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Abstract-Modern communication systems require higher concentrated on the design of track and hold circuit and
data rates which have increased the demand for the high preamplifier design.

speed transceivers. For a system to work efficiently, all The over view of the communication system shown in
researchers to develop high speed analog to digital tangcejvers and a channel through which data is

converters (ADCs) with low power consumption. Among all . . : .
X . transmitted and received. In high speed transceivers, the
the ADCs, Flash ADC is the best choice for faster data 5 .| pulse amplitude modulation (PAM-8) modulation

conversion because of its parallel structure. This paper . . 7

work describes the design of such a high speed and low schemgs are L_Jsed for multl—glggblt transmission to reduce
power Flash ADC for the analog front end (AFE) of a transmission time and for fast bit rate.

transceiver. A high speed highly linear track and hold

(T&H) circuit is needed in front of ADC which gives a stable Transceiver Channel Transceiver

signal at the input of ADC for accurate conversion.
Averaging technique is employed in the preamplifier array
of ADC to reduce the static offsets of preamplifiers. The

averaging technique can be made more efficient by using the -

Transmitter Copper Twisled Pair Reciever

smaller number of amplifiers. This can be done by using the Reciever Copper Twiled Par Transmitter
interpolation technique which reduces the number of
amplifiers at the input of ADC.

The Flash ADC is designed and implemented in 180 nm
CMOS technology for the sampling rate of 1.6 G
Samples/sec. The bootstrap T&H consumes power of 27.95
mW from a 1 V supply and achieves the signal to noise and
distortion ratio (SNDR) of 37.38 dB for an input signal The transmitter sends the signal by using the pulse
frequency of 195.3 MHz The ADC with ideal T&H and  amplitude modulation (PAM) with the data rate of several
comparator consumes power of 78.2 mW and achieves 4.8 Gb/s. In the Pulse Amplitude Modulation scheme, the
effective number of bits (ENOB). information is encoded in the series of amplitude signal
pulses. A PAM-8 is used in the above system which
transmits three bits of information in each symbol time.
This reduces the effective symbol rate of binary signaling
by three and the required data rate can be transmitted
with reduced channel bandwidth.

For communication systems the need arises for higher The channel is used in the above system is a
data rate and high speed transceivers. To increase the d@@pper twisted pair cable, which is capable of reducing
rates and handle wire losses, high speed analog to digithle noise interference and crosstalk between the
converters with multiple bits of resolution are needed adlifferential pair of wires. These cables provide bandwidth
the receiver end. The development in analog and digitalp to 600 MHz and speeds of several giga hertz.
domain has grown dramatically over the years. As a Next, the receiver consists of two main blocks,
result, the speed and efficiency of the digital circuits hasne is analog front end (AFE) and second is digital signal
increased to a great extent and also these circuifgocessor (DSP).The AFE receives the signal which is
consume less power. In contrast to this, input output datgent by the transmitter. The received signal is converted
rate of analog circuits is not as fast, because the outsidato an equivalent digital signal by ADC before sending
world does not shrink along with the CMOS technologyto the digital signal processor (DSP) for processing. The
Due to this technology difference we can see that thAFE contains variable gain amplifier (VGA) and analog
analog interfaces are the limiting factor in the wholeto digital converter (ADC) and other blocks. The block
system in terms of speed and power. The high speatlagram of the AFE is shown in figure 2.

Transceivers requires high bandwidth and high resolution
ADCs. For high speed purposes, flash ADC is the best
choice for fast data conversion. This paper work presents
the design of such a high speadd low power flash
ADC for the analog front end of the transceiver and

Figure 1: Block Diagram of Transceiver

Index Terms—ADC, low power, track& hold, comparator,
high speed, transceivers.

I.  INTRODUCTION
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A. Variable Gain Amplifier In this paper, the design of track and hold circuit

In the AFE, the VGA amplifies or attenuates the@nd preamplifier for high speednd low power flash
input signal to produce signal amplitude which should®PC for the analog front end of the transceiver system is
match the full scale input range of the ADC. The variablélaced.
gain amplifier (VGA) is used in many communication
systems to improve the dynamic range (DR) of the Il. FLASH ADC

overall system. There are two types of VGAs, a Digital Fjash ADCs are suitable for applications where very
variable gain amplifier (DVGA) and an Analog variable high analog to digital conversion speed is required. But
gain amplifier (VGA). 1. Digital variable gain amplifier {hase Flash ADCs are limited to the resolution of six to
(DVGA) uses binary weighted arrays of resistors angght bits because the number of comparators used in
capacitors to control the gain. Application of DVGA is in these ADCs double if the resolution is increased by one
cable TV system. 2.Analog variable gain amplifieryii pye to the large number of comparators, they ADC
(VGA) uses variable resistance to control the gain. The¥,nsume more power and are very costly for higher
are used in ultra sound scanners and radars. resolutions. The major applications of flash ADCs are in
satellite communication, radar processing, data
communications and real time oscilloscopes. In this thesis
work, flash ADC is used for data communication
applications.

The flash ADC can achieve better sampling rates as
the only analog building block in flash ADC is
comparator [21].The function of flash ADC is very
simple, it compares the analog input signal with a number
of reference voltages and produces the output. The
parallel architecture of flash ADC allows conversion
process in one clock cycle. So at the same conversion
Analog Front END rate, flash ADC has low latency where latency is the
number of clock cycles required by an ADC to convert
the given input to an output. Thus, the flash ADC is
extremely fast and gives the data conversion rates in
several GHz. The only problem with the flash ADC is the
power consumption which increase with the increase in
number of bits, that’s why this ADC limiting the number
B. Analog to Digital Converter of bits to six to eight only. The block diagram of

Analog to digital converter is used to convert arfonventional flash ADC is shown in figure 3.
analog signal into a equivalent digital data. In the AFE.
ADC takes the analog signal from VGA and converts ii|n..g
into digital form before sending it to the Digital Signal
Processor for further processing. Mainly the Analog tc"= ] P Comparator

digital conversion involves three steps: Sampling, —1> >

Quantization and Coding. In the sampling process, th
samples of the input signal are taken at discrete instan

of time. Then the frequency corresponding to thes: _D—D_
samples is called the sampling rate of ADC. For accurat
representation of signal, the sampling process shoul —D D
follow the Nyquist theorem i.e the sampling frequency
should be at least twice the highest signal frequency .
quantization, the sampled signal is approximated t b—b—
certain standard quantization levels depending on the

amplitudes. In encoding process the quantized signal co
converted into binary code. Lo

C. Digital Signal Processor D D

The Digital Signal Processor (DSP) captures th
digitized information from AFE through ADC and then ver e—
manipulates it mathematically at a very high speed. In
communication systems it is used for the Equalization,
Non-linearity compensation, Decoding and Forward error

correction. The other applications of DSP include audio The signal coming from the track and hold is

and video compression, image processing, automatic gaﬁ?mpared with a number of reference voltages which are
control algorithms. generated by a reference circuit. If the input voltage is
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higher than the reference voltage, the comparator gives &' needed to reduce bit error rate (BER) by reducing the
at its output, and if the input voltage is lower as comparedffsets of comparators. The BW of Pas should also be
to the reference voltage, the comparator gives '0'. Thieigh to improve the settling time and avoid distortions at
code produced by comparator array is callechigh input signal frequencies. It is difficult to achieve
thermometric code which is then converted to binaryhigh gain with high bandwidth in one stage so multiple
output by an encoder [10]. stages of pre-amplifiers can be used to increase the gain
[5, 8]. In addition to comparator large dynamic offsets,
A. Track And H_Old_ ) ) ~ Pas also have their own static offsets. To reduce offsets
~ Thefirst circuit in the flash ADC is the T&H circuit of pAs, large transistor sizes can be used. These large
is as shown in figure 4, It consists of a sampling switchransistor sizes increase the input capacitance of PAs
and a hold capacitor. During the first half of the clockwhich in turn increase the load for TnH circuit. Another

CyC|e, the circuit tracks the Signal which is called theeff|c|ent way of reducing the PA offset is to use
tracking mode and during the second half of clock cycleyeraging technique [13].

it holds this value in the hold capacitor for subsequent
processing, and this is called the hold mode. The switch

and the hold capacitor make a RC network, the tim Switch

constant of which determines the BW that can b¢® Sinal O/P Signal
achieved through this network [16, 17]. l
Switch Buffer Hols Buffer
Capacitor

I/P Signal J_ O/P Signal 1

Feedback Path

Ho lq Hold
apacitor | |Capacitor
17

Switch

Figure 4: A basic track & hold circuit

I/P Signal OJP Signal

Track and hold circuits are important building blocks Buffer
of ADCs where they are used to improve the dynami
behavior and reduce the errors due to aperture jitter and
clock skew [29]. This is because the T&H circuit is very  Figure 5: Open loop and Close Loop Track and Hold Circuits.
small as compared to the whole ADC. The clock skew
and jitter problems have effect only on the front end T&H The averaging technique is used to reduce the offsets
circuit and the ADC have stable signals at their inputof PAs. In this technique, the outputs of PAs are
The overall performance of ADC depends highly on thaénterconnected through averaging resistor net work. By
performance of T&H circuit [6, 14]. doing this, the errors contributed by individual PAs are
The T&H circuits are classified into two types one isaveraged, and offsets are reduced. The reduction in offset
open loop and second is closed loop. In an open loogepends on the ratio of averaging resistor and output
architecture, there is no feedback loop. The T&H circuiimpedance of PA. However, this technique causes
mainly consist of a sampling switch and a hold capacitoproblems at the edges of resistive network where the
with input and output buffer. The purpose of buffers is tdinearity is reduced because of boundary issues [9, 12,
isolate the T&H circuit from the rest of circuit. The open13].
loop T&H architectures are used where high BW and low Averaging technique to reduce offset errors can be
power consumption is required. The accuracy of thigmproved further if it is used with a reduced number of
open loop architecture is not so good due of the lack dPAs [1]. To reduce the number of PAs at the first stage,
feedback. At high speeds, the circuit produces instabilityinterpolation is employed. In interpolation, intermediate
In the closed loop architecture, a feedback loop iwoltage points are generated by replacing each resistor in
inserted between the output and the input. This feedbadke resistive network, with two resistors of half size.
improves the accuracy of T&H circuit but reduces theMultiple taps of interpolation are also possible [2,
speed. So this architecture is not suitable for the speedsid].Multiple stages of PAs can be used with averaging
the range of GHz. Figure 5 shows the open loop andnd interpolation to reduce the number of PAs
closed loop configuration of track and hold circuit. significantly. For example, for six-bit flash ADC, if three
o stages of PAs are used with an interpolation factor of
B. Pre-amplifier two, then the number of amplifiers needed at the first
The function of pre-amplifiers in flash ADCs is to stage will be nine instead of 63. Another advantage of
amplify the voltage difference between the input signalising interpolation is that the requirements for the track
and the reference voltage. They are used at the input ghd hold circuit can be relieved as its output load is
comparators to suppress large dynamic offsets and reduggiuced because of the reduced number of PAs. Also, the
the meta-stability errors [2]. High gain of pre-amplifierssize of PAs can be made bigger to reduce offsets further.
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C. Comparators bootstrapped T&H circuit is employed in this paper

The comparators are the basic building blocks of flasihich makes use of bootstrapped switch. Figure 7 shows
converters and are used to convert the analog signal intde block diagram of such a bootstrap T&H circuit. One
digital form. A comparator in flash ADC acts as a one-bit°f the sources of non-linearity is a variation in on
guantizer. A N-bit flash ADC required'21 comparators ~ 'esistance Ron of sampling switch which is caused due to
and for every additional bit, the number of requiredthe non-constant gate to source voltage (Vgs) during the
comparators becomes double which increase both pow#fCk mode. The Ron of sampling switch is given by ,
and area. Due to this fact flash ADCs are not suitable for
high resolution. The outputs produced by comparators are Ron= 1
not practical to be processed in the DSP, so an encoder is - —
needed to produce binary output for further processing. H COé(W/ I.)(VgS vih)

D. Encoder

The function of the encoder is to convert the
thermometer code produced by comparator array into Clock Boosting
N-bit binary code. Encoder can be implemented ir Circuit
different ways such as XOR encoder, ROM and fat tre J op
encoder. The proposed encoder is a CMOS priorit___| .y gufer s Output Buffer ——
encoder. In this implementation, we have used pas
transistor logic and dynamic circuitry not only to achieve Sampling
high performance but also to minimize silicon real estate Network
we describe the circuitry of a CMOS priority encoder
with no lookahead. Then extremely fast priority circuitry
is added to this circuit, with a very small impact on the
overall number of transistors, to produce an encoder that
uses a priority lookahead scheme. The four bit priority
encoder is shown in figure6.

Figure 7: Block Diagram of Bootstrap Track & Hold Circuit.

The resistance of switch changes with the change in
source voltage, which degrades the linearity of circuit. To

clock PrecHarEe precharge avoid this, a bootstrap switch is used which keeps the
Ron independent of source voltage by making the gate-
- |§—y'“EED source voltage of switch constant. Also, it is desired to
M_*}DO F—IJF““_J_l : 1141 have a small Ron for better linearity, this can be achieved
-7 by increasing the W /L ratio. The bandwidth is also
3 1 ‘—1_ __jﬂ'l reduced with small Ron. A bootstrapped switch is shown
Ao U e B in figure 8.
I% T:n— The pseudo-differential architecture was chosen to
s T Y — _l—DfE;h design the T&H circuit. because it reduces the common
[>T r o 18 mode (CM) hold pedestal and even order harmonics. In
{7| o this way, it is possible to use hold capacitors of smaller
T EB sizes
Mo Fﬁ_& Po }l‘“]_ There by increasing the speed of T&H circuit [18]. A
et pseudo differential architecture uses two separate but
i/" identical circuits which represent positive and negative
\;ﬁ part of the differential input signal [7].

1 8
Figure 6: 4-bit priority encoder =" l e
Vi
cB ve I
1. IMPLEMENTATION ¥
Mo Ms Me
In this section the blocks of the Flash ADC , mainly [ & = 1
track and hold and preamplifiers are designed in th * ¥ T
CMOS technology in the transistor level using 180nn g " = or
technology. I
A. Implementation Bootstrap Track and Hold =
The open loop T&H provides high speed, but linearity Figure 8: Bootstrap Switch.

of this architecture is not so good because there is no
feed-back Pat_h. To overcome the linearity problems, a
DOI:10.32377/cvrjst0511 CVR Colleae of Enaineerir 65
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The bootstrap T&H circuit used in this thesis isexactly match the charge from the sampling switch
comprised of NMOS source follower (SF), a samplingbecause of different operating regions of sampling switch
network (SN) containing bootstrapped switch and awhile the Vds of dummy switch is constant as the drain
dummy switch, and finally a PMOS source follower. Theand source terminals are shorted. It was therefore
description of individual blocks is given below. assumed that half of the channel charge from sampling

switch is injected on both sides. The charge injected by
B. NMOS Source Follower Buffer S the switch was absorbed by dummy switch thus
~Source followers (SF) are used in high speed T&Hyreventing the error in the value of voltage on the hold
circuits as voltage buffers. A NMOS SF with resistor alcapacitor. When the dummy switch turns off it also
source was used as an input buffer. The reason for usifigects its charge on both sides. This is the reason why
resistor at the source instead of current source was to g&urce and drain of dummy switch were shorted because
higher bandW|dth The gain Of NMOS SF was I|m|ted|n this Way all the Charge was injected to a low
because of using a smaller value of the source resistor fgpedance, voltage driven source. Thus, the charge
get high bandwidth. The non-linearity due to body effecinjection of dummy switch had no effect on the value of
was eliminated by connecting bulk of the transistor to itS/oItage on hold capacitor [11]The transistor level

source. NMOS with triple well process was used tgmplementation of bootstrap circuit are shown in figure
eliminate the body effect where it is possible to connecig

the source to bulk. .
i 2
B
B = : " : : " : o 4a
i a
| 2 * »;

Figure 9: Transistor level implementation of NMOS Source Follower. ~ Figure 10: Transistor Level Implementation of Sampling Network.

In this work, NMOS SF was used to drive the input The maximum input frequency of ADC is limited by
capacitance of SN and isolate the TnH circuit fromthe 3 dB frequency of sampling switch in TnH circuit.
variable gain amplifier. A cascade of NMOS SF was usedhe 3 dB frequency of bootstrap switch and hold
to shift the DC level of the input signal from 1.4 V to 450¢apacitor during the track mode is given by [18]:

mV. The level shift of signal could also be done in a
single stage either by decreasing the size of transistors or 1
by reducing the value of source resistor. In both cases, the f3dB = 2_

. o o T
gain of buffer reduced significantly. The level shifting where
was done to get the common mode voltage of 1.3 V at thF
output of track and hold circuit. The transistor level
implementation of NMOS SF are given in figure 9.

is time constant and given by= Ron(CH + CP),

Ron is the on-resistance of sampling switch.CH and CP
are the hold capacitance and parasitic capacitance
C. Sampling Network respectively.

A NMOS transistor was used as a switch for its bettepy Qutput Buffer

speed as compared to the PMOS switch. A major Th ; ; -
. . . . e PMOS SF was used to drive the input capacitance
drawback _Of the NMOS samplmg_ switch is that it hasof the amplifier array which act as a load for T&H circuit.
strongly sygngl-dependent on-resistance [18]. A CIOCkro reduce the body effect, bulk of PMOS transistor was
boosing circuit was employed for getting constant Vgs tq onnected to the source so that the source bulk voltage
reduce the variations in Ron. A dummy switch was adde bmains constant. Due to reduced body effect, the

to reduce the non-linear effects due to charge injeCtioﬁnearity of PMOS source follower improved. The BW
anq clock feed-through. The source and dfa'” OT dur.nm}/equired for this buffer for its output to settle within half
switch were shorted, and the gate of this switch wa: f the sampling period for 'n' bit accuracy, can be

provided with the same clock boosting circuit as that o - : .
the sampling switch but in complemented form. The Sizé:alculated by the equation given below :

of dummy transistor was chosen to be half the size of - fn+ 1)dn(2)2.f,
sampling switch, which is perfect for clock feed-through BW > O
cancellation. The half size of dummy switch does not

66 CVR College of Enaineerir DOI:10.32377/cvrjst0511
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The figure 11. shows Transistor Level Implementatior #s

of PMOS Source Follower.The PMOS SF was simulates
for the load capacitance of 250 fF and achieved th
required bandwidth over all the corners. The gain o
PMOS SF was less than unity because of which th
output signal swing is smaller than the input signal swing
as shown in the transient waveform.

Figure 11: Transistor Level Implementation of PMOS Source Follower

E .Design of Pre-amplifier

The PA consists of a simple differential pair which
was used to amplify the output of differential difference

amplifier. The amplification was need to have signal a *=x¥sate

Weirs

the output of PA array be much larger than the input
referred comparator offset [13]. Three stages of PA wer
used for getting large amplification. The transistor leve
implementation of in figure 12.

wpehd |.'.'.
ST
] nig——n»
i [ L
e
[

Figure 12: Transistor Level Implementation of Pre-Amplifier

B.RESULTS

The NMOS source follower and track and hold circuit
and PMOS source follower and pre-amplifier circuit
blocks are simulated in 180nm CMOS technology using

CVR Journal of Science and Technology, Volume 5, December
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Figure 13: AC And Transient Response of NMOS Source Follower.

Errp——

5000

230.0-{

oo - —

Vi)

2500

SO0 1 sl

Figure 14: Transient Response of Track And Hold Operation.

cadence tools and the transient responses are shown in

figures 13,14,&15 respectively.
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iy TABLE Il
0] PARAMETERS OF TRACK AND HOLD CIRCUIT
= Parameter Bootstrap TnH
Bandwidth(Hz) 4.702 G
2w ' i SNDR(dB) 37.38 dB
Power Consumption (W) 27.95m
Sk Output Common Mode 1.3
00l | | L L The figure 16 and Table 3 shows the results of PA over
8 L Weiw M % corners and mismatches. Simulation results for PA shows
i —— that the gain greater than two was achieved over all the
e : corners. The BW was simulated 1 dB low for the PA
20, stage and minimum value obtained was 1.417 GHz with
- 25 fF load which is higher than the requirement. The
' offset for PA stage was high because of the small size of
g,m transistors. The transistor sizes for PA were kept smaller
to avoid large loadfor preceding difference amplifier
oty stage.
] TABLE Il
L SIMULATION RESULTS FOR PRE-AMPLIFIER.
B '-‘MM}IF' T T Parameter Minimum | Nominal | Maximum | StdDev.
Bandwidth {Hz) t417C | L703CG | 20530 | 1087 M
Figure 15: Transient And AC Response of PMOS Source Follower. AC Gain (linear) 2.282 3177 4117 8014 m
Tr. Gain {linear) 1.4 1.604 1,004 67.63m
The simulation results show that the BW of 4.5 GHz Input Offset (V) 0 0 i 8.804 m
was achieved for all the corners and SNDR of 37.38 dB | Output Offset (V) 0 0 i 3138 m
was achieved. The SNDR could be improved further Output CM (V) 1.208 1.470 1.62 16.7m
either by increasing the size of sampling switch or by Power (W) 1300m | 1617Tm | 228 m |4381u
increasing the hold capacitor value, but this also results in
decrease of BW. The power consumed from bootstrap
circuit was 27.95 mW, which is mainly because of large R
currents owing through NMOS SH.able 1. shows the P —
summary of results obtained from bootstrap TnH circui ==
with ideal clock. The results are shown for both corne
and monte-carlo (MC) analysis. The Table 2. Shows th
important parameters of track and hold circuit results. ;]
1]
TABLE 5.1
SIMULATION RESULTS FOR BOOTSTRAP TnH WITH IDEAL
CLOCK.
Parameter Minimum | Nominal | Maximum | StdDev. g
BW Input Buffer (Hz) 455G 736 107G |78M o
BW Output Buffer (Hz) 633G 887G 1223G | 1286 M ]
BW SampleNetwork (Hz) 10.49 G 16.51 G 234G |1365M fun
BW Track n Hold (Hz) 472G | TG 058G | 1637 M
Tr.Gain InpBuf (Linear) 7325m | 8233m | 8609m |L703m
Tr.Gain OutBuf (Linear) 634 m 343m | 7926m [703m
AC Gain InpBuf (Linear) 696 m 7803m | 8314m |158u . P R
AC Gain OutBuf (Linear) 6252m | 772 m 795m | 496.7u -
SNDR Sample Network (dB) | 37.95dB | 60.12dB | 63.22dB |2267m Figure 16: Transient And AC response of Pre-Amplifier.
SNDR PMOS SF (dB) 37.38dB | 55.53dB | 55.53dB | 206.6 m Fi 17 sh he | desi ‘b s i
Output Common Mode (V) 045 m 1.299 151 970.8 u \gure shows the ayou.t. €sign o ootst_rap ampiing
g — _ - Network. Antennas from digital library were included for
Power (W) 85m | 21%m | 368m |06u | |ayout to avoid the error which was occurring due to the
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