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Abstract This paper presents two balun 

circuits derived from the lumped Lattice-type 

LC-balun. First the lumped LC-balun bridge el- 

ements are substituted by microstrip lines. Tliis 

results in an improved performance at the 2nd 

and 3rd harmonic frequency for RF power am- 

plifier output baluns. Secondly, the lumped 

Lattice-type LC-balun is extended to a dual band 

balun. Independent impedance transformation 

j and balun conversion can be done at two different 

frequencies. The design equations are derived. 

T-junction with two arms differing in their length by X/2 

and an even-mode suppression structure. 
Baluns like these are required for push-pull amplifiers. 

As the structure proposed by 15) is rather large for a 

low dielectric constant E?, lumped LC-balun are widely 
used. Fig. 2 shows the schematics for a push-pull power 

amplifier usage. The lattice-type baluh consists of two 

RF bypass capacitor 
#It-+ 

I. INTRODUCTION 

The lumped Lattice-type LC-balun (Fig. 1) was orig- 
indiy known from the early 1930’s as antenna balun 111, 

PI, [31, 141. 
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Fig. 2. Lumped LC-balun as push-pull type power amplifier 

output matching network. 

Fig. 1. Lattice-type LC-balun network. 

This circuit transforms the balanced input into an 

unbalanced output by shifting the phase of one input 

port by +90” and the second input port by -90” and 

vice versa. Other balun concepts are based on a x/2- 

transmission line (I 180°) added to a power divider or 

a filter structure. [5] shows a microstrip balun with a 

inductances L1 = Lz and two capacitors CI = Cz. A 
RF-choke and a DC-block capacitor are used to feed the 

supply voltage. RI is the balanced input impedance of 

the bridge. Each collector is loaded by RI/~. Rr, is the 

load resistor, usually 500. L and C can be calculated 
by 

0) 
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Cl =cz = .-!- 
w1-G 

where Zr = x./- is the characteristic impedance of 

the bridge. wr = 27rfr is the frequency of operation. 

II. MICROSTRIP LINE BALUN 

The four lumped elements of the LC-balun in Fig. 2 

can be substituted by transmission lines. We designed a 

balun where Ll, L2 and C2 were substituted by trans- 

mission lines while Cl remains as a lumped element. 

Fig. 3 shows a balun layout for f= 2.4GHz for a sub- 

strate with a thickness of 0.51mm and an cr of 3.38. 

The radial stub is not necessary if it is replaced by a RF 

bypass capacitor. However, the radial stub is a good RF 

short-circuit [6], [7]. 

Fig. 3. Microstrip line balun for 2.45GHz and 

with a thickness of 0.51 mm and E,. = 3.38. 

a substrate 

The necessary equations in addition to the Hammer- 

stad [8] formulas are given by: 

WLl = zotane , es; (3) 

wL2 = &sin6 , e-c; (4) 

tane 
WC2 = - , 

20 
es; (5) 

with f A 2 and X as wavelength [9]. Designing such This balun was tested with a 2.45 GHz power ampli- 

a balun starts by calculating L and C using Eqn. 1 and fier chip. The power amplifier is presented in [ll]. Fig. 6 ’ 

Hqn. 2. Next step is the substitution of the lumped el- 

ements by transmission lines (Eqns. 3 - 5). Cl is not 

substituted for the reason, that a long transmission line 

larger than X/4 would be necessary. This would lead to 

a narrow bandwidth and large outer dimension for low 

frequencies. 

This balun structure shows several advantages to the 

standard LC-balun solution: 

Only one lumped element is required. 

The use of transmission lines gives two variables per 

element to adjust the outer dimensions. However 

this complicates the design procedure and requires 

simulation tools. 

The second harmonic load impedance shows very 

low input impedances while the third harmonic load 

impedance shows very high impedances. Especially 

for nonlinear operation this leads to high efficient 

amplifiers [lo]. 

The outer dimensions are significantly smaller than 

other microstrip based baluns [5]. 

Fig. 3 shows the layout of such a balun. It was de- 

signed for a center frequency of 2.45 GHz and a load 

impedance of 26 R. Fig. 4 shows the simulated results 

for fundamental, second and third harmonic frequency. 

Fig. 4. Simulted results for the load impedance at the funde- 

mental frequency of 2.45 GHz and the second and third 

harmonic frequency for 20 = 26 R. 
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shows the frequency response of this module. The sub- 

strate parameters are sr =3.38, tan6 = 0.0027 and the 

dielectric thickness is 0.51 mm. The metallization layers 

consist of 18pm copper with a nickel diffusion barrier 

and 5pm gold on top for bonding. The lumped cap%- 

Fig. 5. Photograph of the power amplifier test-board includ- 

ing microstrip line bahm (size: 36 x 29 mm2). 

itor Cl is a 1.2pF 0805 AVX ACCU-P type capacitor 

(effective capacity M 1.4pF). 

30 . . . . . . . . . . . . . . . . . . . . . . . 50 
- Outout Power 

45 

25 

2000 2100 2200 2300 2400 2500 2600 

Frequency [MHz] 

Fig. 6. Measured power amplifier frequency characteristic. 

III. DUAL BAND LC-BALUN 

For dual band applications an extension to the stan- 

dard LC-balun can be made: If the inductors are re- 

placed by a parallel resonant circuit and the capacitors 

are replaced by a series resonant circuit in Fig. 1, then 

a lumped dual-band LC-balun, shown in Fig. 7, is avail- 

able. 

Using this as an output matching network for a push- 

pull type power amplifier leads to a schematic shown in 

Fig. 8. The circuit provides a balanced input impedance 

RF bypass capacitor 

“~-l-l-rvcc 

LP L, ) RF 
Choke 

T  

== cs 

I LS 

” l 
DC-block 

RLo* L == c =1 
s 

P P 
7 

Fig. 8. Dual-band lumped LC-balun as push-pull type power 

amplifier output matching network. 

RI at wi = 27rfi and Rz at wz = 27r.f~. Independent 

matching and balun conversion at two different frequen- 

cies can be done. Ls, CS, Lp and Cp can be calculated 

by 

Ls = 
wl*zl+w2~z2 

w;-w: 

%2-a 

cs = Wl w-2 

wl-Z2+W2~Zl 
(7) 

cp = 
wl~z2+w2~zl 

64 -WI) - Z1*& (9) 

where Zi = dm and ZZ = dm are the char- 

acteristic impedances of the bridge at WI and ws. RI, 

R2, 21 and 2s are assumed to be real valued. Note, 

that 

w2 = kwl (10) 

with k > 1. For example wr = 27r900MHz and k = 2, 

so that ws = 27r 1800 MHz, would be well suited for a 

GSM dual-band push-pull power amplifier. 
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Fig. 7. Equivalent circuit of the dual-band LC balun vs. the frequency. 

IV. CONCLUSIONS 

Two balun circuits derived from the conventional LC- 

balun bridge are presented. The lumped LC-balun is 

transformed in a microstrip line balun for the use as 

a power amplifier output matching network. This re- 

sults in a low impedance at the 2nd harmonic frequency 

and a high impedance at the 3rd harmonic frequency to 

improve the power-added efficiency (PAE). Finally, the 

lumped LC-balun is extended to a dual baud balun. The 

design equations are derived. Independent impedance 

transformation and balun conversion can be done at two 

different frequencies. 
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