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Abstract: Two different Ka band medivm
power transmitters for LMDS (Local Multipoint
Distribution System) applications have been de-
signed proving successful performance while intro-
ducing low cost components and simple mount-
ing techniques for industrial purposes. Commer-
cially available BGA and LM packaged components
are attached with epoxy dispensing procedures to
a 0.254 mmn height cost effective plastic substrate.
The output power stages are die form MMIC ampli-
fiers which are first mounted on separate carriers.
A novel epoxy-on-bonding die attaching technique
15 used in order to prevent undesired bonding to
plastic quality and performance. New active bias-
ing networks are employed so that no later adjust-
ment is necessary to control the overall transmitter
behaviour. Active biasing also allows higher PAE
than usual resistor dividers for gote biasing while
preserving linearity and P1dB output power. The
transmitter modules work ot 31.15 GHz and 25.7
GHz respectively. The measured P1dB was 26.5
dBm and PAE at P1dB was 16 %.

Introduction

Broadband wireless access to multimedia applica-
tions is becoming a growing and emerging market
which demands as the basic need for its develop-
ment commercially available eflicient and cost ef-
fective products and equipment. Special efforts are
being made to implement Ka band devices for this
kind of applications achiving high output power
levels and high efficiency [1], [2] and [3], high lin-
earity behaviour [4], large working power densities
[5], small size [6], and low cost, making use of novel
power combining structures [7], new die fabrication
materials and processes, and novel amplifier struc-
tures and configurations [8]. Also strong efforts are
being made in the field of packaging technology for
Ka band microwave devices. Recent results have
shown low losses and very good performance at 30.0
GHz and above [3], [9] and [10]. Despite this large
amount of work involving LMDS technology, the
situation is far from translating to the production
of readily available products for industrial series
production which is in fact what this market needs
in order to keep growing. Small efforts are being

made to accommodate these investigations to the
design of practical modules [11], [12]. Some of the
key clues for designing ready to use products for
LMDS applications have been recently pointed out
[13].

This paper describes the techniques used in the
design of two Ka band transmitter modules for
LMDS applications. Low cost, high performance
and simple mounting techniques are achived trough
the use of plastic substrate, commercially available
BGA and LM packaged components, and novel
considerations on biasing networks for the ampli-
fier stages and on bonding-on-plastic attachment
for the die form power stage components. These
last two key ideas given in order to obtain high
performance and no later system adjustment, and
high bonding quality and reliability for hadling and
mounting purposes respectively.

Although previous works have reported convinc-
ing performance of their designed modules no pack-
aged Ka components have ever been used in com-
mercial systems [11] and [7]. Die form components
are cheaper than packaged ones but assembling
process is much simpler if surface mounting devices
are instead ermaployed. Also other works have re-
ported extremely high performance at the expense
of cost and system mounting sirnplicity [6].

Our transmitter module meets high perfor-
mance, low cost and simple mounting and assem-
bling through the use of the components and tech-
niques which will be next described in the following
sections.

System description

Both designed transmitter modules share the same
structure shown in fig. 1.
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Figure 1: Designed modules configuration.
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A commercial subharmonically pumped BGA
packaged [10] mixer is used to obtain the RF signal
frr =2for+ frr, where frpis 31.15 GHz or 25.7
GHz. The radiofrequency signal is then amplified
through the use of an LM packaged predriving am-
plifier and then filtered in order to eliminate the
undesired signal 2for. The response of the filters
used in each system are shown in fig. 2. Mon-
tecarlo analysis were carried out on the designed
filter physical dimensions in order to guarantee the
desired filter response performance. The allowed
drifts were as large as £25 pum.

Bandpass filters. Simulated and measured response.

Frequency {GHz)

Figure 2: Simulated and measured response of 25.7
v and 31.15 G« filters.

In order to obtain the desired output power the
signal must be once more preamplified before it
reaches the final high power amplifier. Both am-
plifiers are shown in fig. 3 for the system working
at 25.7T GH=z.

Figure 3: Power stage for the 25.7 GHz transmitter
module prototype.

The elements which form the complete trans-
mitter schemes were chosen so that the overall

P1dB point was given by the high power amplifier,
thus ensuring the required linearity performance
for LMDS applications for QPSK modulation as
well as for high spectrally efficient modulations like
QAM. Table 1 resumes the key characteristics of
the previously mentioned modules’ subsystems.

Table 1: P1dB and small signal gain figures for both
systems 31.15 GHz and 25.7 GH=z.

TRANSMITTER 31.15 GH=z 25.7 GHz
MODULE
P1dBy G P1dBy G
(dBm) (dB) (dBm) (dB)
MIXER -11.0 -13.0 -11.0 -13.0
PREDRIVER 12.0 12.0 12.0 12.0
FILTER -3.5 -3.5
DRIVER 21.0 19.0 22.0 20.0
HP AMP 27.0 9.0 28.0 20.0

Mounting techniques and design con-
siderations

The transmitter modules were assembled on a 0.254
mm thick low cost plastic substrate. The substrate
characteristics are: ¢, = 2.17, T = 0.005 mm,
Rho = 0.71, Rgh = 0.002, tand = 0.003, and mea-
sured losses of 0.12 dB/cm at 10.0 GHz and 0.37
dB/cm at 30.0 GHz.

Packaged components like the preamplifier
shown in fig. 4 were employed. MMIC’s pack-
aged this way are easy to mount and handle, sim-
ple to test and cheap to use. Additionally no
monolithic capacitors are necessary to prevent os-
cillations from taking place. Special care though
must be observed when package attachment to the
substrate is performed. Undesired oscillations ap-
peared when a correct ground plane under the
packaged component was not suitably guaranteed
as shown in fig. 5.

Later system adjustments may be minimized if
active biasing networks for device biasing are used
(see fig. 6). Once Ip is fixed, the network au-
tomatically sets gate voltage Vi for drain voltage
Vp. PAE at P1dB improvements when employing
this kind of networks will be demonstrated in next
section.

Also bonding on plastic flexible substrate qual-
ity and performance [14] increase if deposition of
conductive epoxy drops on the bonding contact to
the substrate is considered (see fig. 7).

Measurements and results

Py, vs P,y measurements were performed on the
final output power stage for both modules. The re-
sults for the 31.15 GH z module are shown in fig. 8
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Figure 4: a. Predriver amplifier and measurement fix-
ture. b. Correct ground plane mounting structure.
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Figure 5: Small signal parameters measurement for cor-
rect and incorrect mounting structure.

demonstrating higher PAE figures when employing
active biasing servos.

Also two tone measurements were made to prove
the linearity response of the whole transmitter
chain. The measured results are given in fig. 9
showing similar performance with both active and
resitor divider biasing.

Table 2 resumes the 31.15 GH z transmitter mod-
ule main features.

Table 2: 31.15 GHz transmitter module measured fig-
ures.

fo (GHz) 31.15
P1dB (dBm) | 26.3

Py (W) 29

PAE (%) 15.3

40

b +Vec

-Vee ®

Figure 6: Active biasing network for PAE improvement
and avoiding adjustments.

Figure 7: Epoxy on bonding deposition.

Conclusions

Two low cost medium power Ka band transmitter
modules for LMDS applications have been designed
(see fig. 11) and measured. An epoxy-on-bonding
technique to increase reliability for die attachment
on plastic has been employed. BGA and LM pack-
aged components were also used. Active biasing
servos allowed higher PAE than traditional resis-
tor dividers for gate biasing while preserving P1dB
and linearity properties.
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Figure 8: Power stage performance for 31.15 GHz mod-

ule.

Both measurements for the same DC power con-

ssumption without RF signal (900 mA @ 3.5 V).
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Figure 9: Signal to intermodulation ratio for the whole
31.15 GHz transmitter module.

References

(1]

Mansoor K. Siddiqui, Arvind K. Sharma, Leonardo G.
Callejo, and Richard Lai. A High-Power Broadband
Monolithic Power Amplifier for Ka-BAND Ground Ter-
minals. IEEE MTTs, 1999.

J.J. Komiak, W. Kong, P.C. Chao, and K. Nichols.
Fully Monolithic 4 Watt High Efficiency Ka-Band
Power Amplifier. IEEE MTT's, 1999.

T. Satoh, T. Shimura, S. Ichikawa, A. Betti-
Berutto, C. Poledrelli, Y. Furukawa, ans 3. Kuroda
Y. Hasegawa, and J. Fukaya. A Compact PA MMIC
Module for K-Band High-Speed Wireless Systems.
IEEE MTTs, 2000.

Jeff Shu, Tony Hwang, Duc Nguyen, Robert Pumares,
Patrick Chye, and Paul Khanna. Ka-Band 2 Watt
Power SSPA for LMDS Application. IEEE MTTs,
1998.

Mansoor K. Siddiqui, Arvind K. Sharma, Leonardo G.
Callejo, and Richard Lai. A High-Power and High-
Efficiency Monolithic Power Amplifier at 28 GHz for
LMDS Applications. IEEE Transactions on Microwave
Theory and Technigues, 46(12):2226-2232, 1998.

ATTEM B3O
Fil. 20 GaBm

MM 10 B3dEm

EX=f=1=0d B1 4A3T7THBGEHZ

]

me—

MR

\\ |
ops dem |1 ]
: I
o i Mot [t Mot

CTENTER 31
FHEW 4 OnMHz

1SD00BHZ
VEW 4 OMbz

S AN 18O Okkz
SwWEr EBa Omss

Figure 10: Two tone measurement example for the
whole 31.15 GHz transmitter module. Single tone Poy:
was 12.0 dBm

Figure 11: 25.7 GHz transmitter full production mod-

ule.

(6]

(10]

(1]

(2]

(13]

(4]

M. Komaru, H. Hoshi, H. Kurusu, Y. Notani, T. Ka-
toh, T'. Ishida, T. Oku, T. Ishikawa, and Y. Mitsui. 1
Watt Comapact Ka-Band MMIC Power Amplifiers Us-
ing Lumped Element Matching Circuits. IEEE MTTs,
1998.

D.L. Ingram, L. Sjogren, J. Kraus, M. Nishimoto, and
M. Siddiqui. A Highly Integrated Multi-Functional
Chip Set for Low Cost Ka-Band Transceiver. IEEE
MT1Ts, 1998.

James Schellenberg. High-Efficiency, Packaged Ka-
Band MMIC Operating at 24 Volts. IEEE MT1T's, 1998.
M. Ito, K. Maruhashi, K. Ikuina, N. Senba, N. Taka-
hashi, and K. Ohata. Low Cost Multi-Layer Ceramic
Package for Flip-Chip MMIC Up to W-Band. IEEE
MT1Ts, 2000.

Hongwei Liang, Joy Laskar, Mike Hyslop, and Ram
Panicker. Developement of a 36 GHz Millimeter-Wave
BGA Package. IEEE MTTs, 2000.

J.P. Viaud, D. Lévy, M. Lajugie, O. Vaudescal, S. Tran-
chant, P. Quentin, D. Pons, and D. Panchal. Modular
Millimeter-Wave Transceiver Design for Today Digital
Radio-Links. GaAs’98, pages 725-730, October 1998.

Carlton T. Creamer, James J. Komiak, Wendell Kong,
P.C. Chao, Kirby Nichols, Christopher O’Neil, Paul
D. Cooper Scott MacKelvey, and Dana Wheeler. 3.7
Watt Ka-Band Power Module for Local Multi-Point
Distribution Systems Applications. RF Design, April
2000.

Liam M. Devlin, G.A. Pearson, A.W. Dearn, and
3. Williamson. Manufacturing Practical 28-GHz Mul-
tichip Modules. Microwaves and RF, December 1999,
Elizabeth Hall, Alan M. Lyons, and John D. Weld.
Gold Wire Bonding onto Flexible Polymeric Sub-
strates. IEEE Transactions on Components, Pack-
aging, and Manufacturing Technology, 19(1):12-17,
March 1996.

0-7803-6540-2/01/$10.00 (C) 2001 IEEE



	IMS 2001
	Return to Main Menu


