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(57) ABSTRACT 
A hybrid microwave and millimeter Wave integrated circuit 
(MMIC) RF poWer ampli?er includes an integrated circuit in 
Which an ampli?er circuit is fabricated and an output imped 
ance matching network comprising metal-insulator-metal 
(MIM) capacitors mounted on the integrated circuit chip 
With bonding Wire inductors connecting the ampli?er circuit 
With the capacitor elements. The resulting structure has a 
smaller form factor as compared to conventional poWer 
ampli?ers employing planar transmission lines and surface 
mount technology capacitors. 
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Figure 1. Block diagram of power ampli?er circuit 
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Figure 2. Implementation of power ampli?er module 
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MMIC POWER AMPLIFIER WITH WIREBOND 
OUTPUT MATCHING CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to RF power 
ampli?ers for Wireless communications, and more particu 
larly, the invention relates to microWave and millimeter 
Wave integrated circuit (MMIC) poWer ampli?ers having 
output impedance matching netWorks. 

[0002] The trend of Wireless communication equipment 
has led to an increasing demand for high performance and 
small form factor electronic components. In the modern 
Wireless application, the radio frequency (RF) poWer ampli 
?er circuit is one of the largest components in the transceiver 
portion of the phone. Thus the reduction of its siZe has been 
targeted in the industry. 

[0003] The microWave and millimeter Wave integrated 
circuit (MMIC) poWer ampli?er is typically impedance 
matched to 50 ohms at both the input and output. While the 
ampli?er is usually operated at 10 GHZ and above, the 
output matching circuit at loWer frequencies becomes lossy. 
The output netWork of a MMIC circuit uses metal-insulator 
metal (MIM) capacitors and metal traces on the surface of 
the semiconductor substrate as the transmission line. The 
losses in the transmission line increase per unit electrical 
length as frequency is loWered. Therefore the loss of the 
output matching circuit for RF and loW microWave fre 
quency is intolerable. Thus While the MMIC poWer ampli?er 
offers small siZe, the losses in the impedance matching 
netWork make it impractical at loW microWave frequencies. 

[0004] To improve RF performance While maintaining a 
small form factor, a poWer ampli?er module (PAM) is used. 
FIG. 1 is a block diagram of a conventional poWer ampli?er 
module for RF/loW microWave frequency applications. The 
module includes a poWer ampli?er integrated circuit (PAIC) 
10 Which is connected to a separate output matching circuit 
12. As shoWn in FIG. 2, the output matching circuit typi 
cally comprises a planar transmission line or microstrip 
14 and surface-mount-technology (SMT) capacitors 16 
Which are mounted on a ceramic or laminate substrate 18 
along With the integrated circuit 10. 

[0005] The PAIC integrated circuit is usually the full 
MMIC poWer ampli?er less the lossy output matching 
circuit. To reduce the transmission line loss in the PAM, the 
line Width of the TL must be increased Which in turn requires 
longer physical length to maintain the original inductive 
effect. Therefore, the module siZe and TL loss become 
trade-offs in the PAM design. Compared With the transmis 
sion line on the MMIC poWer ampli?er, the transmission 
line on a poWer ampli?er module has much thicker metal (3 
to 5 microns on the MMIC compared to 25-50 microns on 
the PAM substrate) and therefore offers much less loss. 
Another Way to improve conversion loss is the use of high 
quality factor (Q) SMT capacitors. HoWever, a commercial 
high quality capacitor is not cost effective and its Q is alWays 
loWer than that available in the integrated circuit. 

SUMMARY OF THE INVENTION 

[0006] In accordance With the invention, an RF poWer 
ampli?er includes an integrated circuit in Which an ampli?er 
circuit is fabricated and an output impedance matching 
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circuit including at least one capacitor mounted on the 
integrated circuit substrate With bonding Wire inductors 
connecting the ampli?er circuit to the at least one capacitor. 
In a preferred embodiment, the capacitor is mounted on a 
major surface of the integrated circuit semiconductor body 
in a hybrid integrated circuit. 

[0007] Preferably the one or more capacitors of the output 
impedance matching circuit comprise metal-insulator-metal 
(MIM) capacitors With Wire bonding serially connecting the 
integrated circuit output and the capacitors. The length and 
height of the Wire bonds can be selected to provide the 
requisite impedance for a particular operating frequency of 
the poWer ampli?er. 

[0008] The form factor of the poWer ampli?er is reduced 
since the bond Wire inductor occupies less chip surface area 
than the conventional transmission line inductor. Further, the 
Wire bond inductor has loWer loss than the planar transmis 
sion line, and multiple bonding Wires can be used to further 
reduce the loss. The resulting hybrid poWer ampli?er has the 
combined strength of the MMIC poWer ampli?er and the 
PAM module in performance yet offers loW-cost manufac 
turing through use of conventional semiconductor fabrica 
tion techniques. 

[0009] The invention and object features thereof Will be 
more readily apparent from the folloWing detailed descrip 
tion and dependent claims When taken With the draWing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a functional block diagram of a poWer 
ampli?er circuit. 

[0011] FIG. 2 is a functional block diagram of a poWer 
ampli?er module. 

[0012] FIG. 3 is a function block diagram of a poWer 
ampli?er With Wirebond output matching circuit in accor 
dance With the invention. 

DETAILED DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0013] Referring noW to FIG. 3, an embodiment of the 
present invention includes a semiconductor body 20 having 
a major surface in Which the active components of a poWer 
ampli?er 22 are fabricated. Mounted on the major surface of 
semiconductor body 20 are MIM capacitors 24, 26 With 
bonding pads on the surfaces of capacitors 24, 26 connected 
to plates of the capacitors. The metal-insulator-metal capaci 
tor is a conventional structure in semiconductor circuits and 
is conventionally manufactured using standard semiconduc 
tor processes of metal and insulator sequential depositions. 
Bonding pads are provided at the output of the poWer 
ampli?er 22, and bonding Wires 30 and 32 interconnect the 
output of the ampli?er to bonding pads on capacitor 24. 
Similarly, Wire bonds 34, 36 serially connect capacitors 24, 
26 in a serial impedance matching circuit. The capacitance 
of the capacitors is readily established during manufacturing 
by controlling surface areas of the capacitor plates and 
insulator material and thicknesses. Similarly, the inductance 
of the bonding Wires is readily controlled by the length of the 
Wires. Importantly, surface area on semiconductor body 20 
is preserved since the bonding Wires can eXtend in a vertical 
direction Without utiliZing surface space on body 20. The 
MIM capacitors 24 and 26 can be either a “shunt” element 
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With the other electrode grounded through a via hole to the 
backside ground of the semiconductor 20, or a “serial” 
element With the other electrode connected to a bond Wire 
pad for further connection. 

[0014] A representative sample of the poWer ampli?er 
operates at 836 MHZ cellular band. A shunt capacitor of 13 
pF, and a bond Wire of 1 mil diameter and approximately 2.7 
mm length Will make 4 ohm load impedance. 

[0015] In accordance With the invention, the MIM capaci 
tors are mounted directly on the integrated circuit substrate. 
Further, the MIM capacitor is much smaller than the surface 
mount-technology (SMT) capacitor, and the bond Wire 
inductor on the chip occupies less chip surface area than the 
conventional transmission line inductor. While SMT capaci 
tors have values Which are available only in 5 percent or 10 
percent steps, the on-chip MIM capacitor can be designed to 
any desired value. The use of SMT capacitors also suffer 
from placement error during assembly. This error is unde 
sirable because it leads to uncertainty in the transmission 
line electrical length. HoWever, the placement of on-chip 
MIM capacitors is not critical due to the use of bonding Wire 
inductances. 

[0016] While the invention has been described With ref 
erence to a speci?c embodiment, the description is illustra 
tive of the invention and is not to be construed as limiting the 
invention. Various modi?cations and applications may occur 
to those skilled in the art Without departing from the true 
spirit and scope of the invention as de?ned by the appended 
claims. 

What is claimed is: 
1. An RF poWer ampli?er comprising 

a) an integrated circuit including a semiconductor body in 
Which an ampli?er circuit is fabricated, 

b) an output impedance matching circuit including at least 
one capacitor mounted on the semiconductor body With 
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bonding Wire inductors connecting the ampli?er circuit 
to the at least one capacitor. 

2. The RF poWer ampli?er as de?ned by claim 1 Wherein 
the at least one capacitor comprises a metal-insulator-metal 
(MIM) capacitor. 

3. The RF poWer ampli?er as de?ned by claim 2 Wherein 
the output impedance matching circuit includes a plurality of 
capacitors Which are serially connected by bonding Wire 
inductors. 

4. The RF poWer ampli?er as de?ned by claim 3 Wherein 
the ampli?er is designed for microWave and millimeter Wave 
frequency operation. 

5. The RF poWer ampli?er as de?ned by claim 1 Wherein 
the ampli?er is designed for microWave and millimeter Wave 
frequency operation. 

6. A hybrid microWave and millimeter Wave integrated 
circuit (MMIC) RF poWer ampli?er comprising: 

a) an integrated circuit including a semiconductor body 
having a major surface in Which an ampli?er circuit is 
fabricated, and 

b) an output impedance matching netWork circuit com 
prising an inductor-capacitor transmission line With at 
least one capacitor element and bonding Wire connect 
ing the at least one capacitor element to the ampli?er 
circuit and providing transmission line inductance. 

7. The MMIC RF poWer ampli?er as de?ned by claim 6 
Wherein the at least one capacitor is mounted on the major 
surface of the semiconductor body. 

8. The MMIC RF poWer ampli?er as de?ned by claim 7 
Wherein the at least one capacitor comprises a metal-insu 
lator-metal (MIM) capacitor. 

9. The MMIC poWer ampli?er as de?ned by claim 8 
Wherein the output impedance matching circuit includes a 
plurality of capacitors Which are serially connected by Wire 
bonding inductors. 


