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SYSTEM AND METHOD FOR CONVERTING 
FROM SINGLE- ENDED TO DIFFERENTIAL 

SIGNALS 

FIELD OF THE INVENTION 

[0001] The present invention relates to a conversion cir 
cuit that may be used in a preampli?er circuit. In particular, 
the present invention relates to conversion of ingle-ended to 
differential signals. 

BACKGROUND OF THE INVENTION 

[0002] Preampli?er circuits are typically loW-noise ampli 
?ers incorporated into disk drives for the purpose of ampli 
fying signals used in the disk drive. In meeting the loW-noise 
requirements of the preampli?er, a single-ended signal may 
be converted to differential signals in an attempt to reduce or 
eliminate crosstalk. A single-ended signal is typically a 
signal de?ned by one voltage or current. Adifferential signal 
is typically a signal de?ned by the difference of tWo currents. 
Crosstalk is an undesired transfer of signals betWeen system 
components. 

[0003] Any noise on the current supply is typically notice 
able on a single-ended signal since the current supply affects 
the single-ended signal Without compensation. HoWever, 
noise on the supply is typically not noticeable on a signal 
produced by differential signals since the noise is re?ected 
on both the differential signals and therefore the resulting 
difference of the tWo signals is preserved. Accordingly, 
converting a single-ended signal to differential signals typi 
cally reduces crosstalk. 

[0004] In a preampli?er circuit, there is typically some 
ampli?cation (often referred to as gain) to a single-ended 
signal prior to the conversion of the single-ended signal to 
the differential signals. This single-ended gain may affect the 
current supply Which in turn may affect the single-ended 
signal through the supply, causing crosstalk. Accordingly, 
this crosstalk typically limits the single-ended signals that 
could be passed through the single-ended to differential 
converter. Due to cross-talk, the current ampli?cation of the 
preampli?er typically shuts off at high frequencies, since the 
impedance may become too high for the circuit to carry the 
high frequency signals. 

[0005] Additionally, there may also be some crosstalk due 
to a current ?oWing into ground, commonly referred to as 
ground current. When current ?oWs into ground, the ground 
may ?uctuate. Since signals are measured in relation to 
ground, ?uctuation of ground may cause ?uctuation in the 
signal, causing cross-talk. 

[0006] It Would be desirable to have a single-ended to 
differential converter that prevents cross-talk. It Would also 
be desirable for the single-ended to differential converter to 
process signals at higher frequencies. The present invention 
addresses such needs. 

SUMMARY OF THE INVENTION 

[0007] The present invention relates to a conversion cir 
cuit that converts a single-ended signal to differential sig 
nals. According to an embodiment of the present invention, 
crosstalk is avoided by insuring that none of the transistors 
in the conversion circuit are directly connected to ground. 
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By not having a transistor directly connected to ground, 
ground current is avoided and crosstalk associated With 
ground current is eliminated. 

[0008] Additionally, according to an embodiment of the 
present invention, the conversion circuit also ampli?es the 
signal by a gain greater than one. Accordingly, the ampli 
?cation Which is typically performed prior to the signal 
being input into the conversion circuit may noW be per 
formed in the conversion circuit. By shifting the ampli?ca 
tion from occurring prior to the conversion circuit to occur 
ring in the conversion circuit, crosstalk betWeen the current 
source and the single-ended input signal may also be 
avoided. 

[0009] A system according to an embodiment of the 
present invention for converting a single-ended signal to 
differential signals is presented. The system comprises a ?rst 
device con?gured to convert a current to voltage. The 
system also includes a second device coupled to the ?rst 
device. The system further includes a third device coupled to 
the ?rst device and second device, Wherein not one of the 
?rst, second, and third device is directly connected to ground 
and Wherein the current is ampli?ed by a gain of more than 
tWo. 

[0010] A method according to an embodiment of the 
present invention for converting a single-ended signal to 
differential signals is also presented. The method comprises 
converting a current to voltage; inputting a differential 
voltage to a differential pair; and amplifying the current by 
a gain of more than tWo, Wherein approximately no ground 
current is produced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a schematic diagram of a conventional 
single-ended to differential signal conversion circuit. 

[0012] FIG. 2 is a schematic diagram of a single-ended to 
differential signal conversion circuit according to an 
embodiment of the present invention. 

[0013] FIG. 3 is another schematic diagram of the single 
ended to differential signal conversion circuit according to 
an embodiment of the present invention. 

[0014] FIG. 4 is a How diagram of a method according to 
an embodiment of the present invention of converting a 
single-ended signal to differential signals. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0015] The folloWing description is presented to enable 
one of ordinary skill in the art to make and to use the 
invention and is provided in the conteXt of a patent appli 
cation and its requirements. Various modi?cations to the 
preferred embodiments Will be readily apparent to those 
skilled in the art and the generic principles herein may be 
applied to other embodiments. Thus, the present invention is 
not intended to be limited to the embodiment shoWn but is 
to be accorded the Widest scope consistent With the prin 
ciples and features described herein. 

[0016] FIG. 1 is a schematic diagram of an eXample of a 
conventional single-ended to differential signal conversion 
circuit. The conversion circuit 100 is shoWn to include a 
current supply 102, a volt meter 104, a ground 110, and 
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transistors 106 and 108. An example of the type of transis 
tors 106 and 108 is an enhanced n-type metal oxide semi 
conductor (NMOS). Enhanced NMOS transistors typically 
have positive threshold voltages. 

[0017] An ampli?ed single-ended current is input into the 
conversion circuit 100. The input current (Iin) meets imped 
ance caused by transistor 106. This impedance converts (Iin) 
into voltage. Transistor 108 sees this voltage as a positive 
voltage and transistor 106 receives this voltage as a negative 
voltage. By de?nition, the ampli?cation of the current 
through transistor 106 has a gain of one and the current gain 
of transistor 108 matches the gain of transistor 106. Accord 
ingly, the current gain of transistor 108 is also one. Differ 
ential signals IOutP 112a and IOUtN 112b are of the same 
magnitude. Accordingly, the differential circuit 100 has a 
current gain of tWo. 

[0018] Since the single-ended signal is typically ampli?ed 
prior to entering the differential circuit 100, there may be 
some crosstalk caused by the single-ended gain affecting the 
current supply. The effect on the current supply may in turn 
affect the signal-ended signal. This crosstalk may shut off the 
current gain of conversion circuit 100 at high frequencies, 
such as at a frequency of approximately 160MHz. 

[0019] There may also be some crosstalk in the conven 
tional conversion circuit 100 due to a ground current ?oWing 
from transistor 108 to ground 110. As the signal is sent to 
ground 110, the ground 110 may ?uctuate. Since all the 
signals are measured in terms of ground 110, all the signals 
also ?uctuate, causing cross talk. 

[0020] It Would be desirable to have a single-ended to 
differential signal conversion circuit that avoids such 
crosstalk. It Would also be desirable for the single-ended to 
differential converter to process signals at higher frequen 
cies. The present invention addresses such needs. 

[0021] FIG. 2 is a schematic diagram of a single-ended to 
differential signal conversion circuit according to an 
embodiment of the present invention. FIG. 2 shoWs an 
example of a single-ended to differential signal conversion 
circuit 200 Which is shoWn to include three transistors 214, 
208, 206, a voltage source 204, a current supply 202, and a 
ground 210. An example of the type of transistors 214, 208, 
206 to be used are NMOS transistors. The primary function 
of transistors 208 and 206 are to act as a differential pair. 
Voltage is input into transistors 208 and 206 and the voltage 
is converted into current to result in an output of a differ 
ential current. 

[0022] A current is input (Iin) into the conversion circuit 
200. An example of Iin is approximately 0.5 milli-Amps With 
a signal of approximately 10 micro-Amps or about 1% of Iin. 
Transistor 214 converts Iin to voltage. An example of the 
voltage converted by transistor 214 is approximately 10 
milli-Volts at the input. There is a voltage drop at transistor 
214 such that the voltage at the common transistor source 
216a, 216b, and 216c is 1/2 V, Where V is the input voltage. 
For example, 1/2 V at the common transistor source 216a, 
216b, and 216c may be 5 milli-Volts. The current ?oWs 
through transistor 214, adds to the current at transistor 208, 
and ?oWs through source 216c of transistor 206 to How out 
at IOut P 212b. An example of IOut P is approximately tWo 
milli-Amps of direct current (DC), With approximately forty 
micro-Amps of signal current. 
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[0023] To produce IOut N, Iin ?oWs through transistor 214, 
adds to the current at transistor 208, and is sent out of the 
circuit as IOut N 212a. IOut N and IOut P are compliments of 
each other, accordingly, an example of lout N is approxi 
mately tWo milli-Amps of DC, With approximately forty 
micro-Amps of signal current. An example of the current at 
the current source 202 is approximately ?ve milli-Amps. 
Note that in this conversion circuit 200, there is no current 
?oWing into ground 210 since no device is directly con 
nected to ground. Accordingly, there is no cross-talk from a 
ground current. 

[0024] A further advantage of this conversion circuit 200 
is that a signi?cant current gain may be accomplished. For 
example, a current gain of eight may be accomplished by 
setting the ratio of the drain 218b of transistor 208 and the 
drain 218a of transistor 214 at a ratio of four to one, and the 
ratio of drain 218c of transistor 206 to the drain 218a of 
transistor 214 at a ratio of four to one. If drain 218b and drain 
218c are set four times higher than drain 218a, then a current 
gain of four I occurs at transistor 208 and a current gain of 
four I occur at transistor 206, providing a total current gain 
of eight for the differential signal. 

[0025] Accordingly, the single ended signal does not need 
to be ampli?ed prior to being input into the conversion 
circuit 200. Since the single ended signal is not an ampli?ed 
signal, there is no gain prior to the conversion circuit 200 to 
cause cross-talk With the current source. Additionally, the 
conversion circuit 200 is able to process signals at higher 
frequencies, such as frequencies up to approximately 
200MHz. 

[0026] FIG. 3 is a schematic diagram of an example of the 
single-ended to differential signal conversion circuit 200 as 
incorporated into a larger conversion circuit, according to an 
embodiment of the present invention. An input voltage, such 
as 2 volts, is input into a conversion circuit 300. A transistor 
302 converts the voltage into current. Transistor 304 passes 
the alternating current (AC) and transistor 303 balances the 
direct current (DC) component. An example of the current 
output of transistor 302 is approximately 1000 micro-Amps 
DC and 10 micro-Amps AC. 

[0027] The current passes through transistor 304 Which 
protects transistor 214 from capacitance. Transistor 304 acts 
as a cascode device Which causes transistor 214 to see very 

loW impedance and loW gain. Cascode devices may be 
common gate transistors that pass current from source to 
drain With a voltage gain. The cascode devices may provide 
a loW gain and loW capacitance at the drains of transistors, 
such as transistor 214, an protect the drains of the transistors 
from an output voltage. Details of the Workings of cascode 
devices are Well knoWn in the art. Once the current is input 
into circuit 200, events occur as described in conjunction 
With FIG. 2. 

[0028] As previously described, a current is input (Iin) into 
the conversion circuit 200. Transistor 214 converts Iin to 
voltage. There is a voltage drop at transistor 214 such that 
the voltage at the common transistor source 216a, 216b, and 
216c is 1/2 V, Where V is the input voltage. The current ?oWs 
through transistor 214, adds to the current at transistor 208, 
and ?oWs through source 216c of transistor 206 to How out 
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at IOut P 212b. To produce IOut N, Iin ?oWs through transistor 
214, adds to the current at transistor 208, and is sent out of 
the circuit as IOut N 212a. 

[0029] A transistor 306 may be coupled With circuit 200 in 
order to balance transistor 214. The current gain at transistor 
206 is the negative of the current gain of transistor 214. For 
example, if transistor 214 has a current gain of 1, then 
transistor 306 has a current gain of —1. When a circuit is 

balanced, the current on transistors 208 and 206 are equal 
and the input current operates at the same average current as 
the current source 202. 

[0030] Transistors 308-312 may also be coupled With 
circuit 200 to protect the output voltage from capacitance for 
transistors 208, 206, and 214, respectively, by acting as 
cascode devices Which causes transistors 208, 206, and 214 
to see very loW impedance and loW gain. Additionally, 
transistors 308-310 may be used as multiplexing sWitches 
that can be used to tristate the output into an off state. The 
use of such a cascode device as a tristate device is also Well 

knoWn in the art. 

[0031] FIG. 4 is a How diagram of a method according to 
an embodiment of the present invention for converting a 
single-ended signal to differential signals. An initial current 
is converted to a voltage (step 400). This voltage is used to 
create a differential voltage, and the differential voltage is 
input into a differential pair to produce differential currents 
(step 402). The initial current is also ampli?ed by a gain of 
more than tWo, Wherein approximately no ground current is 
produced (step 404). 

[0032] Although the present invention has been described 
in accordance With the embodiment shoWn, one of ordinary 
skill in the art Will readily recogniZe that there could be 
variations to the embodiment and these variations Would be 
Within the spirit and scope of the present invention. Accord 
ingly, many modi?cations may be made by one of ordinary 
skill in the art Without departing from the spirit and scope of 
the appended claims. 
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What is claimed is: 
1. A system for converting a single-ended signal to 

differential signals, comprising: 

a ?rst device con?gured to convert a current to voltage; 

a second device coupled to the ?rst device; and 

a third device coupled to the ?rst device and second 
device, Wherein not one of the ?rst, second, and third 
device is directly connected to ground and Wherein the 
current is ampli?ed by a gain of more than tWo. 

2. The system of claim 1, Wherein the ?rst device, the 
second device, and the third device share a common source. 

3. The system of claim 1, Wherein the ?rst device, the 
second device, and the third device are transistors. 

4. The system of claim 1, Wherein the ?rst device, the 
second device, and the third device are NMOS transistors. 

5. The system of claim 1, Wherein the second and third 
device are a differential pair. 

6. The system of claim 1, further comprising a fourth 
device coupled to the third device, Wherein the fourth device 
acts to balance the ?rst device. 

7. The system of claim 1, further comprising a ?fth device 
coupled With the second device, Wherein the ?fth device 
functions as a cascode device. 

8. The system of claim 7, Wherein the ?fth device func 
tions as a multiplexing sWitch. 

9. The system of claim 1, further comprising a sixth 
device coupled With the third device, Wherein the sixth 
device functions as a cascode device. 

10. The system of claim 9, Wherein the sixth device 
functions as a multiplexing sWitch. 

11. A method for converting a single-ended signal to 
differential signals, comprising: 

converting a current to voltage; 

inputting a differential voltage to a differential pair; and 

amplifying the current by a gain of more than tWo, 
Wherein approximately no ground current is produced. 

12. The method of claim 11, further comprising supplying 
a common source. 


