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ABSTRACT

A novel sub-harmonic pumping direct conversion
receiver (SHP-DCR) employing antiparallel diode pair (APDP)
is proposed for high instantaneous dynamic range receivers
used in mobile communications. The proposed SHP-DCR can
suppress even harmonic mixing products, such as second order
intermodulation (IM2) and LO noise that interfere a desired
baseband signal. Moreover, the design condition of load
resistance is indicated by analytical and experimental
approaches for improving diode mixer disadvantages of lower
conversion gain and higher LO power. A developed L-band
SHP-DCR without a low noise amplifier achieves NF of
18.5dB, IP3 at input port of 3dBm and IM2 is below -90dB in

the actual input range.

INTRODUCTION

A direct conversion receiver that converts RF signal to
baseband signal directly is suitable for small sized terminals
especially used in mobile communications[1][2]. But instanta-
neous dynamic range of conventional direct conversion
receivers is extremely small compared with heterodyne
receivers, because there are undesired baseband components
produced by second order mixing. This second order mixing
products in baseband are as follows:

(a)IM2 by large two signals in RF,

(b)baseband noise by self-mixing between LO and LO noise.
So there are less direct conversion receivers in actual mobile
communications, except VHF pager receivers[3][4].

In this paper, we propose a novel SHP-DCR with APDP
to reduce second order mixing products and achieve high
instantaneous  dynamic range. Noise and distortion
characteristics of SHP-DCR are also described in analytical and

experimental approaches. In addition, conversion gain of SHP -
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DCR can be improved by high load resistance Rr for low noise
characteristics.

CONFIGURATION OF SUB-HARMONIC PUMPING
DIRECT CONVERSION RECEIVER

Fig.1 shows the configuration of proposed SHP-DCR
consisting of sub-harmonic pumping mixers, 90degree hybrid
power divider for RF, in-phase power divider for LO and
baseband amplifiers (BB-AMP). RF signal(fr7) and LO(fp) are
mixed by APDP[5], then baseband output signal ( Ifr-2fpl ) is
produced at load resistance RL, and is amplified by BB-AMP.
This RL is designed higher than 50Q for improving conversion
gain and reducing LLO power.
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Fig.1 The configuration of proposed sub-harmonic
pumping direct conversion receiver : (a) sub-harmonic
pumping direct conversion receiver, and (b) sub-
harmonic pumping mixer with antiparallel diode pair.
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SECOND ORDER MIXING CHARACTERISTICS OF
APDP

Fig.2 shows desired signal and interference by second
order mixing products in conventional direct conversion
receivers. Fig.2(a) shows IM2 by large two signals in RF, and
fig.2(b) shows baseband noise by self-mixing between LO and
LO noise. In the SHP-MIX, mixing products fout(m,n) are

m - f, iZ(tn.‘-ﬁ)
i=1

m=20,nz20

Fou (1) =

(1)
where fi(i=1,2,++nc) are desired and undesired input signals.
The current fous(t) of fout is
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where In(+) is the nth order modified Bessel function of second
order and & indicates balance factor between two diode
currents. In case of a complete matched APDP that € is equal to
1, mixing products that have even order harmonic numbers are
never produced. By employing monolithic APDP with superior
matching characteristics, interferences by second order

harmonic mixing products can be extremely suppressed.
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Fig. 2  Desired signal and interference by second order
mixing products : (a) 2nd order intermodulation | fo-fo |
by large two signals fa and f5, and (b) baseband noise by
self-mixing between LO and LO noise.
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NOISE CHARACTERISTICS OF SUB-HARMONIC
PUMPING DIRECT CONVERSION RECEIVER

The noise figure of the proposed SHP-DCR as shown in

Fig.1is:
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where Fmix and Gmix are noise figure and voltage gain of the
SHP-MIX, respectively, and Ldiv is voltage loss of the 90degree
hybrid power divider, % is the Boltzman's constant, T" is the
absolute temperature, Ro is the internal impedance of a
generator, E» and I» are noise voltage and current density of the
BB-AMP, Rou is the baseband impedance of the SHP-MIX, Ra
and Rs are resistances shown in Fig.l. From equation (3),
higher Gmix is required for reducing NF degradation by BB-
AMP noise Vnot?. Fig.3 shows a linear analysis model for Gmix
of SHP-MIX. In the analysis, we consider frf, fr/-2fp, and frr+2fp
for the frequency conversion matrix. The RF matching circuit is
represented by an ideal transformer. Gmix of SHP-MIX is
derived as follows:

~¥
Gmix = Y L2
\/(YnYzz -1+ %el’)(yzz + %eL)Ro
4g2 4g
Ny =2g0 - 2, Y12=282—#g4
Ya + 28 Ya+ 289
402
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where yd is the terminal admittance of frr+2fp port, o is the
constant, Is is the saturation current of diode and Vp is the LO
voltage. From equation (4), higher RL can achieve a higher
(absolute) Gmix, and Gmax as maximized Gmix can be expressed
in case of the infinite Rz
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Fig.4 shows a noise analysis model of SHP-MIX. In this
model], we consider noise components in the upper sideband of
f+f, in the lower sideband of frr and at frr2fp. Noise figure Frmix
of SHP-MIX can be approximated in low series resistance of

APDP and an infinite RL as follows:
1 Vv

nout

Fmix =
kTR, G

mix

2
Y 2Y, Yy — Y5t
=24 1 2 _ 1_‘__1_ 11{n 12 1.2
KT Y\ Yy =157 Y2 Yp

2
(6)

where Vrous? is the noise voltage produced at load resistance Ri



and I. 2 is shot noise of diode.

Fig.5 shows calculated Gmuix and F: by equations (3), (4)
and (6). o of 33.1, Is of 0.128pA, Fis of 15dB and Ldw=4dB
are used in the calculation. This calculation reveals the
following:

(1) Grmux becomes higher than 1. SHP-MIX cannot have power
gain, but has voltage gain.

(2) APDP can be matched with higher RL in case of lower LO
power Pp. In addition shot noise L2 can be made lower by low
local current.

(3) From (1) and (2), noise figure of SHP-DCR can be
improved in case of a higher load resistance Rr.
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Fig.5 Calculated voltage gain of SHP-MIX
and noise figure of SHP-DCR.

EXPERIMENTAL RESULTS
An L-band SHP-DCR has been developed. The SHP-
MIX consists of an APDP, an open and a short circuited
stubs[6]. Fig.6 shows intermodulation characteristics of the
SHP-MIX at Pp=1dBm. IM2 is lower than -90dB in actual
input power region. IP3 at input port of 3dBm is obtained.
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Fig.7 shows a measurement system for baseband noise voltage
density by self-mixing between LO and LO noise, and Fig.8
shows measurement result. Compared with a conventional
diode double balanced mixer, the baseband noise voltage
density of SHP-MIX is lower than -30dB.

Fig.9 shows voltage gain Gt and noise figure Fr of
SHP-DCR with load resistance 1kQ, Ro=1kQ, Rp=10Q,
En=1.0nV/Hz"’ and In=2.0pA/Hz"’. F: of 18.5dB and Gt of
39dB that includes Ldw of 4dB, Gmux of 3dB and Ges of 40dB is
achieved at Pp=1dBm. Calculated results agree with well
experimental ones.

Fig.10 shows a concept of instantaneous dynamic range
of mobile communications. Under this concept of Japanese
digital cordless phone named PHS (bit rate=384kHz, band
width=288kHz), predicted minimum RF level that satisfies
required bit error rate 0.01 is -90dBm including modem
degradation of 3dB. Under the same condition, maximum
undesired 2 tone RF input signals with a level of -31dBm/tone
is allowed. So instantaneous dynamic range of 59dB can be
achieved and this value satisfies PHS requirement of 50dB.
Table 1 indicates instantaneous dynamic ranges of the SHP-
MIX for direct conversion receiver and a dual gate FET mixer
for heterodyne receiver[7]. The SHP-MIX has the same
instantaneous dynamic range with heterodyne receiver.

Fig.11 shows output locus of the SHP-DCR. Between 1
and Q channel baseband signals, amplitude error of 0.5dB and

phase error of Sdegrees are obtained.
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Fig.6 Measurement result of intermodulation of SHP-MIX.
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Fig.7 Measurement system for baseband noise voltage
density by self-mixing between LO and LO noise.
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Fig.8 Measured baseband noise voltage density by self-
mixing between LO and LO noise (SHP-MIX: Pp=3dBm,
diode double balanced mixer: Pp=10dBm).
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Fig.10 A concept of instantaneous dynamic range of

mobile communications : (a) minimum RF signal power,
and (b) maximum undesired 2 tone RF input signals power.

Tablel Instantaneous dynamic ranges of SHP-MIX for direct
conversion receiver and dual gate FET mixer for heterodyne
receiver.
SHP-MIXfor DuatgateFET
directconversion  mixerfor hetero-

receiver dynereceiver
LO power(dBm) 1 -10
NF asreceiver(dB) 14.5 6
IP3atinputport(dBm) -1 -10
Pmin(dBm) -90 -102
Pmax(dBm/}tone) -31 -44
Pmin-PmaxdB) 59 58

Fig.11 Output locus of SHP-DCR (Amplitude
error=0.5dB, Phase error=5degrees).

CONCLUSION
A SHP-DCR employing APDP is proposed. Superior

instantaneous dynamic range of the SHP-DCR has been
demonstrated by analytical and experimental approaches. A
developed L-band SHP-DCR without low noise amplifiers
achieved NF of 18.5dB, IP3 at input port of 3dBm and IM2 is
below -90dB in the actual input range.
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