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DC CANCELLATION APPARATUS AND METHOD 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to means 
and methods for removing a substantially direct current 
(DC) signal so that a superposed alternating current (AC) 
signal can be more easily detected, and more particularly 
relates to removing a DC signal so a small superposed pulse 
signal can more easily be detected. 

BACKGROUND OF THE INVENTION 

[0002] There are many situations in electronic applica 
tions Where an AC or pulse signal of interest is superposed 
on a comparatively large substantially DC signal. As used 
herein the term “direct current” and the abbreviation DC are 
intended to include any current signal that is sloWly varying 
compared to the signal of interest. Similarly, the term 
“alternative current” and the abbreviation AC are intended to 
include any current signal that is varying rapidly compared 
to a background DC signal. The term AC is intended to 
include pulse signals and vice versa. 

[0003] The classical method of removing DC from a 
composite DC+AC signal is to use an inductor equivalent or 
sWitched capacitor circuits. The problem is exacerbated 
When the AC component is very much smaller in magnitude 
than the DC component and the composite signal source is 
a photodiode or other current source component. To imple 
ment these solutions in integrated circuit form is complex 
and/or requires large chip areas, Which are undesirable. 

[0004] In situations Were photodiodes or the like are used 
to detect small optical signals in the presence of relatively 
large ambient light levels the problem of separating a very 
small AC (e.g., pulse) signal from the large ambient DC 
signal can be especially severe. Consider the example a 
situation Where the ambient light causes a background DC 
signal from a photodiode of about 500 microamps and the 
AC component desired to be detected is a 100-200 picoamps 
pulse superimposed on the 500 microamps DC component. 
This AC pulse signal is about 107 times smaller than the DC 
ambient signal. 

[0005] In many cases in order to do further processing on 
the pulse signal it also often needs to be converted to a 
voltage. The traditional methods for doing this involve 
passing the photodiode current though a resistor, either 
directly or via a feedback resistor associated With an op 
amp. FIG. 1 shoWs prior art op-amp circuit 1 used to convert 
current Is in current source 2 to voltage Vout at output 
terminal 8 of circuit 1. Feedback resistor Rfb is connected 
betWeen nodes 6 and 7. Node 6 is connected to current 
source 2 and the negative input of op-amp 3. Node 7 is 
connected to output terminal 8 of op-amp 3. Voltage Vref is 
connected to terminal 4 and the positive input of op-amp 3. 
Op-amp 3 is coupled to poWer supply line 5 having supply 
voltage Vdd thereon. 

[0006] When current source 2 provides composite current 
Is With a large DC component Idc (e.g., 05x10“3 amps) and 
a small AC component Ip (e.g., 2x10‘1O amps), i.e., Is=Idc+ 
Ip Where Idc>>Ip, then it is very dif?cult to convert Ip to a 
signi?cant Vout. The voltage Vfb across feedback resistor 
Rfb cannot exceed poWer voltage Vdd. Thus, Rfb(max) is 
given by Vdd/Is. Consider the situation Where Vdd is 
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approximately 3 volts, Is~Idc=0.5 milliamps for Ip=200 
picoamps. Then Rfb(max)=Vdd/Is=(3/0.5><10_3)=6><103 
ohms. This results in a very small AC voltage Vp(out) from 
current-to-voltage converter 1, that is, Vp(out)=Ip><Rfb=2>< 
10 ><6><103=1.2><10_6 volts. If the supply voltage for the IC 
is loWer, the value of Rfb must be correspondingly reduced 
and the Vp(out) corresponding to Ip Will be further reduced. 
When the AC signal to be post processed after current 
voltage conversion is superimposed on a large DC signal, 
the AC voltage output With the prior art arrangement is only 
a very small fraction of the poWer supply voltage, making 
subsequent signal processing more difficult. 

[0007] Vp(out) of the current voltage converter illustrated 
in FIG. 1 scales linearly With Rfb, While the noise voltage 
V(noise)=(4kT*Rfb*Af)1/2 scales only With the square root 
of the resistance. For Example, the Signal to Noise Ratio 
(SNR) for a given value of Ip is given by: 

SNR : V(signal)/ V(noise) Eq. 1 

: Constant>l< (Rfb)l/2 

[0008] Where * indicates multiplication. Thus, for optimal 
signal/noise performance, large values of Rfb are better. But 
With the prior art arrangements, large values of Rfb are not 
possible With small supply voltages. 

[0009] Accordingly, there is an ongoing need to detect 
small AC signals, particularly small pulse signals in the 
presence of a large DC ambient signal and to separate the AC 
signals for further processing. In addition, there is an ongo 
ing need to provide for current-to-voltage conversion of the 
AC component of superimposed current signals using large 
resistance values. Further, there is an ongoing need to 
convert currents With superposed large DC and very small 
AC components in a manner so that large AC voltage sWings 
can be obtained relative to the poWer supply voltage. In 
addition, there is an ongoing need to provide DC-AC current 
separation and conversion in a manner that is suitable for 
fabrication in a monolithic integrated circuit. Still further, 
there is an ongoing need for means and method for sepa 
rating the DC and AC components of the signal current 
before current-to-voltage conversion. Other desirable fea 
tures and characteristics of the present invention Will 
become apparent from the subsequent detailed description of 
the invention and the appended claims, taken in conjunction 
With the accompanying draWings and this background of the 
invention. 

BRIEF SUMMARY OF THE INVENTION 

[0010] An apparatus is provided for separating DC and AC 
components of a composite signal provided by a signal 
source, comprising: a ?rst current mirror having an input 
branch coupled to the signal source and receiving the 
composite signal, and having an output branch; a second 
current mirror having an input branch coupled to the output 
branch of the ?rst current mirror, and having an output 
branch, Wherein the output branch of the second current 
mirror has DC and AC frequency discriminate sub-branches 



US 2005/0077925 A1 

that separate DC and AC components of the composite 
signal, respectively; a third current mirror having an input 
branch coupled to the output branch of the ?rst current 
mirror; and a fourth current mirror having an input branch 
coupled to the DC frequency discriminate branch of the 
second current mirror and an output branch coupled to the 
output branch of the third current mirror at a common node, 
Wherein a signal proportional substantially only to the AC 
component of the composite signal is present at the common 
node. 

[0011] A method is provided for separating a DC compo 
nent an AC component of a composite signal provided by a 
signal source, the method comprising: receiving an input 
signal proportional to Is; mirroring the input signal in a ?rst 
current mirror to obtain a ?rst signal substantially equal the 
input signal; mirroring the ?rst signal in second and third 
current mirrors to obtain, respectfully, second and third 
signals substantially equal to the ?rst signal on outputs of the 
second and third current mirrors, respectively; decomposing 
the second signal into an AC component and a DC compo 
nent, Wherein the DC component ?oWs through an input 
branch of a fourth current mirror and a fourth signal sub 
stantially equal to the DC component ?oWs in the output 
branch of the fourth current mirror; and combining the third 
signal and the fourth signal to obtain an output signal 
substantially proportional to the AC component. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The present invention Will hereinafter be described 
in conjunction With the folloWing draWing ?gures, Wherein 
like numerals denote like elements, and 

[0013] FIG. 1 is a simpli?ed schematic diagram of a prior 
art current-to-voltage converter circuit; 

[0014] FIG. 2 is a simpli?cd schematic diagram of an 
electronic circuit for separating the DC and AC components 
of a composite DC+AC signal, according to the present 
invention; and 

[0015] FIG. 3 is a simpli?ed schematic similar to FIG. 1 
but according to a further embodiment and shoWing further 
details. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0016] The folloWing detailed description of the invention 
is merely exemplary in nature and is not intended to limit the 
invention or the application and uses of the invention. 
Furthermore, there is no intention to be bound by any theory 
presented in the preceding background of the invention or 
the folloWing detailed description of the invention. 

[0017] FIG. 2 is a simpli?ed schematic diagram of elec 
tronic circuit 10 for separating the DC and AC components 
of a composite DC+AC signal, according to the present 
invention. For convenience of explanation, circuit 10 is 
illustrated for the circumstance Where the composite elec 
trical signal Is originates from photo-detector D1, but per 
sons of skill in the art Will understand that other sources of 
the composite signal may be used and that the present 
invention is not limited by the choice of composite signal 
source. 

[0018] Composite optical signal 12 falls on photo-detector 
D1, thereby modulating its conductivity in accordance With 
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alterations, for example, in the magnitude of the light 
intensity. By including ?lters or other optical input modi? 
ers, the output of D1 can be made to vary according to light 
Wavelength or other properties. For simplicity of explana 
tion it is assumed herein that the light intensity is varied, but 
persons of skill in the art Will understand that the present 
invention is not limited simply to this form of optical 
variation and any arrangement that causes the output of D1 
to vary is included in the present invention. D1 can be a 
photo-diode or phototransistor or other optically sensitive 
component that converts light to an electrical current or 
voltage. In the present example Where a photodiode or 
phototransistor is used for D1, Is=Idc+Ip Where Is is the total 
(i.e., composite) current ?oWing through D1, Idc is the 
current component caused by the substantially steady ambi 
ent light and Ip=Iac is the superposed component caused by 
a light pulse or other time varying transient light input to D1. 

[0019] Photo-detector D1 generally acts as a current 
source. For convenience of explanation, transistors T1, T2, 
T7, T8 in circuit 10 are conveniently PMOS transistors and 
transistors T3, T4, T5, T6 in circuit 10 are conveniently 
NMOS transistors. Thus, T1, T2, T7, T8 and T3, T4, T5, T6 
are complementary transistor types. Persons of skill in the 
art Will understand that bipolar transistors and JFETS of 
appropriate type can also be used and that complementary 
types (e.g., N-type and P-type devices) can be interchanged 
With appropriate modi?cation of poWer supply polarities and 
voltages. 

[0020] Vbias is coupled to bias input terminal 11 and is 
chosen to provide a suitable operating point for D1. Vbias 
input terminal 11 is coupled to the positive input of opera 
tional ampli?er OA1. The negative terminal of OA1 is 
coupled to node 13 in branch 16 of circuit 10. Persons of 
skill in the art understand hoW to provide the proper bias of 
D1 based upon its properties and the optical signals to be 
received by D1. Operation ampli?er OA1 and transistor T3 
conveniently act as a buffer transferring Vbias from the 
positive input of OA1 to node 13. While OA1 and transistor 
T3 are a convenient means of establishing Vbias for photo 
detector D1 at node 13, persons of skill in the art Will 
understand that other arrangements can also be used. D1 is 
coupled betWeen source 9 of anode reference voltage Va and 
node 13. 

[0021] Transistor T3 is coupled betWeen node 13 and the 
drain of transistor T1. The sources of transistors T1, T2, T7, 
T8 are coupled to poWer rail 40. The drain and gate of T1 are 
shorted together. Composite current Is=Idc+Ip ?oWs through 
transistors T1, T3, node 13 and photo-detector D1 in 
response to composite light input 12. Transistors T1, T2 act 
as ?rst current mirror CM-1. Thus, Within the accuracy of 
the current mirror, the current ?oWing in branch 16 of CM-1 
and the current ?oWing in branch 18 of CM-1 are substan 
tially equal, that is, a current of magnitude Is=Idc+Ip ?oWs 
in both branch 16 and 18 of CM-1. 

[0022] Transistors T4, T5, T6 have their sources coupled 
to ground 50. Transistor T4 has its drain and gate tied 
together. The drain of transistor T4 is coupled to the drain of 
T2. The gates of transistors T4, T5, T6 are common. 
Transistors T4, T5 form a second current mirror CM-2. The 
drain of T5 is coupled to node 15 Where that branch of CM-2 
splits into AC branch 22 and DC branch 24. The purpose of 
CM-2 is to alloW Is to be split into AC and DC components 
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using, for example, capacitor Cl in branch 22, and transistor 
T7 and resistor R1 in branch 24, respectively. Capacitor C1 
is coupled betWeen node 15 and poWer rail 40 (Which is at 
AC ground). While capacitor C1 is a useful means of 
providing a loW AC impedance shunt path, other frequency 
selective arrangements can also be used. Resistor R1 and 
Transistor T7 are coupled betWeen node 15 and poWer rail 
40. Transistor T7 has its drain connected to its gate. The 
gates of T7 and T8 are tied together to form a current mirror. 
Since composite current Is ?oWs in branch 18 of CM-2, a 
substantially equal composite current Is=Idc+Ip also ?oWs 
in branch 20 of CM-2. Branch 20 of CM-2 splits at node 15 
into branches 22, 24. The AC impedance of branch 24 
should be much larger than the AC impedance of branch 22 
and the DC impedance of branch 22 much larger than the DC 
impedance of branch 24, so that the AC portion Ip of 
composite signal Is substantially all ?oWs through branch 22 
and the DC portion Idc of composite signal Is substantially 
all ?oWs through branch 24. 

[0023] Transistors T4, T6 form a third current mirror. 
Transistor T6 is coupled betWeen ground 50 and node 17. 
Since current Is ?oWs in branch 18 of CM-3, an equal 
current Is=Idc+Ip ?oWs in branch 26 of CM-3. Current 
mirrors CM-1, CM-2, CM-3 all conduct substantially equal 
currents of magnitude Is=Idc+Ip. Branch 26 splits at node 17 
into branches 28 and 30. Transistor T8 in branch 28 is 
coupled betWeen node 17 and poWer rail 40. Branch 30 
couples nodes 17 and 19. 

[0024] Transistors T7, T8 form a fourth current mirror 
CM-4 With substantially equal currents Idc in branches 24, 
28. Since capacitor C1 in branch 22 substantially by passes 
Ip around transistor T7 and resistor R1, substantially only 
Idc ?oWs in branch 24 and a substantially equal current Idc 
?oWs in branch 28 of the mirrored pair T7, T8. Branches 26, 
28 and 30 join at node 17. Due to CM-4, substantially only 
Idc ?oWs in branch 28 and, due to CM-3 composite current 
Is=Idc+Ip ?oWs in branch 26. Therefore branch 30 from 
node 19 to node 17 must supply a current to node 17 
substantially equal to Ip. Op-amp OA2 and feedback resistor 
Rfb convert Ip at node 19 to an output voltage Vout at output 
terminal 21 that is substantially proportional only to Ip. 
Resistor Rfb is coupled betWeen output terminal 21 of OA2 
and node 19. Node 19 is coupled to the negative input of 
OA2 and to node 17. The positive input of OA2 is coupled 
to terminal 23 and Vref. Vref alloWs any offset inherent in 
OA2 to be compensated and for the DC level of Vout to be 
set to any desired value. The invented arrangement alloWs 
much larger values to be used for Rfb, thereby providing 
larger Vp(out) and improved signal to noise ratio. For 
eXample, Where Ip=2><10_1O amps and poWer supply voltage 
Vdd available to OA2 is 310volts, Rfb can be as large as 
Rfb(maX)=Vdd/Ip=(3/2><10 )=1.5><101O Ohms. Thus, cur 
rent components Iac=Ip that are smaller than Idc by one or 
more orders of magnitude, even by a factor of 105 to 107 or 
more, can be separated and converted to a comparatively 
large output voltage Whose sWing is a signi?cant fraction of 
the available poWer supply voltage. 

[0025] FIG. 3 is a simpli?ed schematic of DC suppression 
circuit 40 similar to circuit 10FIG. 2 but according to a 
further embodiment and shoWing further details. Equivalent 
nodes and terminals are identi?ed by the same reference 
numbers as in FIG. 2. Circuit 40 employs What are called 
telescoping mirrors and cascade bias circuits to increase the 
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accuracy of the current mirrors and thereby the separation of 
Idc and Ip of the composite signal Is. For convenience of 
explanation, the functions of the various transistors in FIG. 
3 are eXplained by relating them to the transistors and 
current mirrors in FIG. 2. The convention P1, P2, . . . Pn is 

used to identify PMOS devices and N1, N2, . . . Nn to 

identify NMOS devices but this is not intended to be 
limiting. Persons of skill in the art understand that other 
types of complementary devices can be used and that 
complementary device types can also be interchanged. 

[0026] Resistor R2, transistors P1, P2, node 23 and tran 
sistor N13, node 13, and Diode D1 are serially coupled 
betWeen Vdd and Va. Resistor R3, transistor P5, node 27 and 
transistor N1 are serially coupled betWeen Vdd and Vss. 
Resistor R4, and transistor P6, node 29 and transistor N2 are 
serially coupled betWeen Vdd and Vss. The gates of P1, P5 
are tied together and to nodes 23 and 25. The gates of P2 and 
P6 are tied together and to node 29. The gate of P3 is tied 
to node 25. The gate of P4 is tied to node 29. Resistor R5, 
transistors P3 and P4, node 33 and transistors N3 and N4 are 
serially coupled betWeen Vdd and Vss. Transistor P13, node 
37 and transistor N5 are serially coupled betWeen Vdd (via 
node 45) and Vss. Transistor P14, node 41, node 43 and 
transistor N6 are serially coupled betWeen Vdd (via node 45) 
and Vss. The gates of P13 and P14 are tied together and to 
node 37. The gates of transistors N4, N5 are tied together 
and to nodes 33 and 35. The gate of transistor N6 is tied to 
node 39. Transistors N7, N8 are serially coupled from node 
15 to Vss. The gate of N7 is tied to nodes 39, 41 as are the 
gate of N3, N6. The gate of N8 is tied to nodes 47 and 35. 
Transistors N9 and N10 are serially coupled betWeen node 
17 and Vss. The gate of N9 is coupled to node 43. The gate 
of N10 is coupled to nodes 35, 47 as is the gate of N8. 
Capacitor C1 is coupled from Vdd to node 15. Resistor R6, 
transistors P7 and P8, node 49 and resistor R1 are serially 
coupled betWeen Vdd and node 15. Resistor R7, transistor 
P9, node 51, and transistor N11 are serially coupled betWeen 
Vdd and Vss. Resistor R8, transistor P10, node 53, and 
transistor N12 are serially coupled betWeen Vdd and Vss. 
Resistor R9, transistors P11 and P12 are serially coupled 
betWeen Vdd and node 17. The gates of P7, P9 are tied 
together and to nodes 55 and 49 and the gate of transistor 
P11. The gates of transistors P8, P10 are tied together and to 
node 53 and the gate of P12. The gates of transistors N11, 
N12 are tied together and to node 51. Node 17 is coupled by 
branch 30 to node 19, Which is in turn coupled to resistor Rfb 
and the negative input of OA2. The other terminal of Rfb is 
coupled to node 57 at the output of OA2 and output terminal 
21 Where Vout appears. Vref is provided via terminal 23, 
Which is coupled to the positive input of OA2. Vout is the 
output voltage corresponding to lp. 

[0027] Transistors P1, P2 perform the same function as T1 
in circuit 10 and transistors P3, P4 perform the same 
function as transistor T2 in circuit 10, thus forming ?rst 
current mirror CM-1. Transistors P5, P6, N1, N2 create a 
cascode bias voltage for CM1 to improve the current match 
ing and thus the mirror accuracy. 

[0028] Transistors N3, N4 and N7, N8 of circuit 40 
perform the same function as transistors T4, T5 of circuit 10, 
respectively and form second current mirror CM-2 identi?ed 
in connection With FIG. 2. Transistors P13, P14 and N5, N6 
form another cascode bias circuit analogous to the cascode 
bias circuit formed by P5, P6, N1, N2 feeding CM1. 
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[0029] Transistors N3, N4 and N9, N10 of circuit 40 
perform the same function as transistors T4 and T6 of circuit 
10, respectively and form third current mirror CM-3 iden 
ti?ed in connection With FIG. 2. The cascode bias circuit 
formed by P13, P14 and N5, N6 also serves CM-3. 

[0030] Transistors P7, P8 and P11, P12 of circuit 40 
perform the same function as transistors T7 and T8 of circuit 
10, respectively and form fourth current mirror CM-4 iden 
ti?ed in connection With FIG. 2. Transistors P9, P10 and 
N11, N12 form another cascode bias analogous to cascode 
bias P5, P6, N1, N2 feeding CM1. Op-amp OA2, feedback 
resistor Rfb and Vref provide the same functions as already 
described in connection With FIG. 2. As note earlier, other 
methods of converting current Ip at node 19 to output 
voltage Vout at terminal 21 may also be used. Circuit 40 of 
FIG. 3 functions in fundamentally the same manner as 
circuit 10 of FIG. 2 but provides greater mirror accuracy and 
improved Idc suppression to extract very small pulse current 
Ip from large composite signal Is=Idc+Ip. The arrangement 
of FIG. 3 is preferred. 

[0031] While at least one exemplary embodiment has been 
presented in the foregoing detailed description of the inven 
tion, it should be appreciated that a vast number of variations 
exist. It should also be appreciated that the exemplary 
embodiment or exemplary embodiments are only examples, 
and are not intended to limit the scope, applicability, or 
con?guration of the invention in any Way. Rather, the 
foregoing detailed description Will provide those skilled in 
the art With a convenient road map for implementing an 
exemplary embodiment of the invention. It being understood 
that various changes may be made in the function and 
arrangement of elements described in an exemplary embodi 
ment Without departing from the scope of the invention as 
set forth in the appended claims. 

What is claimed is: 
1. A circuit for separating DC and AC components of a 

composite signal provided by a signal source, comprising: 

a ?rst current mirror having an input branch coupled to the 
signal source and receiving the composite signal, and 
having an output branch; 

a second current mirror having an input branch coupled to 
the output branch of the ?rst current mirror, and having 
an output branch, Wherein the output branch of the 
second current mirror has DC and AC frequency dis 
criminate sub-branches that separate DC and AC com 
ponents of the composite signal, respectively; 

a third current mirror having an input branch coupled to 
the output branch of the ?rst current mirror; and 

a fourth current mirror having an input branch coupled to 
the DC frequency discriminate branch of the second 
current mirror and an output branch coupled to the 
output branch of the third current mirror at a common 
node, Wherein a signal proportional substantially only 
to the AC component of the composite signal is present 
at the common node. 

2. The circuit of claim 1 further comprising a current to 
voltage converter coupled to the common node for produc 
ing an output voltage proportional to the AC component of 
the composite signal. 
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3. The circuit of claim 1 Wherein the output branch of the 
?rst current mirror and the input branch of the second and 
third current mirrors are common. 

4. The circuit of claim 1 Wherein fourth current mirror 
conducts substantially only the DC component of the com 
posite signal. 

5. The circuit of claim 1 Wherein output branch of the 
third current mirror and the output branch of the fourth 
current mirror are in part common. 

6. Apparatus for separating a DC component and an AC 
component of a composite signal provided by a signal 
source, the apparatus comprising: 

?rst, second, third and fourth current mirrors, the ?rst 
current mirror having an input branch coupled to the 
signal source and carrying a ?rst signal proportional to 
the composite signal and having an output branch also 
carrying substantially said ?rst signal and common 
With the input branch of the second and third current 
mirrors; 

Wherein the second current mirror has an output branch 
With a ?rst pathWay for a second signal proportional to 
the DC component and a second pathWay for a third 
signal proportional to the AC component; and 

Wherein the fourth current mirror has an input branch 
common With the ?rst pathWay of the second current 
mirror carrying the second signal proportional to the 
DC component, and an output branch carrying a fourth 
signal substantially equal to the ?rst signal proportional 
to the AC component and Wherein the output branch of 
the fourth current mirror and the output branch of the 
third current mirror are coupled at a common node and 
an output signal proportional to the AC component is 
present at the node. 

7. The apparatus of claim 6 further comprising a current 
to voltage converter coupled to the common node for 
producing an output voltage proportional to the AC com 
ponent of the composite signal. 

8. The apparatus of claim 6 Wherein the signal source is 
a current source. 

9. The apparatus of claim 6 Wherein the magnitude of AC 
component is at least an order of magnitude smaller com 
pared to the DC component. 

10. The apparatus of claim 6 Wherein the ?rst and fourth 
current mirrors are of a ?rst conductivity type devices and 
the second and third current mirrors are of a second con 
ductivity type devices opposite the ?rst conductivity type 
devices. 

11. The apparatus of claim 6 further comprising a current 
to-voltage converter for generating an output voltage pro 
portional to the AC component of the composite signal. 

12. The apparatus of claim 8 further comprising means for 
biasing the current source. 

13. A method for separating a DC component Idc and an 
AC component Iac of a composite signal Is=Idc+Iac pro 
vided by a signal source, the method comprising: 

receiving an input signal proportional to Is; 

mirroring the input signal in a ?rst current mirror to obtain 
a ?rst signal substantially equal the input signal; 
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mirroring the ?rst signal in second and third current 
mirrors to obtain, respectfully, second and third signals 
substantially equal to the ?rst signal on outputs of the 
second and third current mirrors, respectively; 

decornposing the second signal into an AC component 
and a DC component, Wherein the DC cornponent 
?oWs through an input branch of a fourth current mirror 
and a fourth signal substantially equal to the DC 
cornponent ?oWs in an output branch of the fourth 
current mirror; and 

combining the third signal and the fourth signal to obtain 
an output signal substantially proportional to Iac. 
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14. The method of claim 13 Wherein the receiving step 
comprises receiving current from one of a photo-detector 
and other current source. 

15. The method of claim 13 Wherein the combining step 
comprises obtaining a current output signal proportional to 
Iac and further comprising after the combining step, gener 
ating a voltage output signal proportional to Iac. 

16. The method of claim 13 Wherein the decornposing 
step comprises using a ?rst AC discrirninate branch that 
passes substantially all the AC components of the composite 
signal and a second DC discrirninate branch that passes 
substantially all the DC components of the composite signal. 

* * * * * 


