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(57) Abstract: In described examples of an amplifier (300), a first stage (102) receives a differential input voltage, which is formed
by first and second input voltages (VIN+, VIN-), and outputs a first differential current in response thereto on first and second lines
(S10, Sn) having respective first and second line voltages. A second stage (104) receives the first and second line voltages and out -
puts a second differential current in response thereto on third and fourth lines (S20, S21) having respective third and fourth line
voltages. A transtormer (302) includes first and second coils (304, 306). A first terminal of the first coil (304) is coupled through a
first resistor (Rio) to the first line (S10). A second terminal of the first coil (304) is coupled through a second resistor (Rii) to the
second line (Sn). A first terminal of the second coil (306) is coupled through a third resistor (R20) to the third line (S20). A second
terminal of the second coil (306) is coupled through a fourth resistor (R21) to the fourth line (S21).
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METHOD AND CIRCUITRY FOR MULTI-STAGE AMPLIFICATION
[0001] This relates in general to electronic circuitry, and in particular to a method and circuitry
for multi-stage amplification.
BACKGROUND
[0002] FIG. 1 (prior art) is a schematic electrical circuit diagram of a conventional multi-stage
amplifier, indicated generally at 100. The amplifier 100 includes at least first and second stages
102 and 104, which are transconductance amplifiers whose gains are Gml and Gm?2,
respectively. The amplifier 100 receives a differential input voltage from lines Sgo and So;.
[0003] The first stage 102 applies the gain Gml to amplify a difference (“AVN”) between
Soo’s voltage (“Vint”) and S¢i’s voltage (“Vin—"). Similarly, the second stage 104 applies the
gain Gm2 to amplify a difference (“AV,”) between a line S)¢’s voltage (“V1¢”) and a line Sy;’s
voltage (“V11”). Accordingly: (a) in response to AV, the first stage 102 generates a difference
(“Al”) between Sio’s current (“I;o”) and Si;’s current (“I;;”); and (b) in response to AV, the
second stage 104 generates a difference (“Al,”) between a line Syo’s current (“Ipo”’) and a line
S,1’s current (“I5,7).
[0004] As shown in FIG. 1, Sy is connected to a resistor Ry, which is coupled through a first
terminal of an inductor L, to a voltage supply node Vpp. Also, S;; is connected to a resistor Ry,
which is coupled through a second terminal of L; to Vpp. Similarly, Sy is connected to a
resistor Ryg, which is coupled through a first terminal of an inductor L, to Vpp. Further, Sy; is
connected to a resistor R,;, which is coupled through a second terminal of L, to Vpp.
[0005] FIG. 2 (prior art) is a graph of an example curve 202 of gain (dB) versus frequency for
the amplifier 100, having a 3 dB bandwidth region 204. As shown in FIG. 2, the 3 dB bandwidth
region 204 is a range of frequencies whose gains are within 3dB of peak gain. Without L, Lo,
Rig, Ri1, Ry and Ry, performance the amplifier 100 could diminish, according to an example
curve 206 having a 3 dB bandwidth region 208.
[0006] By comparison, with L, Ly, Rig, Ri1, Ryo and Ry;: (a) in the region 208, a dominant
contribution to the 3 dB bandwidth region 204 is provided by Rjo, Ri1, R2g and Ry;; and (b) in a

bandwidth expansion region 210, a significant contribution to the 3 dB bandwidth region 204 is
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provided by L, and L,, in addition to contribution by Rjo, Ri1, Ry and Ry;.

[0007] Nevertheless, the amplifier 100 has shortcomings. For example, the arophifier 100 has
one passive magnetic component (e.g., inductor) per stage. As a precaution against possible
interference through magnetic field coupling (e.g., between coil windings of nearby inductors), a
spacing is imposed between those passive magnetic components, which increases silicon area in
an integrated circuit that contains the amplifier 100.

SUMMARY

[0008] In described examples of an amplifier, a first stage receives a differential input voltage,
which is formed by first and second input voltages, and outputs a first differential current in
response thereto on first and second lines having respective first and second line voltages. A
second stage receives the first and second line voltages and outputs a second differential current
in response thereto on third and fourth lines having respective third and fourth line voltages. A
transformer includes first and second coils. A first terminal of the first coil is coupled through a
first resistor to the first line. A second terminal of the first coil is coupled through a second
resistor to the second line. A first terminal of the second coil is coupled through a third resistor
to the third line. A second terminal of the second coil is coupled through a fourth resistor to the
fourth line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 (prior art) is a schematic electrical circuit diagram of a conventional multi-stage
amplifier.

[0010] FIG. 2 (prior art) is a graph of an example curve of gain (dB) versus frequency for the
amplifier of FIG. 1.

[0011] FIG. 3 is a schematic electrical circuit diagram of a multi-stage amplifier of the
example embodiments.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0012] FIG. 3 is a schematic electrical circuit diagram of a multi-stage amplifier, indicated
generally at 300, of the example embodiments. The amplifier 300 includes at least the first and
second stages 102 and 104, and the resistors Ryo, Ri1, Ryo and Ry;. However, instead of L; and
L, (FIG. 1), the amplifier 300 includes a transformer, indicated by dashed enclosure 302.

[0013] The first and second stages 102 and 104 are transconductance amplifiers whose gains

are Gml and Gm?2, respectively. The first stage 102 applies the gain Gml to amplify the
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difference (“AVIN”) between Vint+ and Vin—. Similarly, the second stage 104 applies the gain
Gm?2 to amplify the difference (“AV,”) between Syy’s voltage (“V1¢”) and S;;’s voltage (“V1”).
Accordingly: (a) in response to AV, the first stage 102 generates the difference (“Al”)
between Sy’s current (“Ii”") and Si;’s current (“I;;”); and (b) in response to AV, the second
stage 104 generates the difference (“Al,”) between Syo’s current (“Ipo””) and S,;’s current (“I2;7).
[0014] In this example: (a) if AVyis positive, then Al is negative; and (b) conversely, if AV
is negative, then Al; is positive. Similarly, in this example: (a) if AV is positive, then Al; is
negative; and (b) conversely, if AV is negative, then Al is positive.

[0015] The transformer 302 includes first and second coils 304 and 306. As shown in FIG. 3:
(a) Ry is coupled through a first terminal of the coil 304 to Vpp; (b) Ry, is coupled through a
second terminal of the coil 304 to Vpp (which is coupled to a third terminal of the coil 304); (c)
R;; is coupled through a first terminal of the coil 306 to Vpp; and (d) Ry is coupled through a
second terminal of the coil 306 to Vpp (which is coupled to a third terminal of the coil 306).
Current flows: (a) through the coil 304 in a first direction; and (b) through the coil 306 in a
second direction that is substantially identical to (e.g., same as) the first direction.

[0016] If the transformer 302 isideal, lossless and perfectly coupled, then V, = n « Vi,
I=1,/n,and Py = Pour, where: (a) V is a voltage across the first and second terminals of the
coil 304; (b) V, is a voltage across the first and second terminals of the coil 306; (¢) I; is a
current through the coil 304; (d) I, is a current through the coil 306; (¢) # is a winding turns ratio
between the coils 304 and 306, so that n equals winding turns of the coil 306 divided by winding
turns of the coil 304; (f) V; * I; = P, which is input power of the transformer 302; and
(g) V2 *» I, = Pgur, which is output power of the transformer 302.

[0017] The coil 304 provides passive impedance boost to the output lines Sy and S;; of the
stage 102. Similarly, the coil 306 provides passive impedance boost to the output lines Sy and
S;1 of the stage 104. Also, dae to coupling between the coils 304 and 306: (a) the coil 304
provides active feedback to the output lines Sy and S,; of the stage 104; and (b) the coil 306
provides active feedback to the output lines S;g and S;; of the stage 102. Such active feedback
reduces cost and size of the transformer 302.

[0018] Moreover, the stages 102 and 104 can be spaced more closely to one another, which
reduces silicon area in an integrated circuit that contains the amplifier 300. For example, the

amplifier 300 includes one transformer (e.g., the transformer 302) per two stages (e.g., the stages
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102 and 104), instead of one passive magnetic component per stage. Also, instead of avoiding
magnetic field coupling, the transformer 302 contains a magnetic field with controlled H-field
coupling between the coils 304 and 306. Such containment reduces proliferation (adulteration)
between nearby circuitry (e.g., nearby magnetic devices).

[0019] For these various reasons, 3 dB bandwidth of the amplifier 300 is expanded. For this
purpose of bandwidth expansion, the quality factor (“QF”) of the transformer 302 is not required
to be high. Accordingly, the amplifier 300 can have a reduced form factor.

[0020] Modifications are possible in the described embodiments, and other embodiments are

possible, within the scope of the claims.
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CLAIMS
What is claimed is:
1. An amplifier, comprising:

a first stage for receiving a differential input voltage, which is formed by first and second
input voltages, and outputting a first differential current in response thereto on first and second
lines having respective first and second line voltages;

a second stage coupled to the first stage for receiving the first and second line voltages
and outputting a second differential current in response thereto on third and fourth lines having
respective third and fourth line voltages; and

a transformer coupled to the first and second stages, wherein the transformer includes
first and second coils, wherein a first terminal of the first coil is coupled through a first resistor to
the first line, wherein a second terminal of the first coil is coupled through a second resistor to
the second line, wherein a first terminal of the second coil is coupled through a third resistor to
the third line, and wherein a second terminal of the second coil is coupled through a fourth
resistor to the fourth line.

2. The amplifier of claim 1, wherein a voltage supply node is coupled to: a third terminal of
the first coil; and a third terminal of the second coil.

3. The amplifier of claim 1, wherein the first and second stages are first and second
transconductance amplifiers having first and second gains, respectively.

4. The amplifier of claim 1, wherein the first coil is for conducting current in a first
direction, and wherein the second coil is for conducting current in a second direction that is
substantially identical to the first direction.

5. The amplifier of claim 1, wherein the first coil is for providing passive impedance boost
to the first and second lines, and wherein the second coil is for providing passive impedance
boost to the third and fourth lines.

6. The amplifier of claim 1, wherein the first coil is for providing active feedback to the
third and fourth lines, and wherein the second coil is for providing active feedback to the first
and second lines.

7. The amplifier of claim 1, wherein the transformer is for containing a magnetic field with

controlled H-field coupling between the first and second coils.
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8. An amplifier, comprising:

a first stage for receiving a differential input voltage, which is formed by first and second
input voltages, and outputting a first differential current in response thereto on first and second
lines having respective first and second line voltages, wherein the first stage is a first
transconductance amplifier having a first gain;

a second stage coupled to the first stage for receiving the first and second line voltages
and outputting a second differential current in response thereto on third and fourth lines having
respective third and fourth line voltages, wherein the second stage is a second transconductance
amplifier having a second gain; and

a transformer coupled to the first and second stages, wherein the transformer includes
first and second coils, wherein a first terminal of the first coil is coupled through a first resistor to
the first line, wherein a second terminal of the first coil is coupled through a second resistor to
the second line, wherein a first terminal of the second coil is coupled through a third resistor to
the third line, wherein a second terminal of the second coil is coupled through a fourth resistor to
the fourth line, wherein the first coil is for conducting current in a first direction, and wherein the
second coil is for conducting current in a second direction that is substantially identical to the
first direction,;

wherein a voltage supply node is coupled to: a third terminal of the first coil; and a third
terminal of the second coil.

9. The amplifier of claim 8, wherein the first coil is for providing passive impedance boost
to the first and second lines and providing active feedback to the third and fourth lines, and
wherein the second coil is for providing passive impedance boost to the third and fourth lines and
providing active feedback to the first and second lines.

10.  The amplifier of claim 9, wherein the transformer is for containing a magnetic field with
controlled H-field coupling between the first and second coils.

11. A method, comprising:

with a first stage of an amplifier, receiving a differential input voltage, which is formed
by first and second input voltages, and outputting a first differential current in response thereto
on first and second lines having respective first and second line voltages;

with a second stage of the amplifier, receiving the first and second line voltages and

outputting a second differential current in response thereto on third and fourth lines having
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respective third and fourth line voltages; and

coupling: a first terminal of a first coil of a transformer through a first resistor to the first
line; a second terminal of the first coil through a second resistor to the second line; a first
terminal of a second coil of the transformer through a third resistor to the third line; and a second
terminal of the second coil through a fourth resistor to the fourth line.
12.  The method of claim 11, wherein the coupling includes:

coupling a voltage supply node to: a third terminal of the first coil; and a third terminal
of the second coil.
13. The method of claim 11, wherein the first and second stages are first and second
transconductance amplifiers having first and second gains, respectively.
14.  The method of claim 11, and comprising: through the first coil, conducting current in a
first direction; and, through the second coil, conducting current in a second direction that is
substantially identical to the first direction.
15. The method of claim 11, and comprising: with the first coil, providing passive
impedance boost to the first and second lines; and, with the second coil, providing passive
impedance boost to the third and fourth lines.
16.  The method of claim 11, and comprising: with the first coil, providing active feedback to
the third and fourth lines; and, with the second coil, providing active feedback to the first and
second lines.
17.  The method of claim 11, and comprising: with the transformer, containing a magnetic
field with controlled H-field coupling between the first and second coils.
18. A method, comprising:

with a first stage of an amplifier, receiving a differential input voltage, which is formed
by first and second input voltages, and outputting a first differential current in response thereto
on first and second lines having respective first and second line voltages, wherein the first stage
is a first transconductance amplifier having a first gain;

with a second stage of the amplifier, receiving the first and second line voltages and
outputting a second differential current in response thereto on third and fourth lines having
respective third and fourth line voltages, wherein the second stage is a second transconductance
amplifier having a second gain;

coupling: a first terminal of a first coil of a transformer through a first resistor to the first
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line; a second terminal of the first coil through a second resistor to the second line; a first
terminal of a second coil of the transformer through a third resistor to the third line; and a second
terminal of the second coil through a fourth resistor to the fourth line;

through the first coil, conducting current in a first direction;

through the second coil, conducting current in a second direction that is substantially
identical to the first direction; and

coupling a voltage supply node to: a third terminal of the first coil; and a third terminal
of the second coil.
19. The method of claim 18, and comprising:

with the first coil, providing passive impedance boost to the first and second lines, and
providing active feedback to the third and fourth lines; and

with the second coil, providing passive impedance boost to the third and fourth lines, and
providing active feedback to the first and second lines.
20.  The method of claim 19, and comprising: with the transformer, containing a magnetic

field with controlled H-field coupling between the first and second coils.
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