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Abstract
An |-Q type vector modulator employing two
orthogonal bi-phase amplitude edtion type
modulators has been demoastd which sets

*Millimeter Wave Research Team
Department of Electronic Engineering
University of Surrey, Guildford, Surrey, UK

balanced vector type configuration. Fig. 1
represents a complete block diagram of the
balanced vector modulator.
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The 60 GHz modulator uses destgehniques imbalance

and technology capdity to reduce hardware | -Q type with QPSK 8-12GHz | 410° phase error

complexity in communication applications. I—QRI;I/—p[:]with sk o .

The modelling and design of the balanced I-Q  rr3 ' :—“8 phase error

vector modulator are reported, followed by I-% éyl\ﬁe4with QPSK 1~2.7GHz | 4phase imbalance

the measured performances. o s an POy Sre—"
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. Introduction Phase QPSK 4~18 GHz

Recently extensive evk has been carried out Sh("ftre;ste‘e[ga‘at

regarding direct carrier odulators for a Phase QPSK 16.7~17.8 GHz 6.5 dB insertion loss

variety of applications[1-10]. These are sh(‘r)ftrer/age[gtfat

mainly divided into two dIStIr.]Ct areas for |- ﬁe o T T

microwave vector modulators; the I-Q type| Rrrg =P

employing two orthogonal bi-phase amplitude| -Qtypewith | 256 QAM 55~65GHz |  50B insertion loss

modulators  [2-6] and  the phase |, X + 2° phase error

shifter/attenuator type using separate| this paper + 0.3 dB amplitude

amplitude and 36D phase control circuits imhalance

[5,8]. Recently reorted direct carrier
modulator performances are summarised in
Table I. The 256QAM vector modulator
operating at 60GHz described in this paper is
believed to be the highest multi-level
modulation at 60GHz reported for the 1-Q

RT : reflection termination , DBM : Double Balanced

Mixer and SBM : Single Balanced Mixer

Table I. Summary of recently perted direct
carrier modulator performances
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Fig. 1 Block diagram of the designed I-Q
balanced vector modulator

II. 1-Q balanced vector modulator design
summary

The designed balanced vector modulator
employs two reflection type attenuator
modulators [9] using cold-PHEMT refttion
terminations and operating in a push-pull
fashion. The modulator design starts with S-
parameter simulation of the cold PHEMT to
use it as a switch or variable resistor in the
reflection type attenuat. The simulation
results for 55, 60 and 65 GHz are shown in
Fig. 2a for different gte bias points, starting
from 0.0, -0.9 and -2.0V. The results show
that the cold-PHEMT provides a nearly pure
resistive component of up to 80-0.9V), but
between -0.9 and -2.0V the parasitic
capacitance (channel capacitance) has an
increasing effect.

The inherent parasitic capacitance of the
cold-PHEMT over -0.9V to-2V can be
tolerated in the balancedoaulator kecause
of the vector summing by the
“complementary” control signal to the gate
and the 18Dphase shift by the two couplers,
as illustated in Fig2b. The resultant output is
the vector sum of the two in-phase signals

emerging from the two branches. The
Wilkinson combiner has been used for the in-
phase signal summing. In this case of an ideal
coupler and combiner, the minimum channel
parasitic resistance (B of the Cold-PHEMT
determins the inherent insertion loss of the
modulator. The minimum channel resistance
at the maximum gate bias have bdéeunnd to

be around 1Q at +0.3V @te bias voltage. For
simple estimation of the insertion loss by the
existing R the parasitic shunt capacitance
and series inductance of the Cold-PHEMT
can be ignored. The insertion is caited
with Lj = [{Z,- 1)+ [Zo+ ) where It is

the reflection coefficient of the terminator and
Z, is the characteristic impedance. An
insertion loss of 1.76dB is e&ptedfor the
single-stage  attenuator @aulator). In
addition to this loss, the shunt capacitance and
the series inductance alpooduce loss, which
contribute to the total loss along with non-
ideal coupler and combiner loss. Fig. 3 shows
the fabricated 60GHz MMIC balanced vector
modulator. The high valueate bias resistors
are used in order tdimit or prevent RF
leakage and forward bias current.
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Fig. 3 Microphotograph of balanced vector modulator
working at 60 GHz.
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Fig. 2 (a) Simulated S11 of the Cold-PHEMT (b) S21 e e S B e
representation of the balanced vector modulator T - p F" R i ! \ i --:w.'
lll. Measured results " ﬂi -1 Jl [J |
The balanced vector modulator at 60GHz has : LL L Il Lid | ﬂ{ ; 1 o
been fabricated on GEC Marconi's H40 |’§“..L eblabgune poos )
foundry which offers an AlGaAs/InGaAs r( l;ﬂ :;'ir; l{'{ I] ' |'
PHEMT process with the chosen dimension of [ Tl L‘E L'\ i ‘L \ J | ﬂ*“'"l
the gate witf0.25um gate length by 2 fingers T -ri 5 ;_LI. | ]
of 60 ym gate width. The redom baseband AT

signal shown in Fig. 4a represents 16 L _odgm T Ea on——
different amplitude levels for 256 QAM - . — B
modulation. The corresponding modulator 0 e P S e B e R
output spectrum to this injected baseband [~ | | L Y
signal is shown Fig. 4b. The egtrum has . \F{ _______ \)ﬂ _______ d ]
been measured at 60GHz with a symbol rate - rﬁﬂfﬁ\/ - ‘fﬂl‘f“&—ﬁx
of 125 Kbps which implies that 1Mbps bit A A e . S

rate has been obtained. An insertion loss of -l
5dB average and a maximum input/output H | i
return loss of -10dB have been achieved over — cenres o asszigens  — sman w cooms
the frequency range of 55GHz to 65GHz as .

shown in Fig. 5. At 2° phase error witk0.3
9 P Fig. 4 (a) Injected complementary base band signals for

dB amplitude 'mb,alance were O_bt‘ffuned' The 256 QAM (b) Measured 256 QAM modulated spectrum
measured bandwidth has been limited by the 4t 60 GHz carrier

bandwidth of the available RF source.
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Fig. 5 Measured insertion loss and in/out return loss

IV. Conclusion

We have demonstrated a wide band 256
QAM balanced wector topology using
reflection type attenuators operating as
modulators at 60GHz. This work is believed to
be the highest reported multi-level and RF
carrier frequency. 25@AM was chosen to
highlight the precision which can be achieved
using this topology. The modulator achieved
its potential of multi-function and wideband
applicaton. The main advantage of the multi-
function balanced vector modulator is that the
modulator can be applied to a wide range of
applications including LOS links, hert
distance indoor radio commuaition and
collide protection systems.
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