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DIFFERENTIAL AMPLIFIER, COMPARATOR, AND 
A/D CONVERTER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an A/D converter 
that operates at high speed necessary for digitizing a repro 
duction signal of a hard disk, a comparator that accom 
plishes such an A/D converter, and a differential ampli?er 
that accomplishes such a comparator. 

[0003] 2. Description of the Related Art 

[0004] As the speed of a signal process is becoming high, 
a high speed A/D converter is desired. For eXample, a hard 
disk drive has an A/D converter that digitiZes a reproduction 
signal of a head is disposed so as to perform an equalizing 
process and a Viterbi decoding process. As the speed of a 
hard disk drive is becoming high, an A/D converter of Which 
the number of quantiZing bits is 6 to 8 and of Which the 
frequency of a sampling clock signal is several 100 MHZ 
(for example, 400 MHZ) is desired. 

[0005] An A/D converter compares an input voltage With 
a reference voltage and encodes the compared voltage so as 
to convert an analog signal into a digital signal. As Was 
described above, to accomplish an A/D converter that oper 
ates at high speed, a comparator should be composed of a 
differential ampli?er having a high gain and a Wide fre 
quency band. 

[0006] Conventionally, an analog circuit that operates at 
high speed is composed of bipolar transistors. Thus, a 
differential ampli?er having a high gain and a Wide fre 
quency band may be composed of bipolar transistors. 

[0007] HoWever, the poWer consumption of a bipolar 
transistor is large. In addition, a bipolar transistor cannot be 
integrated With another signal processing circuit as an inte 
grated circuit. Thus, it is strongly desired to accomplish a 
differential ampli?er having a high gain and a Wide fre 
quency band With CMOS transistors. 

[0008] Since parameters that alloW a differential ampli?er 
composed of CMOS transistors to have a high gain and a 
Wide frequency band are a current and a siZe because gm 

(mutual conductance) of an MOS transistor depends on the 
current that ?oWs therein and the siZe thereof. Thus, to 
accomplish a differential ampli?er having a high gain, it is 
necessary to set a high current value or increase the siZe of 
each MOS transistor. 

[0009] When the current that ?oWs in a MOS transistor is 
increased, the poWer consumption is adversely increased. 
When the siZe of a MOS transistor is increased, the parasitic 
capacitance is increased. Thus, a Wide frequency band 
cannot be accomplished. 

[0010] In a differential circuit composed of bipolar tran 
sistors, a compensating circuit is disposed. The compensat 
ing circuit generates a compensation current that ?oWs in the 
reverse direction of a current that ?oWs in a capacitance CBC 
formed betWeen the base and the collector of each bipolar 
transistor. The compensation current cancels a current that 
?oWs betWeen the base and the collector of the bipolar 
transistor. As a result, the problem of the band limitation due 
to the parasitic capacitance can be solved. Thus, a differen 
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tial ampli?er having a Wide frequency band is accomplished. 
Such a technique is proposed in “A LoW-PoWer Wide-Band 
Ampli?er Using a NeW Parasitic Capacitance Compensation 
Technique”, IEEE Journal of Solid-State Circuit, Vol. 121, 
No. 1, February 1990. 

[0011] When a differential ampli?er having a high gain 
and a Wide frequency band is accomplished using CMOS 
transistors, such a technique may be used. As Was described 
above, When the siZe of each MOS transistor is increased, a 
high gain can be obtained. In that case, the parasitic capaci 
tance is increased. When the technique for canceling the 
current that ?oWs in the parasitic capacitance With the 
compensation current is applied for a CMOS structure, a 
CMOS differential ampli?er having a high gain and a Wide 
frequency band is accomplished. Thus, using such a differ 
ential ampli?er, a high speed A/D converter can be accom 
plished. 
[0012] As shoWn in FIG. 1, When an ampli?er is consid 
ered as a model of Which a netWork of a resistor R and a 

capacitor C is driven by a signal source V1 having a signal 
source resistor R5, the folloWing formula can be obtained. 

[0013] Where G0 is a DC gain; f3dB is a frequency band 
that loWers by 3 dB; pi is 6 (ratio of circumference of circle 
to its diameter); and GOB is a gain bandWidth. 

[0014] As expressed in Formula (3), the frequency band 
depends on the capacitance C and the resistance RS of the 
signal source. In the case of a bipolar transistor, the capaci 
tance C that limits the frequency band is equivalent to the 
capacitance CBC formed betWeen the base and the collector 
of the bipolar transistor. Since the capacitance CBC formed 
betWeen the base and the collector of the bipolar transistor 
is ampli?ed by the mirror effect. Thus, the capacitance CBC 
largely affects the decrease of the frequency band. 

[0015] As shoWn in FIG. 2, to solve such a problem, a 
current source sCcVO (Where s: Laplace operator) that 
varies corresponding to the output voltage V0 is disposed on 
the output side. The current sCcVO cancels the current that 
?oWs in the capacitance C. In that case, the folloWing 
formulas can be obtained. 

[0016] Assuming that C=Cs, the denominator becomes 0. 
Thus, it is clear that the frequency band is not limited. 
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[0017] FIG. 3 shows an example of the structure of a 
differential ampli?er using bipolar transistors each of Which 
a current that ?oWs in a capacitance formed betWeen the 
base and the collector is canceled With a compensation 
current formed corresponding to an output voltage so as to 
Widen the frequency band. 

[0018] In FIG. 3, the emitters of NPN transistors 201 and 
202 are connected. The emitters of the transistors 201 and 
202 are connected to a ground line 204 through a current 
source 203. Input terminals 221 and 222 are connected to the 
bases of the transistors 201 and 202. 

[0019] The collectors of the transistors 201 and 202 are 
connected to a poWer line 207 through resistors 205 and 206, 
respectively. In addition, the collectors of the transistors 201 
and 202 are connected to the bases of transistors 208 and 
209, respectively. The collectors of the transistors 208 and 
209 are connected to the poWer line 207. The emitters of 
transistors 208 and 209 are connected to the ground line 204 
through current sources 210 and 211, respectively. In addi 
tion, the emitters of the transistors 208 and 209 are con 
nected to output terminals 223 and 224, respectively. 

[0020] In addition, the emitters of the transistors 208 and 
209 are connected to the bases of transistors 212 and 213, 
respectively. The collectors of the transistors 212 and 213 
are connected to the collectors of the transistors 202 and 
201, respectively. The emitters of the transistors 212 and 213 
are connected to the ground line 204 through current sources 
214 and 215, respectively. In addition, a capacitor 216 is 
connected betWeen the emitter of the transistor 212 and the 
emitter of the transistor 213. 

[0021] In FIG. 3, a difference input voltage that is input 
from the input terminals 221 and 222 is ampli?ed by the 
transistors 201 and 202. The ampli?ed voltage is output 
from the output terminals 223 and 224 through the emitter 
folloWer transistors 208 and 209, respectively. 

[0022] In addition, the output voltage takes place betWeen 
the emitters of the transistors 212 and 213 through an emitter 
folloWer circuit composed of the transistors 212 and 213. A 
current corresponding to the output voltage ?oWs in the 
capacitor 216 connected betWeen the emitters of the tran 
sistors 212 and 213. 

[0023] As shoWn in FIG. 4, When the capacitor 216 is 
composed of transistors 231 and 232 that are similar to the 
transistors 201 and 202 that compose the differential pair, the 
capacitance Cc of the capacitor 216 becomes almost the 
same as the capacitance CCB betWeen the base and the 
collector of each of the transistors 201 and 202. 

[0024] Thus, the capacitor 216 forms a compensation 
current that is equal to the current that ?oWs in each of the 
transistors 201 and 202. When the collectors of the transis 
tors 212 and 213 are connected to the collectors of the 
transistors 202 and 201, respectively, the current that ?oWs 
in the capacitance CCB formed betWeen the base and the 
collector of each of the transistors 201 and 202 is canceled 
by the compensation current that ?oWs in the capacitor 216. 
Thus, a differential ampli?er having a high gaina and a Wide 
frequency band free of the limitation thereof can be accom 
plished. 

[0025] As shoWn in FIG. 3, the output voltages of the 
transistors 201 and 202 as a differential pair are supplied to 
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the capacitor 216 through the emitter folloWer transistors 
208 and 209 and the emitter folloWer transistors 212 and 
213, respectively. The capacitor 216 disposed betWeen the 
emitters of the transistors 212 and 213 generates a compen 
sation current that is equal to a current that ?oWs in the 
capacitance CBC formed betWeen the base and the collector 
of each of the transistors 201 and 202 as a differential pair. 
The compensation current causes the current that ?oWs in 
the capacitance CBC formed betWeen the base and the 
collector of each of the transistors 201 and 202 as a 
differential pair to be canceled. Thus, the differential circuit 
can be free of the limitation of the frequency band. 

[0026] HoWever, in such a structure, the compensation 
current is generated corresponding to the output signal 
voltage detected through the emitter folloWer transistors 208 
and 209 and the emitter folloWer transistors 212 and 213. 
Thus, When such a circuit is composed of CMOS transistors, 
a level shift of 2 VGS takes place (Where VGS is the voltage 
betWeen the gate and the source) due to the compensation 
current. On the other hand, When such a circuit is composed 
of MOS transistors, since the voltage VGS betWeen the gate 
and source is around 1 V, a level shift of around 2 V takes 
place in the portion that generates the compensation current. 

[0027] On the other hand, a loW voltage poWer supply 
structure is becoming the mainstream. In a loW voltage 
circuit, a poWer supply of for eXample 3.3 V is used. When 
a level shift of 2 V takes place in such a loW voltage circuit, 
a sufficient amplitude of signals cannot be secured. 

[0028] On the other hand, When such a circuit is composed 
of CMOS transistors, the gain of the source folloWer of 
MOS transistors does not become one time due to an 
in?uence of the substrate effect. Thus, as Was described 
above, When an output signal voltage is detected through 
tWo stages of the folloWer transistors 208 and 209 and the 
folloWer transistors 212 and 213, the amplitude of a detected 
output voltage is decreased. Consequently, the effect for 
canceling the parasitic capacitance deteriorates. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0029] Therefore, an object of the present invention is to 
provide a differential ampli?er that has a high gain and a 
Wide frequency band and that operates at loW poWer supply 
voltage. 
[0030] Another object of the present invention is to pro 
vide a comparator that operates at high speed. 

[0031] A further object of the present invention is to 
provide an A/D converter that operates at high speed. 

[0032] A ?rst aspect of the present invention is a differ 
ential ampli?er, comprising a differential pair composed of 
a ?rst transistor and a second transistor Whose sources or 

emitters are connected in common, a buffer means for 
extracting an output of said differential pair composed of the 
?rst transistor and the second transistor, and a compensation 
current generating means for generating a compensation 
current that is equal to a current that ?oWs in a parasitic 
capacitance of each of the ?rst transistor and the second 
transistor, the direction of the compensation current being 
the reverse of the current that ?oWs in the parasitic capaci 
tance, Wherein said compensating circuit generating means 
is composed of a voltage input-current output means com 
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prising a third transistor and a fourth transistor, a capacitor 
equivalent to the parasitic capacitance of each of the ?rst 
transistor and the second transistor being connected betWeen 
the sources or the emitters of the third transistor and the 
fourth transistor, a ?rst current source and a second current 
source connected to the sources or the emitters of the third 
transistor and the fourth transistor, and a third current source 
and a fourth current source connected to the drains or the 
collectors of the third transistor and the fourth transistor, 
Wherein output voltages of the ?rst transistor and the second 
transistor are supplied to the gates or the bases of the third 
transistor and the fourth transistor, and Wherein output 
currents of the drains or the collectors of the fourth transistor 
and the third transistor are supplied as compensation cur 
rents to the drains or the collectors of the second transistor 
and the ?rst transistor. 

[0033] A second aspect of the present invention is a 
comparator, comprising an ampli?er, a means for causing 
the comparator to operate in an auto Zero mode and an amp 
mode, the auto Zero mode causing the offset of said ampli?er 
to be canceled, the amp mode causing the input signal to be 
ampli?ed and output, a means for inputting the input voltage 
in the auto Zero mode and storing the input voltage to a 
capacitor connected to an input stage of said ampli?er, a 
means for inputting a reference voltage in the amp mode, 
obtaining the differential voltage betWeen the input voltage 
stored in the capacitor connected to the input stage of said 
ampli?er and the reference voltage, and outputting the 
differential voltage from said ampli?er, Wherein said ampli 
?er comprises a differential pair composed of a ?rst tran 
sistor and a second transistor Whose sources or emitters are 

connected in common, a buffer means for extracting an 
output of the differential pair composed of the ?rst transistor 
and the second transistor, and a compensation current gen 
erating means for generating a compensation current that is 
equal to a current that ?oWs in a parasitic capacitance of 
each of the ?rst transistor and the second transistor, the 
direction of the compensation current being the reverse of 
the current that ?oWs in the parasitic capacitance, Wherein 
the compensating circuit generating means is composed of a 
voltage input-current output means comprising a third tran 
sistor and a fourth transistor, a capacitor equivalent to the 
parasitic capacitance of each of the ?rst transistor and the 
second transistor being connected betWeen the sources or the 
emitters of the third transistor and the fourth transistor, a ?rst 
current source and a second current source connected to the 

sources or the emitters of the third transistor and the fourth 
transistor, and a third current source and a fourth current 
source connected to the drains or the collectors of the third 
transistor and the fourth transistor, Wherein output voltages 
of the ?rst transistor and the second transistor are supplied 
to the gates or the bases of the third transistor and the fourth 
transistor, and Wherein output currents of the drains or the 
collectors of the fourth transistor and the third transistor are 
supplied as compensation currents to the drains or the 
collectors of the second transistor and the ?rst transistor. 

[0034] A third aspect of the present invention is a com 
parator, comprising an ampli?er, a means for causing the 
comparator to operate in an auto Zero mode and an amp 
mode, the auto Zero mode causing the offset of said ampli?er 
to be canceled, the amp mode causing the input signal to be 
ampli?ed and output, a means for inputting a reference 
voltage in the auto Zero mode and storing the reference 
voltage to a capacitor connected to an input stage of said 
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ampli?er, a means for inputting an input voltage in the amp 
mode, obtaining the differential voltage betWeen the refer 
ence voltage stored in the capacitor connected to the input 
stage of said ampli?er and the input voltage, and outputting 
the differential voltage from said ampli?er, Wherein said 
ampli?er comprises a differential pair composed of a ?rst 
transistor and a second transistor Whose sources or emitters 
are connected in common, a buffer means for extracting an 
output of the differential pair composed of the ?rst transistor 
and the second transistor, and a compensation current gen 
erating means for generating a compensation current that is 
equal to a current that ?oWs in a parasitic capacitance of 
each of the ?rst transistor and the second transistor, the 
direction of the compensation current being the reverse of 
the current that ?oWs in the parasitic capacitance, Wherein 
the compensating circuit generating means is composed of a 
voltage input-current output means comprising a third tran 
sistor and a fourth transistor, a capacitor equivalent to the 
parasitic capacitance of each of the ?rst transistor and the 
second transistor being connected betWeen the sources or the 
emitters of the third transistor and the fourth transistor, a ?rst 
current source and a second current source connected to the 
sources or the emitters of the third transistor and the fourth 
transistor, and a third current source and a fourth current 
source connected to the drains or the collectors of the third 
transistor and the fourth transistor, Wherein output voltages 
of the ?rst transistor and the second transistor are supplied 
to the gates or the bases of the third transistor and the fourth 
transistor, and Wherein output currents of the drains or the 
collectors of the fourth transistor and the third transistor are 
supplied as compensation currents to the drains or the 
collectors of the second transistor and the ?rst transistor. 

[0035] A fourth aspect of the present invention is an A/D 
converter, comprising a reference voltage generating menas 
for generating a plurality of reference voltages that designate 
quantiZing levels, a plurality of comparators for comparing 
each of the reference voltages and an input voltage, a 
plurality of latches for latching an output of each of said 
plurality of comparators, a decoder for generating a digital 
value corresponding to the input voltage With the output of 
each of said plurality of latches, Wherein each of said 
plurality of comparators comprises an ampli?er, a means for 
causing the comparator to operate in an auto Zero mode and 
an amp mode, the auto Zero mode causing the offset of the 
ampli?er to be canceled, the amp mode causing the input 
signal to be ampli?ed and output, a means for inputting the 
input voltage in the auto Zero mode and storing the input 
voltage to a capacitor connected to an input stage of the 
ampli?er, a means for inputting a reference voltage in the 
amp mode, obtaining the differential voltage betWeen the 
input voltage stored in the capacitor connected to the input 
stage of the ampli?er and the reference voltage, and output 
ting the differential voltage from the ampli?er, Wherein the 
ampli?er comprises a differential pair composed of a ?rst 
transistor and a second transistor Whose sources or emitters 
are connected in common, a buffer means for extracting an 
output of the differential pair composed of the ?rst transistor 
and the second transistor, and a compensation current gen 
erating means for generating a compensation current that is 
equal to a current that ?oWs in a parasitic capacitance of 
each of the ?rst transistor and the second transistor, the 
direction of the compensation current being the reverse of 
the current that ?oWs in the parasitic capacitance, Wherein 
the compensating circuit generating means is composed of a 
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voltage input-current output means comprising a third tran 
sistor and a fourth transistor, a capacitor equivalent to the 
parasitic capacitance of each of the ?rst transistor and the 
second transistor being connected betWeen the sources or the 
emitters of the third transistor and the-fourth transistor, a 
?rst current source,and a second current source connected to 
the sources or the emitters of the third transistor and the 
fourth transistor, and a third current source and a fourth 
current source connected to the drains or the collectors of the 
third transistor and the fourth transistor, Wherein output 
voltages of the ?rst transistor and the second transistor are 
supplied to the gates or the bases of the third transistor and 
the fourth transistor, and Wherein output currents of the 
drains or the collectors of the fourth transistor and the third 
transistor are supplied as compensation currents to the drains 
or the collectors of the second transistor and the ?rst 
transistor. 

[0036] A ?fth aspect of the present invention is an A/D 
converter, comprising a reference voltage generating menas 
for generating a plurality of reference voltages that designate 
quantiZing levels, a plurality of comparators for comparing 
each of the reference voltages and an input voltage, a 
plurality of latches for latching an output of each of said 
plurality of comparators, a decoder for generating a digital 
value corresponding to the input voltage With the output of 
each of said plurality of latches, Wherein each of said 
comparator comprises an ampli?er, a means for causing the 
comparator to operate in an auto Zero mode and an amp 
mode, the auto Zero mode causing the offset of the ampli?er 
to be canceled, the amp mode causing the input signal to be 
ampli?ed and output, a means for inputting a reference 
voltage in the auto Zero mode and storing the reference 
voltage to a capacitor connected to an input stage of the 
ampli?er, a means for inputting an input voltage in the amp 
mode, obtaining the differential voltage betWeen the refer 
ence voltage stored in the capacitor connected to the input 
stage of the ampli?er and the input voltage, and outputting 
the differential voltage from the ampli?er, Wherein the 
ampli?er comprises a differential pair composed of a ?rst 
transistor and a second transistor Whose sources or emitters 
are connected in common, a buffer means for extracting an 
output of the differential pair composed of the ?rst transistor 
and the second transistor, and a compensation current gen 
erating means for generating a compensation current that is 
equal to a current that ?oWs in a parasitic capacitance of 
each of the ?rst transistor and the second transistor, the 
direction of the compensation current being the reverse of 
the current that ?oWs in the parasitic capacitance, Wherein 
the compensating circuit generating means is composed of a 
voltage input-current output means comprising a third tran 
sistor and a fourth transistor, a capacitor equivalent to the 
parasitic capacitance of each of the ?rst transistor and the 
second transistor being connected betWeen the sources or the 
emitters of the third transistor and the fourth transistor, a ?rst 
current source and a second current source connected to the 

sources or the emitters of the third transistor and the fourth 
transistor, and a third current source and a fourth current 
source connected to the drains or the collectors of the third 
transistor and the fourth transistor, Wherein output voltages 
of the ?rst transistor and the second transistor are supplied 
to the gates or the bases of the third transistor and the fourth 
transistor, and Wherein output currents of the drains or the 
collectors of the fourth transistor and the third transistor are 
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supplied as compensation currents to the drains or the 
collectors of the second transistor and the ?rst transistor. 

[0037] According to the present invention, an OTA circuit 
is disposed betWeen a differential pair composed of NMOS 
transistors and an NMOS folloWer transistor that composes 
an output buffer circuit. The OTA circuit generates a com 
pensation current that is equal to a current that ?oWs in a 
capacitance formed betWeen the gate and the drain of each 
of the differential pair transistors and that ?oWs in the 
reverse direction thereof. The compensation current cancels 
the current that ?oWs in the capacitance formed betWeen the 
gate and the drain of each of the differential pair transistors. 
Thus, a differential ampli?er that has a high accuracy and, 
high gain, and a Wide frequency band and that operates at a 
loW poWer voltage can be accomplished. 

[0038] According to the present invention, using a differ 
ential ampli?er having a high gain and a Wide frequency 
band, a comparator that operates at high speed and an A/D 
converter using such a comparator can be accomplished. 

[0039] These and other objects, features and advantages of 
the present invention Will become more apparent in light of 
the folloWing detailed description of a best mode embodi 
ment thereof, as illustrated in the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 is a schematic diagram shoWing an equiva 
lent circuit for explaining a conventional comparator; 

[0041] FIG. 2 is a schematic diagram shoWing an equiva 
lent circuit for explaining a conventional comparator; 

[0042] FIG. 3 is a circuit diagram for explaining a con 
ventional comparator; 

[0043] FIG. 4 is a circuit diagram for explaining an 
example of a conventional comparator; 

[0044] FIG. 5 is a circuit diagram shoWing a differential 
ampli?er according to the present invention; 

[0045] FIG. 6 is a circuit diagram for explaining a differ 
ential ampli?er according to the present invention; 

[0046] FIG. 7 is a circuit diagram for explaining a differ 
ential ampli?er according to the present invention; 

[0047] FIG. 8 is a circuit diagram shoWing an example of 
an A/D converter according to the present invention; 

[0048] FIGS. 9A and 9B are schematic diagrams shoWing 
blocks as an example of a comparator according to the 
present invention; 

[0049] FIGS. 10A, 10B, 10C, 10D, 10E, 10F, and 10G are 
timing charts for explaining an example of the comparator 
according to the present invention; 

[0050] FIG. 11 is a circuit diagram shoWing an example of 
a comparator according to the present invention; 

[0051] FIGS. 12A and 12B are schematic diagrams shoW 
ing blocks of another example of the comparator according 
to the present invention; 

[0052] FIGS. 13A, 13B, 13C, 13D, 13E, 13F, and 13G are 
timing charts for explaining another example of the com 
parator according to the present invention; 
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[0053] FIG. 14 is a circuit diagram showing another 
example of the comparator according to the present inven 
tion; and 

[0054] FIG. 15 is a circuit diagram shoWing another 
example of the comparator according to the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0055] Next, With reference to the accompanying draW 
ings, embodiments of the present invention Will be 
described. 1. A/D converter 2. Example of comparator 3. 
Another example of comparator 4. Example of application 1. 
Differential ampli?er 

[0056] FIG. 5 shoWs an example of a differential ampli?er 
according to the present invention. In FIG. 5, a differential 
pair is composed of NMOS transistors 1 and 2. The source 
of the NMOS transistor 1 and the source of the NMOS 
transistor 2 are connected each other. The connected point of 
the sources of the NMOS transistors 1 and 2 is connected to 
a ground line 4 through a current source 3. The gate of the 
NMOS transistor 1 and the gate of the NMOS transistor 2 
are connected to input terminals 5 and 6, respectively. 

[0057] PMOS transistors 7 and 8 compose load circuits 
against the differential pair composed of the NMOS tran 
sistors 1 and 2. The gate and the drain of the PMOS 
transistor 7 are connected. The connected point of the gate 
and the drain of the PMOS transistor is connected to the 
drain of the NMOS transistor 1. In addition, the connected 
point is connected to the gate of an NMOS transistor 9. 
Likewise, the gate and the drain of the PMOS transistor 8 are 
connected. The connected point of the gate and the drain of 
the PMOS transistor 8 is connected to the drain of the 
NMOS transistor 2. In addition, the connected point is 
connected to the gate of an NMOS transistor 10. The sources 
of the PMOS transistors 7 and 8 are connected to a poWer 
line 11. 

[0058] The NMOS transistors 9 and 10 are source folloWer 
transistors as buffers that extract output voltages of the 
differential pair composed of the NMOS transistors 1 and 2. 
The source of the NMOS transistor 9 is connected to the 
ground line 4 through a current source 12. In addition, the 
source of the NMOS transistor 9 is connected to an output 
terminal 14. The source of the NMOS transistor 10 is 
connected to the ground line 4 through a current source 13. 
In addition, the source of the NMOS transistor 10 is con 
nected to an output terminal 15. The drains of the NMOS 
transistors 9 and 10 are connected to the poWer line 11. 

[0059] NMOS transistors 16 and 17, a capacitor 18, and 
current sources 19, 20, 21, and 22 generate a compensation 
current having the same current value as the current that 
?oWs in a capacitance CGD formed betWeen the gate and the 
drain of each of the NMOS transistors 1 and 2. 

[0060] The source of the NMOS transistor 16 and the 
source of the NMOS transistor 17 are connected to the 
ground line 4 through the current source 19 and the current 
source 20, respectively. The capacitor 18 is connected 
betWeen the source of the NMOS transistor 16 and the 
source of the NMOS transistor 17. The gates of the NMOS 
transistors 16 and 17 are connected to the drains of the 
NMOS transistors 1 and 2, respectively. The drains of the 
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NMOS transistors 16 and 17 are connected to the poWer line 
11 through the current sources 21 and 22, respectively. In 
addition, the drains of the NMOS transistors 16 and 17 are 
connected to the drains of the transistors 2 and 1, respec 
tively. 

[0061] In the differential circuit shoWn in FIG. 5, a 
differential input voltage Vi is supplied to the input terminals 
5 and 6. The differential input voltage Vi is ampli?ed by the 
differential pair composed of the NMOS transistors 1 and 2. 
An output voltage VO of the differential pair composed of 
the NMOS transistors 1 and 2 is output from the differential 
output terminals 14 and 15 through the source folloWer 
transistors 9 and 10. 

[0062] The output voltage VO of the differential pair 
composed of the NMOS transistors 1 and 2 is supplied to a 
circuit composed of the NMOS transistors 16 and 17, the 
capacitor 18, and the current sources 19, 20, 21, and 22. The 
circuit generates a compensation current corresponding to 
the output voltage VO of the differential pair composed of 
the NMOS transistors 1 and 2. 

[0063] In other Words, as shoWn in FIG. 6, the capacitor 
18 is connected betWeen the source of the NMOS transistor 
16 and the source of the NMOS transistor 17. Assuming that 
the capacitance of the capacitor 18 is denoted by Cc, When 
the voltages v01, and vc2 are supplied to voltage input 
terminals 31 and 32 connected to the gates of the NMOS 
transistors 16 and 17, respectively, the source voltages of the 
NMOS transistors 16 and 17 are expressed by (vol-V65) 
and (Va-V65), respectively. Thus, a current ia correspond 
ing to the differential voltage of the voltages vc1 and vc2 
supplied to the voltage input terminals 31 and 32 ?oWs. 
Assuming that the capacitance of the capacitor 18 is denoted 
by Cc, the current ia can be expressed by the folloWing 
formula. 

[0064] (Where s is Laplace operator). 

[0066] Since the current that How from each of the current 
sources 19 and 20 connected to the sources of the NMOS 
transistors 16 and 17 and the current sources 21 and 22 
connected to the drains of the NMOS transistors 16 and 17 
is a constant current I1, the current ia that ?oWs in the 
capacitor 18 disposed betWeen the sources of the NMOS 
transistors 16 and 17 is input and output from current output 
terminals 33 and 34 of the drains of the NMOS transistors 
16 and 17, respectively. 

[0067] Thus, the circuit composed of the NMOS transis 
tors 16 and 17, the capacitor 18, and the current sources 19, 
20, 21, and 22 is a circuit that outputs a current correspond 
ing to the differential voltage of the voltages supplied to the 
input terminals 31 and 32. Such a structure is referred to as 
OTA (Operational Transconductance Ampli?er). 

[0068] As shoWn in FIG. 5, the gates of the NMOS 
transistors 16 and 17 are connected to the drains of the 
NMOS transistors 1 and 2, respectively. The drains of the 
NMOS transistors 16 and 17 are connected to the drains of 
the NMOS transistors 2 and 1, respectively. Thus, as an input 
voltage of the circuit composed of the NMOS transistors 16 
and 17, the capacitor 18, and the current sources 19, 20, 21, 
and 22, the differential voltage VO that is an output voltage 
of the differential pair composed of the NMOS transistors 1 
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and 2 is supplied. The circuit composed of the NMOS 
transistors 16 and 17, the capacitor 18, and the current 
sources 19, 20, 21, and 22 generates a current sCcVO. The 
current sCcVO becomes an output current of the circuit 
composed of the NMOS transistors 16 and 17, the capacitor 
18, and the current sources 19, 20, 21, and 22. The current 
sCcVO is added to currents that How in the NMOS transis 
tors 1 and 2. 

[0069] As shoWn in FIG. 7, When the capacitor 18 is 
composed of transistors 25 and 26 that are similar to the 
NMOS transistors 1 and 2, the capacitance Cc of the 
capacitor 18 becomes almost the same as the capacitance 
CGD formed betWeen the gate and the drain of each of the 
NMOS transistors 1 and 2. 

[0070] Thus, the compensation current sCcVO is gener 
ated, Which is equal to the current that flows in the capaci 
tance CGD formed betWeen the gate and the drain of each of 
the NMOS transistors 1 and 2. The compensation current 
cancels the current that flows in the capacitance CGD formed 
betWeen the gate and the drain of each of the NMOS 
transistors 1 and 2. Thus, as Was described in Formula (6), 
a differential ampli?er having a Wide frequency band free of 
the limitation of the frequency band can be accomplished. 

[0071] In the example, the OTA circuit composed of the 
NMOS transistors 16 and 17, the capacitor 18, and the 
current sources 19, 20, 21, and 22 is disposed betWeen the 
differential pair composed of the NMOS transistors 1 and 2 
and the NMOS folloWer transistors 9 and 10 composing the 
output buffer circuit. The OTA circuit generates the com 
pensation current sCcVO that is equal to the current that 
flows in the capacitance CGD formed betWeen the gate and 
the drain of each of the NMOS transistors 1 and 2. Thus, the 
current that flows in the capacitance CGD formed betWeen 
the gate and the drain of each of the NMOS transistors 1 and 
2 is canceled. Consequently, the frequency band of the 
differential ampli?er is Widened. In the case, the differential 
voltage that is output from the NMOS transistors 1 and 2 
composing the differential pair is detected Without need to 
use a source folloWer buffer circuit. Thus, the poWer voltage 
can be loWered Without a tradeoff of a large level shift. The 
level shift is only VGS of one stage of the source folloWer 
transistors 9 and 10. In addition, an error due to a gain drop 
of the substrate effect is only VGS of one stage of the NMOS 
transistors 9 and 10. Thus, the accuracy of the differential 
ampli?er improves. 

[0072] 2. A/D Converter 

[0073] As Was described above, the OTA circuit composed 
of the NMOS transistors 16 and 17, the capacitor 18, and the 
current sources 19, 20, 21, and 22 is disposed betWeen the 
differential pair composed of the NMOS transistors 1 and 2 
and the NMOS transistors 9 and 10 composing the output 
buffer circuit. The OTA circuit generates a compensation 
current that is equal to the current that flows in the capaci 
tance CGD formed betWeen the gate and the drain of each of 
the NMOS transistors 1 and 2. The compensation current 
cancels the current that flows in the capacitance formed 
betWeen the gate and the drain of each of the NMOS 
transistors 1 and 2. Thus, a CMOS differential ampli?er that 
has a high gain and a Wide frequency band and that operates 
at loW poWer voltage can be accomplished. 
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[0074] Such a differential circuit is suitable for a circuit 
that operates at high speed such as a comparator used in an 
A/D converter that digitiZes a reproduction signal of a head 
in a hard disk drive. 

[0075] FIG. 8 shoWs an example of an A/D converter that 
accomplishes such a high speed process. In FIG. 8, a 
tandem connection of resistors 41A , 41B, 41C, 41D, 41E, 
41F, 41G, and 41H is disposed betWeen a poWer supply 
terminal 42 of a poWer supply voltage VRT and a poWer 
supply terminal 43 of a poWer supply voltage VRB. Refer 
ence voltages VR1, VR2, VR3, VR4, VR5, VR6, and VR7 
are generated betWeen resistors 41A and 41B, betWeen 
resistors 41B and 41C, betWeen resistors 41C and 41D, 
betWeen resistors 41D and 41E, betWeen resistors 41E and 
41F, betWeen resistors 41F and 41G, betWeen resistors 41G 
and 41H, respectively. The resistance values of the resistors 
41A to 41H correspond to quantiZing steps. The reference 
voltages VR1, VR2, VR3, . . . designate quantiZing steps of 
the A/D converting process. 

[0076] The reference voltages VR1 to VR7 among the 
resistors 41A to 41H are supplied to ?rst input terminals of 
comparators 45A to 45G, respectively. An input voltage Vin 
is supplied from an input terminal 44 to second input 
terminals of the comparators 45A to 45G. The comparators 
45A to 45G compare the reference voltages VR1 to VR7 
With the input voltage V- respectively. In, 

[0077] Output voltages of the comparators 45A, 45B, 45C, 
45D, 45E, 45F, and 45G are supplied to latches 46A, 46B, 
46C, 46D, 46E, 46F, and 46G, respectively. The latches 46A 
to 46G latch the output voltages of the comparators 45A to 
45G, respectively. The output voltages of the latches 46A to 
46G are supplied to a decoder 48. 

[0078] The decoder 48 has EX-OR gates 47A, 47B, 47C, 
47D, 47E, 47F, 47G, and 47H and bit lines B0, B1, and B2. 
The output voltages of the latches 46A to 46G are supplied 
to the EX-OR gates 47A to 47H, respectively. The bit lines 
B0, B1, and B2 are connected corresponding to output 
values. 

[0079] An “L” level voltage is supplied to a ?rst input 
terminal of the EX-OR gate 47A. An output voltage of the 
latch circuit 46A is supplied to the EX-OR gates 47A and 
47B. An output voltage of the latch circuit 46B is supplied 
to the EX-OR gates 47B and 47C. An output voltage of the 
latch circuit 46C is supplied to the EX-OR gates 47C and 
47D. An output voltage of the latch circuit 46D is supplied 
to the EX-OR gates 47D and 47E. An output voltage of the 
latch circuit 46E is supplied to the EX-OR gates 47E and 
47F. An output voltage of the latch circuit 46F is supplied to 
the EX-OR gates 47F and 47G. An output voltage of the 
latch circuit 46G is supplied to the EX-OR gates 47G and 
47H. A “H” level voltage is supplied to a second input 
terminal of the EX-OR gate 47H. 

[0080] Output terminal s of the EX-OR gates 47A to 47H 
are connected to the bit lines B0, B1, and B2 corresponding 
to the output data. 

[0081] In other Words, an output terminal of the EX-OR 
gate 47A is not connected to any bit line. An output terminal 
of the EX-OR gate 47B is connected to the bit line B0. An 
output terminal of the EX-OR gate 47C is connected to the 
bit line B1. An output terminal of the EX-OR gate 47D is 
connected to the bit lines B1 and B0. An output terminal of 














