
(19) United States 
US 20010040466A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0040466 A1 
IDE (43) Pub. Date: Nov. 15, 2001 

(54) HIGH SPEED LOW VOLTAGE 
DIFFERENTIAL SIGNAL DRIVER HAVING 
REDUCED PULSE WIDTH DISTORTION 

(76) Inventor: SATOSHI IDE, KAWASAKI-8H1 (JP) 

Correspondence Address: 
STAAS & HALSEY 
700 ELEVENTH STREET NW 
SUITE 500 
WASHINGTON, DC 20001 

( * ) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

(21) Appl. No.: 09/215,157 

(22) Filed: Dec.18, 1998 

(30) Foreign Application Priority Data 

Jul. 10, 1998 (JP) ......................................... .. 10-195245 

CONTROL SIGNAL GENERATOR 

BI\ 
INVERTER I 

6 XO 

>’ *S 
OM08 INPUT a 

TERMINAL INVERTER 

XI 

Publication Classi?cation 

(51) rm.c1.7 ................................................ .. H03K 19/094 

(52) Us. 01. .............................................................. .. 326/83 

(57) ABSTRACT 

A driver circuit for transmitting a signal by switching the 
direction of a signal current which ?ows on a pair of 
transmission lines. The drains of ?eld effect transistors 
having the opposite polarities are connected to each other so 
as to constitute ?rst and second switching means as well as 

?rst switching means. One of differential driving signals is 
input to the gate terminal of each of the ?eld effect transis 
tors constituting the ?rst switching means, while the drain 
terminal is connected to one of the transmission line pair. 
The other of the differential driving signals is input to the 
gate terminal of each of the ?eld effect transistors consti 
tuting the second switching means, while the drain terminal 
is connected to the other of the transmission line pair. 
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HIGH SPEED LOW VOLTAGE DIFFERENTIAL 
SIGNAL DRIVER HAVING REDUCED PULSE 

WIDTH DISTORTION 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a driver circuit for 
transmitting a signal by switching the direction of the 
current which flows on a pair of transmission lines and, more 
particularly, to a driver circuit used for an interface for 
transmitting a small-amplitude signal at a high speed. 

[0002] Recently, attention has been attracted on an LVDS 
(Low Voltage Differential Signal) interface for transmitting 
a small-amplitude differential signal. 

[0003] FIG. 12 shoWs the structure of an LVDS interface. 
A driver 1 and a receiver 2 is combined by an upWard 
transmission line 3 and a doWnWard transmission line 4 each 
having a characteristic impedance of 50 Q. The transmission 
lines 3, 4 are terminated by a resistor 5 of 100 Q at the input 
end of the receiver 2. The driver 1 drives a current of about 
3 mA and produces a voltage of about 300 mV at the 
terminating resistor 5. 

[0004] The upWard transmission line 3 and the doWnWard 
transmission line 4 constitute What is called balanced trans 
mission lines Which have the same electrical characteristics. 
The leading characteristic of the LVDS interface is that one 
signal is transmitted through such a pair of transmission 
lines. The driver 1 generates a differential signal Which 
produces a potential difference betWeen the upWard trans 
mission line 3 and the doWnWard transmission line 4 on the 
basis of a signal input from an input terminal 6. In contrast, 
the receiver 2 converts the differential signals generated 
betWeen the upWard transmission line 3 and the doWnWard 
transmission line 4 into a signal of a CMOS level and 
outputs this signal from an output terminal 7. 

[0005] The principle of the LVDS interface is that a signal 
is transmitted by generating a signal voltage at the termi 
nating resistor 5 by applying a signal current Is Which is 
generated on the side of the driver 1 to a loop Which is 
constituted by the balanced transmission lines of the upWard 
transmission line 3 and the doWnWard transmission line 4 
and the terminating resistor 5 on the side of the receiver 2. 
The signal “1” or “0” is identi?ed by sWitching the direction 
of the How of the signal current Is. According to this 
structure, since the signal currents Is flowing on the upWard 
transmission line 3 and the doWnWard transmission line 4 
have the same siZe but How in the opposite directions, the 
magnetic ?elds generated by the entire balanced transmis 
sion lines are cancelled by each other. OWing to this char 
acteristic, the noise produced by a change in the current of 
the transmission system is small, and the interference 
betWeen the transmission lines of the adjacent ports and the 
interference of simultaneous sWitching betWeen LSIs are 
small. Accordingly, the LVDS interface is suitable for high 
speed signal transmission. 

[0006] FIG. 13 shoWs an eXample of a conventional 
LVDS driver circuit. 

[0007] In FIG. 13, the symbols N100 and N101 denote a 
pair of NMOS transistors as current sWitching elements on 
the high-potential side, N102 and N103 a pair of NMOS 
transistors as current sWitching elements on the loW-poten 
tial side. The source of the NMOS transistor N100 is 
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connected in series to the drain of the NMOS transistor 
N102, While the source of the NMOS transistor N101 is 
connected in series to the drain of the NMOS transistor 
N103. Both the drains of the NMOS transistors N100 and 
N101 are connected to the current source I100, and both the 
sources of the NMOS transistors N102 and N103 are con 
nected to an NMOS transistor N104 as a load element. 

[0008] The symbol B100 represents a control signal gen 
erator provided With inverters X100, X101, Which are 
CMOS logic circuits. The control signal generator B100 
generates (1) a positive phase control signal S for driving 
one NMOS transistor N100 on the high-potential side and 
one NMOS transistor N103 on the loW-potential side, and 
(2) a negative phase control signal *S for driving the other 
NMOS transistor N101 on the high-potential side and the 
other NMOS transistor N102 on the loW-potential side. To 
state this concretely, the control signal generator B100 
inputs an input signal of CMOS level to the inverters X100, 
X101, and inputs the positive phase control signal S Which 
is output from the inverter X101 to the gate terminals of the 
NMOS transistors N100, N103, While inputting the negative 
phase control signal *S Which is output from the inverter 
X100 to the gate terminals of the NMOS transistors N101, 
N102. 

[0009] If the input signal is H, the negative phase control 
signal *S is L and the positive phase control signal S is H. 
As a result, the NMOS transistors N100, N103 are turned on, 
While the NMOS transistors N101, N102 are turned off. The 
current flows from the NMOS transistor N100 toWard the 
NMOS transistor N103 via the transmission line 3, the 
terminating resistor 5 and the transmission line 4, as indi 
cated by the dotted line, and the LVDS output signal 
becomes H. On the other hand, if the input signal is L, the 
negative phase control signal *S is H and the positive phase 
control signal S is L. As a result, the NMOS transistors 
N101, N102 are turned on, While the NMOS transistors 
N100, N103 are turned off. The current therefore flows from 
the NMOS transistor N101 toWard the NMOS transistor 
N102 via the transmission line 4, the terminating resistor 5 
and the transmission line 3, as indicated by the alternate 
short and long dash line, and the LVDS output signal 
becomes L. The dc potential is supplied by the voltage Which 
is generated by the NMOS transistor N104 as a load ele 
ment. 

[0010] In the conventional structure, there is a phase 
difference corresponding to one inverter betWeen the posi 
tive phase control signal S and the negative phase control 
signal *S. Therefore, a time difference is produced betWeen 
the sWitching operation of the NMOS transistors N100, 
N103 Which are turned on When the LVDS output is H and 
the sWitching operation of the NMOS transistors N101, 
N102 Which are turned on When the LVDS output is L, so 
that the leading edge and the trailing edge of the LVDS 
output signal H are asymmetric and the output Waveform 
therefore disadvantageously has a pulse Width distortion. 

[0011] FIG. 14 schematically shoWs a Waveform response 
Which explains such a problem in the related art. There is a 
phase difference 0 betWeen the positive phase control signal 
S and the negative phase control signal *S. For this reason, 
the timing at Which a ?rst current path from the NMOS 
transistor N100 to the NMOS transistor N103 is turned off 
does not agree to the timing at Which a second current path 
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from the NMOS transistor N101 to the NMOS transistor 
N102 is turned on. That is, the timing for OFF delays by 0 
corresponding to the phase difference. As a result, there is a 
period during Which both the ?rst and second paths are on. 
During this period, the LVDS output is not constant, so that 
the pulse Width of the LVDS output is not constant. If the bit 
rate of an input signal is loW, such a pulse Width distortion 
has little problem, but if the bit rate becomes high, the 
problem of impossibility of the eXact transmission of a 
signal becomes remarkable. 

[0012] In addition, While the NMOS transistor pair N100, 
N101 on the high-potential side operate in the saturated 
region, the NMOS transistor N102, N103 pair on the loW 
potential side operate in the unsaturated region. In the 
unsaturated region, the sWitching characteristic is inferior to 
that in the saturated state, Which also leads to a deterioration 
of the output Waveform. 

[0013] In the normal operation, such a degree of Waveform 
deterioration becomes little problem. HoWever, When the 
noise margin is small, for eXample, When the LVDS output 
is used as an output of a optical receiver circuit for ampli 
fying a minute signal level, it is necessary to strictly regulate 
the pulse distortion of the output Waveform. 

SUMMARY OF THE INVENTION 

[0014] Accordingly, it is an object of the present invention 
to eliminate the above-described problems in the related art 
and to provide a driver circuit Which is capable of making 
the sWitching characteristics at the on/off time of the MOS 
transistor pair constituting a ?rst current path and the MOS 
transistor pair constituting a second current path symmetric. 

[0015] It is another object of the present invention to 
provide a driver circuit Which is capable of using the MOS 
transistors for sWitching in the saturated region and improv 
ing the sWitching characteristics. 

[0016] It is still another object of the present invention to 
provide a driver circuit Which is capable of eliminating a 
pulse Width distortion and Which is suitable for transmitting 
a small-amplitude signal at a high speed. 

[0017] To achieve these objects, in a driver circuit pro 
vided in a ?rst aspect of the present invention, (1) the drains 
of ?eld effect transistors having the opposite polarities are 
connected to each other so as to constitute second sWitching 
means as Well as ?rst sWitching means, (2) one of differen 
tial driving signals is input to the gate terminal of each of the 
?eld effect transistors constituting a ?rst sWitching means, 
While the drain terminals are connected to one of the 
transmission line pair, (3) the other of differential driving 
signals is input to the gate terminal of each of the ?eld effect 
transistors constituting a second sWitching means, While the 
drain terminals are connected to the other of the transmis 
sion line pair. 

[0018] In a second aspect of the present invention, there is 
provided a driver circuit comprising (1) a pair of PMOS 
transistors as current sWitching elements on the high-poten 
tial side, (2) a pair of NMOS transistors as current sWitching 
elements on the loW-potential side; and (3) a control signal 
generator Which generates a positive phase control signal for 
driving a ?rst PMOS transistor of the PMOS transistor pair 
and a ?rst NMOS transistor of the NMOS transistor pair and 
inputs the positive phase control signal to the gates of the 
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corresponding transistors, and Which generates a negative 
phase control signal for driving a second PMOS transistor of 
the PMOS transistor pair and a second NMOS transistor of 
the NMOS transistor pair and inputs the negative phase 
control signal to the gates of the corresponding transistors, 
(4) Wherein the drain of the ?rst PMOS transistor is con 
nected to the drain of the ?rst NMOS transistor, and one of 
the transmission lines is connected to the portion at Which 
the drains of the ?rst PMOS transistor and the ?rst NMOS 
transistor are connected and, (5) the drain of the second 
PMOS transistor is connected to the drain of the second 
NMOS transistor, and the other of the transmission lines is 
connected to the portion at Which the drains of the second 
PMOS transistor and the second NMOS transistor are con 
nected. 

[0019] According to this driver circuit, When an input 
signal is at a high level H, a PMOS transistor driven by a 
negative phase control signal (L) and a NMOS transistor 
driven by a positive phase control signal constitute a ?rst 
current path via the ?rst transmission line and the second 
transmission line. On the other hand, When an input signal 
is at a loW level L, a PMOS transistor driven by a positive 
phase control signal (L) and a NMOS transistor driven by a 
negative phase control signal constitute a second current 
path via the second transmission line and the ?rst transmis 
sion line. In other Words, the ?rst current path drives a 
current When the positive phase control signal is H and the 
negative phase control signal is L, While the second current 
path drives a current When the positive phase control signal 
is L and the negative phase control signal is H. As a result, 
the leading edge and the trailing edge of an LVDS output 
signal is symmetric, so that it is possible to reduce a pulse 
Width distortion and to cope With high-speed signal trans 
mission. 

[0020] A control signal circuit is constituted by not less 
than tWo CMOS logic circuits (inverters). A delay circuit is 
connected to at least one of the CMOS logic circuit for 
generating a negative phase control signal and the CMOS 
logic circuit for generating a positive phase control signal, 
and the phase difference betWeen the positive phase control 
signal and the negative phase control signal is reduced to, for 
eXample, Zero. In this manner, it is possible to prevent the 
?rst current path and the second current path from turning on 
simultaneously. That is, it is possible to turn off the second 
current path the moment When the ?rst current path is turned 
on, and to turn off the ?rst current path the moment When the 
second current path is turned on. In other Words, it is 
possible to make the sWitching characteristics at the on/off 
time of the MOS transistor pair constituting the ?rst current 
path and the MOS transistor pair constituting the second 
current path symmetric, thereby improving the LVDS output 
Waveform. 

[0021] A?rst current source is inserted betWeen the source 
terminals of the PMOS transistor pair on the high-potential 
side and the high-potential Wire, While a second current 
source is inserted betWeen the source terminals of the 
NMOS transistor pair on the loW-potential side and the 
loW-potential Wire, and each drain of the NMOS transistor 
on the loW-potential side and the constant-voltage source is 
connected by a bias resistor element. In this manner, it is 
possible to use the NMOS transistor on the loW-potential 
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side in the saturated region, thereby improving the switching 
characteristics and reducing the pulse Width distortion of the 
LVDS output. 

[0022] In this driver circuit, the control signal generator 
may be constituted by a differential ampli?er to Which 
analog differential signals are input and Which outputs a 
positive phase control signal and a negative phase control 
signal. In this manner, it is possible to provide a driver 
circuit of an LVDS interface even When analog differential 
signals are input. 

[0023] Other features and advantages of the present inven 
tion Will be apparent from the folloWing description taken in 
conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 shoWs a ?rst embodiment of the present 
invention; 
[0025] FIG. 2 shoWs signal Waveforms in a driver circuit 
according to the present invention; 

[0026] FIGS. 3A and 3B shoW a second embodiment of 
the present invention; 

[0027] FIG. 4 shoWs a third embodiment of the present 
invention; 
[0028] FIG. 5 shoWs the circuitry structure of a voltage 
source; 

[0029] FIG. 6 shoWs the circuitry structure of current 
sources; 

[0030] FIG. 7 shoWs a fourth embodiment of the present 
invention; 
[0031] FIG. 8 shoWs a ?rst eXample of the structure of a 
differential control signal generator; 

[0032] FIG. 9 shoWs a second eXample of the structure of 
a differential control signal generator; 

[0033] FIG. 10 shoWs a third eXample of the structure of 
a differential control signal generator; 

[0034] FIG. 11 shoWs a fourth eXample of the structure of 
a differential control signal generator; 

[0035] FIG. 12 shoWs an eXample of the structure of an 
LVDS interface; 

[0036] 
[0037] FIG. 14 shoWs signal Waveforms in a conventional 
driver circuit. 

FIG. 13 shoWs a conventional driver circuit; and 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(A) First Embodiment 

[0038] FIG. 1 shoWs the structure of a ?rst embodiment of 
a driver circuit according to the present invention. The same 
reference numerals are provided for the elements Which are 
the same as those shoWn in FIG. 12. In FIG. 1, the reference 
numeral 1 represents a driver circuit for an LVDS interface, 
3 a ?rst transmission line, 4 a second transmission line, 5 a 
terminating resistor, 6 a CMOS input terminal and 8, 9 the 
input terminals of an LVDS receiver (not shoWn). 
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[0039] In the driver circuit 1, the symbols P0 and P1 
represent a pair of PMOS transistors as current sWitching 
elements on the high-potential side, and N0 and N1 repre 
sent a pair of NMOS transistors as current sWitching ele 
ments on the loW-potential side. The drain of the PMOS 
transistor P0 is connected in series to the drain of the NMOS 
transistor N0 and the drain of the PMOS transistor P1 is 
connected in series to the drain of the NMOS transistor N1. 
Both the sources of the PMOS transistors P0, P1 are 
connected to a current source I1, and both the sources of the 
NMOS transistors N0, N1 are connected to a NMOS tran 
sistor N3 as a load element. 

[0040] The symbol B1 represents a control signal genera 
tor, Which is provided With inverters X0, X1 connected in 
series as CMOS logic circuits. The control signal generator 
B1 generates (1) a positive phase control signal S for driving 
one PMOS transistor P1 on the high-potential side and one 
NMOS transistor N1 on the loW-potential side, and (2) a 
negative phase control signal *S for driving the other PMOS 
transistor P0 on the high-potential side and the other NMOS 
transistor N0 on the loW-potential side. To state this con 
cretely, the control signal generator B1 inputs a input signal 
of CMOS level to the inverters X0, X1, and inputs the 
positive phase control signal S Which is output from the 
inverter X1 to the gate terminals of the PMOS transistor P1 
and the NMOS transistor N1, While inputting the negative 
phase control signal *S Which is output from the inverter X0 
to the gate terminals of the PMOS transistor P0 and the 
NMOS transistor N0. 

[0041] If the input signal is at a high level H, the negative 
phase control signal *S is at a loW level L and the positive 
phase control signal S is at a high level H. As a result, the 
PMOS transistor P0 and the NMOS transistor N1 are turned 
on, While the PMOS transistor P1 and the NMOS transistor 
N0 are turned off. The current therefore ?oWs on the ?rst 
current path indicated by the dotted line. That is, the current 
?oWs from the PMOS transistor P0 toWard the NMOS 
transistor N3 via the transmission line 3, the terminating 
resistor 5, the transmission line 4 and the NMOS transistor 
N1, and the LVDS output signal becomes H. On the other 
hand, if the input signal is L, the negative phase control 
signal *S is H and the positive phase control signal S is L. 
As a result, the PMOS transistor P1 and the NMOS tran 
sistor N0 are turned on, While the PMOS transistor P0 and 
the NMOS transistor N1 are turned off. The current therefore 
?oWs on the second current path indicated by the alternate 
short and long dash line. That is, the current ?oWs from the 
PMOS transistor P1 toWard the NMOS transistor N3 via the 
transmission line 4, the terminating resistor 5, the transmis 
sion line 3 and the NMOS transistor N0, and the LVDS 
output signal becomes L. The dc potential is supplied by the 
voltage Which is generated by the load element N3. 

[0042] According to such a driver circuit, the ?rst current 
path drives a current When the positive phase control signal 
S is H and the negative phase control signal *S is L, While 
the second current path drives a current When the positive 
phase control signal S is L and the negative phase control 
signal *S is H, as shoWn in FIG. 2. As a result, since the 
sWitching elements on the high-potential side are constituted 
by the PMOS transistors P0 and P1 in the ?rst embodiment, 
the sWitching logic is reverse to that of a conventional 
driving circuit (FIG. 13), and the LVDS output Waveform is 
approximately symmetric at L/H (LoW/High). The driver 
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circuit is thus capable of high-speed signal transmission. 
Even though there is a period during Which the ?rst current 
path and the second current path are simultaneously off, 
there is no possibility of simultaneously turning on the ?rst 
and second current paths, so that the LVDS output is 
constant, thereby reducing the pulse Width distortion. 

(B) Second Embodiment 
[0043] FIG. 3A shoWs the structure of a second embodi 
ment of a driver circuit according to the present invention. 
The same reference numerals are provided for the elements 
Which are the same as those in the ?rst embodiment shoWn 
in FIG. 1. The second embodiment is different from the ?rst 
embodiment in the structure of the control signal generator 
B1 and the load element on the loW-potential side for 
supplying a dc level. As the load element in the second 
embodiment, a resistor R2 is used in place of the NMOS 
transistor. 

[0044] In the control signal generator B1 in the second 
embodiment, the inverters X0, X1 are connected in series. A 
delay circuit D0 is connected to the output terminal of the 
inverter X0 at a ?rst stage, and a delay circuit D1 is 
connected to the output terminal of the inverter X1 at a 
second stage. Each of the delay circuit D0, D1 delays the 
output of the inverter X0 (X1) by a predetermined time so 
that the phase difference betWeen the positive phase control 
signal S and the negative phase control signal *5 may 
become Zero. In the ?rst embodiment, a phase difference 
corresponding to the delay of the inverter X1 is produced 
betWeen the positive phase control signal S and the negative 
phase control signal *S. In contrast, according to the second 
embodiment, since the delay circuits D0, D1 having differ 
ent delays are inserted, the phases of the positive phase 
control signal S and the negative phase control signal *S are 
adjusted, thereby reducing the phase difference (ideally, to 
Zero). 
[0045] According to the second embodiment, it is possible 
to eliminate the possibility of simultaneously turning off the 
?rst and second current paths. The moment the ?rst current 
path is on, the second current path is turned off, While the 
moment the second current path is turned on, the ?rst current 
path is turned off. In other Words, it is possible to make the 
sWitching characteristics at the on/off time of the MOS 
transistor pair constituting the ?rst current path and the MOS 
transistor pair constituting the second current path symmet 
ric, thereby further improving the LVDS output Waveform. 
[0046] Although tWo delay circuits are provided in the 
second embodiment shoWn in FIG. 3A, it is possible to 
provide only one delay circuit D0 on the negative phase 
control signal side on Which the phase leads. The delay 
circuits D0, D1 are constituted by, for eXample, inverters 
Which have different driving capacities. 

[0047] In the ?rst and second embodiments, the current 
source is connected to the sources of the PMOS transistor 
pair P0, P1 on the high-potential side, and a load element is 
connected to the NMOS transistor pair N0, N1 on the 
loW-potential side. This structure may be reversed, and it is 
possible to connect a load element R2‘ to the PMOS tran 
sistor pair P0, P1 and a current source I1‘ to the NMOS 
transistor pair N0, N1, as shoWn in FIG. 3B. 

(C) Third Embodiment 
[0048] FIG. 4 shoWs the structure of a third embodiment 
of a driver circuit according to the present invention. The 
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same reference numerals are provided for the elements 
Which are the same as those in the ?rst embodiment shoWn 
in FIG. 1. The third embodiment is different from the ?rst 
embodiment in (1) that a current source I2 is connected to 
the sources of the NMOS transistor pair N0, N1 of the 
loW-potential side in place of the NMOS transistor as a load 
element, (2) that a bias resistor element constituted by a 
NMOS transistor N4 is inserted betWeen the portion at 
Which the drain of the PMOS transistor P0 and the drain of 
the NMOS transistor N0 are connected and the constant 
voltage source V1, and (3) that a bias resistor element 
constituted by a NMOS transistor N5 is inserted betWeen the 
portion at Which the drain of the PMOS transistor P1 and the 
drain of the NMOS transistor N1 are connected and the 
constant voltage source V1. 

[0049] The current source I2 is connected to the sources of 
the NMOS transistors N0, N1 so as to approximately equal 
iZe the current capacities of the current sources I1 and I2. 
According to this structure, it is possible to operate the 
NMOS transistor pair N0, N1 as the sWitching elements on 
the loW-potential side in the saturated region, thereby further 
improving the sWitching characteristics. Since the current 
source I2 cannot supply a dc level unlike a load element, it 
is preferable to supply a dc level by another element. In the 
third embodiment, the voltage source V1 and the NMOS 
transistors N4, N5 Which serve as a bias resistor supply a dc 
potential to the drains of the respective MOS transistor pairs 
P0, P1 and N0, N1 so that the NMOS transistor pair N0, N1 
may operate in the saturated region. Each of the bias 
resistors N4, N5 may be constituted by a resistor element or 
a PMOS transistor. It is also possible to constitute each bias 
resistor by the combination of a NMOS transistor and a 
PMOS transistor. 

[0050] FIG. 5 shoWs an eXample of the circuitry structure 
of the voltage source V1 in the third embodiment. In FIG. 
5, the reference numeral symbol X11 represents a reference 
voltage generator for generating a reference voltage, for 
eXample, a knoWn band gap reference voltage source (BGR 
circuit) for stably supplying a reference voltage VR of about 
1.2 V Without being in?uenced by a temperature change, 
X12 an operational ampli?er Which serves as a buffer for 
equalizing the output voltage and the reference voltage VR, 
and C11 a capacitance for absorbing a high-frequency 
current. 

[0051] In the voltage source shoWn in FIG. 5, the refer 
ence voltage VR is 1.2 V. If this is not the case, it is possible 
to insert a noninverting ampli?er or a divider circuit so as to 
adjust the output voltage to about 1.2 V. It is also possible 
to supply the reference voltage VR by using a Zener diode or 
the like in place of the BGR circuit. 

[0052] FIG. 6 shoWs the circuitry structure of the current 
sources I1, I2 in the third embodiment. 

[0053] In FIG. 6, the symbol X21 denotes a BGR circuit 
for stably supplying a reference voltage VBGR, X22 an 
operational ampli?er, and R21 a resistor. The resistor R21, 
the BGR circuit X21 and the operational ampli?er X22 
constitute a negative feed back circuit for operating so as to 
equaliZe the source voltage of a NMOS transistor N21 and 
the reference voltage VBGR. Therefore, the current I ?oWing 
to the resistor R21 is represented by VBGR/R21. 
[0054] Each pair of (1) the PMOS transistors P21 and P23, 
(2) the PMOS transistors P21 and P22, and (3) the NMOS 
transistors N22 and N23 constitute a current mirror. 
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[0055] Therefore, When a constant current I ?oWs to the 
resistor R21, the current I ?oWs to the PMOS transistor P23 
due to the current mirror and a constant current I1 is output. 
In addition, oWing to the current mirror, the current I also 
?oWs to the PMOS transistor P22 via the NMOS transistor 
N22, and oWing to another current mirror, the current I ?oWs 
to the NMOS transistor N23, so that a constant current I2 is 
output. Actually, I1 and I2 are approximately equally about 
3 mA. According to this structure, it is possible to provide 
a highly accurate circuit for the currents sources I1, I2. 

[0056] There is any special restriction to the voltage input 
to the operational ampli?er X22. It is therefore possible to 
insert a noninverting ampli?er or a divider circuit so as to 
convert the reference voltage to an appropriate voltage. It is 
also possible to supply the reference voltage VBGR by using 
a Zener diode or the like in place of the BGR circuit. In 
addition, if a cascode connection current mirror is used as a 
current mirror, the accuracy can be further improved. 

(D) Fourth Embodiment 

[0057] The LVDS driver circuit in the ?rst embodiment 
(FIG. 1) has a structure in Which a differential pair of PMOS 
transistors P0, P1 are opposed to a differential pair of NMOS 
transistors N0, N1, so that this circuit has a good matching 
With an analog differential circuit. It is therefore possible to 
drive the PMOS transistor pair P0, P1 and the NMOS 
transistor pair N0, N1 by a differential ampli?er. 

[0058] FIG. 7 shoWs the structure of a fourth embodiment 
of the present invention. In this embodiment, the switching 
elements are driven by a differential ampli?er. In FIG. 7, the 
same reference numerals are provided for the elements 
Which are the same as those in the third embodiment. The 
fourth embodiment is different from the third embodiment in 
that the control signal generator is constituted by an analog 
differential ampli?er in place of the CMOS logic circuits. 

[0059] Analog differential signals as input signals are 
input to a differential control signal generator B2 from the 
input terminals 6a and 6b, and the differential control signal 
generator B2 generates signals S1, S2 for driving the dif 
ferential pair of PMOS transistors P0, P1, and signals S3, S4 
for driving the differential pair of NMOS transistors N0, N1. 
The signals S1, S2 have approximately the same dc level, 
and the signals S3, S4 have approximately the same dc level. 
The signals S1, S4 have the same polarity, While the signals 
S2, S3 have the same polarity. It is preferable that the phases 
of the signals S1, S4 and the phases of the signals S2, S3 are 
approximately the same, respectively. 

[0060] (a) First example of the structure of the differential 
control signal generator 

[0061] FIG. 8 shoWs a ?rst example of the structure of the 
differential control signal generator B2. In this structure, the 
signals S2, S3 are used in common, and the signals S1, S4 
are used in common. In FIG. 8, the symbols I30 to I32 
denote constant current sources, P30, P31 a PMOS transistor 
differential pair, R30, R31 load resistors inserted betWeen 
the drain terminals of the PMOS transistor differential pair 
P30, P31 and loW potential Wire GND, and P32, P33 PMOS 
transistors constituting a source folloWer circuit. In the 
PMOS transistors P32, P33, the terminal voltage of the 
resistors R30, R31 are input to the gates, the current sources 
I31, I32 are connected to the sources, and the drains are 
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connected to the loW-potential Wire. The signals S1, S4 are 
output from the source of the PMOS transistor P32, and the 
signals S2, S3 are output from the source of the PMOS 
transistor P33. The PMOS transistors P32, P33 and the 
current sources I31, I32 constitute the source folloWer 
circuit. 

[0062] When a differential signal of a high level H is input 
to the differential signal input terminal 6a and a differential 
signal of a loW level L is input to the differential signal input 
terminal 6b, the PMOS transistor P30 is turned on and the 
PMOS transistor P31 is turned off. A signal of H is input to 
the gate of the PMOS transistor P32, and a signal of L is 
input to the gate of the PMOS transistor P33. As a result, the 
signals S1, S4 of a high level H are output. The signals S2, 
S3 of a loW level L are output. OWing to the H of the signals 
S1, S4 and the L of the signals S2, S3, the PMOS transistor 
P0 and the NMOS transistor N1 shoWn in FIG. 7 are turned 
on, thereby forming a ?rst current path and outputting an 
LVDS output of H. 

[0063] On the other hand, When a differential signal of a 
loW level L is input to the differential signal input terminal 
6a and a differential signal of a high level H is input to the 
differential signal input terminal 6b, the PMOS transistor 
P30 is turned off and the PMOS transistor P31 is turned on. 
Asignal of L is input to the gate of the PMOS transistor P32, 
and a signal of H is input to the gate of the PMOS transistor 
P33. As a result, the signals S1, S4 of a loW level L are 
output. The signals S2, S3 of a high level H are output. 
OWing to the L of the signals S1, S4 and the H of the signals 
S2, S3, the PMOS transistor P1 and the NMOS transistor 
NO shoWn in FIG. 7 are turned on, thereby forming a 
second current path and outputting an LVDS output of L. 

[0064] The dc level of the LVDS output signal is deter 
mined based upon the GND level. For this reason, it is 
preferable, as the differential ampli?er to use the PMOS 
transistors P30, P31 the output levels of Which are deter 
mined based upon the GND level. A similar effect is 
produced by using PNP transistors as the differential ampli 
?er. On the other hand When NMOS transistors or NPN 
transistors are used as the differential ampli?er, since the 
output level is determined based upon the poWer source 
level, the design of a dc voltage is comparatively dif?cult, 
but higher-speed response can be expected. 

[0065] (b) Second example of the structure of the differ 
ential control signal generator 

[0066] In the circuit shoWn in FIG. 8, since the signals S2, 
S3 are used in common, and the signals S1, S4 are used in 
common, the dc levels of the signals S1, S2 become too high 
to drive the PMOS transistor differential pair P0, P1 (FIG. 
7) and it is disadvantageously impossible to loWer the supply 
voltage supplied from the high potential Wire. 
[0067] FIG. 9 shoWs a second example of the structure of 
the differential control signal generator B2. In this structure, 
the signals S1 to S4 are generated separately from each other 
so that the dc levels of the signals S1 and S2 may become 
loWer than those of the signals S3 and S4. In the differential 
control signal generator shoWn in FIG. 9, another differen 
tial control signal generator 52 is provided at a preceding 
stage to a differential control signal generator 51 having the 
same structure as that shoWn in FIG. 8. 

[0068] In the differential control signal generator 52, the 
symbols I40 represents a constant current source, P40, P41 
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a PMOS transistor differential pair, R40, R41 resistors 
connected to the drain terminals of the PMOS transistor 
differential pair P40, P41, and R42 a resistor inserted 
betWeen the resistors R40, R41 and the grounded Wire 
(GND). 
[0069] The ?rst differential signal input terminal 6a is 
connected to the gate terminals of a PMOS transistor P31 of 
the differential PMOS transistor pair in the differential 
control signal generator 51 and a PMOS transistor P41 of the 
differential PMOS transistor pair in the differential control 
signal generator 52, and the second differential signal input 
terminal 6b is connected to the gate terminals of a PMOS 
transistor P30 of the differential PMOS transistor pair in the 
differential control signal generator 51 and a PMOS tran 
sistor P40 of the differential PMOS transistor pair in the 
differential control signal generator 52. The signals S1, S2 
are output from the connecting portions of the drains of the 
PMOS transistors P40, P41 constituting the differential pair 
in the differential control signal generator 52 and the resis 
tors R 40, R 41, respectively, the signal S4 is output from the 
source of the PMOS transistor P32 constituting the source 
folloWer circuit of the differential control signal generator 
51, and the signal S3 is output from the source of the PMOS 
transistor P33. 

[0070] According to this structure, it is possible to supply 
a dc bias for the signals S1, S2 Which drive the PMOS 
transistor differential pair P1, P0 (FIG. 7) by loWering the 
voltages of the load resistors R40, R42. It is therefore 
possible to make the dc levels of the driving signals S1, S2 
for the PMOS transistor pair P0, P1 loWer than the dc levels 
of the driving signals S3, S4 for the NMOS transistor pair 
N0, N1, thereby loWering the supply voltage supplied from 
the high potential Wire. 

[0071] (c) Third eXample of the structure of the differential 
control signal generator 

[0072] FIG. 10 shoWs a third eXample of the structure of 
the differential control signal generator. In this structure, the 
signals S1 to S4 are generated separately from each other so 
that the dc levels of the signals S1 and S2 may become loWer 
than those of the signals S3 and S4, in the same Way as the 
second eXample shoWn in FIG. 9. 

[0073] In FIG. 10, the symbol I40 represents a constant 
current source, P40, P41 a ?rst PMOS transistor differential 
pair, R40, R41 resistors connected to the drain terminals of 
the ?rst PMOS transistor differential pair P40, P41, and R42 
a resistor inserted betWeen the resistors R40, R41 and the 
grounded Wire (GND). 

[0074] The symbol I41 represents a constant current 
source, and the symbols P42, P43 a second PMOS transistor 
differential pair, and N40, N41 NMOS transistors Which 
function as load resistor elements and Which are connected 
to the drain terminals of the second differential pair P42, P 
43. The symbols I42, I43 represent constant current sources 
for constantly turning on the NMOS transistors N40, N41 as 
load resistor elements, R44, R45 resistors connected in 
series to the load resistor elements N40, N41, and R46 a 
resistor inserted betWeen the resistors R44, R45 and the 
grounded Wire (GND). 

[0075] The ?rst differential signal input terminal 6a is 
connected to the gate terminals of a PMOS transistor P41 of 
the ?rst differential PMOS transistor pair and a PMOS 
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transistor P43 of the second differential PMOS transistor 
pair, and the second differential signal input terminal 6b is 
connected to the gate terminals of a PMOS transistor P40 of 
the ?rst differential PMOS transistor pair and a PMOS 
transistor P42 of the differential PMOS transistor pair. The 
signals S1, S2 are output from the connecting portions of the 
drains of the PMOS transistors P40, P41 constituting the ?rst 
differential pair and the resistors R40, R41, respectively, and 
the signals S3, S4 are output from the connecting portions of 
the drains of the PMOS transistors P42, P43 constituting the 
second differential pair and the load resistor elements N40, 
N41, respectively. 
[0076] The dc bias for the signals S1, S2 Which drive the 
PMOS transistor differential pair P1, P0 (FIG. 7) is supplied 
by the load resistors R40 to R42, and the dc bias for the 
signals S3, S4 Which drive the NMOS transistor differential 
pair N0, N1 (FIG. 7) is supplied by the load resistors R44 
to R46 and the load resistor elements (NMOS transistors) 
N40, N41. As a result, the dc levels of the signals S1, S2 for 
driving the PMOS transistors P0, P1 become loWer than the 
dc levels of the signals S3, S4 for driving the NMOS 
transistors N0, N1, and it is possible to loWer the supply 
voltage supplied from the high potential Wire. In addition, 
since the gate-source voltage VGS of the NMOS transistors 
N40, N41 and the gate-source voltage VGS of the NMOS 
transistors N0, N1 of the LVDS driver circuit are cancelled 
by each other, it is possible to supply a good bias. 

[0077] (d) Fourth example of the structure of the differ 
ential control signal generator 

[0078] FIG. 11 shoWs a fourth eXample of the structure of 
the differential control signal generator. In this structure, a 
part of the ?rst and second differential pairs in the third 
eXample shoWn in FIG. 10 are used in common. In FIG. 11, 
a current sources I50 corresponds to the current sources I40, 
I41 in FIG. 10. Similarly, current sources I51, I52 corre 
spond to the current sources I42, I43, a ?rst differential pair 
P50, P51 to the ?rst differential pair P40, P41, a second 
differential pair P52, P53 to the second differential pair P42, 
P43, resistors (R50+R52), (R51+R53) to the resistors R40, 
R41, a resistor R54 to each of the resistors R43, R46, 
resistors R52, R53 to the resistors R44, R45, and load 
resistor elements N50, N51 to the load resistor elements 
N40, N41. 

[0079] According to the structure shoWn in FIG. 11, it is 
possible to reduce the circuit scale and the consumption 
poWer. In addition, it is possible to reduce the phase differ 
ence betWeen each of the signals S1 to S4 to a greater eXtent. 

[0080] In the above-described embodiments, MOS FETs 
are used. Alternatively, it is possible to constitute the driver 
circuit by using MIS FET or the like. Generally speaking, it 
is possible to compose a driving circuit using FETs having 
the opposite polarities. 

[0081] As described above, according to the present 
invention, since a current is driven on a ?rst current path 
When a positive phase control signal is H and a negative 
phase control signal is L, While a current is driven on a 
second current path When the negative phase control signal 
is H and the positive phase control signal is L, the leading 
edge and the trailing edge of an LVDS output signal become 
symmetric, thereby eliminating the pulse Width distortion, 
and it is possible to cope With high-speed signal transmis 
s1on. 






