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Abstract

The mass market for consumer wireless prodimdsto the development of low cost packaging
techology suitable for use at RF frequencies. As the market deactlthyiere was a drive for
miniaturisationthat helped reduce package parasitieghich assisted in pushing up the maximum
operating frequencyCs are noweadilyavailable inSurface Mount Temology(SMT) packagesvith
maximum operating frequencies of arouttto 45GHz. Further évelopment work is nown-goingto
push the upper operating frequency of SMT packaged MMICs still higher. @€ybar interest is
SMT packaging for uset V-band (b address the ISMbandsaround 60GHz), for automotive
applications at 77GHz and 79GHz and feb&nd applications at 746GHz and 84886GHz. Thispaper
discusseshe challenges of meeting these requirements and looks at the potential approaches that could
be used to address thert.is based on an article originally written for Microwave Journal and
published in February 2014.

1 Introduction

The most popular package style for microwéegjuencylCs is the QFN (Quad Flat pack Neads).

Figure 1 is a photographof a bare die microwave amplifier MMIC arttdvo QFN packaged parts
containing the same die typ€he exposed paddle on the underside ofXR8&l package is hormally the
ground connection and is connected to the backside of thét dseclear that the use of the bare die
would still offerthe ultimate in size reduction but the use of an SMT packaged component means that
assembly and handling is comparatively straight forwaids allows reduced product cost faigh

volume appliations ands why so much effort is beindevoted to extending the frequency range of
SMT packaging to still higher nhwave frequencies

Figure 1: Microwave amplifier IC, QFN packaged and bare die

For frequencies up to around @Bz, traditional ovemoulded plastic packaging mormaly used.In

this case the plastic moulding compound is in direct contact with the surface of the digerating
frequencies increase diled plastic cavity packageslso start to be used and atill higher
frequencies laminate or LCR.Quid Crystal Polymeér [1] based packages can be used to achieve
optimum performance whilst still retaining the same QFN footg2int

The two biggest dilenges in SMT packaging of mmave ICs are tolerating the series inductance of
the RF signal bonds and tolerating the overall grounding inductance (IC, package and PCB). With QFN



packaged microwave IChe solid metal base providesow grounding induancefor the package
itself. The grounding inductance of the PCB, which often dominates, is minimised by:

1 Using an array of ground vias providing a low inductance path from the package base to the
PCB ground

Specifying a suitably thin PCB material to redube inductanct the PCB ground
1 UsingGrounded Coplanar Waveguide CPW) with close ground to signal line coupling

The effects of package grounding are discussed in more dd3jl in

The approach used to tolerate the seieluctancef the RF bond from die to packagm is to absorb

it into a low pass filter structu@]. Provided the inductance is adequately low then the package lead
frame and PCB land pattern can be adjustggther withthe bondpad on the 1@ provide effective
shunt capacitances of suitahlalues for a welinatched lowoss tansition.

The absolute value of the series inductance that can be absorbed into such a low pass filter dictates the
maximum frequency to which ihapproach can be adopted. An inductance of 0.2nH can be absorbed
into a 50Y matched, t hi r-af frequedcyg of arbundW5GHa and thisis | t er
essentially the upper frequency limit f&VT packaging of ICausing a conventional wirbonded

approach

To allow operation beyond 45GHz ngvackagingapproacheseed to be developed, which either
significantly reduce or avoid the effects sdries RF bond inductanesd grounding inductanceT he
following techniquegrovide a means of dointpis andhaveall been successfully demonstrated as
options forSMT packagingf ICsat high mmwave frequencies

Packages witlvaveguide \WWG) apertures
Packages with integral antennas

1
1
1 Micro-coax based packaging
1

Packages -vuisaisnog fhot
91 Flip-chip Wafer level Chip Scale &kaging(WLCSP)

Each of these approaches is described in more detail below.

2 Packages with WG Apertures

Various techniques exist for transforming from waveguide to microstrip or Grounded Coplanar
Waveguide (CPWJ4]. The most compact approach is to use a probe transition. A pawhbglly
extends through therdad wall of the waveguide arnsl positiored one quarter of a wavelength from a
backshort (a waveguide shectrcuit). The incoming RF signal is reflectdéidbm the backshort with a

phase inversion. The reflected wave therefore adds coherently with the incident (incoming) wave at the
location of the probe creating a voltagexinum. This generates an RF signal in the probe, which is
passed through the braade wall of the waveguide.

Such transitions are commonly used in transceiver modijesnd at high mmwave frequencieghe
required dimensions are such that they can be incorporated into an SMT package to g@rovide
wavegude aperturdor reception and/or transmission of the mrave signals

Figure?2 is a crosssection of a novel SMT package to waveguide transtd&an with permission from

[6]. The packaged componeista 77GHz transmitter for automotive radar, which is mounted onto a
PCB motherboard with a WR12 waveguide output on the undeGhdp #1 is the automotiveadar
MMIC; chip #2 is the transitiomealised as a printed structure an organid®CB material.

Wi



Microstrip to WR12 wave-
guide transition (Chip#2)

Copper cap
Mold (reflector & EM shielding) /

Lead-frame

Packaged device (SMD)
AL

PCB mother-board

ﬂ
Input package lead at RF WR12 wave-guide

or microwave frequency \ E_baml:l
(<30GHz) signa

Output access in E band
(contact less connection)

Figure 2: Formation of 77GHz SMT package with WG aperture (courtesy UMS)

The transition described [B] demonstrate an insertion loss df.2dB for a single transition at 77GHz,
based on evaluation af backto-back test pieca~or the MMIC assembled into the WG package, the
measured transmit power drops by 3dB compared to that measured onTafes mainly attributed

to the wre-bonded tanstion from the probesubstrate (chip #2p the MMIC (chip #1) which had not
yet been optimised photograph of both faces of t8ex 6mm QFNpackage is shown iRigure3.

Figure 3: Photograph of plastic SMT package with integral WG aperture (courtesy UMS)

Although the use of plastic packaging technology significantly reduces the cost of this style of package
compared to previous ceramic versions, it is still significantly higher than conventional packaging in
SMT plastic QFN packages.

3 Packages with IntegralAntennas

Rather than attempting to devel@ppackage with a miwave SMT interface, or a waveguide aperture
as described above, another alternative is to integrate the antenna into the pdakages of this
approach using both single antenna elementsvauitiple antenna elements (antenna arrays) have been
demonstratei7]. In both caseslleother interfaces to the IC are SMT with the integral antenna forming
the mmwave transition. Thisapproachis only possible at high miwave frequencies where the
required physical size of the antenna becomes sufficiently small.



One of the most impressive demonstrations of this approach to date ibandVphased array
transceiver from IBM[8]. Four 1l6element tansceiver ICs were integrated into a single package
containing 64 radiating elementsigure 4 is a photograplof the package showing the antenna array
The spacing between the elementd /2 at 94GHz (around 1.6mmYhe spacingfrom the edge
antennas to the side of the packagk/#s which facilitates the tiling of multiple componsrib realig

a larger arrayThe design targets radar and active imaging applications where small size and low

weight are required
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Figure 4: Photograph of 94GHz SMT transceiver with integral antenna array (courtesy IBM)

A photograph of one dfhe 16-element die is shown iRigure 5. It contains32 receive channels (to
facilitate simutaneous recejutn in two polarigtions) and 16 transmit channels (whieim de switched

to either polariation).
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Figure 5: Photograph of 94GHz multielement transceiver IC (courtesy IBM)



The radiating patches on the package are not in diostact with the ICA good description of the
approachthat is useds provided in[8], which describes a 60GHz antenna in package afrayoss
section of the package PCB stagk is shown inFigure 5. A feed linefrom the IC couples to the

radiating patch through an aperture in the antenna ground plane. A reflector positioned beneath the

antenna feed line is also connected to the antenna ground planeacKagesolution described ifB]
uses a LCP core surrounded by woveglass reinforced laminates with adhesiegsl is suitable for
low cost, highvolume manufacture
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Figure 6: Crosssection of an integrated package antenna staakp from [8] (courtesy IBM)

In addition to dispensing with RF bondwire inductance, the use of the-@lertient antenna array has
two other advantages:

1 The total output power is the sum of multiple parallel transmitters so the availablaitrans
power is increased

1 The phase of the differeetemens can be adjusted to provide beam steering

The control ofthe amplitude of each transmitter also provides the possibility to shape the antenna

pattern and even introduce nulls to avoid interferers.

One potential downside to this approach is that additi®tabandpas§itering cannot be included.
However, the small size of the antenna means that it should provide significant rejection at low

frequencies.

4 Micro-coax Based Bckaging

Micro-coax packagig is aninnovative andelegant approach to addressing the problem of RF bond
inductance. The bondwire is transformed into aak@l transmission line of controlled impedance

(normally 50Y) by the addition of a
control of the dielectric constant and the thickness of the dielectric is required to set the characteristic
impedance of th micracoax transmission line.
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The formation of the micrgoax transitionfrom [10], is depicted inFigure 7. The mckage assembly
steps include:

A. Die attach and wire bond

B. Conformal dielectric coating

C. Lasercutting ofvias to allow metallic contact
D. Seletive metallistion of ground sield

Obviously some form of capping step would'mally follow the above
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Figure 7: Formation of micro-coax interconnectscourtesy Bridgewave)

Figure8is a photograph showing micamaxthrough linetest pieces. The measured performance of a
2.2mm length of micrecoax is plotted irFigure9 and showsan insertion loss of less than 0.7 dB
frequenciesup to 115 GHz. The return loss better than 20dB across most of this band with a worst
case value of around 17d® 60GHz

Figure 8: Photograph of micro-coax test links (courtesy Bridgewave)
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Figure 9: Measured performance of 22mm long micro-coax test link (courtesy Bridgewave)

Figure 10 is an Xray photograph of an I81GHz LNA (CHA2069 from UMS) packaged using
micro-coax technology. The coaxial structuretloé interconnects is clearly visible, as are ground vias
within the MMIC die. The measured performance of this part can be foyi@Jiand is veryclose to
that of the bare die.



Figure 10: X-ray photograph of a micro-coax packaged LNA (courtesy Bridgewave)

The micrecoax approach depicted Figure 7 and Figure 10 uses a coaxial feetthrough. It has the
benefit that it can be used to realessleermetically sealed package but the downside is that it isosbt
effective for most consumer applicatioms order to address thia microcoaxleadframe pproachis
described in[10], which allows for lower production costs. A QFN style package is used as a
demonstration vehicle and good performance is demonstrated to 50GHz.

The micrecoax approach is a viable routeavoiding the effects of series RF bond inductance and as a
transmission medium it has been demonstrated to show good performance to beyond 100GHz.
However, there is still some uncertainty about its potential to provide a low cost packaging solution for
use in the 50 to 100GHz range.

5 Packages -usasg fihot

Most GaAs and GaN processes include a through substrate via capability. This provides low inductance
interconnects from the front side of the die to the back. The effective inductance is depentient on
substrate height and via size but is typically around 20pH. In conventional MMIC designs the vias are
used to provide low inductance ground points with the back side of the die being ground. If patterning
of the back side metal is possible then somthede ground contacts can be isolated and can be used as
low-inductance RF interconnects. This allows the die to form the base of a truscal@pSMT
package as depicted Figure11. The inductance of the RF interconnect hasrbreduced to around

20pH, which should in theorgllow operation to beyond 100GHz.

Figure 11: Use of "hot-vias" in SMT packaging

The hotvia packaging approach has previouség demonstratefil 1] with measured through line test
pieces indicating losses of 0.5dB at 45GHz for a singleviaotransition. The measured performance
of a 1530GHz amplifier IC, modified to allow hatia packaging, is also presented1i] andshows
performanceigilar to that of the bare die.















