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BALANCED FET UP~CONVERTER FOR 6 GHz, 64~QAM RADIO

P. BURA

NORTHERN TELECOM,

ABSTRACT

70 MHz to 6 GHz balanced FET up-converfer s
describeds Thlrd order intercept polnt of 26 dBm,
converston galn of 3 dB and 33 dB LO suppression
were measured. fts highly {inear performance makes
i+ sultable for_64-QAM radio. Bit error rates
lower than 10-27 yere measured at 2.7 dBm RMS
(64-QAM) output level.

1.0 Introduction

A single ended (un-balanced) FET up-converter (U/C)
circult was first desligned and tested In June 1980
(1. In this circult both Local Oscillator (LO)
and |F signals are appliled to the gate of the FET
and the up~converted oufput Is taken from the FET
drain clrcult. The circuit had approximately 4 dB
IF to U/C output conversion galn and 8 dBm, 1 dB
compressed output level.

The major disadvantage was a
level: 18 dBm, l.e.
the gate.

I'n order to reduce the side-band fllter
requirements, more than 20 dB LO rejection 1is
needed. This can be accomplished by means of a
balanced FET up=-converter circult.

large LO leakage
the same level as applied to

2.0 Circult description

A balanced U/C circult 1s shown In Figure 1.

For LO suppressfon at the output, there must be
180° phase shift for fhe LO signal passing through
the two FET's (F1 and F2). This 1is achlieved by
means of an lta-phase (Wilkinson) splitter at +he
fnput and a 180° combiner ("rat race®™) at +he

oufput. The two splifters/combiners can be
Interchanged. An alternative varsion used
quadrature hybrids at the Input and the output.

The (F stgnal s fed to the +two gates fn
anti-phase. This 1Is equivalent +o the polarity
reversal in a dlode wup-converter. The phase
reversal Is achieved by means of an IF transformer

with a centre-tapped secondary. {F chokes and 4pF
capacltors prevent the IF signal from belng shorted
by the bias supply and RF hybrid respectively.

FETs used are NE695. They were selected on the
basis of the saturation feveli and gain at 6 GHz.
The saturation level determines +the LO level
required whtle galn will determine IF +o U/C
conversion. NE695 has 22 dBm 1 dB compression
point and 9 dB 1inear galn at 6 GHz.

The FETs are blased at +he plinch-off, l.e.
approximately zero draln current In absence of the
LO drive. With a full drive, the drain current
reaches 40mA at 9v dratln blas.
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3.0 Results

3.1 Conversion Gain & 1 dB compression point

Pout versus Pin curve Is shown In Figure 2. The
linear conversion gain 1is 1,7 dB. Taking 1into
account the side~band fllter loss and loss of the
combiner in the U/C output the conversion galn
becomes 3.0 dB. Thls Is In good agreement with the
previous results for a single ended U/C.

The 1 dB compression polnt is 13.5 dBm (14.5 dBm
before the fllter).

3.2 Intermodulation Ratio (IMR) and the Intercept
Point

Thls was measured using two equal input tones at 68
and 72 MHz. The results are tabulated below:

Pout (single tone level) dBm 6 7 8
IMR dBc 40 38 36

The third order intercept polnt is thus 26 dBm.

A typical dlode U/C IMR 1Is specifled at 36 dBc at
~5 d8m (single tone output Vlevel). Thus, the
results for the FET U/C show a 13 dB lIncrease 1in
the operating output power level.

343 LO Suppression

With the FET U/C driven with 18 dBm LO level, the
LO leakage measured before the side-band filter was
=15 dBm, or 33 dB below the Input level. With the
U/C operating at 3 dBm rms output, the LO leakage
will be 19 dB below +the output. This is
appreclably better than a dlode U/C performance.
This means that the fiitering requirement, compared
with the diode U/C, can be slightly relaxed.

3.4 Bit error rate (BER) measurement

To evaluate the sultabliliity of the up=-converter for
a 64-QAM digital radio, the BER was measured In a
test set-up shown In Figure 3.

An external 70 MHz IF amplifier Is used to ralse
the 64-QAM modulated up~converter tInput +o +the
required level. A common LO was used to power both
the up~converter and the down~converter with 17 dBm
and 7 dBm respectiveiy. The LO frequency was 6305
MHz. A wavegulde cavity band-pass flliter (6375
MHz) with 1 dB Insertion loss was used to reject
fhe lower side~band and the LO leakage.

The signal was then attenuated to -30 dBm (evel and
fed +to the down-converter and +then to the
demodu lator.

The measured BER, as a functlion of the output

power, Is shown In Flgure 4. I+ lncreases from
10-31" at 1 dBm output to 10720 at 3.7 dBm.
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For a diode up-converter similar BER performance Is
achieved at -10 dBm output level. Thus, the FET
up-converter agaln shows a 13 dB lIncrease In the
operating output level for the same LO drlve.

4.0 Conclustons

The balanced FET up-converter shows +wo advantages
compared with a balanced diode up-converter:

1) 2 dB IF to 6 GHz galn compared with 6 dB loss.
2) higher output level for the same !lnearlity
requirement.

The FET up-converter was found suiltable for the
highly linear 64-QAM digital radio application:
BER of 10- was measured at 3 dBm rms, or 8
dBm peak state level. This was a 13 dB Increase
over a diode up-converter, with the same LO drive.
The Increased up~converter output reduces the galn
requirement in the transmitter power amplifier.

Reference:
1) P. Bura "70 MHz to 6 GHz FET up-converter"

1981 European Mlcrowave Conference Proceedings ppe.
215-219.,
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