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HEMT—-HBT Matrix Amplifier

Claudio Paoloni

Abstract—A novel matrix amplifier using simultaneously
high electron-mobility transistors (HEMT'’s) and heterojunction
bipolar transistors (HBT's) is proposed in this paper. The ampli-
fier includes HEMT’s in the first tier and HBT’s in the second tier.
The HEMT-HBT matrix amplifier in comparison to the HEMT
matrix amplifier presents a notable lower dc power consumption
without remarkable gain and bandwidth reduction, maintaining
the advantage of using HEMT'’s in the first tier. A theory to
demonstrate that the amplifier performance can be optimize if
the HBT'’s in the second tier are properly chosen is also proposed.
A comparison among the HEMT—HBT matrix amplifier, HEMT
matrix amplifier, and HBT matrix amplifier is also presented. Fig. 1. Schematic of the HEMT-HBT matrix amplifier.

Index Terms—DPistributed amplifier, HEMT, heterojunction o o ) ) )
bipolar transistor, matrix amplifier, MMIC'’s. uration is to obtain high-gain performance in a multioctave fre-

guency band together with low dc power consumption, main-

taining most of the advantages of HEMT'’s (i.e., noise figure,

bandwidth). The first tier consists of HEMT’s. The HEMT's in

ONOLITHIC-MICROWAVE integrated-circuit the second tier are replaced by HBT's to get gain at low dc power
(MMIC) matrix amplifiers are one of the mostconsumption.

convenient solutions for broad-band applications when a highAs was demonstrated in [11], the noise contribution of the

gain-bandwidth product is required [1]-[5]. High gain on second tier of the matrix amplifier is a small portion of the

multioctave frequency range, up to millimeter-wave frequemmplifier's overall noise figure. Therefore, it is expected that

cies, together with compact layout and, consequently, reduaegsing HBT'’s in the second tier does not significantly degrade

chip cost, are the main characteristics of matrix amplifiers. Tlilee overall noise figure with respect to the use of HEMT's in

high electron-mobility transistor (HEMT), due to its gain andhe second tier.

low-noise features, has been demonstrated as the best active® study on the attenuation on the central line of the

device to realize this kind of amplifier. An HEMT matrix HEMT-HBT and HEMT matrix amplifiers is also performed.

amplifier showing 20-dB gain and 5.5-dB noise figure in th&he results will demonstrate that a proper choice of the HBT

6-21-GHz frequency band was reported in [4]. A frequen@an optimize the performance of the HEMT-HBT matrix

band up to 52 GHz and 9-dB gain was obtained for the HEMAMplifier.

matrix amplifier reported in [5]. To show the advantages of the proposed solution, the
Nevertheless, the advance in heterojunction bipolar transistlEMT—HBT matrix amplifier is compared to the HEMT and

(HBT) technology has permitted the use of HBT's in distributeHlBT matrix amplifiers.

and matrix amplifiers with remarkable results [6]-[8]. The first

HBT matrix amplifier achieved 9.5-dB gain with a 3-dB band- [I. THEORY

width to 24 GHz [7]. A dc power consumptlon of "?‘bo,”t 60 mw The matrix amplifier (Fig. 1) can be schematized, assuming a

was also reported. It is noteworthy that this value is S|gn|f|cantcg/

|I. INTRODUCTION

I ; . to the tvpical d . nilateral model for the HEMT [see Fig. 2(a)] and the HBT [see
OWEr In comparison 1o the typical dc power c_o_nsumpnon ig. 2(b)], by three artificial transmission lines (input, central,
HEMT matrix amplifier (several hundreds of milliwatts). Typ'and output) coupled by,,.. According to the distributed am-

ically, HBT matrix amplifiers presents higher noise figure thaBIifier theory, the three transmission lines must have the same

HEMT matrix amplifiers. ; : .
. . hase velocity. The theoretical cutoff frequency of the matrix
Recently, the introduction of HEMT-HBT-selected mOIngmplifi er is y q y

ular beam epitaxy (MBE) integration technology [9], [10] has
provided new opportunities to designers. The integration on the £ = 1
same chip of HEMT's and HBT’s permits to realize circuits that ¢

- VLG
merge the advantages of the two different active devices. > . . .
In this paper, a two-tier matrix amplifier using HEMT’s and’\lhereoZ Is the input capacitance of the used active dewice (

HBT's simultaneously is proposed. The purpose of this confi If HBT or Cl, if HEMT) and L is the inductance to define the
YIS prop ' purp Bharacteristic impedance of the artificial transmission lipe=

\/L/Ci = 50 Q.

@)
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(b)
Fig. 2. (a) HEMT unilateral model. (b) HBT unilateral model.

(b)
Fig. 3. (a) Central line of the HEMT matrix amplifier. (b) Central line of the
HEMT-HBT matrix amplifier.
of the HBT distributed amplifier is lower than the HEMT

distributed amplifier [4]. page, according to the theory in [13]

In a matrix amplifier topology where HEMT's are included inwhere
the first tier and HBT's are placed in the second tier, this aspect 2
loses part of its importance in terms of frequency band and gain. Wee = VOuiL.

The higher input capacitance of the HBT is absorbed in the 1
central line, whose characteristic impedance can be different Wm = Rus1Cocs
from 50  without degradation of the input and the output e
matching. Wy =

The characteristic impedance of the central line that provides 2 1g52
the same phase velocity of the input line is [12] W = ———.

Rdslcdsl
_ L. The subscripts 1 and 2 refer to the HEMT’s in the first and
Zoe =\ 7 # 2o (2) . :
Co1 +Ci2 second tiers, respectively.
where The central line of the HEMT-HBT matrix amplifier [see
Fig. 3(b)] has the same topology of the output line of the dis-
1 tributed amplifier. The attenuation is expressed as [13]
Li=—7—7——
72 f3(Co1 + Ci2) wa

C,, is the output capacitance of the devices in the first tier and Appg = ——20 - 4)
C;, is the input capacitance of the devices in the second tier. <1 _ w_)
Therefore L. determines the cutoff frequency of the central line w?
at the same value of the cutoff frequency of the input line, even
. . ere
if the sum of the output capacitance of the HEMT,; = Cys) 1 R R
and the input capacitance of the HBT;» = C.) is higher than we=—— and w,= ds + fix .
Cgs- 27rfc (Cds + Cﬂ')RdsRﬂ'

The effect of the attenuation on the input and output transmis-To compare the frequency behaviorAf and A... for a given
sion lines on the frequency response of the distributed amplifisvuple of HEMT and HBT, the differencé.—A.. between the
was already analyzed [13]. These results are also valid for treo functions was adopted. In Fig. 4, the curvés-A.. are
matrix amplifier. On the contrary, the attenuation on the centralotted as a function of the frequency normalized to the cutoff
line of the matrix amplifier must be investigated. An expressidnequencyf.. The values of the circuit element%,,, R, R;,
of the attenuation on the central line of the HEMT matrix amR ., andC. were varied according to the range and the recip-
plifier [see Fig. 3(a)] is derived (3), shown at the bottom of thisocal levels they typically assume in HEMT’s and HBT's. The

®3)
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Fig. 4. Difference between the attenuation on the central line of the HEMT

matrix amplifier (4.) and the HEMT—HBT matrix amplifier4....) for different §

couples of HEMT and HBT. !
3
1G]

value of Cys was fixed atCys = 0.128 pF without loss of gen-
erality. The values of the circuit elements are indicated in the 5|
figure for reference to obtain only the upper and lower curves
Besides, to make the figure clear, only a small number of the .
curves generated with intermediate values of the circuit parame ! 10
ters are plotted. In many cases, the differedgeA.. is positive Frequency (GHz)
in most of the frequenpy band. IF means that the central line ,%_ 5. (8)Ss1, (b) [Has|, andGimay of the HEMT in [14] and the HBT in [6].
the HEMT matrix amplifier has higher attenuation than the cen-
tral line of the HEMT—-HBT matrix amplifier. Therefore, if the
HEMT and HBT are properly chosen, a less attenuated central
Iint_e can bg obtained with respe_ct to the use of HEMT's only. 4L — HEMT-HBT Matrix Amplifier
This is an important outcome since, even if the HBT has per- -~ HEMT Matrix Amplifier
formance worse than the HEMT, the matrix topology partially 2T — — HBT Matrix Amplifier
offsets the disadvantage. The difference of the performance b¢
tween the HEMT and HBT, when HBT'’s are inserted in the
second tier of the matrix amplifier, is reduced. It can be esti-
mated from Fig. 4 that, to obtain a central line with less atten-
uation, Cys must be lower tha”;. (more than two times). Of
course, the contribution of the other circuit elements is not neg
ligible, thus, a verification by comparing (3) to (4) is advisable.

Gain (dB)

1. HEMT—-HBT MATRIX AMPLIFIER PERFORMANCE 10 L ' : '
¢} 5 10 15 20 25 30

The advantages of the HEMT-HBT matrix amplifier Frequency (GHz)
are demonstrated in the following. The performance of the
HEMT-HBT 2 x 4 matrix amplifier is compared with the Fig. 6. Gain of the HEMT-HBT matrix amplifier compared to the HEMT

. . . matrix amplifier and the HBT matrix amplifier.

HEMT 2 x 4 matrix amplifier and the HBT 2x 4 matrix
amplifier. The same active devices, same topology, and same
design constraints were adopted in the three cases to obtain
the best performance from each amplifier. HEMT’s [14] and For referenceSs;, |Hai1|, and Gyax Of the chosen HEMT
HBT's [6] reported in literature were used for the purposand HBT are shown in Fig. 5. It can be noticed that the HEMT
of this paper since a circuit realization is beyond the scopas higher gain in a wider frequency band than the HBT.
of this paper. Even if these active devices belong to differentThe three matrix amplifiers were designed and simulated at
technological processes, it can be assumed that equivalketdyout level imposing flat gain and less tha@2 dB of input
performance could be achieved if they were devices of the saara output return loss on a 3-dB bandwidth to 30 GHz. All the
process. It must be considered important, not the absolute vadiraulations were performed with Libra.
of the performance of each amplifier, but the relative difference The gains of the three amplifiers are compared in Fig. 6.
in performance among the three amplifiers. This approachTihe HEMT matrix amplifier obtains the higher gain (more
applied only with the scope of demonstrating the validity of thihan 19 dB), while the HBT matrix amplifier shows the lower
theory exposed in the previous sections. gain (less than 16 dB). It is noteworthy that the gain of the
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the SPICE noise model. According to the noise theory for ma-
trix amplifiers [11], the noise figure of the HEMT-HBT matrix
amplifier does not significantly degrade with respect to the noise
figure of the HEMT matrix amplifier.

IV. CONCLUSIONS

A novel topology of matrix amplifier including HEMT's in
the first tier and HBT's in the second tier has been presented.
The electrical characteristics of HEMT’s and HBT’s have
been combined to optimize the amplifier performance. The
HEMT-HBT matrix amplifier presents the gain and bandwidth
comparable with the HEMT matrix amplifier, even in the case
of an HBT with a worse performance than the HEMT. In
addition, a remarkable reduction of dc power consumption is

Fig. 7. Attenuation on the central line of the HEMT-HBT matrix amplifierdemonstrated. Combining HEMT's and HBT's represents a

(A..) compared to the HEMT matrix amplifierd(.).

Noise figure (dB)
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- - - - HBT Matrix Amplifier

0 1 L 1 ]
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Fig. 8. Noise figure of the HEMT-HBT matrix amplifier compared to the

HEMT matrix amplifier and the HBT matrix amplifier.

HEMT-HBT matrix amplifier (18 dB) is only 7% lower than
the gain of the HEMT matrix amplifier. By analyzing these

new opportunity to design low dc power-consumption matrix
amplifier for broad-band application up to millimeter frequency
with a noise-figure level that only HEMT'’s can guarantee. It
is also evident that the degrees of freedom in the design of the
HEMT-HBT matrix amplifier are numerous, depending on
the characteristics of the active devices that the technological
process can provide.
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