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ABSTRACT

Todays consumer electronic products, like for instance mobile phones, usually require the use
of high speed data convertors. Subsequently, the use of low power convertors in such products
which can be supplied by battery becomes increasingly important. The Analog to Digital
Convertor (ADC) discussed in this research report is considered to be an example of such a
product. In order to meet the demand for low power, this ADC has been implemented in an
advanced bipolar IC-process in which no substrate is used. The former leads to very low
parasitic capacitances around the transistors, providing the ideal circumstances for designing
low power circuits.

In this research, the design as well as the lay-out of the ADC have been realized. In order to
make implementation of the ADC in a digital signal processing system mentioned above,
possible, the corresponding static and dynamic specifications which an ADC needs to meet
have been analysed and discussed in this research report.

Furthermore, attention has been payed to the architecture of the ADC which has been based on
the folding and interpolation technique. Applying this technique has resulted in using less
comparators since they are used in a more efficient way compared to for instance a full-flash
convertor. Hence, fewer comparators use less power consumption and take in less chip area.
The folding and interpolation technique used in this ADC has been discussed in this research
report, including the demands for a correct functioning of the ADC. The interpolation has been
performed by using a interpolating resistance ladder, presenting the interconnection between
the analog preprocessing part and the digital part of the ADC. By using charge control the
resistor value has been determined, resulting in an optimum between clock feedthrough noise
at the output of the interpolation resistor network and power dissipation of the analog prepro-
cessing part.

Simulations of the ADC have turned out that the design specifications mentioned above have
been met adequatly except for the power dissipation of the ADC which turned out to be a
factor 2 to 3 higher than the initial design specifications of 6 - 9 mWatt.

The corresponding lay-out realization of the ADC started by searching for a compact lay-out
for the comparators. In addition, the transistors which create the sample and hold circuit have
been placed closely together to prevent additional interconnection capacitances being added to
the sample and hold circuit in order to attain the designed BER (bit error rate).

The total chip area of the ADC is 4 mm * 4 mm due to the limited numbers of metal layers that
could be used during this research and the corresponding design rules of those metal layers.

II
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CHAPTER 1 INTRODUCTION

Todays consumer electronic products, like for instance mobile phones, require high speed data
convertors. Therefore, using low power convertors in such products becomes increasingly
important in vue of consumer demands and the necessity for manufacturers to meet those
demands adequately. The Analog to Digital Convertor (ADC) which presents the subject of
research in this report can be considered as an example of such products mentioned above.
This ADC has been made in an advanced bipolor IC-process in which no substrate has been
used. The former leads to very low parasitic capacitances around the transistors, providing the
ideal circumstances for designing low power circuits.

In this report the following subjects will be described. In chapter 2 “SPECIFICATIONS OF
AN ANALOG TO DIGITAL CONVERTOR?” attention will be payed to some static and
dynamic specifications of the ADC. Chapter 3 “INITIAL DESIGN SPECIFICATIONS” will
present the initial design specifications which the ADC has to meet. Chapter 4 “THE SPIRIT
PROCESS” will discuss the SPIRIT process. This process, which has been developed by
Philips Research, can be described as an advanced bipolar process, making very low power
circuit design possible. This can be achieved due to the absence of the substrate. Subsequently,
a coupling between the substrate and the active region of the transistors is not present. The
former presents an ideal condition for successfully implementing a high-speed low power
Analog to Digital Convertor. Furthermore, the folding and interpolation technique will be
described in chapter 5 “FOLDING AND INTERPOLATION PRINCIPLE”. This technique is
considered to be an important technique used in an ADC. In chapter 6 “FINE PART” the
design of the fine part of the Analog to Digital Convertor will be discussed. In this chapter,
attention will be payed to the charge control of the master comparator. This model will be used
to determine the resistor value of the interpolation network. Furthermore, the meta-stable state
will be discussed in this chapter. Chapter 7 “COARSE PART” will pay attention to the design
of the coarse part of the Analog to Digital Convertor. After discussing various parts of the
Analog to Digital Convertor in the previous chapters, chapter 8 “THE TOTAL ANALOG TO
DIGITAL CONVERTOR?” will present the total ADC. In this chapter, the output buffer,
diverted from the Fairchild uA702 op-amp for obtaining a cmos compatible output, will be
described. In addition, chapter 9 “LAY-OUT” will present the lay-out of the ADC. This report
will be concluded with a discussion of the main conclusions based on the research results
(chapter 10 “CONCLUSIONS AND RECOMMENDATIONS”). In addition, some recom-
mendations resulting from these research results and conclusions, will be presented.

Introduction 1
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CHAPTER 2 SPECIFICATIONS OF AN ANALOG TO DIGITAL
CONVERTOR

2.1 Introduction

This chapter presents an introduction to the static and dynamic specifications which an Analog
to Digital Convertor (ADC) needs to meet for applicability in a digital signal processing system
like personal communication products. Therefore in section 2.2 the ADC function will be
illustrated. In additional sections the sampling time uncertainty as well as the sampling clock
time uncertainty will be discussed (section 2.3 and section 2.4). Section 2.5 will illustrate the
signal to noise ratio. Section 2.6 will discuss the Bit Error Rate. Finally in section 2.6 and 2.7
the INL and DNL will be illustrated.

2.2 A/D Convertor function

The basic Analog to Digital Convertor is presented as a black box in figure 2.1.

.. — BO
Va — Analog to Digital
a convertor
Bn
figure 2.1: Block schematic of an Analog to Digital Convertor

The input signal is supplied to the Analog to Digital Convertor and after a certain amount of
time the conversion will be established. After the conversion has been established the convertor
provides a digital code at its output. This digital output can be written as a function of the
input signal. This leads to the following equation:

n-1
;; = Dout *q, = mX:(:)Bmzm *tq,

Specifications of an Analog to Digital Convertor 2
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In this equation D, represents the digitalized value of the analog input signal V,, whereas q,
represents the quantization error. This error represents the difference between V,/R ¢ and the
digital signal D, on the condition that n is a finite number. R is a reference value, which can
be a reference voltage, current or charge.

23 Sampling time uncertainty

When sampling an analog signal, additional errors can occur in the output signal caused by
sampling time uncertainty. This error occurs when samples are not taken at equal times t, but
at times t + At (see figure 2.2). Figure 2.2 shows that a At time uncertainty introduces an
amplitude error AA. AA has to be smaller than 1 LSB to avoid a significant loss in quantization
resolution of the convertor. If the input signal is a sine wave and the input frequency of the
convertor is half the sampling frequency, the sampling time uncertainty will introduce the
largest error at the zero-crossing of the sine wave. The maximum sampling time uncertainty
has been derived in [10]:

2n
At =
max
T4

with f;, representing the input signal frequency and n the resolution of the convertor.
Calculating this for a 8 bit convertor at a clock frequency of 100 MHz, the sampling time
uncertainty becomes 25 ps.

Amplitude

A+ Ad

t t+ At Time

figure 2.2: Sampling time uncertainty

Specifications of an Analog to Digital Convertor 3
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2.4  Sampling clock time uncertainty

By supplying a clock signal to the convertor, information about the pulse-to-pulse time
uncertainty can be obtained. Therefore the clock generator is modelled in a way which makes
calculations possible. The model for calculating this clock time uncertainty is shown in figure
2.3 with e, representing the (rms) noise generated by the squaring circuit. Mostly e, is thermal
noise and can be expressed as:

el = 4kTR Af

with R, as the equivalent noise resistance at the input of the squaring circuit.

(4

n

O R4 Vclock

v (D _

figure 2.3: Clock time uncertainty model

The squaring circuit, with a bandwidth £, is supplied by an ideal sine wave V= A sin wt with
w = 27ef,. The noise bandwidth Afis equal to the bandwidth of the squaring circuit. This wide-
band noise results in a pulse-to-pulse time uncertainty which depends on the noise amplitude
and the slope of the sin wave input signal. The equation for the pulse-to-pulse time uncertainty
has been calculated in [10] and results in:

2mkTR
At = —”f”
nf, A

with k = 1,38 10® J/K and temperature T in Kelvin.

The pulse-to-pulse time uncertainty At has to be smaller than the maximum sampling time

uncertainty At_,, calculated in section 2.3. This puts a very stringent demand on the equivalent
noise resistance R,

Specifications of an Analog to Digital Convertor 4
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2.5  Signal to noise ratio

Signal to noise ratio is a very important dynamic specification of an Analog to Digital Conver-
tor in digital signal processing systems. It depends on the resolution of the convertor, and thus
on the number of quantization levels 2°- 1. The theoretical signal to noise ratio for a sine wave
has been calculated in [10] and results in:

E = 6.02*n + 1,76 dB
N

For an ideal 8 bit convertor the S/N = 49.92 dB. This number can never be met because of the
sample time uncertainty and non-linearity in an Analog to Digital convertor.

2.6 Bit Error Rate

In Analog to Digital Convertors many decisions are being made during the conversion time. If
a wrong decision is made, the internal code will be converted in a wrong output code. This
wrong output can be a meta-stable condition of a comparator. A meta-stable condition of a
comparator is an output code level that does not confirm the logic “1” or “0”. The meta-stable
condition will be further explained in section 6.3.

The number of errors made during the conversion time of a convertor can be presented as the
Bit Error Rate (BER). The comparators of the Analog to Digital Convertor need to be desig-
ned for a BER between 107° and 10" for a high quality convertor.

2.7 INL

The integral non-linearity (INL) can be defined as the deviation of the output code of an
Analog to Digital Convertor from a straight line drawn through zero and full scale (see figure
2.4). The output codes for calculating the INL has to be corrected for a possible zero offset. In
practical circuits such as input amplifiers, output buffers and comparators, this offset is caused
by the finite matching of components.

Monoticity of the convertor is guaranteed if the INL is equal or smaller then % LSB [10].

Specifications of an Analog to Digital Convertor 5
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Owtput acxdes Pull Seale
102 + % LSB »
010 “HiSB o
i
figure 2.4: Integral non-linearity of an Analog to Digital Convertor

28 DNL

The differential non-linearity (DNL) describes the difference between two adjacent digital
output codes compared to 1 LSB of the Analog to Digital Convertor generated by two adja-
cent analog signal values. This leads to the following equation:

DNL = 4,0, + 1) - 4,,,(0,) - 1LSB

input (

with Q,.; and Q,, being two adjacent quantization levels and A, (Q,,) being the analog input
voltage corresponding to the quantization level q,.

From this equation it can easily be understood that if every transition to its neighbour is 1 LSB
the DNL will be zero.

Specifications of an Analog to Digital Convertor 6
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CHAPTER 3 INITIAL DESIGN SPECIFICATIONS

This chapter presents the specifications which the Analog to Digital Convertor needs to meet.
The specifications were determined at the beginning of the research project [1]. These specifi-
cations are illustrated in table 3.1.

table 3.1: Design specifications of an ADC
Initial Design Specifications
Technology SPIRIT
Resolution 8 bit + overflow/underflow outputs
Signal to Noise Ratio (SNR) >50dB
Maximum Analog Bandwidth 50 MHz
Conversion Rate 100 MHz
Analog input signal voltage range |1V,
Power Consumption 6 - 9 mWatt
Supply Voltage 3 Volt

The specifications presented above have been obtained from a new standard in mobile
telecommunication.

These specifications were very preliminary because not all the process parameters were known
at the beginning of this research project (like for instance the parasitic capacitances around the
transistor). At the time they became available, the demand of the power consumption turned
out to be unrealistic because of the large capacitances being a very high load to the transistors.
Therefore the power consumption of the ADC will now become a factor 4 larger.

SPIRIT is an advanced bipolar IC process having a high f; at low current values, which
indicates that very fast circuits can be designed with low power consumption. The SPIRIT
process will be further discussed in chapter 4 “THE SPIRIT PROCESS”.

Initial Design Specifications 7



Designing an 8 bit, 100 MHz, low power, folding Analog to Digital Convertor

CHAPTER 4 THE SPIRIT PROCESS

4.1 Introduction

SPIRIT, an advanced bipolar process, has been developed by Philips Research. The process
makes very low power circuit design possible, which is a major advantage of this process. The
low power circuit design can be achieved due to the absence of the substrate which implies that
there is no coupling between the substrate and the active region of the transistors. Due to the
absence of parasitic capacitances this presents an ideal condition for implementing a high speed
low power Analog to Digital Convertor.

In this chapter the SPIRIT process will be discussed, consisting of a discussion of the resistors

and NPN transistors in section 4.2, In addition the capacitance which can be used in the design
will be discussed in section 4.3.

4.2  Resistors and NPN transistors
The different types of resistors have already been discussed in [1]. Therefore they will not be
discussed in this section. The same goes for the NPN transistors which are being used for the

design of the ADC.

Figure 4.1 presents a NPN transistor with additional parasitic capacitors. These capacitors are
listed in table 4.1.

Ceg

—— Cece
Cbg J_ \
I 1

e
e

Ceg

figure 4.1: NPN transistor with additional parasitic capacitors

The SPIRIT process 8
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table 4.1: List of parasitic capacitors

" Parasitic Capacitors Value

|| Cac 2.0200E-16
Cex 4.8700E-16
Cez 1.3000E-15 |
Ceo 4.7000E-16
Cao 1.0700E-15
CEi 5.6000E-16

Simulations aimed at obtaining information for the design of the various circuits of an ADC are
performed on the NPN transistor. An important characteristic for the design of a circuit is the
cutt-off frequency f; versus collector current I characteristic shown in figure 4.2. This
characteristic has been simulated for several V, voltages. Furthermore, the V,, versus collector
current I characteristic is also important for it supplies information about the bias adjustments.
The V,, versus I characteristic is illustrated in figure 4.3.

Due to the emitter resistor of the transistor [1], which is the serie resistance between the
external emitter terminal and the internal emitter region, the calculated gain of the differential
amplifiers will not be met. This resistor introduces additional emitter degeneration (see section
7.3) in the amplifier circuit.

LNy
- Sabvaz - £ 12oc N 120G fv
VCB: 00 )
MAX(P): 30.0G ! }
2 ... N (R e ) IR S o
VCB: 190 100G X —"F 10.0G6
MAX(P): 30.06 \ o .
[
VCB: 3.0 80G 5 80G
MAX(P): 30.0G
60G 60G
40G 40G
20G 20G
0.0 0.0
0.0 20.0u 40.0u 60.00 80.00
10.00 3000 50.0a 7000 c
(LIN)
figure 4.2: f; versus I characteristic
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Vbias as fanction of the collector carrent Ie

620.0m
610.0m

0.0 4.0u 8.0u 12.0u 16.0u 20.0u 24.0u 28.09 32.0a 36.0u 40.0u
2.0u 6.00 10.0u 14.0u 18.0u 22.0u 26.0u 30.0u 34.00 38.0u

le[A]

figure 4.3: V. versus I characteristic

4.3 Capacitors
Two types of capacitors can be used in the SPIRIT process.

1) Crms- The typical value of the capacitor is 3.15 fF. IN and INS are two kinds of metal
that can be used in the SPIRIT process.

2) mnos The typical value of the mnos capacitor is 57.5 fF for a capacitor of dimensions
5*5um.

Only the mnos capacitor is used in the design of the Analog to Digital Convertor due to its
higher typical value.

The SPIRIT process 10
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CHAPTER 5 FOLDING AND INTERPOLATION PRINCIPLE

5.1 Introduction

A high-speed Analog to Digital Convertor can be designed as a full-flash convertor. This
convertor consists of an array of 2°- 1 comparators followed by the encoding logic which
generates the output code of the convertor. The factor n represents the number of bits.

The comparator is connected with one input to the input signal and with the other input to a
reference ladder. A major disadvantage of this architecture is the large power consumption and
the large chip area taken in on the die.

Another way of designing a high-speed Analog to Digital Convertor is by using the folding and
interpolation technique. The result of applying this technique is the use of less comparators
because they are used in a very efficient way. Hence, fewer comparators use less power
consumption and take in less chip area. No sample-to-hold amplifier is required for this conver-
tor. The architecture of a folding and interpolation high-speed ADC is presented in figure 5.1.

L 3 bit coarse }*
Analog

v, ] preprocessing
circuit
5 bit fine —

figure 5.1: Architecture of an ADC

The folding and interpolation principle will be described in section 5.2. In section 5.3 the
analog preprocessing will be discussed, presenting the condition to be met in order to obtain a
correct functioning ADC.

Folding and Interpolation principle 11
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5.2  Folding and interpolation principle

The input signal is supplied to the analog preprocessing circuit (see figure 5.1). This analog
preprocessing circuit consists of input amplifiers and folding circuits.

In this design a folding factor of 8 has been chosen resulting in an 8 times folded input signal

(see figure 5.2) which can be represented by a 3 bit coarse part. Subsequently, a folding factor
of 8 results in a partition in 5 bit fine and 3 bit coarse (see figure 5.1).

Input

1/8 0ulpul

figure 5.2: An 8 times folded input signal

The fine part of the preprocessing circuit has 36 input differential amplifiers. In order to obtain
a three times folded signal, three output signals of the input differential amplifiers are
connected to the 3-fold circuit with the middle signal inverted. This results in twelve 3-fold
output signals which are connected to the 9-fold circuit (see figure 5.3), generating a nine
folded signal.

Folding and Interpolation principle 12
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Voo | Input st sl -t
Vi —| 2mPHer L i 52 —-  3-fold circuit
$3 —+
S,
s4 —|+
A -fOCA
s5 —{- 3-fold circuit bz 9-fold circuit g
s6 T
+
s7 —+ —‘
s8 —{-  3-fold circuit
59 —‘+
figure 5.3: Folding circuit of the ADC

The output signal is folded nine times (see figure 5.4) in order to generate the circular code
used as the internal code of the Analog to Digital Convertor. The major advantage of this code
is the possibility of a “0” to “1” detection performed by the EXOR function which can be used
to drive the rom table (see section 6.1) in order to generate the binary output code of the
convertor. The circular code is shown in table 5.1.

Nine folding signals: fA-fcA to D - fcD

- yloasis - 3000m N
VN(PIB)-VN(PCB)
YNPIAX-VNFICA)
YNDYVNPCD)  2000m
YNESCYYN(CO)
100.0m
0.0
-100.0m
-200.0m
-300.0m
14 18 22 26
16 20 24
Analysis: DC
LN E_VING
Uscr:  Simnlation date: 03-04-97, 11:13:31
File: /h b d /sl stion/ /Pstar/sch ic/netlistierm adif
figure 5.4: Output signals of the 9-fold circuits
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table 5.1: Circular code used in the ADC illustrated for 3 bit
Binary code Circular code
000 0000
001 0001
010 0011
011 0111
100 1111
101 1110
110 1100
111 . 1000

Interpolating between the nine folded signals with a resistor network of 8 resistors results in
the 32 zero-crossings for the comparators which are of the master-slave type. The interpolation
resistor network is shown in figure 5.5. In figure 5.6 the corresponding output signals of the
interpolation resistor network are illustrated. In figure 5.5 additional resistors are added for
impedance adjustments, so all interpolated signals have equal signal delay.

in out in out

figure 5.5: Interpolation resistor network
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2000m (Y
100.0m
0.0
-100.0m
2000 I.‘J_SS 1.975 1.995 2015 2.035 2.055
1.965 1.985 2.005 2.025 2.045 207
figure 5.6: Output signals of the interpolation resistor network

5.3 Preprocessing part

The preprocessing part has been designed in [1]. From this design only the simulated
specifications will be presented here (see table 5.2).

table 5.2: Simulation results of the preprocessing part of the ADC

Preprocessing part of the ADC

System architecture ADC Cascaded folding with 8 times interpolation
Resolution 8 bit
Input voltage range 8/9 Volt
Bandwidth preprocessing part 500 MHz
Maximum analog input signal frequency 50 MHz
Maximum gain at zero-crossings 8
Maximum output voltage swing 400 mVolt
INL <+0.3 LSB
Max. distortion component at f= 50 MHz -55dB
Power supply voltage 3 Volt
Tot. power dissipatio;npreprocessin_&part 5950.55 uWatt
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The preprocessing part is illustrated in figure 5.1. The linking of the fine part with the coarse
part is of crucial importance in vue of a correct functioning of the Analog to Digital Convertor.
For this reason, this subject will be discussed here.

If a ramp signal is being used as an input signal for the ADC (see figure 5.7) the coarse part
will start with the output code “000”. The fine part will have an increasing output code from
“00000” (see A in figure 5.7) to “11111” (see B in figure 5.7). A reference step higher, as the
input signal still increases, the coarse part has an output code of “001”. At the same time the
fine part has to have a code transition from “11111” to “00000”. This can be achieved by using
the signal as labelled FOD7 for the synchronization between the coarse part and the fine part
which will be described in chapter 7 “COARSE PART”. This signal is also used for obtaining

the MSB-2 bit. By using the signal FOD7 (indicated by B in figure 5.7) the MSB transition will
occur at an input voltage of 1.94 Volt (see C in figure 5.7).

Foldingsignals fine part

- yl-axis - 25 (LN

VN(VING) 7/
VNED 1 VNFICDD)

YNEBLVNFOCE) 2O

VN(F9A)-VN(FICA) ]

VNESD2).VNGFSCD2)
VNEIDI-VNEOCDS) 10
VN(F9D4)-VN(FICD4)
VN(FIDS5)-VN(FICD5)

0.0

-500.0m

0.0 1.0u 2.0u 3.0u

(LIN) T

figure 5.7: Output signals of the preprocessing part

Folding and Interpolation principle 16




Designing an 8 bit, 100 MHz, low power, folding Analog to Digital Convertor

CHAPTER 6 FINE PART

6.1 Introduction

In this chapter the fine part of the Analog to Digital Convertor is discussed. The fine part of
the ADC is presented in figure 6.1. This figure illustrates that the fine part embraces the
following parts:

- comparator;

- EXOR-comb;

- rom table;

- rom-amplifiers;

- EXOR;

- latch;

- buffer.

*

Comparator Exor- Rom
comb

—~

Romamp, Exor Latch Buffer
— 5

Nop _|
Reser —j
Ser

~

o T Too o [

-

HENE

32 32 32

BT
|

figure 6.1: Block schedule fine part of the ADC

The comparator block is used in order to digitalize the folding signals of the preprocessing
part, whereas the EXOR-comb block is used to detect the “0” to “1” decision of the compara-
tor outputs. Furthermore, the output of the EXOR-comb block is used to drive the rom table
which delivers the binary output code of the fine part. In this rom table error correction is
implemented for the LSB bit. Because of using this error correction the LSB bit needs to be
reconstructed from the LSB and LSB+1 signals. The romamp block amplifies the differential
output signals of the rom table. Finally, the latch block is used in order to enable the binary
output code at the same time at the output.
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The buffer will be discussed in chapter 8 “THE TOTAL ANALOG TO DIGITAL CONVER-
TOR”. The circuits mentioned above will be discussed after deriving the theory for the charge
control of a transistor (section 6.2) and the theory for calculating the meta-stable states of a
comparator (section 6.3). The meta-stable state is the condition of the output of the
comparator after the half-sample time, which can not be used as a logic signal level. The theory
of the meta-stable state will be used for designing the comparator by transient analysis in
section 6.4.5. The charge control of a transistor will be used to calculate the value of the
interpolation resistor connected to the comparator.

In section 6.4 the design of the comparator will be discussed. Section 6.5 will discuss the
EXOR-comb circuit whereas section 6.6 will describe the rom table. The EXOR-comb circuit
detects the “0” to “1” transition of the comparators which are encoded to the output code of
the fine part by the rom table. The rom table embraces a correction function for decision errors
made by the comparators. The rom-amplifier which amplifies the signal from the rom table will
be discussed in section 6.7, Finally, in section 6.8 the latches which make the output code of
the fine part valid at the same time will be described.

6.2  Charge Control

6.2.1 Introduction

For the connection of the comparators to the interpolating resistance ladder and therefore the
determination of the resistance value the charge control model is used. By using this model one
can calculate the base current peak that arises every time the comparator is switched by the
clock signal. In order to limit this base current peak a differential pre-amplifier can be placed
between the comparator and the interpolating resistance ladder. However, the differential pre-
amplifier has a bandpass transfer character, which implies that the base current peak will still
occur at the interpolating resistance ladder. The comparator, being a low-low clocked
comparator, is presented in figure 6.2.

The base current peak is normally called clock feedthrough noise. This clock feedthrough noise
is the main cause of conversion errors made in Analog to Digital Convertors.

Fine Part 18
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Ibias]

figure 6.2: Circuit diagram of the comparator

6.2.2 Analysis of charge control

The comparator presented in figure 6.2 has a major drawback in case it is placed behind the
interpolating resistors. It generates clock feedthrough noise, which arises from base current
spikes caused by the on and off turns of the emitter current by the clock signal.

The clock feedthrough noise leads to errors in the Analog to Digital Convertor and is therefore
the main reason for degradation of the resolution of the convertor. It is also mixed with the
analog input signal and causes distortion. For this reason another comparator is normally used
(see figure 6.3). However, in this case this comparator could not be used because counting the
Vbe voltages, one can conclude that the supply voltage of 3 Volt is too small. Hence, this
comparator might be used after modification like [4, 12, 13]. Since this modification has not
taken place during this research project, the comparator shown in figure 6.2 will therefore be
used after all.

This clock feedthrough noise will now be analysed by charge control. Therefore the base
current of the track circuit of the comparator will be analysed, assuming that the base currents
are equal.

Fine Part 19



Designing an 8 bit, 100 MHz, low power, folding Analog to Digital Convertor

R )
o
"N /1

O e

figure 6.3: Circuit diagram of the high-high clocked comparator

The emitter current has been derived in [9] and is presented in figure 6.4.

T T
- 170 -150 =75

figure 6.4: Emitter current of a differential pair

This figure can be translated into the following equation:

qAV

cl
2kT 2

I, = 11, [1+tanh(

c ; bias
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Assuming that both base currents are equal only I, is derived. In this case the collector current
can be described as:

qAv,
5
2kT

c

1
I, = 21,1 +tanh(

with AV =V, -V . The used clock signal is equal to the signal illustrated in figure 6.5.

Hence, only a value of t between 0 and t1 and between T/2 and t2 is interesting in this case,
because during that time the charge changes in the elements of the charge model (see figure
6.6). Taking this into account, Ic can be written as:

I = %1 ,[1+tanh(ar)]

bias.

with o being positive if the edge of the clock signal increases and « being negative if the edge
of the clock signal decreases.

A
ot for0<t<tl
) T A fortl<t<TR
t 1
tl T/2 Avel -at forTR<t<t2
-A fortl <t<T/2
.A_
figure 6.5: Clock signal of the ADC

If the transistor operates in the forward active region and cutt-off region, the charge control
model [7] can be illustrated as (see figure 6.6):
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Q/ %
‘ c
Igs = Qpo (17 + Utyy) Qe
| |
o Qe
E
figure 6.6: Charge control representation of a NPN transistor

with the following equations for the collector and the base current:

. _ QF _ dQVC
0 = 'c_F dt
v - 2, B, Qv 00

Tor dt dr

The current dQve/dt can be disregarded because of the base-emitter voltage varying only
slightly under forward bias. In addition dQvc/dt can also be ignored considering the fact that
the collector voltage is assumed to be constant. For the same reasons the parasitic capacitances
around the transistors can be disregarded. Under these conditions and assuming that ic ~ ie, the
base current spike can easily be derived. This leads to:

i) = % = iyl + tanh(a)] (6.1)
F

: Or  d0r

i) = — + —

’ Yar dt (6.2)

with T =P ;.

Fine Part 22




Designing an 8 bit, 100 MHz, low power, folding Analog to Digital Convertor

Substituting equation (6.1) into equation (6.2) leads to:

. .
(0 = 'Cé') + ”'j;’TF[l - tanh(ar)]

After deriving the equation for the base current spike, it appears to exist of two terms. The first
term is proportional to the collector current. The second term appears as a current spike. The
magnitude of this spike is dependent on the slew-rate of the emitter current and therefore on
the clock frequency.

The base current spike analysed here is fed back to the differential pre-amplifier. This base
current spike is transformed to high frequency ringing noise due to the inverse transfer charac-
teristic of the pre-amplifier. The small-signal equivalent circuit [2] is shown in figure 6.7. Once
again only one side of the pre-amplifier has been analysed due to the symmetry of the circuit
mentioned before.

4\

Che

_.
'D_IQS smee@ jﬁ";’—“

figure 6.7: Small-signal equivalent circuit

The value of the capacitances Cbe, Cce, Cbc, Cbg and Ccg will be explained in chapter 4
“THE SPIRIT PROCESS”. The other elements of the small-signal equivalent circuit are
discussed in appendix 1.

Figure 6.8 shows the small-signal equivalent circuit for practical analysis of the inverse transfer
characteristic. All elements that do not effect the inverse transfer characteristic have been
removed.
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Cbc’>
}; b
Ve E]_x_ Ce T
Rin| Cbg @7@3

figure 6.8: Practical equivalent circuit

Using Kirchhoff’s current law, the inverse transfer characteristic can be derived, leading to the
following equation:

Vi $(Cy + G
I C +Chc+Ccg C, +C +C
b1 R.lR + s(—L£ = + tg Ru bey 4 sz(CbgCg +(Cpg + CHC, + Cp)

This inverse transfer characteristic has been simulated with PSTAR. The simulation results are
illustrated in figure 6.9.

Simulation diff-amp Comp (out to in)

- yl-axis - s00 LIV

DB(VN(UTD) J

-80.0

-1200 yd

-140.0 ra

-160.0 ¥4

100.0k 10.0M 1.0G : 100.0G
LOM 100.0M 10.0G

LoG) F

figure 6.9: Inverse transfer characteristic of differential pair

Simulations are used in order to obtain the resistor value of the interpolation resistor network,
resulting in a resistor value of 2.5 k2.
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This resistor value is an optimum between clock feedthrough noise at the output of the inter-
polation resistor network and power dissipation of the nine fold block [1]. Simulations are
executed by supplying the comparator (see figure 6.2), which has the same current settings and
resistor values as the master comparator of section 6.4.2, with a differential voltage of 10
pVolt at its inputs Vin and Vinc. At Vin’ and Vinc’ the clock feedthrough noise is measured
and is presented in figure 6.10. The clock signal with a frequency of 100 MHz is supplied to
clk whereas the inverted clock signal is supplied to clkc. In figure 6.10 the clock signal clk
goes high at t = 345 ns which means that a is positive as presented before. At t =350 ns the
clock signal clk goes low which means ¢ is negative.

In this section in which the base current spike has been calculated the base-emitter voltage has
been assumed to vary only slightly under forward bias. This assumption is true if the clock
frequency is high enough. If the clock frequency is not high enough the base-emitter voltage
will rise to the base voltage with the RC-time of the resistance R, and C, + C,, shown in the
small-signal equivalent circuit (see the equations in appendix 1). This is a very non-linear
process. The elements R, and C, depend on I and V,, and consequently the value of the
elements will change and therefore the RC-time will change.

Plot of clock feedthrough
zoom active
- yl-axis - 2020m L
VN(PA)-VN(FICA)
201.8m
201.6m /\
201.4m /
201.2m / /\
N
N I R AN
\| [V Vv
200.8m
200.6m
200.4m
345.0n 347.0n 349.0n 351.0n
346.0n 348.0n 350.0n 352.0n
figure 6.10: Clock feedthrough noise at interpolation resistors
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6.3  Failure rate of comparators caused by meta-stability

6.3.1 Introduction

When a comparator is used for making a decision, either a digital “0” or a digital “1”, it is
possible for the input signal to be that small, that by the end of the half-sample time no decision
has been made. If the comparator has made no decision the comparator is in its meta-stable
region which means that it is in a Meta-Stable State (MSS) (see figure 6.11 with Vm as the
meta-stable voltage at the middle of the meta-stable region).

Since the meta-stable state provides neither a digital “0" nor a digital “1", one can conclude
that the comparator makes a decision error. This error is passed on to the digital circuitry
following the comparator in the Analog to Digital Convertor. As a result the ADC will reveal
an incorrect output code, presuming no error correction system is placed behind the compara-
tors.

Taking the former into account, the aim is to find a criterion that is useful during the design of
the comparator, determining the number of Meta-Stable States. Circuit noise (see appendix 2
for an overview of sources of noise in a transistor) has no influence on the number of MSS of
the comparator.

“1 L

“0"

figure 6.11: Comparator output
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6.3.2 Small-signal behavior of a comparator

A comparator can be modelled, approximately, by two stages with amplification -A followed
by an RC-filter with time constant T = RC and the output of the second RC-filter being fedback
to the input of the first amplifier (figure 6.12).

figure 6.12: First order model of a comparator

The feedback theory can now be used to determine the meta-stable condition [15]. This results
in the following equation:

A
1 - A2 =0 withd = ¢
1 + s7

The solutions of the differential equétions describing the system (see appendix 3) are:

v, = A €ex 4o 71 A A, - 1 (6.3
1~ ™M p( T t) + zexp(_t_t) . )
and
A, -1 -4, -1
v, = —A exp( 01: t) + Azexp(oTt) (6.4)

with A, and A, being integration constants. V, and V, are the output voltages of respectively
amplifier 1 and amplifier 2.
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Att=0V, =V, and V, =V, are chosen, leading to the calculation of the integration con-
stants. This results in:
A = Vos ; Vor LA, = Vor

+ Vo

By looking again at the equations (6.3) and (6.4) mentioned before one can conclude that after
a time
A -1

T

£> 20

the second term of both equations can be neglected. If also V,, - V,, = 20V, is introduced,
representing the input signal, the dominant output voltages can be translated into the following
expressions:

A4, -1
v, = %exp( LI (6.5)
and
- A, -1
v, = E;V“ exp( Ot t) (6.6)

The difference V, - V,, the final state of V, and V,, is equal to the logical swing of the
comparator.

6.3.3 The failure rate for meta-stable states

The dominant output voltage derived in section 6.3.2 can now be related to the probability P of
a meta-stable state occuring [10, 14, 15] after the sampling time td:
-1

4,
P(t > t;) = exp(-

t)
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6.3.4 Designing the comparator

As stated in section 6.3.1 the aim is to find a criterion which is useful during the design of the
comparator. This criterion can be found in the factor: '

4, - 1

T

This factor indicates the probability that a meta-stable state will occur (see also section 6.3.3).
In order to design the comparator to this factor a transient analysis can be performed.
Therefore, deriving an expression for the determination of this factor based on a transient
analysis is necessary.

The output differential signal can be obtained by substracting equation (6.5) from equation
(6.6), which results in the following expression:

-1, (6.7)

=V, -V, = 8V, exp(

out

The derivation of equation (6.7) to t leads to the next equation:

oV A, -1
out — Vou’ ( 0
ot

) (6.8)

Rewriting equation (6.8) the criterion necessary for designing a comparator by transient
analysis as stated before can be obtained:

A4, -1 1 oV

out

ot

T V

out

The criterion derived above will be applied in section 6.3.5.

6.3.5 Design by transient analysis

In this section the theory derived in section 6.3.4 will be applied to a comparator. The clock
signal with a frequency of 100 MHz is put at input Clk whereas the inverted clock signal is put
at input Clke in order to perform the transient analysis mentioned before. The inputs Vin and
Vinc are supplied with a DC-voltage source in serie with an AC-source.
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This AC-source is a sine generator with an amplitude of 10 pVolt. The output signal as well as

the factor (A, -1)/1 are presented in figure 6.13. Based on this figure one can conclude that the
factor (A, -1)/t=11.10° 5™,

Simulation Slave Comparator

Z00m active

VNQA-VNQAC) 4000 (LIN)
100.0m /
-100.0m
-300.0m
A 1206 LN "e"=DXY ("VN(QA)-VN(QAC)") / ABS ("VN(QA)-VN(QAC)")
10.0G / A\
8.0G // \
6.0G
wa [ \
2.0G / \
0.0 / \
10.0n 11.0n 12.0n 13.0n
10.50 1150 1250 13.5n
figure 6.13: Transient analysis of a comparator

Knowing the factor (A, -1)/t the probability of a meta-stable state occuring can be calculated.
This results in the following equation based on the equation presented in section 6.3.3:

P(t> 1) = exp(-22 = 1.3x107%
(> t;) = exp( " t) = 1.3x10

with td = 5 ns being the half period time of the clock signal of 100 MHz.
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6.4 Comparator

6.4.1 Introduction

The comparator used in the Analog to Digital Convertor is of the master-slave type in order to
obtain a higher sensitivity and therefore a reduction of the bit error rate. The master compara-
tor drives the slave comparator. In this way the digitalized folding signals are kept constant
during one clock period.

In this section 6.4 the master-slave comparator will be discussed. Therefore the master compa-
rator will be discussed in section 6.4.2 whereas the slave comparator will be described in
section 6.4.3. Finally, the master-slave comparator will be discussed in section 6.4.4.

6.4.2 Master comparator
6.4.2.1 Introduction

The master comparator is presented in figure 6.14 which illustrates a split-up in the collector
load resistor. The improvement accomplished due to this modification is the reduction of the
failure rate as described in [10, 14] due to the increase of the gain A, during the hold mode of
the comparator.

Vinc
Ck TS T6 Chke
Ibiasl
figure 6.14: Master comparator with split-up collector resistors
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The master comparator has a differential input Vi = Vin - Vinc and a differential output Vo =
Vout - Voutc. The output signal of the master comparator is a differential signal of 250 mVolt.

In the sample mode the input signal is amplified by the transistors T1 and T4 and the load
resistors R1. In this mode the clock signal clk is high whereas the inverted clock signal clke is
low. The amplification in this phase can be described as:

A g, *R,

M7

Due to the split-up of the collector resistors a large signal bandwidth can be obtained.

The circuit is in the hold mode as soon as the signal clk goes high and subsequently the signal
clkc goes low. In this mode the circuit makes a decision depending on the input signal during
the sample mode, resulting in an output signal being either a digital “0” or “1”.

The decision is made by a positively fedback circuit formed by transistor T2 and T3 and the
collector resistors R1 and R2. Adding the resistor R2 to R1 will increase the gain of the
decision amplifier during the hold mode.

The sample and hold modes are controlled by the transistor couple TS and T6. These transis-
tors are controlled by the signals clk and clkc and therefore operate as switch. The current
function has already been illustrated in figure 6.4, section 6.2.2.

6.4.2.2 Design

The current Ibias] is set by simulation at a value of 12.4 pA whereas the current Ibias3 is set
by simulation at a value of 8 pA. These values are chosen to obtain by simulation an optimum
in speed, power dissipation and ringing due to the emitter-follower. The ringing is caused by
the output impedance of the emitter-follower [2] which behaves inductively. This has a major
impact on the circuit behavior when driving capacitive loads such as the equivalent input
capacitance of the transistor. The current of the differential amplifier is set by simulation at 8
nA for a f, bandwidth of 1.04 GHz with the master comparator attached.

After setting the currents one can calculate the resistor values. A current Ibiasl = 12.4 pA
leads to a total resistor value of 20.138 k) for an output swing of 250 mVolt as stated before.
The f-3dB bandwidth in the sample mode is 1.45 GHz. In [14] the smallest bit error rate was
found for ratios of R1/R2 between 2/5 and 2/3. In this design a ratio of 0.45 has been chosen
which implies that R1 = 6.25 kQ and R2 = 13.888 k(. The value of the resistor in the current
source can be calculated by using figure 4.3 in chapter 4 “THE SPIRIT PROCESS”. The Vbe
of a transistor at a current of 12 pA is 0.772 Volt. For a transistor at a current of 8 pA the Vbe
voltage is 0.76 Volt. With a Vbiasl of 0.85 Volt this results in a resistor value of 6.416 kQ for
Ibias1 source and a resistor value of 11.25 kQ for Ibias2 source and Ibias3 source.
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The resistor Rem in the differential amplifier is 59.375 kQ for a DC-shift of 0.475 Volt. The
resistor Rc in the differential amplifier is 31.25 kQ for a voltage swing of 250 mVolt at a
current of 8 uA. The power consumption of the master comparator is 0.109 mWatt.

The master comparator is simulated as described in section 6.3.5. The factor (Ay- 1)/t =
9.10° 5! is presented in figure 6.15 and subsequently P = 2.9 10°%,

Simulation Master Comperator

Zoom active

YNUD-VNUIC) 000 @D
250.0m A
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150.0m
" 50.0m —
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600 \
4.0G
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0.0 \ P
-2.0G \/
1.0 9.0n 11.0n 13.0n 15.0n
8.0n 10.0n 12.0n 14.0n
@ T
figure 6.15: Transient analysis of the master comparator

The elements of the master comparator are summarized in table 6.1. This table also shows the

simulation results.

table 6.1: Calculated and simulated parameters of the master comparator

Parameter

Value differential amplifier

Value comparator

Transistor nlOL24pm, m=1
Bandwidth 1.04 GHz 1.45 GHz
! Power consumption 0.109 mWatt
(A,- Dt 9.10°s™
Rem 59.375 kQ
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Parameter | Value differential amplifier I Value comparator "
' ] 1
Rc 31.25kQ
R1 6.25 k2
R2 13.888 kQ
Rbias 11.25 kQ 6.416 kQ/11.25kQ
DC-output 2.4 Volt 2.115 Volt
6.4.3 Slave comparator
6.4.3.1 Introduction

The slave comparator which has a differential input Vi = Vin - Vinc and a differential output
Vo = Vout - Voutc is presented in figure 6.16. The input and output voltage of the slave
comparator are both differential signals with an amplitude of 250 mVolt.

Figure 6.16 illustrates that additional transistors have been added creating a current output at
the slave comparator. Interconnecting the current output of the slave comparator in the right
way will result in a wired-EXOR function which is being used for detecting a “0” to “1”

transition for driving the rom table. The interconnection of the wired-EXOR function will be

discussed in section 6.5.
R
. qu V Qo ‘/ V G

Vin vinc
clk clke
Vi l Ibl
R,
figure 6.16: Slave comparator
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6.4.3.2 Design

The current of the slave comparator is set by simulation at 18 pA which results in (A,- 1)/T1 =
5.10° s\, The f,;; bandwidth is 1.16 GHz. Calculating R, ., for a voltage swing of approxima-
tely 250 mVolt results in Ry, = 10 kQ.

The resistor Rb can be calculated using figure 4.3 chapter 4 ”THE SPIRIT PROCESS”. The
Vbe voltage of the transistor at a current of 18 pA is 0.786 Volt resulting in Rb = 3.555 kQ at
a Vbiasl = 0.85 Volt for a Vbc 0f 200 mVolt in conduction. The voltage Vd2 = 2.85 Volt. The
power consumption of the slave comparator is 0.054 mWatt.

The results of simulating the slave comparator and the calculated resistor values are
summarized in table 6.2.

table 6.2: Calculated and simulated parameters of the slave comparator
Parameter Value
Transistor nl0L24pm, m=1
Bandwidth 1.16 GHz
Power consumption 0.054 mWatt
(Ay- Dl 5.10° s
Rload - 10 kQ
Rb 3.555kQ
Vd2 2.85 Volt
6.4.4 Master-slave comparator

The master-slave comparator digitalizes the folding signals of the preprocessing part [1],
keeping it constant during one clock period. The master-slave comparator can be constructed
by interconnecting the circuits presented in figure 6.14 and figure 6.16. The total power
consumption will become 0.163 mWatt. In the fine part 32 of these master-slave comparators
are being used, resulting in a total power consumption of 5.216 mWatt.

The total master-slave comparator is presented in appendix 6.
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6.5 The wired-EXOR function

6.5.1 Introduction

By creating a current output at the slave comparator (see section 6.4.3.1) a wired-EXOR
function can be created. If the master-slave comparator makes a decision the current will flow
into the output qa,gb or gac,qbc. By connecting these currents in a certain way the EXOR
function can be obtained.

Figure 6.17 illustrates the interconnections of qa with qbc and of qac with gb of the slave
comparators output current.

] Comp 32 Exor 1= 32
B Exor |— E3i
] Comp 31 :
] Exor — E30
H Comp 30 N
A
Exor E29
] Comp 29 - o
|
] Comp2 |
] | Exor El
qgc — |
Comp 11
— qac

qa

figure 6.17: Interconnection of slave comparators for creating the wired-EXOR function

The following explanation applies to the upper half part of the circular code illustrated in table
5.1, section 5.2. However, an equal explanation can be given for the lower part of the circular
code.

Suppose the master-slave comparator, for instance comp 30, makes the decision of a digital
“1” due to its input signal. The former implies that all master-slave comparators from comp 1
to comp 29 have a digital “1” as output signal. Suppose the output of the master-slave
comparator is a “1”. This means that the biasing current Ibl of the slave comparator flows half
through ga and half through gqb whereas no current flows through gac and qbc.
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The combination of the currents of comp 29 and comp 30, as mentioned before, results in a
“low” output voltage E29 = Vdd - %2Ib1*R1 - Vbexp, due to the fact that equal currents flow
through R1 and R2 of the circuit shown in figure 6.17. Master-slave comparator comp 31
reveals an output code of “0” implying that the biasing current flows half through gac and half
through gbc. Due to the combination of the currents mentioned before the biasing current Ibl
flows through R1 whereas no current flows through R2.

The former implies that the current Ib2, shown in figure 6.17, flows through the right transis-
tor. E30 therefore becomes Vdd - Vbe,,,, the “high” voltage output.

The output voltage E32 is inverted because if the master-slave comparator compl would give
an output of “1” and comp 32 would still be “0”, the output voltage of E32 would be “high”.
By inverting the current combination E32 will have a “high” output if comp 1 and comp 32
have an output of “1”.

6.5.2 Design

The current Ib2 of the wired-EXOR function is set by simulation at 24 pA. The resistors can
now be calculated, starting with Rb. The Vbe voltage of the transistor is 0.796 Volt at a
current of 24 pA. Using a transistor as diode the voltage lowers another Vbe, resulting in a
voltage of 0.408 Volt over the resistor at a Vbias3 of 2 Volt. Therefore the resistor Rb is 17
kQ. The resistors R1 and R2 have a value of 19.444 kQ which will result in a voltage of 350
mVolt over the resistors at a current of 18 pA of the combined currents of the slave compara-
tor if a “0” to “1” transition is detected. The collector voltage of the transistors which are
attached to the slave comparator to create a current output becomes 2.65 Volt. By supplying
these transistors with a voltage of Vd2 = 2.85 Volt the basis-collector voltage is only 200
mVolt in conduction which is allowed.

The “high” output voltage is 2.204 Volt and the “low” output voltage is 2.05 Volt. The power
dissipation is 0.072 mWatt.

The parameters calculated before as well as the simulation results are summarized in table 6.3.

table 6.3: Calculated and simulated parameters of the wired-EXOR function

|| Parameter _ Value “

Transistor n10L24pm, m = L’
Power dissipation 0.072 mWatt

“ R1,R2 19.444 kQ

[ m 17 k0
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I Parameter l Value I

tr 1.0 ns
tf 0.8 ns
td, ts 0.37 ns

6.6 Rom table

6.6.1 Introduction

By using the EXOR function (see section 6.5) a 1 out of 32 output signal is generated. This 1
out of 32 code can be transformed into a 5 bit binary code by using the rom table as illustrated
in figure 6.18. A major drawback of the rom table is the fact that the input signal has to be a 1
out of 32 code which implies that only one input of the rom table can be active at the same
time.

Re
L
E.,
—Vol Volo—
figure 6.18: Rom table

An error correction is necessary considering the fact that the master comparator can make a
decision error due to meta-stable states. Therefore a special rom table has been implemented
which incorporates the error correction for the LSB bit.

Fine Part 38




Designing an 8 bit, 100 MHz, low power, folding Analog to Digital Convertor

By using the EXOR function the LSB bit can be regained. The upper 4 bits have a normal

binary coding scheme. If the master-slave comparator makes a decision error the wired-EXOR

output will generate an output code as illustrated in figure 6.19.

™ oxpa
O>O O>O
O>O 0>1
0 1
1>1 0>1
>0 1>1
1
>0 >0
1 1
figure 6.19: EXOR output due to MSS
6.6.2 Error correction

If a master-slave comparator makes a decision error the correct 5 bit output code should still
be generated. Therefore the rom table presented in figure 6.18 has been implemented. The
error correction can be illustrated by figure 6.21 in case an error occurs and by figure 6.20 in
case no error occurs.

figure 6.20: No error situation
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figure 6.21: Error due to MSS

In figure 6.20 and figure 6.21 emitter resistors are presented in the rom table. These resistors
are used to enlarge the differential output voltage if the master-slave comparator makes a
decision error. A major drawback of the emitter resistor is the fact that the differential
output voltage V, will be smaller in case no error occurs. For that reason differential ampli-
fiers are placed behind the rom table. The rom-amplifiers will be discussed in section 6.7.

A “no fault” situation of the master-slave comparator results in the following differential
output voltage of the rom table:

V, -V, =V, - VIn(3) - RI(L - 2) 6.9)

with n being the number of inputs (n = 32).

However, in case an error does occur the differential output voltage of the rom table can be
described as:

Yy = Vo = ~(in(2) + 220) 6.10)

The value of the emitter resistor R, of the rom table can be calculated for an equal differential
output voltage in case a failure does occur or does not occur. This can be calculated by putting
equation(6.9) on a par with equation (6.10).

6.6.3 Design

The current I of the rom table is set by simulation at a value of 32 pA. The output swing V,,,
would have been 250 mVolt if no emitter resistor had been used. R, can now be calculated (see
section 6.6.2) resulting in R, = 2.235 kL. The power dissipation of the rom table is 0.96
mWatt.
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The simulation results are presented in table 6.4.

table 6.4:

6.7

6.7.1

The differential amplifier is very often used in IC-design. Such a circuit has the advantage of
directly coupling two or more stages without interstage coupling capacitors. The differential

Simulation results of the rom table

Parameter Value
Transistor nl0L24pm, m=1
Power dissipation 0.96 mWatt
R, 2.235 k)
t, 0.8 ns
t; 0.8 ns
ty o 0.1 ns "

Rom-amplifiers

Introduction

input characteristic is required in many types of analog circuits. The basic form of the differen-

tial pair is shown in figure 6.22. The resistor Rcm is used for a DC-shift of the output signal.

The amplifier, which is illustrated in figure 6.22, has a differential input Vi = Vin - Vinc¢ and a
differential output Vo = Vout - Voutc.

figure 6.22:

Basic differential pair
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The equations for the differential output and gain are:

V.
V =L R tanh(——
] b e (2VT)

G=gR

In figure 6.23 the differential output is illustrated.
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figure 6.23: Differential output

In this section the rom-amplifiers will be discussed. These amplifiers amplify the differential
signal from the rom table (see figure 6.18). In section 6.7.2 the design of romamp 1 is discus-
sed, followed by a description of romamp2 and romamp 3 in section 6.7.3 and section 6.7.4.
Since the discussion for romamp 2 can also be applied to romamp3, the latter will be discussed
only briefly. Designing the rom-amplifiers requires equal signal delays [10] for all five signals
(see figure 6.1), which is met by equal bandwidth for the rom-amplifiers. Three rom-amplifiers
are necessary because all three have different loads attached (see figure 6.1).
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6.7.2 Romamp 1

The current Ib (see figure 6.22) is set by simulation at a value of 34 pA enabling a £, band-
width of 1.2 GHz (see figure 6.24) with the EXOR circuit attached to the romamp1. The
simulation is performed with a single input signal of 1 mVolt. This bandwidth is almost equal
to the f, bandwidth of the comparators in track mode. So the signal of the rom table will not
be slew-limited by the differential amplifier. A value equal to this bandwidth can be met.
However, in that case the increase in power consumption will be larger than the increase in
bandwidth. Therefore, one can conclude that it is useless to meet the demand of equal band-
width in order to obtain low power design.

Figure 4.3 in chapter 4 “THE SPIRIT PROCESS” illustrates that the Vbe of the transistor is
0.81 Volt at a current of 34 pA. With a Vbiasl = 0.85 Volt this results in a resistor value of
1.176 kQ for resistor Rb. The voltage over Rb is 40 mVolt. Due to the sensitivity [1] to
variations of the voltage V.., a voltage of 200 mVolt - 300 mVolt would be more appropiate.
However, this can not be realized, due to the maximum allowable forward voltage V,_of

200 mVolt.

Frequency range Romamp
- yl-axis - 525 N .
DB(VN(VUIC) T
DB(YNCVUZC) -350 Sng
DBYNCYU3C) THa
"""" 515 N
S
-60.0 Ay
\\
625 % \\
65.0 \\ \\\
N
615
N | [N
70.0 N
N
<725 \\
750
10.0M 1.0G
100.0M 10.0G
LOG) F
figure 6.24: Frequency range of rom-amplifiers

Resistor Rem is used for a DC-shift of the output signal (see figure 6.22). For a DC-value at
the output of 2.70 Volt a resistor Rem = 8.8 k€ has to be used. The resistor Re can be calcula-
te for a gain of 10 and an output voltage swing of 250 mVolt. Using the former equations
results in Re = 7.353 kQ. The power consumption of this differential amplifier is 0.102 mWatt.

The parameters derived above are simulated and summarized in table 6.5.
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table 6.5: Derived and simulated parameters of Romamp 1
Parameter Value
Transistor nl0L24pm, m=1
Bandwidth 1.2 GHz
Power consumption 0.102 mWatt
Gain 3.68
Rem 8.8 kQ
Rc 7.353 kQ
Rb 1.176 kQ
DC-output 2.70 Volt
6.7.3 Romamp 2

For romamp?2 the current Ib (see figure 6.22) is set by simulation at a value of 36 pA in order
to obtain a f,; bandwidth of 1.2 GHz with the EXOR circuit and master-slave latch attached,
equal to the bandwidth of romamp 1 for equal signal delay as stated 