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(57) ABSTRACT 

Method and circuitry for converting a differential logic 
signal to a single-ended logic signal eliminate sloWer PMOS 
transistors and speed up the conversion process. In speci?c 
embodiments differential logic signals of the type employed 
in, for example, current-controlled complementary metal 
oXide-semiconductor (C3MOS) logic are converted to 

(22) Filed: Apr‘ 16’ 2001 single-ended rail-to-rail CMOS logic levels using a differ 

Publication classi?cation ential pair of NMOS transistors With ‘resistors as load 
devices and an NMOS current source transistor that provides 

(51) Int. Cl.7 ..................................................... .. H03K 5/22 dynamically adjusted tail current. 
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LOW VOLTAGE DIFFERENTIAL TO 
SINGLE-ENDED CONVERTER 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates in general to inte 
grated circuits, and in particular to improved method and 
circuitry for converting a differential logic signal of the type 
employed in, for example, current-controlled complemen 
tary metal-oxide-semiconductor (C3MOS) logic, to single 
ended logic signal employed in standard CMOS logic. 

[0002] Converting signals from C3MOS format Which is 
differential in nature to standard CMOS format Which is 
single-ended With rail-to-rail amplitude is a dif?cult opera 
tion. Most conversion circuits require careful optimiZation 
to “shape” the single-ended rail-to-rail signal. FIG. 1 depicts 
a conventional converter circuit With a conventional differ 
ential stage 100 that receives a differential signal Vin+/Vin—. 
TWo optimiZed CMOS inverters 102 and 104 made up of 
transistors With skeWed channel Width to length W/L ratios, 
shape the output signal of differential stage 100. The rail 
to-tail CMOS signal is obtained at output VOUT. 

[0003] There are a number of disadvantages associated 
With this common signal level conversion technique. The 
tWo additional inverters (102 and 104) introduce long delays 
that may become unacceptable for ultra high speed appli 
cations such as those using C3MOS logic. Further, the delay 
tends to be highly variant With process corners and tem 
perature. Moreover, the delay for the high-to-loW transition 
is typically not equal to the delay for the loW-to-high 
transition in the optimiZed inverters. This causes timing 
problems and, for clock signals, duty cycles deviating from 
50%. Other draWbacks of most CMOS differential to single 
ended converters are caused by the use of p-channel MOS 
(or PMOS) transistors. PMOS transistors are inherently as 
much as three to four times sloWer than NMOS transistors, 
and therefore aside from problems such as duty cycle 
distortion that is caused by this mismatch in speed, tend to 
sloW doWn the overall operation of the converter circuit. 
Moreover, When used as load devices (as is often the case in 
CMOS level converter circuits), PMOS transistors introduce 
additional parasitic capacitance that further sloWs doWn 
certain internal nodes of the circuit. 

[0004] There is therefore a need for differential to single 
ended signal level converters that operate effectively at very 
high speeds. 

BRIEF SUMMARY OF THE INVENTION 

[0005] The present invention provides method and cir 
cuitry for converting a differential signal to a single-ended 
signal for loW-voltage high speed circuit applications. 
Broadly, the invention eliminates PMOS transistors from the 
differential to single-ended converter circuitry to reduce 
parasitic capacitive loading. Further speed enhancements are 
achieved by employing a feedback mechanism to adjust the 
tail current of the converter circuit. In a speci?c embodi 
ment, resistors replace load PMOS transistors, and the 
circuit is con?gured to be disabled When not in use to 
eliminate static current. 

[0006] Accordingly, in one embodiment, the present 
invention provides a circuit for converting a differential 
logic signal to a single-ended logic signal, including: a ?rst 
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NMOS transistor having a gate terminal coupled to receive 
a ?rst half of the differential logic signal, a source terminal 
and a drain terminal; a second NMOS transistor having a 
gate terminal coupled to receive a second half of the 
differential logic signal, a source terminal coupled to the 
source terminal of the ?rst NMOS transistor and a drain 
terminal; a ?rst resistor coupled betWeen the drain terminal 
of the ?rst NMOS transistor and a logic high node; a second 
resistor coupled betWeen the drain terminal of the second 
NMOS transistor and the logic high node; and a third NMOS 
transistor having a gate terminal coupled to the drain ter 
minal of the ?rst NMOS transistor, a source terminal 
coupled to a logic loW node, and a drain terminal coupled to 
the source terminals of the ?rst and second NMOS transis 
tors. 

[0007] In a more speci?c embodiment of the present 
invention the converter further includes a ?rst CMOS 
inverter having an input terminal coupled to the drain 
terminal of the second NMOS transistor; and a second 
CMOS inverter having an input terminal coupled to an 
output terminal of the ?rst inverter. In a yet more speci?c 
embodiment, the converter includes a fourth NMOS tran 
sistor coupled betWeen the source terminal of the third 
NMOS transistor and the logic loW node With a gate terminal 
coupled to an enable signal. 

[0008] In another embodiment, the present invention pro 
vides a CMOS circuit comprising: a ?rst circuit imple 
mented in C3MOS logic Wherein logic levels are signaled by 
current steering in one of tWo or more branches in response 
to a differential input signal; a differential signal to single 
ended signal converter coupled to the ?rst circuit, the 
converter including a differential stage With resistive loads 
instead of PMOS transistors and a dynamically adjusted tail 
current con?gured to convert the differential signal from the 
?rst circuit to a single-ended CMOS logic signal; and a 
second circuit coupled to the converter to receive the single 
ended CMOS logic signal and implemented in standard 
CMOS logic Wherein substantially Zero static current is 
dissipated. 
[0009] In yet another embodiment the present invention 
provides a method of converting a differential logic signal to 
a single-ended logic signal including receiving a differential 
logic signal at inputs of a differential pair of NMOS tran 
sistors; pulling up a signal at drain terminals of the pair of 
NMOS transistors using resistors instead of PMOS transis 
tors; and feeding back an output signal to dynamically adjust 
a current through the NMOS transistors. The dynamic 
adjustment of the tail current speeds up the sWitching 
operation and provides proper CMOS logic output levels. 
[0010] The detailed description and the accompanying 
draWings provide a better understanding of the nature and 
advantages of the signal level converter of the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 shoWs a conventional CMOS differential to 
single-ended converter circuit; 
[0012] FIG. 2 shoWs one embodiment of the differential to 
single-ended converter according to the present invention; 
[0013] FIGS. 3A and 3B shoW alternative implementa 
tions for the differential to single-ended logic signal con 
verter according to an embodiment that alloWs the converter 
to be disabled; and 
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[0014] FIG. 4 shows an exemplary circuit application for 
the differential logic signal to single-ended logic signal 
converter according to an illustrative embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] Signal levels used in CMOS logic are rail-to-rail, 
meaning that the signal is typically single-ended With its 
high logic level typically determined by the positive poWer 
supply (e.g., 1.8V) and its loW logic level determined by 
ground (or the negative poWer supply). Certain types of 
logic circuitry, such as high speed current-controlled CMOS 
logic (or C3MOS logic), use differential logic signals. Dif 
ferential C3MOS logic processes differential signals that 
typically have amplitudes less than one volt, e.g., 500 mV 
peak-to-peak single-ended. The present invention provides 
fast and efficient method and circuitry for converting such a 
differential logic signal to a rail-to-rail single-ended one. 

[0016] Referring to FIG. 2, there is shoWn one embodi 
ment of the present invention. According to this embodi 
ment, no PMOS transistors are used as part of the converter 
circuit 200. Apair of NMOS transistors M1 and M2 receive 
the differential logic signal INP and INN at their gate 
terminals, respectively. Resistors R1 and R2 act as load 
devices for transistors M1 and M2, respectively, connecting 
their drain terminals to the logic high node, or poWer supply 
node VDD. Resistors R1 and R2 may be made of, for 
eXample, polysilicon material or other similar resistive 
materials. A third NMOS transistor M3 connects betWeen 
the common source node of transistors M1 and M2 and logic 
loW node, or ground. The gate of transistor M3 connects to 
the drain of transistor M1. The drain of transistor M1 is a 
sloWer complementary output OUTB of converter 200, 
While the drain of transistor M2 provides the faster output 
OUT of converter 200. The output of converter 200 may be 
folloWed by a couple of CMOS inverters 202 and 204. 

[0017] The operation of the converter circuit shoWn in 
FIG. 2 is as folloWs. When the differential signal (INP-INN) 
is at a logic loW level, transistor M2 is turned on carrying the 
tail current, and transistor M1 is turned off, pulling output 
node OUT close to ground (or logic loW). When (INP-INN) 
sWitches from logic loW to logic high, the tail current 
through transistor M3, I(M3), starts to flow more through 
transistor M1. This causes a voltage drop across load resistor 
R1 pulling the voltage at node OUTB doWn toWard ground. 
This in turn reduces the drive voltage at the gate of transistor 
M3 reducing its current I(M3). As the current through 
transistor M3 decreases, it requires a smaller (INP-INN) 
voltage to sWitch transistor M2 off. This feedback mecha 
nism therefore helps to speed up transistor M2 sWitching off 
and node OUT rise toWard VDD through resistor R2. 

[0018] In the other direction, When the differential input 
signal (INP-INN) sWitches from logic high to logic loW, 
transistor M3 starts With a loW signal at its gate and therefore 
draWs a small amount of current I(M3). With a relatively 
small I(M3), it requires a smaller (INP-INN) to steer the 
current from transistor M1 to transistor M2. As the current 
starts to flow through transistor M2, node OUT starts to 
move doWn toWard ground and node OUTB moves up 
toWard VDD. This in turn increases the voltage at the gate 
of transistor M3 causing a larger I(M3) to discharge OUT 
faster. 
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[0019] Thus, converter 200 operates to quickly charge and 
discharge output node OUT betWeen VDD and ground in 
response to the differential input signal. The use of resistors 
R1 and R2 instead of PMOS transistors eliminates parasitic 
capacitances at output nodes OUT and OUTB. The feedback 
mechanism that adjusts the tail current I(M3) further 
enhances the sWitching speed at output node OUT. Node 
OUTB does not sWitch as fast as OUT in part because of the 
capacitive loading introduced by the gate of transistor M3. 
HoWever, this does not adversely impact the sWitching speed 
of output node OUT. 

[0020] Converter 200 is particularly Well suited for loW 
voltage applications. This is in part because by replacing the 
PMOS load transistors With resistors, the circuit requires 
less voltage headroom. That is, instead of three stacked 
transistors betWeen the poWer supplies, there only needs to 
be tWo plus the voltage drop across R1 Which can be 
minimiZed. Furthermore, because of the feedback arrange 
ment betWeen OUTB and the gate of transistor M3, a small 
sWing at OUTB can provide sufficient change in the current 
drive of transistor M3. The voltage at OUTB therefore may 
sWing not much more than a threshold voltage for an NMOS 
transistor. Alternatively, if the circuit is to be used in a high 
voltage application, an additional current source can be 
employed to adjust the mid-point of the voltage sWing at 
OUTB. This alternative embodiment is depicted in phantom 
in FIG. 2 Where NMOS transistor M3‘ With its gate receiv 
ing a bias voltage VB provides the additional current source. 

[0021] Converter circuit 200 as shoWn in FIG. 2 dissipates 
some static current. When used in a larger circuit, hoWever, 
converter 200 may not need to be active at all times. To 
eliminate the static current When the converter circuit is not 
in use, in an alternate embodiment, the present invention 
inserts an enable transistor M4 betWeen M3 and ground. 
This embodiment is shoWn in FIG. 3A. When the signal 
ENABLE at the gate terminal of transistor M4 is loW, 
transistor M4 is turned off disconnecting the current path to 
ground and disabling converter 200. In an alternative 
embodiment, an ENABLE mechanism is provided using a 
PMOS transistor betWeen load resistors R1/R2 and output 
logic high (VDD) as shoWn in FIG. 3B. Since the drain 
terminal of PMOS transistor MP is a common mode node, 
it Will not sloW doWn the sWitching operation. When dis 
abled (i.e., ENABLEB=logic high or VDD), PMOS transis 
tor MP Will disconnect the positive poWer supply VDD from 
nodes OUT and OUTB. This Will cause OUT and OUTB 
nodes to get discharged doWn to ground (or negative poWer 
supply), effectively turning off the static poWer consump 
tion. When enabled (ENABLEB logic loW) during normal 
operation, there Will be a negligible voltage drop (e.g., ~10 
mV )across PMOS transistor MP Which Will not degrade the 
sWing of OUT signi?cantly. 

[0022] In an eXemplary embodiment, the poWer supply for 
the converter is at, e.g., 1.2V, resistors R1 and R2 may have 
values of, e.g., 1K9, and all NMOS transistors may have 
channel siZes of, e.g., 4 W013 p. Such eXemplary converter 
circuitry can convert a differential signal to a single-ended 
200 mV to 1.2V signal at very high speeds. 

[0023] According to another embodiment of the present 
invention, ultra high speed CMOS circuitry is implemented 
using the differential to single-ended converter of the type 
shoWn in FIGS. 2 or 3. Ultra high speed circuit applications 
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such as synchronous optical network (SONET) process 
signals in the several GigaHertZ range. To implement such 
high speed circuitry using standard silicon CMOS technol 
ogy, the high speed signals are ?rst processed using the 
faster differential C3MOS logic and are then divided doWn 
in frequency and converted to CMOS logic for further 
processing by standard CMOS logic circuitry. This aspect of 
the invention is further described in greater detail in com 
monly-assigned co-pending patent application ser. No. 
09/484,896, titled “Current-Controlled CMOS Logic Fam 
ily,” by Hairapetian, ?led Jan. 18, 2000, Which is hereby 
incorporated by reference in its entirety. Referring to FIG. 
4, there is shoWn an eXemplary circuit application for the 
signal level converter according to an embodiment of the 
present invention. In this illustrative eXample, a high speed 
buffer 400 implemented in C3MOS logic processes differ 
ential C3MOS logic signals that are to be converted to 
standard rail-to-rail CMOS logic signal for further process 
ing by conventional CMOS logic. The differential output of 
buffer 400 is applied to the differential input of converter 
402. Converter 402 is of the type shoWn in FIGS. 2 or 3 and 
converts the differential signal to a single-ended CMOS 
logic signal that is then applied, in this eXample, to a 
divide-by-tWo circuit 404. Divide-by-tWo circuit 404 is 
implemented using standard CMOS logic and operates to 
divide doWn the frequency of the signal for further process 
ing by doWnstream CMOS logic circuitry. It is to be under 
stood that in other embodiments C3MOS buffer 400 may be 
any other type of C3MOS logic (e.g., ?ip?ops, AND, OR, 
EXOR gates, and the like), and divide-by-tWo circuit 404 
may similarly be any other type of logic circuitry using 
standard CMOS logic signals. 

[0024] The present invention thus provides method and 
circuitry for converting a differential signal to a single-ended 
signal for high speed circuit applications. The invention 
eliminates PMOS transistors from the converter circuitry 
and instead uses resistors to reduce parasitic capacitive 
loading. Further speed enhancements are achieved by 
employing a feedback mechanism to adjust the tail current 
of the converter circuit. While the above provides a com 
plete description of speci?c embodiments of the present 
invention, it is possible to use various alternatives, modi? 
cations and equivalents. Therefore, the scope of the present 
invention should not be limited to the speci?c and illustra 
tive embodiment described above, and should instead be 
determined With reference to the appended claims along 
With their full scope of equivalents. 

What is claimed is: 

1. A circuit for converting a differential logic signal to a 
single-ended logic signal, comprising: 

a ?rst NMOS transistor having a gate terminal coupled to 
receive a ?rst half of the differential logic signal, a 
source terminal and a drain terminal; 

a second NMOS transistor having a gate terminal coupled 
to receive a second half of the differential logic signal, 
a source terminal coupled to the source terminal of the 
?rst NMOS transistor, and a drain terminal; 

a ?rst resistor coupled betWeen the drain terminal of the 
?rst NMOS transistor and a logic high node; 
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a second resistor coupled betWeen the drain terminal of 
the second NMOS transistor and the logic high node; 
and 

a third NMOS transistor having a gate terminal coupled 
the drain terminal of the ?rst NMOS transistor, a source 
terminal coupled to a logic loW node, and a drain 
terminal coupled to the source terminals of the ?rst and 
second NMOS transistors. 

2. The circuit of claim 1 Wherein the ?rst, second and third 
NMOS transistors are of substantially the same siZe. 

3. The circuit of claim 1 further comprising a fourth 
NMOS transistor having its drain and source terminals 
coupled betWeen the source terminal of the third NMOS 
transistor and the logic loW node, and a gate terminal 
coupled to an enable signal. 

4. The circuit of claim 1 further comprising a PMOS 
transistor inserted betWeen the logic high node and the ?rst 
and second resistors With a gate terminal coupled to an 
enable signal. 

5. The circuit of claim 2 Wherein the ?rst and second 
resistors are substantially made up of polysilicon material. 

6. The circuit of claim 1 Wherein the logic high node is a 
positive poWer supply node, and the logic loW node is 
ground. 

7. The circuit of claim 6 Wherein the positive poWer 
supply node carries a voltage that is less than 1.5 volts. 

8. The circuit of claim 1 further comprising a current 
source device coupled to the drain terminal of the ?rst 
NMOS transistor. 

9. The circuit of claim 8 Wherein the current source device 
comprises a fourth NMOS transistor having a drain terminal 
coupled to the drain terminal of the ?rst NMOS transistor, a 
source terminal coupled to the logic loW node, and a gate 
terminal coupled to a bias voltage. 

10. A complementary metal-oXide-semiconductor 
(CMOS) circuit comprising: 

a ?rst circuit implemented in current-controlled CMOS 
(C3MOS) logic Wherein logic levels are signaled by 
current steering in one of tWo or more branches in 
response to a differential input signal; 

a differential signal to single-ended signal converter 
coupled to the ?rst circuit, the converter including a 
differential stage With resistive loads instead of PMOS 
transistors and a dynamically adjusted tail current and 
con?gured to convert the differential signal from the 
?rst circuit to a single-ended CMOS logic signal; and 

a second circuit coupled to the converter to receive the 
single-ended CMOS logic signal and implemented in 
standard CMOS logic Wherein substantially Zero static 
current is dissipated. 

11. The CMOS circuit of claim 10 Wherein the differential 
signal to single-ended signal converter further comprises: 

a differential pair of input NMOS transistors each coupled 
to a logic high node via a respective load resistor; and 

a current source NMOS transistor coupled betWeen the 
differential pair of input NMOS transistors and a logic 
loW node, and having a gate coupled to a drain terminal 
of one of the differential pair of input NMOS transis 
tors. 
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12. A method of converting a differential logic signal to a 
single-ended logic signal comprising: 

receiving the differential logic signal at inputs of a dif 
ferential pair of NMOS transistors; 

pulling up a signal at drain terminals of the pair of NMOS 
transistors using resistors instead of PMOS transistors; 
and 
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feeding back an output signal to dynamically adjust a 
current through the NMOS transistors. 

13. The method of claim 12 further comprising disabling 
a current ?oW through the NMOS transistors When conver 

sion is not required. 


