
Every layout object must lie on the grid, which is a kind of co-ordinate net for 
the design. The gates of all the transistors must be in parallel with the X-axis, 
they cannot be rotated at an angle of 90 degrees from each other. These rules 
make it a bit harder to make a compact design. There are three layers for 
microstrip lines in this process.  
 

6.3 The Layout of the Serial to Parallel Converter 
 
In this phase of the design process the physical circuits will appear. A direct 
mapping of the circuit from schematic to layout would result in a non-optimal 
solution, where a lot of area is wasted. That wouldn’t give such a compact 
layout. One of the priorities is to design the serial to parallel converter as 
compact as possible. 
  
In the layout of the serial-to-parallel converter transistors with a ratio of 
W/L=10/0.20 have been used. This is the minimum size of the transistor that the 
process can handle. The minimum size was chosen to minimize the area and to 
pull up the internal voltage levels. The routing has been conservatively done. 
The line widths have been made 1-2 µm wider than necessary and the isolation 
widths are also 1-2 µm wider than minimum, except for a few. Because of this, 
the yield will probably be higher and the lines can handle higher currents. The 
layout has been made as compact as possible with respect to the design rules and 
the yield. A standard-cell approach has been used, where all the cells have been 
handcrafted individually. The inverter-gate, NOR-gate and latch have been 
designed separately. All of the blocks have a built in buffer circuitry which 
keeps the voltage levels high. The blocks are put together and form the higher 
level of blocks, voltage converter, and D-flip-flops. In the highest level the D-
flip-flop and a latch form a bit-block. Simplified is this a D-flip-flop with a 
hold-latch at the output. The bit block is designed so that it may easily be 
cascaded into an arbitrary number of bits.   
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6.3.1 Microstrip Lines 
The GaAs substrate contains three different layers of transmission lines IN, BE, 
and TE. The IN line is the primary line used, the BE line is mostly used when a 
crossing is needed, and the TE line is sometimes used instead of BE lines. These 
lines have different properties due to the materials they are made of, this can be 
seen in table 6.2. The materials used for the lines is an alloy of gold (Au) and 
platinum (Pt).  
 
The lines can tolerate a certain current density. All the lines have the minimum 
widths of 3 um, this is because of process limitations. When the width of a line 
is increased, the maximum current density will increase and the process yield 
will be higher. Therefore the yield will be higher because the design becomes 
easier to manufacture. 
 
It is important to size up the Gnd and Vdd lines. These lines must be able to 
deliver a sufficient amount of current and power. The In and Be layers can cross 
each other without having to consider electromagnetic effects when designing in 
the DC range.  
 
 

    

 

 

 
 

 
 

 

 

 

 
 

Figure 6.1 Crossings and connections with microstrip lines. 
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  IN

  BE

     TE

Ohms/square
Max current
  [mA/um]

 0.030

 0.067

 0.250

    3   6

   3

  2.5

Min width
   [um]

    3

    3

    3

    3

    3

 Min gap
   [um]

 
Table 6.2 The electrical and physical properties of the lines. 
 
 
6.3.2 Transistors 
The GaAsFET transistors are of P-HEMT structure, and all the transistors used 
in this application are of the E-mode type. The transistors are the main 
components for this design. The minimum size of the transistor width is 10 µm, 
and in this design 10 µm transistors are used widely. The sizing of a transistor is 
an important issue of the design. An increase in size will allow the transistor to 
work at a higher clock frequency. The increase in size will also result in higher 
power consumption. If the transistors are oversized too much, the effect will be 
negative for the circuit, in terms of power consumption. The transistors are 
combined together and the logic circuits are formed. 
 
 
 

                                  
 
Figure 6.2 Correct placement of transistors (left figure), incorrect placement of 
transistors (right figure). 
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6.3.3 Resistors 
The GaAs resistors in this design are used as passive loads for the transistor 
circuitry. The resistors are defined by the length (L) and the width (W), in µm. L 
is the distance between the two OH mask edges and W is the width of the active 
layer (LI mask) as seen in figure 6.3.  The LI layer makes it possible for the 
resistor to be crossed by the lines of the IN layer. This advantage is used to 
make the design more compact. 
 
The physical size of the resistor is very individual. The minimum resistor size 
required to ensure a geometrical precision better than 5% is thus: L and W > 
12µm. The size depends on which value in ohm’s the resistor is set to. The 
length (L) or the width (W) is set to a constant, this automatically gives a ratio 
for the resistor. 
  
All resistors in the serial to parallel design have the width set to 10 µm. All the 
resistors used in the design have the value of 5000 ohms, which makes them 
relatively long. Resistors can also be angled in 90 or -90 for a better fit into the 
design. 
 

W

L

Active layer, LI Ohmic contact, OH
 

Figure 6.3 GaAS resistor. 
  
6.3.4 Pads 
Bonding pads are added to be able to measure on and provide inputs and supply 
for the circuit. The pad is a large conductive area, which is made from the OH 
layer. 
 
The pads also provide measurement points in the circuit. When the circuit is 
proven to be functional, these pads no longer have a purpose to fill. Most of the 
pads are removed, pads for inputs, outputs, and supply can still be desired. The 
standard bonding pad size is 100µm×100µm and a distance center to center have 
to be greater than 150µm. The size of the pads used for the serial to parallel 
converter are of standard size and there are 37 pads on the fabricated chip. 
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6.3.5 Layout of the Building Blocks 
There are many things to consider before starting the layout.  The basic blocks 
have to be relatively compatible with each other. The output and input ports 
have to be placed in a geometrically correct way, so that the blocks can easily be 
connected together. When the blocks are placed in rows it is important to leave 
space in between the rows, this is also called routing channels. The lines used to 
connect the building blocks are implemented in the Be and In layers only. The 
strategy for effective routing has been to draw the Be lines vertically and the In 
horizontally, so called “Manhattan” layout. This has been done, with a few 
exceptions. 
  
 

Building
block

Building
block

IN line

IN line

BE lineBE line
 

Figure 6.4 Manhattan layout. 
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7 Simulations and Results 
 
To simulate the circuits Libra and P-spice have been used. The inverter, NOR-
gates, latches, and voltage converters have been simulated and the results can be 
found in appendix B. The noise margins were derived from the transfer 
characteristics for the inverter (appendix B.1). These are the noise margin 
definitions: 
 
Noise margin high 
Equation 7.1  highinhighouthigh VVNM __ −=

 
Noise margin low  

Equation 7.2  lowoutlowinlow VVNM __ −=

 
The NMhigh is 600 mV. The NMlow is lower, about 100 mV. This is due to the 
fact that a low current is flowing through the transistor even when the gate-
source voltage is 0 volt. An E/D-inverter would have given us a better low noise 
margin, at the cost of greater power consumption. The threshold voltage for the 
inverter is -1.2 volts at –1.5 voltage supply. 
 
Since the NOR-gates are designed in a similar way, the noise margins are 
therefore similar (appendix B.2). Appendix B.3 shows the voltage converter. By 
using the NOR-gates, the non-overlap transfer characteristics are obtained. 
 
The clock frequency used in the latches is 5 MHz. Judging by the rise times and 
propagation delays this frequency does not seem too high for the circuit 
(appendix B.4). 
 
The transfer characteristics for the DCFL to TTL converter can be seen in 
appendix B.5. 
  
We have mainly been using Libra, but due to problems with the time-domain 
simulation testbench the complete circuit could not be simulated. 
 
Since we were unable to acquire a licensed version of P-spice we used a free, 
limited version. The limited version cannot simulate designs with many 
components, therefore only small blocks have been simulated in P-spice. The  
P-spice transistor models are not compatible with other spice versions, such as 
H-spice or those similar.
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8 Conclusions 
 
A new serial-to-parallel converter have been designed and implemented. The 
layout was sent to fabrication on the 29:th of June and is currently being 
processed. The circuit is expected back in December 2001.  
 
The current configuration includes a 5-bit serial-to-parallel converter. The serial-
to-parallel converter has a good fan-out performance. The fan-out has been 
simulated, and the circuit is capable of driving many bits. 
 
A 0.20 µm process was used for the design. The size of the circuit measures 
2x0.8 mm, this includes all the pads and a break-out of a bit-block with separate 
voltage supply. Less then 200 Enhancement-mode PHEMT-type transistors are 
used. 
 
The aim was to design a GaAs serial-to-parallel, this have been done. The 
design process took a about 14 weeks, which is four weeks more than the thesis 
work was assigned for.  
 
This thesis project has been a really good experience and we have had the 
opportunity to follow the complete design flow, from idea to fabrication.  
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A Appendix 
 

A.1 Layout of a NOR-gate 
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A.2   Layout of a voltage converter for the Strobe signal 
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A.3   Layout of a voltage converter for the data and clock signal 
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A.4   Layout of a DCFL to TTL voltage converter. 
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A.5   Layout of a D flip flop 
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A.6   Layout of an output latch 
 
 
 

 
 
 
 
 
 

 48



Appendix  
 
 

A.7   Layout of a bit-block 
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A.8   Layout a 5-bit serial-to-parallel converter 
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A.9   Layout of the fabricated circuit 
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B Appendix 
 

B.1 Simulation result from the super buffered inverter. 
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B.2 Simulation result from the super buffered NOR-gate. 
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B.3 Simulation result from the complementary voltage converter. 
 
 
 
 
 
 
 
 
 
 

 55 



Design of a MMIC Serial-to-Parallel Converter in GaAs 

 

B.4 Simulation result from the memory cell latch. 
 
 
 
 
 
 
 
 
 
 

 
 
VTRAN1, marked by □, is data. 
VTRAN5, marked by Ο, is Q. 
VTRAN3, marked by ∇, is clock. 
 
The clock frequency is 5 MHz.
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B.5 Simulation result from the DCFL to TTL voltage converter. 
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