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A Fully Integrated Broad-Band Amplifier MMIC
Employing a Novel Chip-Size Package

Young Yun, Masaaki Nishijima, Motonari Katsuno, Hidetoshi Ishida, Katsuya Minagawa, Toshihide Nobusada, and
Tsuyoshi Tanaka

Abstract—in this work, we used a novel RF chip-size package Resin Backside metal
(CSP) to develop a broad-band amplifier monolithic microwave
integrated circuit (MMIC), including all the matching and biasing
components, for Ku- and K-band applications. By utilizing MMIC
an anisotropic conductive film for the RF-CSP, the fabrication
process for the packaged amplifier MMIC could be simplified and ACF{
made cost effective. STQ(SrTiO3) capacitors were employed to
integrate the dc biasing components on the MMIC. A novel pre- Substrate
matching technique was used for the gate input and drain output (ALO,)
of the FETs to achieve a broad-band design for the amplifier s —T 7T
MMIC without any loss of gain. To improve the circuit stability GND electrode
of the amplifier MMIC in the out-of-band, a parallel RC circuit
was employed at the input of the amplifier MMIC. The packaged Port 1 Electrode Port 2
amplifier MMIC exhibited good RF performance and stability Conductive Particle
over a wide frequency range. This work is the first report of a
fully integrated CSP amplifier MMIC successfully operating in ~ Fig. 1. Structure of the developed RF-CSP.
the Ku-/K-band.

Index Terms—Anisotropic conductive film (ACF), broad-band
amplifier, chip-size package (CSP), monolithic microwave
integrated circuit, STO.

was degraded slightly in the millimeter wave range due
to the parasitic elements inherently existing in these

packages.
3) For Ku-/K-band MMICs, circuit stability should be

. INTRODUCTION guaranteed over a wide frequency range (from dc to
ROMISING applications for GaAs technology include fche operating band) to .prevent any unvyanted oscilla_tion
monolithic microwave integrated circuit (MMIC) chip sets in the out-of-band region as well as in the operation

for Ku/K multimedia satellite communications and fixed wire- ~ Pand. Therefore, if possible, unconditional stability in
less access systems. Varioi&:-/K -band MMIC amplifiers the out-of-band region as well as in the operating band
have already been reported in the literature [1]-[8]. However, ~ Should be ensured for stable operation. This is especially
for low-cost and high-performanceku-/K-band MMIC !mportant for fully integrated RF dewce_s, because their
amplifiers, the following considerations should be noted. input and output impedance are not adjusted by external

1) Recently, demands for fully integrated RF devices witha biasing and ma_tchlng components on the b‘??‘rd-
broad-band operating range have increased in the marl&£his work, a fully integrated broad-band amplifier MMIC
for K u-/ K -band multimedia satellite communication [1] @MPI0ying & novel RF chip-size package (CSP) was developed
[2] and fixed wireless access systems. A number of art#Sing a novel broad-band design technology. _
cles concerning amplifier ICs foku-/K-band applica- e expla!n Fhe characteristics of thg nqvel QSP, give a de-
tions have already been reported, but most of them Jailed descrlptlon_(_)f the CSP-based circuit design technology
for hybrid ICs that at least require biasing components éﬁeq for the amplifier MMIC, and elucidate a novel broad—ban.d
the boards. This has resulted in a high manufacturing cod€Sign technology that allows for good RF performance and cir-
due to the large module size and the high assembly co§t/it stability over a wide frequency rang& ¢- and K -band).

2) Until now, mainly bare chip MMICs have been re-
ported, and most of the packaged MMICs developed ll. RF-CSP

for Ku-/K-band applications involved face-up MMICs  Fig 1 shows the structure of the RF-CSP that we developed.
that were mounted on surface mount ceramic packag@$|ip_chip GaAs MMIC is mounted on a 20pm-thick Al,O;
[7]-[9]. However, this technology resulted in a large chigypstrate. The AD; substrate was used because its coefficient
size, and the RF performance of the packaged MMIGg thermal expansion is an excellent match for that of GaAs. The
electrode of the MMIC was electrically connected to the sub-
Manuscript received April 2, 2002; revised August 20, 2002. strate electrode via an Au bump and conductive particles. The
The authors are with the Semiconductor Device Research Cenigjphstrate electrodes (ports 1 and 2 in Fig. 1) were connected

Matsushita Electric Industrial Co. Ltd., Osaka 569-1193, Japan (e—matllz . . .
yun@erl.mec.mei.co.jp). O the external signal lines. An external electrical ground was
Digital Object Identifier 10.1109/TMTT.2002.805284 applied to the GND electrode of the substrate and was therefore
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Fig. 3. Microphotograph of the interconnection between the MMIC and the
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Fig. 2. Processing steps for the CSP MMIC.
0 0

also supplied to the backside metal of the MMIC through the via 10 =B - 2
hole in the substrate, the bump, and the via hole in the MMIC, 20 « =~ "
as shown in Fig. 1. Therefore, the electrical ground for the pas- .
sive and active components integrated on the MMIC is supplied -30 . -6
by the backside metal through the via hole in the MMIC. The
height and width of the Au bump are 15 and 48, respec- —40 ¢ -8
tively. The backside of the GaAs MMIC was covered with a 50 & -10
resin film. We adopted an anisotropic conductive film (ACF) 0 10 20 30
for the under-filling material between the MMIC and the sub- freq. (GHz)

strate, which makes the process of fabricating the RF-CSP very

simple and cost effective. The ACF plays some important rol&ig. 4. Measured return and insertion loss of the RF-CSP at ports 1 and 2 of
in the RF-CSP process, both for bonding and as an under-filleg -

insulator. The ACF contains conductive particles that ageb o ) ) )

in diameter, and which are dispersed in g@0thick insulating dividual CSP MMICs by a dicing machine [Fig. 2(d)]. Fig. 3
adhesive film. By using heat and pressure, the conductive paﬂilows the interconnection between the MMIC gnd the substrate
cles form an electrical and mechanical bond between the bufff" the above process was completed. In this work, the gold
on the MMIC and the electrode on the substrate, as shownb#mps were formed on the GaAs MMICs by an electroplating
Fig. 1. In addition, the ACF also serves as an under-filled instgchnology after the fabrication of the MMICs. Compared with
lator between the MMIC and the substrate. Due to the ACF p&Q@nventional stud bump bonding (SBB) [10], the formation of
forming the above functions, processing the RF-CSP beconfayltiple bumps and the adjustment of the height of the bumps
very simple and cost-effective, because it removes the needfpfade possible by this method.

the bonding and under-filling processes that are required forThe RF-CSP was employed in the development of a
conventional CSPs. Gold is the most suitable material for tREoad-band amplifier. The inputimpedance of the RF-CSP was
conductive particles, but its high cost prevents its application @timized to 502 in the broad band. Fig. 4 shows the measured

the process. Therefore, we used resin particles pfsdiam- 'eturn 10ss(S1;) and insertion losg.S,;) of the RF-CSP at

eter that were coated with Ni—Au. ports 1 and 2 of Fig. 1. To measure the return and insertion loss,
The steps used for processing the CSP MMIC are shownJr>@As flip-chip MMIC with a 506 micro-strip through-line
. SN was assembled in the package, as shown in Fig. 1. As shown
Fig. 2(a)—(d). As shown in this figure, the process can be sutn

marized as follows: prebonding, final bonding, encapsulatio@:zlg'T?]'etrrfa;?xl:r&:?ﬁsgﬁt%I'qskljessssbtgsvn(;egndE:)II;)T;) to; 0
and dicing. The ACF is first attached to the,®l; ceramic sub- . P 08:2)

strate with W—Ni—Au electrodes by heating with a tool head {8 —0.8 dB. The size of the RF-CSP is&3 mnf.

about 100C [Fig. 2(a)]. The multiple GaAs chips are then ar-
rayed on the ACF, and are pressed together using a tool head
about 200C [Fig. 2(b)]. During this process, the bonding be-
tween the bump on the GaAs MMICs and the electrodes on thdf open-space modeling equations and equivalent circuits for
ceramic substrate is also completed due to the conductive paati-components are used for the CSP MMIC design, the RF
cles, without any additional bonding process taking place. Therformance of the MMIC deviates considerably from the de-
encapsulation process is required to protect the fragile Gagign goals due to the underfill effect of the ACF. Therefore, in
MMICs from mechanical shock, and so the GaAs chips arrayéus work, the dielectric constant and the loss for the ACF in-
on the ceramic substrate are then covered with resin [Fig. 2(&uding the conductive particles were determined by measure-
The ACF prevents the resin from flowing into the bottom of thenent. The measured dielectric constant and loss values were
ceramic substrate through the via holes during the encapsulaed for the EM simulation, and CSP-based modeling equations
tion process. Finally, the ceramic substrate is divided into iand CSP-based equivalent circuits were obtained for all of the

Igt M ODELING OF CSP-BASED PAsSIVE COMPONENTS FOR
CIRCUIT DESIGN
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Fig. 5. (@) Plane view of the CSP-based MIM shunt capacitor. (b) Cross-sectional view of the CSP-based MIM shunt capacitor. (c) Lumped equitalent circ
the CSP-based MIM shunt capacitor.

components from the EM simulation, reflecting the dielectrithe permittivitye, was calculated as 16.3, and was a simple
constant and loss measured for the ACF. fourth-order function ot in the range ofv = 20-80um (w is

For the CSP-based striplines, the open boundary closed-fatme actual stripline width).
equation for microstrip [11] was employed to calculate the char- For CSP-based MIM capacitors, lumped equivalent circuits
acteristic impedance of the striplines. As shown in Fig. 1, tr@mmploying closed-form equations were used. A plane view and
structure of the CSP MMIC includes top and bottom grounctoss-sectional view of the CSP-based MIM shunt capacitor is
planes (backside metal and the GND electrode), and therefer®wn in Fig. 5(a) and (b), respectively, and its lumped equiv-
a new modeling equation for an asymmetric stripline structuadent circuit is shown in Fig. 5(c). In the equivalent circuit,
containing two ground planes should be derived in order to oberresponds to the capacitance of the shunt capacitor region [the
tain an accurate solution for the characteristic impedance. Hosapacitor consisting of the upper and lower electrode and the in-
ever, if the bottom ground plane (GND electrode) is located rsulator, as shown in Fig. 5(b)], which is required for the shunt
motely from the MMIC, the stripline on the MMIC is equivalentcapacitive impedance matching. Tag is given by
to a microstrip with a single ground plane because the effect of W
the bottom ground plane can be ignored. According to EM sim- C,== pF 3)
ulation results, if the distance between the bottom ground plane di
and the MMIC is larger than 200m, the effect of the bottom wheree;, W, H, andd; are the permittivity of the insulator,
ground plane can be ignored, and the stripline on the MMIC flse width and height of the upper electrode, and the thickness
equivalent to a microstrip. In this work, the distance betwee the insulator, respectively;, corresponds to the parasitic
the bottom ground plane and the MMIC is about 260, so the capacitance between the lower electrode and the backside metal
microstrip formula for a single ground plane was employed ©f the MMIC, as shown in Fig. 5(b); is given by
calculate theZ, of the CSP-based stripline. The open boundary

g
closed-form equation for microstrip [11] is given by Cy = % pF (4)
5 60 <8_h N %> < We ) (1) Wherees, Sr, andds are the permittivity of the GaAs sub-
’ Ve we 4h ) \h <1 strate, the area of the lower electrode, and the thickness of the
1207 We GaAs substrate, respectively, is the inductance of the par-
Zo= (h > 1) asitic inductor originating from the upper and lower electrode.
W, B The closed-form equations were determined by fitting the EM
Vee ’ w simulation result. When the width of the upper electrédds
h +1.393 + 0.667 1n <m> 20 um, L, is expressed by the height of the upper electrode

(2 Lo = 0.543 75(H — 52) + 6.45 pH. (5)

wheree,, w., andh are the effective permittivity of the sub- As shown in Fig. 5(c), the EM simulation data were used for
strate, the effective width of the stripline, and the height of the parasitic elements from the via hole and the interconnection
MMIC substrate, respectively. Using the effective permittivitpart between the via hole and the lower electrode, which are
e. and effective widthw, of the strip line as fitting param- shown in Fig. 5(a) and (b). The structure and size of the via hole
eters, the characteristic impedance calculated from the abawel the interconnection part were fixed. Therefore, additional
closed-form equation was fitted to the result of a CSP-baseM simulation is not required when the capacitance value is
stripline evaluated from the EM simulation, and the values aghanged by adjusting the size of the electrodes. It is very im-
the effective permittivitye, and effective width of the strip line portant for the application of the model that the EM simulation
w. were determined by the fitting. As a result of the fittingparts do not change when varying the capacitance vaiug.is
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Fig. 8. Gate input prematching circuit connected with the parasitic elements
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Fig. 9. Drain output prematching circuit connected with the parasitic elements
sTO of the drain of the FET.

technique might cause a loss of power or a degradation of the
noise characteristics, and the gate-drain feedback technique

Paralle] RC
circuit

Prematching

cirenit circuit might limit the RF performance of the FET itself by reducing
the maximum available gain (MAG), although they improve
Fig. 7. Schematic circuit of the broad-band amplifier. the stability as well as extend the bandwidth of the FET. In this

work, to achieve a broad-band design (upifeband) without

the parasitic capacitance originating from the ACK/®y layers  the loss of high-frequency gain, a novel prematching technique
between the upper electrode and the GND electrode of the s@pploying anRC parallel circuit was used for the gate input

strate, as shown in Fig. 5(b)’,, is expressed as follows: of the FET, as shown in Fig. 7, which avoided the use of lossy
matching or feedback techniques. In the relatively low fre-

1 _ da + dy pF-! (6) auency range of the operating band, the resistor of the parallel
Cokg € WH WH RC circuit contributes to band flatness and circuit stabilization

wherez,, d,, e, andd, are the permittivity and thickness of theby reducing the unnecessarily high gain that originates from

o . unintended matching, such as a low-frequency resonance by
ACF an_d the perrr_uttlvny and th!ckness of the,Al; substrate, bias circuits. In the relatively high frequency range of the op-
respectively. In this work, the c_ilstance between the GND eleecfating band, the capacitor in the paralfed! circuit by-passes
;{r?]%?eadngjgetg?tz egr?]lzl?t\r/(:l:lueels :llt)?hu; i’zﬁ)’;r;tda Cn‘::keg ;22 ?r? dutrle resistor, and therefore it prevents the decrease in the high
9 o pac . Frequency gain caused by the resistor, which extends the band
tance values of the lumped equivalent circuit are given by tré% e to a higher frequency. The resistance, capacitance and
above closed-form equations, which are expressed with respé 9 ' '

to the electrode size. The scattering parameters calculated frI(r)]ml'ICtanCe values of the prematching circuit shown in Fig. 7

) o . ere selected using the concept of prematching. Generally, the
the equations exhibited a good agreement with the results of msut and output impedance of the FETs exhibit a frequency

EM simulation. Without the EM simulation, the above equauong gendence due to their parasitic elements, and the frequency

and equivalent circuit were used for the CSP-based componen . . )
. o . dependence of the reactance part of the impedance is dominant.
during circuit design.

In this work, the input and output of the FETs only shows
the real part of the impedance over a wide frequency range
by removing the reactance element of the FET impedance
A photograph and a schematic circuit of the amplifier aréia the prematching circuits. The gate input and drain output
shown in Figs. 6 and 7, respectively. In conventional amplprematching circuits from Fig. 7 connected with the parasitic
fier MMICs, a lossy resistive matching technique [12], [13¢lements of the FET are shown in Figs. 8 and 9. The gate
and a gate-drain feedback technique [14] has usually bdaeput prematching circuit from Fig. 7 is connected in parallel
employed for broad-band amplifier design in theX-band. with the parasitic elements of the gate of the FET, as shown in
This matching technique resulted in a broad-band gain of the. 8. ThenL,, C,,, andR;, are the parasitic inductance and
amplifier MMICs in the frequency band. In a high frequencgapacitance of the gate of the FET and the gate input resistance
range such as thE-band, however, the lossy resistive matchingf the FET, respectively, and,, is the inductance of the

IV. CIrRcuIT DESIGN
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stripline inductor, which is connected externally to increase the
parasitic inductance of the FET. The gate input prematching
circuit consists of the stripline inductors and tRe’ parallel
circuit. In this case, the input impedance of the gate of the FET
(Z,), the impedance of the prematching circ{dt;,) and the
total input impedancéZ;,,) can be expressed as follows:

Zyml ‘

ronijl"l'tonQ»_GfI»z o

e,
"
)
.
I
.
O
o'
3 >

. 1
Zg =Ri, +]w(Lg1 + LgZ) + ijgs (7)
. Ry
Zi —jwly + —— 8
p —Jwh + (1 +ju)R101> ( )
1 .
Zin i s Rin(w) + jwXin(w) 9)
7,7 7

where L, is the inductance of the gate stripline inductor, and
R, and C; are the resistance and inductance, respectively, of
the RC parallel circuit. To reduce the strong dependenc¥:qf

on the frequency, which originates from the parasitic elements
of the gate of the FET, the reactance p&kt(w) should be
removed. Thereforelz;, C1, andL; were selected to remove
the reactance paX;,(w). In this caseR;, C;, andL; should
satisfy the following conditions:

(b)

Ly =Lg1 + Ly (10) Fig.10. (a) Simulated input and outputimpedance of the first-stage BET (
_ andZ,.: in Fig. 7). (b) Input and output impedance of the second-stage FET
(& —2098 (11) (Zin2 and Z, 42 in Fig. 7).

Lgl + Lg2
Iy :\/ 3C,. (12) value,1/Z,4, can be ignored in (14). In this cas,,; can be

expressed as follows from (13) and (14):

Since the parasitic inductdry; of the FET in Fig. 8 is too small, Ry.
L, was externally connected to the FET. For the first-stage FEfput = T+ (RaswCg)?
in Fig. 7, the values of’; and R; were 0.46 pF and 12, s

2
respectively, and the value @f; was 0.1 nH. For the second- +jw {Ld + Lo — MSQ} . (15)
stage FET in Fig. 7, the values 6f andR; were 0.9 pF and 1+ (RaswCias)
8.5, respectively, and the value &f was 0.1 nH. To reduce the strong dependency.bf,; on the frequency by

The output prematching circuit is connected with the pargemoving the reactance part &f..;, the inductance., of the
sitic elements of the drain of the FET, as shown in FigL9. strip-line inductor should satisfy the following condition:
andCy,, respectively, are the parasitic inductance and capaci- )
tance of the drain of the FET, anfél;, is the drain resistance. Ly = R, Cs . (16)
The output prematching circuit consists of the drain bias circuit 1+ (RasweCis)?
and the stripline inductor. The output impedance of the drain \%erew
the FET(Z,) and the total output impedan¢g,,,;) can be ex- “
pressed as follows:

is the operating frequency. By using the above pre-

matching circuits, the strong frequency dependence of the input
and output impedances of the FETs were greatly suppressed in
the operation band. The simulated input and output impedance

T4 = R, of the first-stage FET 4,1 and Z,,¢1 in Fig. 7) are shown in
1+ (RagswCyqs)? Fig. 10(a), and the input and output impedance of the second-
_ R2 Cys stage FET ¥;.» and Z,...» in Fig. 7) are shown in Fig. 10(b).
W {Ld - m} (13) " As shown in Fig. 10(a), the dashed and solid lines correspond to
1 Zin1 andZyu11, respectivelyZ;,; in the frequency range from
Zout =T 1 T Jwle (14) 11 to 26 GHz exists within the circumference of a circle that

7 + o is located in the vicinity of 2d2, and 7, in this frequency
range exists in the circumference of a circle that is located in
where L, is the inductance of the stripline inductor. The draithe vicinity of 25Q. As shown in Fig. 10(b), the dashed and
bias circuit in Fig. 9 consists of the stripline inductors and caolid lines correspond t&;,> and 7,2, respectivelyz;,» in
pacitors as shown in Fig. 7. If the drain bias circuit shows a highe frequency range from 12 to 28 GHz also only reveals the real
impedance by adjusting the stripline length and the capacitaregedance values that exist in the vicinity of @0andZ, > in
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C c’ R’
R
@ (b)
Fig. 11. (a) ParalleRC circuit. (b) Equivalent serie®’ C’ circuit.

_ , — §,,:Without RC circuit _
this frequency range reveals only the real impedance values that (y, of Fig. ) '
exist in the vicinity of 2002. The impedance matching between ' e
the real impedance values of the gate input and the drain output X" Sy, :With RC circuit
prematching circuits was performed by open stub transformers, (1, of Fig-7)-
as shown in Fig. 7. v

For theKu-/K-band MMICs, stability should be guaranteed 3 _
over a wide frequency range from dc to the operation bandf%"mlé.to R/IBegs#zrt.ad return loss of the amplifier MMICs in the frequency range
order to prevent any unwanted oscillation in the out-of-band re-
gion as well as in the operation band. In this work, in order to K Factor

improve the stability in the out-of-band region of the amplifier %

MMIC, a parallelRC circuit was connected to the input of the
amplifier MMIC, as shown in Fig. 7. Without the parall&IC 2
circuit at the input port, the< factor of the amplifier MMIC
was lower than 1 in the frequency range from 10 to 11 GHz,
due to the instability of the FET itself, which means that the
amplifier MMIC is conditionally stable in this frequency band.
Therefore, the value of resistan&efor the parallelRC circuit 0
was selected to stabilize the amplifier MMIC in the above con- 0 10 20 30
ditionally stable frequency range by improving the input return freq. (GHz)

loss in this frequency range. The value of the capacitéheas
selected to bypass the resistor in the operation band or in i 13, Measuredt
higher frequency range, and therefore the RF performance in

the operation band is not affected by the paraliél circuit. As the parallelRC circuit, and the thick solid line corresponds to
shown in Fig. 11(a) and (b), the paralle circuitis equivalent the device without the parall&C circuit. TheK factors in the

to the serieg?’ C’ circuit, and in this case, the resistard¢eand low frequency range were too high to plot, and these are not
the capacitancé” can be expressed as follows: shown in the figure. As shown in Fig. 13, the stability over the

frequency range from 10 to 11 GHz was greatly improved by the

factors of the amplifier MMICs.

;L R 17 parallel RC circuit, and therefore the amplifier MMIC shows
"1+ (wRC?) (17) unconditional stabilitf X > 1) in the whole frequency range.
, 1 1 As is well known, a high capacitance value is required for the
¢ = {W + RC} R (18) pypass of the biasing circuit, and therefore additional biasing

components are necessary on the board for the correct opera-
where R and C are the resistance and capacitance values tain of conventional MMICs. In this work, the biasing compo-
the parallelRC circuit, respectively. Therefore, the input returments as well as the matching components were fully integrated
loss of the amplifier with theRC circuit (y, in Fig. 7) moves on the MMIC by using a small-size STC5rTiOs) capacitor,
toward the high resistive and capacitive regionffyandC’ for  as shown in Fig. 7. Therefore, the packaged MMIC does not re-
the parallelRC circuit. In this work, in order to improve the quire additional matching and biasing components on the board.
stability and return loss in the conditionally stable range (froffihe STO film was deposited on a GaAs epitaxial substrate by a
10 to 11 GHz), and to have no effect on the RF performancelow-temperature RF sputtering technique, without degradation
the operation band{«- andK -band), values of 0.5 pF and of the electrical performance of the GaAs substrate. The relative
were selected fof’ andR, respectively. As shown in Fig. 12, thedielectric constant of the STO film is 20 times higher than that
measured return loss was plotted for the frequency range frofma conventional SiN film.
8 to 18 GHz, where the dashed and solid lines, respectivelyA GaAs MODFET was employed as the FET in the MMIC.
correspond to the return loss of the MMIC with and withouThe length of the FET gate was Q:. The 0.2um gate finger
the parallelRC circuit. As shown in Fig. 12, the input returnwas fabricated using phaseshifter-edge-line (PEL) phase-shift
loss without theRC' circuit (v, in Fig. 7) in the conditionally lithography employing a conventionatline stepper, which
stablefrequency range moved toward the high resistive and highmore cost-effective than an electron-beam lithography
capacitive regiony, in Fig. 7) by R’ andC’, and therefore the technique. The delta-doped epitaxial layer was grown on a
input return loss was significantly improved. Fig. 13 shows th8aAs substrate by MOCVD. The threshold voltagé]
measured factors for the amplifier MMICs, where the operwas —0.6 V, and the maximum transconductan@ernax)
circle line corresponds to the results of the amplifier MMIC witlobtained was 625 mS/mm. The current gain cut-off frequency



2936

Gain, Meass. (dB)

T i e
T
0

30

frequency (GHz)

Fig. 14. Measured and simulated gain and measured return loss of
amplifier MMIC.

30
~ 20
£ Oooodaodj -
2
: 10 OOUO
3 o
o o
0
-10
-20 -10 0 10 20
Pin (dBm)

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 50, NO. 12, DECEMBER 2002

18 dBm. The CSP solution was compared with the on-chip and
surface mount package (SMP) solutions. For the on-chip solu-
tion, a two-stage bare chip amplifier MMIC without bonding
wires or a package was fabricated to extract the best RF perfor-
mance from the MMIC itself by removing the extrinsic loss. For
the SMP solution, a two-stage amplifier MMIC was prepared
with an SMP and bonding wires. Compared with the bare chip
MMIC, the CSP MMIC showed a loss of 0.7 dB, which mainly
originates from the interconnection region and the ACF film (as
stated before, the maximum insertion loss of the CSP itself was
0.8 dB from 0 to 30 GHz). However, compared with the bare
ghip MMIC, the SMP MMIC with bonding wires showed a loss
of 1.5 dB.

VI. CONCLUSION

A fully integrated broad-band amplifier MMIC employing a
novel RF-CSP was developed using a novel broad-band design
technology that allows for good RF performance and circuit sta-
bility over a wide frequency range. Small STO capacitors were
employed for the integration of the dc biasing components on
the MMIC. The packaged amplifier MMIC showed good RF
performance over a wide frequency range, and good stability
from dc to the operation band. Due to the cost-effective fabri-
cation process and the compact size of the CSP MMIC, it is ex-

Fig. 15. Measured®,.. — P., characteristic of the packaged MMIC at 20 Pected that this will be a promising candidate for application to

GHz.

(ft) and maximum frequency of oscillatiqif,,.x) were 75 and
135 GHz, respectively. The gate widthd/{) of the first- and
second-stage FETs are &0 m and 50x 8 um, respectively.

low-cost Ku-/K-band MMICs in the wireless communication
systems market.
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