CMOS/SIMOX-RF-Frontend for 1.7GHz
D.Eggert, W.Budde

Fraunhofer-Institute of Microelectronic Circuits and Systems
IMS-2 Dresden, Grenzstr.28; D-01109 Dresden

Abstract: The cointegration of high-speed NMOS devices iaddctive
elements by means of a SIMOX-technology with high-resistivestrates
enables operating frequencieswhich meet the needs of modern
communication systems. Thigper describes a RF frontend operating in the
frequency rangd.4 to 1.9GHz. Theerformance of the presentedcuit
proves thecapability of this technology to realize cplete RF-systems on a
single chip.

Introduction

The large expectedrowth of telecommunication markestates achallenge to all basic

technologies. Considerirthe lowermicrowave range 1 to 3GHzlat of systems likeGSM,

DECT and UMTS weralefined to meethe needs of a&ommunicating societyFurther

research had to be provided for improving the high speed capabilities.

EspeciallyCMOS-technologies according to their wide experiences in digital signal processing

offer in combination with high-speed devicélse integration of completdRF-systems

at once [1]. Introducingdditionalprocess steps to form a BICMOS technology iswag to

satisfy such system specificatiofd. An alternative waywithout introducingbipolar process

steps was developed aur institute. It consists of a CMOS-SIMOX technology bigh-

resistive substrates.

The combination of SIMOX-wafer and thin film silicoesults in dielectric insulated transistors

enablingthe use ofhigh resistivesubstrates. Decreased capacitivading and béer wave

propagation performance characterize a technology that offers the following devices:

* NMOS transistor (eff.gate length: 0.3im; fmax: about 22GHz;Fmin(2GHz) 1.2dB
(400/04))

* PMOS transistor (eff. gate length: Am; fmax about 16 GHz)

» Capacitors built as MIM structur (high quality factor;capacitance of 30rﬂ§/cm

* Inductors (eff. quality factor up to 12 as a function of device geometry and frequency).

One way to realize RF circuits is optimizirige technology byminimizing the capacitive

loading to increasehe cut-off frequency of a low pass systefBut with respect to the

capability ofinductors to compensate a capacitive plshge it is possible to form a bandpass

system operating at higher frequencies with the same devices.



Circuit description
The circuit block diagramm is depicted in Figure 1.
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Fig. 1: Block diagramm

The frequency converting unit is formed by a gillweit. According tothe operatingprinciple

to achievebest performance 2 RF and 2 Isfgnals (every paicharacterized by an phase shift

of 180 degrees) have to lapplied. Thesesignalsare provided bytwo high frequency
baluns[3]. The components amesigned to matcthe system to a 50 Ohm systeithe IF
signal is amplified by aclded cascodélifferential amplifier. A following buffer enables the
evaluation of the whole system on wafer with an microwave coplanar probing station.

The schematic othe high-frequency baluns is shown in Figure 2. These blocks match the
capacitive input impedance to a 500hm system and prok@eorrectphase shift of 180
degrees. It consists divo parallel stages. The transistors M1 and M2 are arranged in
common-source and common-gated configuration, respectively.
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Fig. 2: schematic of high-frequency balun



A 20pF capacitor serves as AC decoupling atgaee of M2. The inductors weselected
according to optimal input matching andtputphase shift. 10pF capacitongere introduced

to decouple the bias settings from the following gilbert cell. A schematic of the main part of the
circuit is depicted in Figure 3. The gilbert cell consists of transistors M12 ...M17.
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Fig. 3:schematic of the gilbert cell and the IF-amplifier

The correcbiaspoint of thecircuitry is setvia 2 current mirrors and the correspondiegel
shift transistors. To prevemigh frequencyeakage thdiasnetwork is decoupledia resistors
R1...R4 in combination withthe capacitors C1 and CZhe transistors M20...M28 in
connection with thejilbert cell formthe folded cascodeifferential amplifier. A similar design
was presented ij#]. The low input resistance of thitage assurdsgh conversion gain even
at high IF frequencies.

Measurement results

The circuit was designed fonaximum ofconversion gain. Thpower supply is 6.0Vfor the
gilbert cell andthe IFamplifierand 1.5V and 3.0V high-frequency baluns. Thiger and IF-
amplifier consumes about 15mA. The current consumption of the output buffer is about 13mA.
The 2 high-frequency baluns drain 30 mA.

The high-frequency measurementere performed on wafensing a microwave coplanar
probing station. Figure 4 shows timsertion gain as a function aO- and IF-frequency. The
minus sign ofthe IF-frequency is t@mphasizehat the is RFbelow the LO. Weachieve a
maximuminsertion gain ofL6dB at an LO-power dddBm (LO: 1.7GHz; RF1.6GHz). The
1dB-compression point according to this LO-drive is -17dBm thedIM3 is -7dBm. These
power levels are related to the input.

To evaluate thedynamic characteristics of the circuihoise figure measurements were
performed. The DSB noise figure is depicted at Figure 5.
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Fig. 4: insertion gain versus LO-and IF-freq. Fig. 5: DSB noise figure

Due to straysignalscoupled into the measurement configuratioreealuation below 150MHz
was not possible. Above 150MHeeliable results were obtained. We obtained a DS®ise

figure ofabout 8dB over the operatifiggquency range. Figure 6 shows a microphotograph of
the presented circuit.

Conclusions

Additional investigations to lowethe powerconsumption and to improvine largesignal
characteristics have to be done. Neverthelessdimination of inductive elements wikigh
speed NMOS devices ispgomising solution to shifthe operatindandwidth of an integrated

system. The presented circaltviously revealshe capabilities ofCMOS/SIMOX technology
to realize integrated telecommunication systems.
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