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Abstract-This paper describes a singleended three-stage 
SiCe HBT distributed amplifier employing constant-k, m- 
derived filter sections in the output artificial transmission 
line. The distributed amplifier exhibits a measured passband 
of 100 MHz to 50 GHz, has a small die size (1.0 x 1.1 mm’) 
and low power consumption (125 mw). This amplifier is suit- 
able for use in communication systems. 

1. IN-rRooUCTloN 

The telecommunications industry is focusing on wide 
bandwidth amplifiers for RF and fiber applications. Most 
manufacturers of 40 Gb/s components have obtained this 
wide bandwidth by using expensive technologies with high 
fr. High speed circuits are being designed in SiGe with bit 
rates at 01 above 40 Gb/s, obtaining results previously only 
seen in the exotic III V technologies [l] - [4]. The IBM 
BiCMOS SiGe process employed in the fabrication and 
design of this distributed amplifier reports an fr of 120 
GHz and an f,, of 100 GHz [5]. 

This paper describes a single-ended three-stage distrib- 
uted amplifier useful for 40 Gb/s applications. The small 
die size (1 .O x 1.1 mm*) and fabrication in SiGe translates 
into low cost. The distributed amplifier has a low power 
consumption of 125 mW and a measured passband of 100 
MHz to 50 GHz. 

II. Cr~curr DESIGN 

The single-ended distributed amplifier is a 3-stage cir- 
cuit (Fig. I) that employs artificial input/output tmnsmis- 
sion lines. 

Fig. 1. Three-stage single-ended distributed amplifier 

The two port networks of Fig. 2 are frequently used as 
simple models for lossless artificial transmission lines. [6] 
- [71. 
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(b) 
Fig. 2. (a) A constant-k T filter section, and @) A con- 
stant-k m-derived T filter section 

The constant-k filter section provides a means of con- 
necting two gain stages without sacrificing gain bandwidth 
product. This is done by incorporating the device input 
and output capacitances of the individual gain stages into 
the filter section [6]. 

The constant-k section has an image impedance that is a 
function of frequency and is defined as: 

z,=z, l-7 
d 
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WC 

where the characteristic impedance is: 

(2) 

and the cutoff tiequency is defined as: 

This frequency dependant impedance defined by (1) is not 
physically realizable as a termination and so, often takes 
the form of a resistor with an impedance of Z, To im- 

prove the frequency response of the artificial transmission 
line a bisected m-derived filter section is often placed be- 
fore the resistive termination. This section reduces the 
frequency dependence of the image impedance seen by the 
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resistive termination and as a result improves the perform- 
ance of the artificial transmission line. Through careful 
design and the appropriate choice of filter section, the 
added complexity of incorporating the bisected m-derived 
filter sections into the artificial tmNniSSiOn line can be 
avoided. 

The performance of the artificial transmission line is de- 
pendant on the type of filter sections used. Fig. 3. 
shows that the m-derived T section has a flatter passband 
and a better input reflection coefficient than its come- 
sponding constant-k T section. 

Fig. 3. ISI 11 and IS21 for the constant-k T section and m- 
derived T section, with m = 0. I. 

The m-derived T section is a modification of the constant- 
k T section. Both sections still maintain the same image 
impedance as defined by (I) but the new m-section has an 
LC series resonance in the shunt arm. This resonance pro- 
vides the ability to modify the passband attenuation. The 
resonant frequency of the LC shunt arm is defined as: 

(4) 

where 0 < m < I , Note: if m is set to 1, the passband char- 
acteristics are identical to those of the constant-k T sec- 
tion. 

An artificial tmnsmissibn line composed of m-derived 
sections is ideal for a distributed amplifier. However, there 
is a draw back. The m-derived sections take up more lay- 
out area. The choice then becomes a trade off between 
desired (or required) performance and the available die 
space. Therefore, the m-derived filter sections should be 
employed where better performance from the artificial 
transmission line is needed. The distributed amplifier pre- 
sented here uses m-derived filter sections for the output 

artificial transmission line and constant-k T sections for 
the input line (Fig. 1.). 

B. Gain 

A cascode design was chosen for the individual gain 
cells (Fig, I) of the distributed amplifier. The addition of 
the cascode transistor reduces the Miller effect, and im- 
proves the isolation between the input and output artificial 
transmission lines. The reduction of the Miller effect cou- 
pled with the reduction in input capacitance brought about 
by the addition of the emitter resistor increases the upper 
frequency limit of the gain cell. The emitter degeneration 
resistor also helps reduce output distortion. 

The voltage and power gain equations for the distributed 
amplifier assume: lossless artificial transmission lines, 
simplified transistor models, uniform current source exci- 
tation, input and output line phase synchronization and 
ideal terminations. The voltage gain is defined as: 

Av = 2/ezoe-N’ (5) 

And the power gain equation is: 

G=4fz$=3-&e-2No C6) 

where N is the number of stages, g, is the small signal 
transconductance of each stage, 0 is the complex 
propagation constant of the line , Z, and Z. are the 
characteristic impedances of the input and output artificial 
transmission lines respectively, L, is the inductance of the 
input constant-k T section, R, is the emitter degeneration 
resistance and RzI is the small signal x transistor model 
input resistance. 

III. MEASURED C~curr PERFORMANCE 

The single-ended three-stage distributed amplifier (Fig. 
4) employs off-chip 50 Ohm terminations for the dummy 
loads of the artificial transmission lines. Unfortunately, the 
electrical length introduced by the off-chip terminations 
was not taken into account and introduced multiple reflec- 
tions throughout the passband. The output artificial trans- 
mission line ISll/ was measured first with port I of the 
network analyzer and an off-chip termination for the 
dummy load and then with the termination replaced with 
port 2 of the network analyzer (Fig. 5 (a)). It can be 
clearly seen that the removal of the off-chip termination 
also removes the reflections. A comparison between the 
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measured /Sl I I and spline approximated reflection-free 
ISI II (Fig. 5 (b)) of the output artificial transmission line 
shows that the spline approximation is an adequate repre- 
sentation of the reflection-free frequency response. The 
spline approximation will be used for the S parameter and 
group delay plots. 

Fig. 4. Die photograph of the I .O x 1.1 mm* three-stage 
single-ended distributed amplifier. 

Fig. 5. A comparison of the measured ISI II of the output 
artificial transmission line (a) with a 50 Ohm dummy load 
termination and with the 50 Ohm termination replaced 
with port 2 of the network analyzer and (b) the spline ap- 
proximation of IS 11) and port 2 of the network analyzer as 
the dummy load. 

The distributed amplifier simulations were done with the 
supplied IBM models and models created from simula- 
tions in Momentum and ADS. The S parameters were 
measured with a network analyzer and pica probe station. 
The network analyzer is limited to a maximum bandwidth 
of 50 GHz. The bandwidth can be seen to exceed 50 GHz 
for’the distributed amplifier (Fig. 8). The amplifier exhib- 
its a passband gain (measured from 100 MHz to 50 GHz) 
that varies from approximately 9 dFt to 5 dB. The input 
reflection co&cient (Fig. 6) is better than -15 dB and the 
output reflection coefficient (Fig. 7) is better than -12 dEL 
The reverse transmission coefficient (Fig. 9) is less than 
40 &. The calculated group delay from measured and 
simulated S parameters (Fig. 10) is approximately 20 pS, 
relatively constant over the bandwidth. The distributed 
amplifier employs a 5V rail and dissipates 125 mW of 
power. 

Fig. 6. Measured and simulated ISI 11 

-5r 

Fig. 7. Measured and simulated IS221 

Fig. 8. Measured and simulated IS211 
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Fig. 9. Measured and simulated IS12 

Fig. 10. Calculated Group delay from measured and simu- 
lated data. 

The 1 & compression point was measured and simu- 
lated for a few values of frequency (1, 10, 30, and 49 
GHz). If operation across the entire bandwidth is desired 
then an input power limitation is approximately measured 
to be 0.84 dE%m (Fig. 11). This is the upper limit of input 
power because it is the lowest measured 1 dB input re- 
ferred compression point. The corresponding output power 
is 8.49 &m (Fig. 11). 
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Fig. 11. The input and output referred 1 dB compression 
point. 

IV. CoNCLUsloN 

This paper presented a 0.1 - 50 GHz single-ended tbree- 
stage SiGe HE3T distributed amplifier. With 9 - 5 dEI gain, 
an input/output reflection coeff%ient better than -12 dEt 

and a reverse transmission coefficient better than 40 dB. 
The amplifier employed constant-k m-derived filter sec- 
tions and constant-k T filter sections in the artificial trans- 
mission lines. The performance of the amplifier is depend- 
ant on the performance of the artificial transmission lines. 
It is clear that the constant-k m-derived filter sections can 
be employed when better performance is needed to obtain 
the desired (or required) results. The amplifier dissipates 
125 mW of power and is only 1.0 x 1.1 mm* in size, these 
factors coupled with the achieved results make the SiGe 
process a capable alternative to the more exotic 111 - V 
technologies for distributed amplification. 
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