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I.  ACTIVE BALUN CIRCUIT OVERVIEW

A balun (balanced-unbalanced) transformer circuit converts signals that are single-ended or unbalanced with respect to ground
into signals that are differential or balanced with respect to ground, and vice versa. Shown in Fig. 1 is a simple balun circuit that
transforms signal from single-ended input voltage source (Vin) into differential output voltages (V+ and V-) with 180 degrees
phase difference.
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Fig. 1. Simple balun transformer circuit.

Baluns can be classified as either active or passive baluns depending on the devices used. Active baluns, although
unidirectional and more complex to implement, are preferred over their passive counterparts because they can produce gain,
occupy less chip area, and can operate at higher frequencies [1-2]. One of the active balun topologies is the differential active
balun transformer circuit in Fig. 2, composed of 3 transistors namely M1 and M2 for the differential output, and M3 for the tail
current. The input signal is applied at the input of one of the differential pair transistors and will ideally split equally between the
pair with same amplitude and 180° phase shift. Remarkably, this active balun topology is capable of producing gain.
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Fig. 2. Schematic diagram of differential active balun topology.
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Il.  ToTAL HARMONIC DISTORTION ANALYSIS

An important parameter that should also be considered in the design of active balun is the total harmonic distortion (THD),
which is also a linearity parameter. THD is the percentage of the inherent harmonics with respect to the fundamental signal.
Ideally, THD is zero, but since this is not really the case for transistors and transistor amplifiers, THD should then be minimized.

Let the total input voltage (Vin) be the sum of direct current (DC) input voltage (V,y) and alternating current AC input voltage
(vin), as a function of time (t). AC input voltage could be further expressed as vrfcoswt, where vrf is the peak value of v;,.

Vin(t) = Vpe +Vye = Vi + v, = Vi +vrf coswt )
For RFout2 branch which has the port for the input voltage, total drain current (lgs) is expressed as
_B 2 _P :
I (t) = 3 [Ves — V17 = E{[U{w + Vi) = Vpssl — Wi} 2)
B . vrf? vrf >
I,.,(t) =3 Va® —|—T + 2V vrf - coswt + - cos 2wt 3)
with Vi, = Viy =V, —Vps3 ., v, = vrfcoswt ,f = -HCE'_II (4)
The drain current or drain-to-source current (l4s) has three terms, as shown in the succeeding expressions.
I,.(t) =1I,+ I, coswt + I, cos 2wt (5)
The terms are given as
B , , vrf?
opa = 3 (Vi = Ve — Vpsa)® +T =Ipc = DC term ®)
_B - -
flf: = E [wa(l{w — V. —Vyg3 ] — Amplitude of 1st harmonic @)
B(vrf? . .
[:f: = E > — Amplitude of 2nd harmonic (8)

Total harmonic distortion of RFout2 could be calculated as

vrf vrf vrf  vrf g,

4(1{5-; — Vosa _Vrj 4(1{9 z V;j +Vor 8 Ips,
It can be observed that minimizing the overdrive voltage (Voy) of transistor M2 would result to higher THD. Furthermore,
increasing the efficiency in terms of gmoverld would also result to higher THD. With this, there is a limit in the efficacy of

optimizing Vv and gmoverld in minimizing the total harmonic distortion.
Now for the RFoutl branch, total drain current is expressed as

B B

THD, = ©)

Iy () = 5 [Ves — Vr]: = 3 [(Varas — Voss) — Vr]: (10)
Substituting Vpss in terms of V,y and with Vgs — V, > 0, expression for total drain current becomes

B ._B 2 (11)

Ia(t) = EHVBIA_E‘ -y —VIl-V} = 3 [Varas — (Vi + v,.)]

. vrf? vrf-

I,.,(t) =§ Vi ™ +Tf)—21{,_.1urf- coswt + . cos 2wt (12)
with V,,; = Vgras —Viy and v, = vrfcoswt (13)
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The drain current has three terms, given as

, , vrf?
Iypr = 5 (Varas — Vin )™ + 5 l =lpc = DC term (14)
_F . .
Iipy = > [2vrf(Viy — Vgrac)] — Amplitude of 1st harmonic (15)
Bvrf?
Ly = S\ T2 - Amplitude of 2nd harmonic (16)
Total harmonic distortion of the RFoutl could now be generated as
Ur T
THD, = ! = 4 a7
4(1{953 +V - VEIA_E'j 4[1@ - [VBM_’: — Vpss ]
T Ur Ut .
THD, = f _ v YT Om (18)
_4(V951 - Vrj oy 8 Ipg

Minimizing the overdrive voltage (Vov) of transistor M1 would result to higher THD. In addition, increasing the efficacy in
terms of gmoverld would also result to higher THD. With this, there is a limit in the effectiveness of optimizing Voy and
gmoverld to minimize the signal distortion.
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