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ABSTRACT

AnADC With comparing circuit units is provided. Each com
paring circuit unit comprises a ?rst resistor, a second resistor,
and a CMOS. The ?rst and second resistors provide ?rst and
second level voltages, respectively. The base of the PMOS is
electrically connected to the poWer source and the base of the
NMOS is connected to the source of the NMOS. The signal
input port is located at the gate of the CMOS and receives an
analog signal. The ?rst level port of the CMOS is located at
the source of the NMOS and receives the ?rst level voltage.
The second level port of the CMOS is located at the source of

(51)
(52)

Int. Cl.
H03M 1/00
US. Cl.

the PMOS and receives the second level voltage. The signal

(2006.01)

USPC ......................................... .. 341/136; 341/155

output port of the CMOS is located at the drain and outputs a

digital signal.
7 Claims, 7 Drawing Sheets
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ANALOG-TO-DIGITAL CONVERTER (ADC)

In vieW of the above, a traditional ?ash ADC With high
resolution requires many comparators, and thus is associated

AND COMPARATOR UNIT THEREOF

With a huge layout area and high poWer consumption. Further,
the precision of the traditional ?ash ADC is limited by the
poor matching among the elements thereof.
Hence, a ?ash ADC that provides high speed and high
resolution With to feWer transistors Would be the optimum
solution in the area of ADC technology, resulting in reduced
circuit layout area, less poWer consumption, and loWer cost.

RELATED APPLICATIONS

The application claims priority to TaiWan Application
Serial Number 100121076, ?led Jun. 16, 2011, Which is

herein incorporated by reference.
BACKGROUND

SUMMARY

1. Field of Invention
The present invention relates to an analog-to-digital con
verter. More particularly, the present invention relates to a

Hence, an aspect of the present invention is to provide a
comparing circuit unit for an analog-to-digital converter. The
comparing circuit unit comprises a ?rst resistor, a second
resistor, and a CMOS transistor. The ?rst resistor is con?g

?ash analog-to-digital converter.
2. Description of Related Art
FIG. 1 shoWs the basic structure of a conventional ?ash

ured With one end electrically connected to a poWer source

analog-to-digital converter (ADC). The conventional ?ash
ADC operates by comparing an analog input signal Vin With

and the other end providing a ?rst level voltage. The second
resistor is con?gured With one end electrically connected to

reference voltages by using multiple comparators 110, then

20

synthesiZing the compared results to output an N-bit digital
output signal Vol” by using a thermometer code encoder 120.
The reference voltage of each comparator is obtained by

and an NMOS transistor. The base of the PMOS transistor is
electrically connected to the poWer source and the base of the
NMOS transistor is connected With the source of the NMOS

dividing a reference voltage (betWeenVref+ andVref-) using
series resistors.
Speci?cally, an N-bit ADC needs 2” resistors and 2”—1

the poWer source and the other end providing a second level

voltage. The CMOS transistor comprises a PMOS transistor

25

transistor. Speci?cally, the CMOS transistor comprises a sig
nal input port, a ?rst level port, a second level port, and a

comparators, and the reference voltage (betWeen Vref+ and

signal output port. The signal input port is located at the gate

Vref—) can be divided to 2” different reference voltages by 2”
resistors so as to alloW the analog input signal Vin to be

of the CMOS transistor and utiliZed for receiving an analog
signal. The ?rst level port is located at the source of the
NMOS transistor and utiliZed for receiving the ?rst level
voltage. The second level port is located at the source of the
PMOS transistor and utilized for receiving the second level
voltage. The signal output port is located at the drain of the
CMOS transistor and utiliZed for outputting a digital signal.

compared With the reference voltages.
Each of the comparators generates a digital output voltage

30

representing the logic “1” When the analog input signal is
higher than the reference voltage. In contrast, each of the

comparators generates a digital output voltage representing
the logic “0” When the analog input signal is loWer than the

35

reference voltage. These 1s and 0s are referred to as thermom
eter codes. The 2”—1 thermometer codes are synthesiZed as an

N-bit digital output signal by the thermometer code encoder.
As shoWn in FIG. 1, since the ?ash ADC does not need
sample-and-hold circuits, a data output can be generated in
every clock pulse. As a result, the ?ash ADC can easily

40

The digital signal is generated based on results of comparing
a gate-to-source voltage VGS of the NMOS transistor and a
threshold voltage of the NMOS transistor.
According to an embodiment of the present invention,
When the to gate-to-source voltage VGS of the NMOS transis
tor is greater than the threshold voltage of the NMOS transis
tor, the NMOS transistor is activated and a negative logic “1”

achieve high speed conversion performance, and thus is fre

of the digital signal is generated.

quently used in medium- and loW-resolution applications, as
Well as high-speed applications. In particular, ?ash ADCs are
used in hard disks, read/Write interfaces of CD-ROM drives,

According to the embodiment of the present invention,
When the gate-to-source voltage VGS of the NMOS transistor
is smaller than the threshold is voltage of the NMOS transis

45

and high speed receivers. HoWever, the ?ash ADC needs
many comparators (for example, an N-bit ADC needs 2”—1

tor, the NMOS transistor is cut off and a negative logic “0” of

comparators), and thus di?iculties are encountered With

Another aspect of the present invention is to provide an
analog-to-digital converter (ADC). The ADC comprises an
input signal interface, an output signal interface and the

the digital signal is generated.

respect to promoting resolution performance.
A comparator of the conventional ?ash ADC is shoWn in
FIG. 2. With reference to FIG. 2, one comparator requires
seven NMOSs (n-type metal-oXide-semiconductors) N1 -N7
and seven PMOSs (p-type metal oxide semiconductors)

50

above-mentioned comparing circuit unit. The input signal

P1-P7, that is, 14 transistors in total. Thus, this con?guration
not only increases the chip area but also increases poWer

55

consumption.
If the conventional comparator in FIG. 2 is used, each
comparator requires 14 transistors, and the N-bit ?ash ADC
requires 14><(2”—1) transistors in total. Thus, a typical 6-bit
ADC requires 882 transistors While a typical 16-bit ADC
requires almost one million transistors. In other Words, if it is
desired to increase the resolution of an ADC, quite a large
circuit layout area is needed and a signi?cant amount of
poWer consumption Will be involved. HoWever, the cost of a
chip escalates With an increased circuit layout area, and the
increased poWer consumption results in unnecessary heat

generation.

interface is con?gured to receive an analog input signal. The
output signal interface is con?gured to electrically connect
With the output port of the comparing circuit unit and synthe
siZe the digital signal to a digital output signal. More speci?
cally, the absolute value of the ?rst level voltage equals the
absolute value of the source-to-base voltage VSB of the
NMOS transistor, and a threshold voltage of the NMOS tran
sistor is tunable by adjusting a resistance of the ?rst resistor.

60
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The digital signal is generated based on results of comparing
a gate-to-source voltage VGS of the NMOS transistor and the
threshold voltage of the NMOS transistor.
According to another embodiment of the present invention,
When the bits of the digital output signal is N, the number of
the comparing circuit units is 2”—1.
According to the embodiment of the present invention,
When the gate-to-source voltage VGS of the NMOS transistor

US 8,519,876 B2
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is greater than the threshold voltage of the NMOS transistor,

the NMOS transistor is cut off and a negative logic “0” of the

and utiliZed for receiving the ?rst level voltage VR2”_ 1. The
signal output port is located at the drain of the CMOS tran
sistor and utiliZed for outputting a digital signal V0m2”_ l. The
digital signal is generated based on results of comparing a
gate-to-source voltage VGS of the NMOS transistor and a
threshold voltage of the NMOS transistor.
In FIG. 3, the ?rst level voltageVR2”_ l is divided by the ?rst

digital signal is generated.

resistor. It is knoWn that a MOS transistor With a non-Zero

the NMOS transistor is activated and a negative to logic “ l ” of

the digital signal is generated.
According to the embodiment of the present invention,
When the gate-to-source voltage VGS of the NMOS transistor
is smaller than the threshold voltage of the NMOS transistor,

source-to-body voltage has a threshold voltage modi?ed by

Thus, the above embodiments of the ADC and its compar

the body effect. Therefore, because the base of the NMOS
transistor is grounded and the source voltage of the NMOS
transistor is VR2”_1, i.e. VR2”_1—VB:VSB#0, the source volt
age and the threshold voltage of the NMOS transistor is

ing circuit unit can realiZe high-speed[o] and high-resolution
operation With feWer transistors, and thus a smaller layout
area on a chip and a loWer cost for manufacturing may be

achieved. Also, high poWer consumption and heat-dissipation
problems may be avoided. Ultimately, high-speed and high

tunable by modifying the folloWing body effect equation:

resolution performance can be achieved.

It is to be understood that both the foregoing general

Where VIN is the threshold voltage With substrate bias
present, VthO is the Zero-VSB value of threshold voltage. y is
the body effect parameter, and 2(1) is the surface potential

description and the folloWing detailed description are by
examples, and are intended to provide further explanation of
the invention as claimed.
20

The invention can be more fully understood by reading the

folloWing detailed description of the embodiment, With ref
erence made to the accompanying draWings as folloWs:
FIG. 1 is a schematic diagram of a conventional ?ash

25

gate-to-source voltage VGS, Which is equal to the differential
of the analog input signal Vin and the ?rst level voltage
30

With no current, and the NMOS transistor is not conducted.

FIG. 4 is a schematic diagram of a comparing circuit unit in
accordance With the second embodiment of the present inven

The digital signal V0m2”_ 1 outputted from the NMOS transis
35

Vin<Vth+VR2n— 1 -

40

On the other hand, if the gate-to-source voltage VGS is
greater than the threshold voltage Vth, the NMOS transistor is

activated (conducted). The digital signal V0ut2”_l outputted

FIG. 7 is a graph shoWing simulated differential non-linear
(DNL) values associated With the ADC of the present inven
tion.
DETAILED DESCRIPTION

tor approximates With the poWer source VDD, Which is

equivalent to a digital signal of negative logic “0.” In this
situation, Vin—VR2”_l:VGS<Vth, Which is equivalent to

FIG. 5 is a schematic diagram of the comparing circuit unit
in FIG. 4 When N:2;
FIG. 6 is a graph shoWing simulated integrated non-linear
(INL) values associated With the ADC of the present inven

tion; and

VR2n-l'
In detail, if the gate-to-source voltage VGS is smaller than
the threshold is voltage Vth, the NMOS transistor is cut-off

tion;
tion;

the ?rst level voltage. That is, if |VR2”_ l| increases, then IVSBI
also increases, and so does lVthl.
The operation of the NMOS transistor is dependent on the

analog-to-digital converter (ADC);
FIG. 2 is a schematic diagram of a conventional compara
tor of the ADC in FIG. 1;
FIG. 3 is a schematic diagram of a comparing circuit unit in
accordance to With the ?rst embodiment of the present inven

parameter. It is noted that VSE is under the square root symbol,

and thus the variation betWeen VSB and Vth is non-linear.
Further, since VR2”_l—Vg:VSB#0, the source voltage and
the threshold voltage of the NMOS transistor is controllable
by changing the resistance of the ?rst resistor Which causes

BRIEF DESCRIPTION OF THE DRAWINGS

45

from the NMOS transistor approximates With the ground,
Which is equivalent a negative logic “1” of the digital signal.
In this situation, Vin—VR2”_l:VGS>Vth, Which is equivalent
to Vin>Vth+VR2”_l.

Reference Will noW be made in detail to the present

embodiments of the invention, examples of Which are illus

trated in the accompanying draWings. Wherever possible, the
same reference numbers are used in the draWings and the
description to refer to the same or like parts.

50

FIG. 3 shoWs a comparing circuit unit in accordance With

1
W
1
[D : ZMCOXI (VGS _ V,h)VDS — 5 V1275

non-saturated

l
W
ID : EpnCOXI(VGS — Vm)2

saturated

(Z)

Vout = Vs +10 *RMOS

the ?rst embodiment of the present invention. The comparing
circuit unit comprises a ?rst resistor R2”_l and a CMOS

(complementary metal-oxide-semiconductor) transistor. The

55

?rst resistor R2”_ 1 is con?gured With one end thereof electri

the current ID can be calculated by the above equations.
The Width of the NMOS transistor is related to the inner

cally connected to a poWer source VDD or a bias source VBIAS

(not shoWn in FIG. 3) and the other end thereof for providing
a ?rst level voltage VR2”_ 1. The CMOS transistor includes a
PMOS transistor P2”_l and an NMOS transistor N2”_ 1. The

60

base of the PMOS transistor is electrically connected to the
poWer source VDD and the base of the NMOS transistor is
connected to ground. Speci?cally, the CMOS transistor com

prises a signal input port, a ?rst level port, and a signal output
port. The signal input port is located at the gate of the CMOS
transistor and utiliZed for receiving an analog signal Vin. The
?rst level port is located at the source of the NMOS transistor

When the gate-to-source voltage VGS is greater than the
threshold voltage Vth, and the NMOS transistor is activated,
resistance RMOS of the NMOS transistor. That is, if the Width
of the NMOS transistor increases, the inner resistance RMOS
is reduced. According to equation (2), the loWer inner resis
tance RMO5 can result in a loWer output, and thus increase the

range VP? (the acceptable input range). HoWever, the layout
65

area on a chip is also enlarged When the Width of the NMOS
transistor is increased. The trade-off betWeen the layout area
and the inner resistance then becomes a very critical issue. It

is possible to obtain optimum poWer consumption With

US 8,519,876 B2
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adequate layout area by making adjustments. For example, if

transistors, that results in the equivalent duration of the out

VP? is sacri?ced, the default minimum siZe of Width may be
used, such that the layout area and the power consumption can

putted digital signals. The second embodiment releases the

be reduced.
In addition, because an external resistance, such as the ?rst
resistor, is used to divide the poWer source, though the Width
length ratio of every MOS transistor is set to be the same, the
threshold voltage of each MOS transistor can be tuned by the
external resistors. Further, the output voltage can also be

has advantages that same charge/discharge voltagew], VDS

effect from the body effect in the ?rst embodiment and also
can make the comparator circuit more independent from the
variations of temperature. Moreover; it is much easier to
layout the protocol of resistors With the same resistance.
FIG. 5 is a schematic diagram of the comparing circuit unit
in FIG. 4 When N is taken to equal 2 as an example. From right
to left, there are comparing circuit units U1~U2”_l(Ul~U3),

tuned by calculating equation (2) and the switching time is
under control.

PoWer savings may be realiZed by setting a different

each of Which generates digital signal With negative logic. A2
port of U2 connects With B3 port of U3, B2 port of U2 connects

sWitching time of PMOS and NMOS transistors in such a
manner that activating of both PMOS and NMOS transistors

WithAl port ofUl, D2 port ofU2 connects With E3 port ofU3,
and E2 port ofU2 connects With Dl port ofUl.

at the same time is avoided.

More speci?cally, taking C 1 as an example, its signal input
port is at the gate and utiliZed to receive the analog input
signal Vin, its ?rst level port is at the source of N1 and connects
With one end of the ?rst resistor R1 and ground to alloW Nl to

The output voltage V0ut2”_ 1 can form a thermometer code,
and a to thermometer code decoder is used as an output signal
interface and con?gured to be electrically connected to the

output port of the comparing circuit unit and to synthesiZe the
digital signal as a digital output signal. Thus, the source and
the threshold voltage can be easily modi?ed by a different

receive the ?rst level voltage VR, provided by the ?rst resistor
20

Further, taking C2 as an example, its ?rst level port at the

resistance of R2”_l, such that the NMOS transistor can be
used as a sWitch. Since the controllable VSB is under the

square root, ?ne and accurate adjustments to resistance, VSB
and Vth are possible. As is evident from the above discussion,

R1.
source of N2 connects With the other end of the ?rst resistor R l
of C 1. Similarly, the ?rst resistor R3 of the last unit connects

With the poWer VDD through the RVDD Thus, the comparing
25

circuit unit and ADC of the present invention are clearly

many different direct poWer supplies connected to the source
of the NMOS transistor may realiZe the same result as the

disclosed in this speci?cation.

resistors for voltage division presented in this invention.

RVDD in series to tune the source voltage VS of the NMOS

FIG. 4 shoWs a comparing circuit unit in accordance With
the second embodiment of the present invention. The com
paring circuit unit comprises a ?rst resistor R2”_ 1, a second

It is noted that R3 and r1 can connect With a bias resistor

transistor N3 of the comparing circuit unit U3 for different
30

According to the description provided above, the voltage

resistor r2”_l, and a CMOS transistor. The ?rst resistor R2"_l
is con?gured With one end thereof electrically connected With

sWitching point can be set up to the default optimum best
value by ?ne tuning the source voltage of the NMOS transis

a poWer source VDD or a bias sourceVBIAS (not shoWn in FIG.

4) and the other end providing a ?rst level voltage VR2”_ l. The
second resistor r2”_l is con?gured With one end electrically
connecting With the poWer source VDD and the other end
providing a second level voltage V,2”_l. The CMOS transis

tors, such that good integrated non-linear (INL) and differen
35

tor includes a PMOS transistor P2”_ 1 and an NMOS transistor

N2”_1. The base of the PMOS transistor electrically connects

40

With the poWer source VDD and the base of the NMOS tran

tial non-linear (DNL) values are realiZed.
FIGS. 6-7 shoW simulated INL and DNL values, respec

tively, associated With the ADC of the present invention.
If the number of bits N is 6, and the techniques from TSMC
0.18 UM CMOS Mixed Signal RF General Purpose MiM Al
1P6M is used, VDD is 1.8 volts, and the simulated properties
of the conventional ADC and those of the ADC of the to
present invention are listed in Table 1.

sistor connects With the source of the NMOS transistor. Spe

ci?cally, the CMOS transistor comprises a signal input port, a
?rst level port, a second level port, and a signal output port.
The signal input port is located at the gate of the CMOS

requirements.

TABLE 1
45

transistor and utiliZed for receiving an analog signal Vin. The

frequency

poWer

INL

DNL

?rst level port is located at the source of the NMOS transistor

(MS/s)

(mW)

(LSB)

(LSB)

1000

550

1.1

>1000

<1

<0.1

and utiliZed for receiving the ?rst level voltage VR2”_ 1. The
second level port is located at the source of the PMOS tran

sistor and utiliZed for receiving the second level voltage
V,2”_l. The signal output port is located at the drain of the
CMOS transistor and utiliZed for outputting a digital signal
V0ut2”_ 1. The digital signal is generated based on results of
comparing a gate-to-source voltage VGS of the NMOS tran

The conventional
ADC
50 The ADC ofthe

The Width/length ratio W/L of PMOS transistors P2”_ 1 and

NMOS transistors N2”_l in the comparing circuit unit C2”_l
55

R2”_l and the second resistor r2”_l provide the ?rst level
voltage and the second level voltage, respectively.

60

In the second embodiment, the source of the NMOS tran
sistor is connected With the base of the NMOS transistor and

thus the threshold voltage VthIVthO. If R211 l:r2k_ 1, kIl, 2, 3,
4 . . . n, then every NMOS transistor has the same charge/ 65

discharge voltage[o], VDS, Which results in equivalent voltage

<0.05

present invention

sistor and a threshold voltage of the NMOS transistor.
The differences betWeen the ?rst and the second embodi
ments relate to the voltage betWeen the source and base of the
NMOS transistor and the presence of the second resistor at the
source of the PMOS transistor. Therefore, the ?rst resistor

transfer shapes of the input and output voltages of the NMOS

1

can be ?xed, such as the minimum in 180 nm techniques.

Therefore, the ADC of the present invention can reduce the
number of required transistors and its layout area.
In addition, it is clear that the number of required transis
tors of the ADC of the present invention is one-seventh the
number required in the conventional ADC. In detail, 756
transistors are removed at N:6 by using the ADC of the
present invention.
In summary, the ADC of the present invention decreases
the number of the transistors and the layout area of the chip so
that reduced cost, accurate control capability and poWer sav

ings may be realiZed. The sWitching speed is high (>1000
MS/ s) but the poWer consumption is relative loW (<1 mW). In

US 8,519,876 B2
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vieW of the performance of INL and DNL, the quantized error

greater than the threshold voltage of the NMOS transistor, the
NMOS transistor is activated and a negative logic “1” of the

is also improved. The present invention achieves high speed,
high resolution, a reduced number of transistors and smaller
layout area, in addition to reduced cost, enhanced to poWer

digital signal is generated.

savings and improved heat dissipation.

gate-to-source voltage (V GS) of the NMOS transistor is

Although the present invention has been described in con
siderable detail With reference to certain embodiments

smaller than the threshold voltage of the NMOS transistor, the
NMOS transistor is cut off and a negative logic “0” of the

3. The comparing circuit unit of claim 1, Wherein When the

thereof, other embodiments are possible. Therefore, the spirit

digital signal is generated.

and scope of the appended claims should not be limited to the

4. An analog-to-digital converter (ADC), comprising:
to an input signal interface for receiving an analog input

description of the embodiments contained herein.
What is claimed is:

signal;

1. A comparing circuit unit for an analog-to-digital con

a comparing circuit unit of claim 1; and
an output signal interface Which is electrically connected to
the output port of the comparing circuit unit and used for

verter (ADC), the comparing circuit unit comprising:
a ?rst resistor of Which one end is electrically connected to
a poWer source and the other end is used for providing a

synthesiZing the digital signal as a digital output signal;
Wherein the absolute value of the ?rst level voltage equals
the absolute value of the source-to-base voltage VSB of

?rst level voltage;
a second resistor of Which one end is electrically connected
to the poWer source and the other end is used for provid

ing a second level voltage; and
a CMOS transistor comprising a PMOS transistor and an 20

resistor;

NMOS transistor, Wherein the base of the PMOS tran
sistor is electrically connected to the poWer source and
the base of the NMOS transistor is connected to the
source of the NMOS transistor, and the CMOS transistor

Wherein the digital signal is generated based on results of
comparing a gate-to-source voltage VGS of the NMOS
transistor With the threshold voltage of the NMOS tran

comprises:

sistor.
5. The ADC of claim 4, Wherein When the number of the
bits of the digital output signal is N, the number of the com

a signal input port located at the gate of the CMOS tran

sistor and utiliZed for receiving an analog signal;
a ?rst level port located at the source of the NMOS tran

paring circuit units is 2”—1.

sistor and utiliZed for receiving the ?rst level voltage;
a second level port located at the source of the PMOS

6. The ADC of claim 4 Wherein When the gate-to-source
30

transistor and utiliZed for receiving the second level

voltage; and
a signal output port located at the drain of the CMOS

transistor and utiliZed for outputting a digital signal;
Wherein the digital signal is generated based on results of
comparing a gate-to-source voltage (V GS) of the NMOS
transistor With a threshold voltage of the NMOS transis
tor.

2. The comparing circuit unit of claim 1, Wherein When the

gate-to-source voltage (V GS) of the NMOS transistor is

the NMOS transistor, and a source voltage of the NMOS
transistor is tunable by adjusting a resistance of the ?rst

voltage VGS of the NMOS transistor is greater than the thresh
old voltage of the NMOS transistor, the NMOS transistor is
activated and a negative logic “1” of the digital signal is

generated.
35

7. The ADC of claim 4, Wherein When the gate-to-source
voltage VGS of the NMOS transistor is smaller than the
threshold voltage of the NMOS transistor, the NMOS tran
sistor is cut off and a negative logic “0” of the digital signal is

generated.

