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Abstract - The authors have demonstrated a 
fully integrated receive frontend addressing the 
ISM-Band at 24GHz utilizing a standard SiGe 
HBT MMIC process with a relaxed emitter scaling 
of 1.2 ,um, for the first time. Extremely compact cir- 
cuit design and layout techniques are applied to a 
mature WSiGe technology, resulting in a low-cost 
integrated circuit enabling consumer-oriented sys- 
tems at Ka band. The integrated components are a 
preamplifier, a mixer with an IF buffer and a local 
oscillator. The conversion gain is determined to be 
16.3 dB for au intermediate frequency of 100 MHz. 

In communications systems the allocation of the 
24 GHz band for ISM applications is getting more im- 
portant with increasing introduction of new wireless 
services, which leads to a rapid increase of spectral 
congestion at the commonly used frequencies below 
6GHz. Wireless applications at more elevated fre- 
quencies did not penetrate the mass market because of 
cost reasons (with the exception of TV satellite broad- 
casting at 12 GHz). Unlike at lower frequencies, the 
analog front-end electronics becomes a major cost fac- 
tor as the frequency of operation is being increased. 

Coplanar and microstrip oscillators operating 
around 24 GHz have already been reported in [ 11. Also 
a more compact oscillator using lumped elements has 
been descried in [2]. This paper will demonstrate a 
fully integrated receiver front-end addressing the ISM 
band at 24 GHz using HBTs in a commercially avail- 
able Si/SiGe HBT MMIC process. This is to the best 
of our knowledge the first SiGe HBT monolithic re- 
ceiver chip for the 24 GHz ISM band ever reported in 
the literature. 

ILTECHNOLOGICAL FEATURES 

The basis for the integrated circuits discussed in 
this paper is the commercially available Si/SiGe HBT 

technology at ATMEL Wireless & PC (Heilbronn, 
Germany). For transistors with the standard 1.2pm 
wide emitter structures, fT = 30GHz and f,, = 
50 GHz have been demonstrated. Through different 
collector doping profiles selectable for each individual 
transistor by a selective collector implant, the transit 
frequency can be increased to 50 GHz. Full details of 
the technology is described in [3] and [4], for instance. 
For all circuits shown here, standard substrates with 
a substrate resistivity of 20&m is used. The tran- 
sistors with standard 1.2pm wide emitter structures 
have been modified by introducing interdigital collec- 
tor electrodes for multi-emitter-linger structures. This 
modification is described in [S]. 

III. INTEGRATEDFUNCTI~NALBLOCKS 

The chip photograph of the fully integrated receive 
front-end can be seen in Figure 1. The individual cir- 
cuit parts of the receiver, described and characterized 
in sections III.A, IILB and IILC, are the preamplifier, 
voltage controlled oscillator and mixer, respectively. 
They are also separately realized on the same die with 
contacts for on-wafer measurement. 
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Figure 1: Chip photograph of the receive front-end at 
24 GHz 
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A. Preamplifier 

The preamplifier is a three stage amplifier in cas- 
code configuration, with an identical circuit topol- 
ogy depicted in Figure 2. The current density of the 
m transistors (1 x 1.2 x 20 pm2) is set to their fr- 
maximum (12 mA). The transistors Tl and T2 are bi- 
ased by a current mirror and a voltage divider, respec- 
tively. 
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Figure 2: Circuit schematic of a single stage of the 
preamplifier at 24 GHz. 3 stages are cascaded for the 
complete preamplifier. 

The amplifier in Figure 2 is cascaded in series three 
times. The chip photograph of the resulting amplifier 
for 24 GHz is shown in Figure 3. 

Figure 3: Chip photograph of the three stage preampli- 
fier at 24 GHz 

On-wafer S-parameter and noise figure measure- 
ments have shown that in a 50 G test environment 
the amplifier provides a maximum gain of 10 dB and 
a noise figure of 9 dB at 24 GHz. In the frequency 
region between 23.5 GHz and 24.5 GHz the gain is 
nearly constant (see Figure 4 ). 

The DC power consumption is 165 mW at a 3.6 V 
supply voltage. 
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Figure 4: Gain of the preamplifier in a 50 fl test envi- 
ronment 

B. Local oscillator 

The design philosophy behind this oscillator is to 
reduce the consumed chip area to a minimum and 
provide a load-independent oscillation condition with 
high output power. A 16 GHz high power ultra com- 
pact oscillator design is presented in [5]. 

By using active reactance concepts, the oscillator 
core is built up by a parallel resonance circuit, fol- 
lowed by cascade stage buffer amplifier with an on- 
wafer LC-matching network. In comparison to [6] 
only the bias current is increased and an on-wafer spi- 
ral inductor is added for DC supply. 

Figure 5 shows a chip photograph of the real- 
ized MMIC prototype. Neglecting the pad config- 
uration, the oscillator is realized on a chip area of 
430 x 320 pm2. 

Figure 5: Chip photograph of the VCO at 24 GHz 

The spectral output of the VCO can be seen in Fig- 
ure 6. On wafer phase noise measurements with a 
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spectrum analyser indicate a value of -83 dBc/Hz at 
1 MHz offset from carrier, however it is believed to be 
dominated by low-frequency pick-up in the DC feed. 
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Figure 6: Spectral output of the VCO with an output 
power of +3dBm at 24.1 GHz; on-wafer measured 
phase noise: -83 dBc/Hz at 1 MHz offset 

The maximum output power of this VCO is deter- 
mined to be +3 dBm at 24.1 GHz. The results of the 
frequency response can be seen in Figure 7. 
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Figure 7: Frequency responce of the VCO 

The DC power consumption is 266 mW at a 3.6 V 
supply voltage. 

C. Double balanced mixer 

The topology of the mixer is a slightly modified 
Gilbert cell con@uration, followed by an emitter fol- 
lower buffer stage (see schematic in Figure 8). The 
mixer is driven single-ended by the RF signal (Tl) and 
the LO signal (T3). The commonly utilized transistor 

current source for the transistors Tl and T2 is replaced 
by a spiral inductance of two turns. Lowering the po- 
tential levels in the mixer by this replacement increases 
the linearity of the mixer at the output. The differential 
IF output of the Gilbert cell is filtered by an RC filter 
with a comer frequency of 800 MHz and buffered by 
an emitter follower (T7 and T8), which has a transistor 
current source as a load. 

The DC power consumption is 39 mW at a 3.6 V 
supply voltage. 

IV. SYSTEMCHARACTERISTICS 

The receiver presented in Figure 1 is characterized 
on-wafer. The structures at the upper right part of the 
chip are on-wafer capacitors for DC-blocking purpose. 

The conversion gain, shown in Figure 9, is mea- 
sured single-ended by keeping the IF constant. The 
LO frequency is set lower than the RF. The highest 
conversion gain obtained in the single-ended measure- 
ment configuration is 13.3dB. The differential con- 
version gain of the receiver is then 16.3 dB. 
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Figure 9: Single-ended conversion gain of the receiver 
at a constant IF of 100 MHz 

In Figure 10 the receiver conversion gain as a ftmc- 
tion of the RF power is presented. The -1 dB input 
compression point is determined to be P-r dn,,,, in = 
-32.3 dBm. 

The overall DC power consumption is 470 mW at 
a 3.6 V supply voltage. 

V. CONCLUSION 

A standard commercially available Si/SiGe HBT 
process has been used to fabricate a fully integrated 
receiver IC for 24 GHz, opening the way to extremely 
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Figure 8: Circuit schematic of the mixer circuit part for 24 GHz 

161 , 8 , 

IF=%.7hfHz 

RF-24.1 GHz 

Pm., dB = -32.3 dBa 

6- 
-60 -55 -50 -45 -40 -35 

RFpower/dBm 
-30 -25 -20 

Figure 10: Input -1 dB compression point of the con- 
version gain at RF=24.1 GHz and IF=96.7 MHz 

low cost consumer products in this frequency range, 
like short-range sensing and wireless communications 
devices. Further performance enhancements are ex- 
pected from emerging SiGe HBT processes with im- 
proved cutoff frequencies, and from improvements in 
the passive structures used on the chip. 

ACKNOWLEDGMENT 

The fruitful collaboration of ATMEL wireless & 
PC, especially Drs. Schiippen, Erben and Rabe, is 
gratefully acknowledged. Part of this work has been 
supported by the German Ministry of Education and 
Research under the ALCANT-SATCOM collaborative 
research project. 

VI. REFERENCES 

[l] K.M. Strohm, C.N. Rheinfelder, J.-F. Luy, P. 
Niichter, T. Hess, W. Heinrich, H. Kuhnert, M. 
Nadarassin, C. Warns and W. Menzel, “Copla- 
nar and Microstrip Oscillators in SiGe SIMMWIC 
Technology,” IEEE MTT-S IMS, Piscataway, NJ, 
USA, vol. 3, pp. 1563-1566,20.-25. May 2001. 

[2] P. Abele, E. Sdnmez, K.-B. Schad and H. Schu- 
macher, “24 GHz SiGe-MMIC Oscillator Real- 
ized with Lumped Elements in a Production Line,” 
EUMC, Paris, France, 2.-6. October 2000. 

[3] M. Bopp and A. Schiippen, “SiGe Transistor Tech- 
nology for RF Applications,” Microwave Journal, 
vol. 42, pp. 22-39, June 1999. 

[4] A. Schiippen, H. Dietrich, S. Gerlach, H. Koh- 
nemarm, J. Amdt, U. Seiler, R. G&fried, U. 
Erben and H. Schumacher, “SiGe technology 
and components for mobile communications sys- 
tems,” Proc. Bipolar and BiCMOS Topical Meet- 
ing, pp. 130-134, 1996. 

[S] E. Siimnez, P. Abele, K.-B. Schad and H. Schu- 
macher, “High power compact 16 GHz integrated 
oscillator design using active reactances,” Solid- 
State Electnmics, vol. 45, pp. 1909-1913,200l. 

[6] E. Siinmez, A. Trasser, K.-B. Schad, P. Abele, H. 
Schumacher, “High Power Ultra Compact VCO 
with Active Reactance Concepts at 24 GHz,’ 
EMK London, United Kingdom, 24.-28. Septem- 
ber 200 1. 

162 


	MTT024
	Return to Contents


