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INTEGRATED EMITTER DRAN BYPASS 
CAPACITOR FOR MICROWAVE/RF POWER 

DEVICE APPLICATIONS 

FIELD OF THE INVENTION 

The present invention relates to a bipolar transistor having 
an integrated bypass capacitor circuit to curb the ill effects 
of negative feedback resulting from emitter ballast resis 
tance. 

BACKGROUND OF THE INVENTION 

The present invention relates to a technique for improving 
the performance of Semiconductor bipolar transistors, par 
ticularly for power applications. 

Semiconductor bipolar devices, especially those used in 
power applications, are inherently thermally unstable. The 
problem presented is a Self-feeding problem, with the higher 
temperatures of device operation resulting in an increased 
current at the collector, which increases the temperature, 
further increasing the current. Clearly, this circular problem 
can be reduced or eliminated by the reduction of either 
current or temperature. 

The relationship of pn junction diode current and tem 
perature is well known, and clearly the increase in tempera 
ture results in an increase in current, which in turn results in 
an increase in temperature. A Solution to the problem of 
collector current thermally "run-away' is to place a Small 
but finite resistor at the emitter of the transistor. Then, as the 
collector current increases, the emitter Voltage increases, 
decreasing the emitter-base Voltage, thereby reducing the 
collector current to an acceptable value one again. This type 
of negative feedback with a ballasting resistor, the resistors 
at the emitter fingers, is well known in the field of bipolar 
junction transistors. In most applications, the ballasting 
resistance is optimally distributed over the emitter fingerS So 
that the feedback can be effectively utilized to control 
run-away current in an individual or a Small group of emitter 
fingers. Often times, a thin film or implanted resistor is 
placed at the end of each emitter finger or pair of fingers. 
This technique is advantageous in that one can readily 
modify the resistance value by modifying the geometry of 
the resistor without changing the resistor fabrication pro 
ceSS. Alternatively, one can grow or implant a lightly doped 
Semiconductor region above the device emitter to provide 
the ballasting resistance. This technique is less advantageous 
in that it is not as readily modified as the previous described 
technique. Clearly, the application of integrated ballasting 
resistors is well known to one of ordinary skill in the art to 
aid in the reduction or elimination of thermal run-away 
asSociated with BJTS, particularly, for power applications. 

It is well known that there is heat generated through the 
operation of the device which may be detrimental to device 
performance. Accordingly, it is necessary to have means to 
dissipate heat from the device, preferably at the emitter 
where the heat is generated. This heat extraction is effected 
by Standard heat Sink dissipation techniques, well known to 
one of ordinary skill in the art. One Such technique is 
effected by mounting the device in an upside-down manner 
on the heat Sink. Accordingly, this process is well known in 
the art as flip-chip technology. In most cases, the interface 
between the device contacts in the heat Sink is a relatively 
thick region of metal. This region of metal is deposited in 
many ways but is usually referred to as a bump. 

While it is true that the above referenced technique for 
creating thermal Stability in the transistor provide a signifi 
cant advantage, the resistance at the emitter fingers intrin 
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2 
Sically create a negative feedback which degrades the per 
formance of the device. A well known technique to reduce 
this negative feedback is to have a bypass capacitor of 
relatively large magnitude in parallel with the resistor at the 
emitter finger. This large magnitude bypass capacitance is an 
effective rf - pass. That is, the reactance from the bypass 
capacitor circuit is insignificant relative to the ballasting 
resistor at high frequencies. This enables the rf Signal to 
traverse the bypass capacitor thereby avoiding the ballasting 
resistor, and thereby avoids “wasting rf energy in the 
resistor and reduces the negative feedback in the operational 
frequency band. This has a direct impact on the overall gain 
and efficiency of the BJT 
AS Stated above, the emitter resistor is relatively Small, 

but has a finite resistance value. The capacitor required to 
effectively create an rf bypass must be relatively large. 
Unfortunately, it is very difficult to create a bypass capacitor 
circuit having a large enough capacitance value on the 
device because of the relatively Small area provided at the 
device level for this capacitor. Attempts to form the bypass 
capacitance off the chip would have other potential delete 
rious effects. To this end, if one were to form the bypass 
capacitance circuit off the chip site, there would be bond 
wires require to perform the necessary electrical connec 
tions. Because the emitters fingers have to be ballasted 
Separately, the Size of the bonding wires and wire bond pads 
has to be less than 10 microns. The technology of today 
renders this task impossible. Even if it were possible to 
effect an off chip bypass capacitor, the effect of this circuit 
layout would Severely degrade the performance of the 
transistor by the parasitic effects induced by the bonding 
wires. At high frequency, these relatively Small diameter 
bond wires would form undesired inductance elements. 
These inductance elements form an undesired resonance 
circuit with the bypass capacitor, causing problems with 
stability and bandwidth. 

Accordingly, what is needed is a technique to fabricate a 
large bypass capacitance in parallel with the emitter ballast 
resistor in a bipolar junction transistor in an integrated 
fashion. This integrated bypass capacitor must reduce the 
negative feedback at high frequency energy losses associ 
ated with the emitter ballast resistance, while not Suffering 
any performance degradation in device Stability or band 
width. 

SUMMARY OF THE INVENTION 

The present invention is a modified Silicon bipolar junc 
tion transistor in integrated form having a ballasting resistor 
integrated onto a Silicon chip. This resistor is for the 
purposes of thermal Stability of the transistor during opera 
tion. Additionally, a large bypass capacitor circuit is placed 
in parallel with the ballasting resistor in integrated circuit 
form. To this end, a modified metallization pattern for the 
silicon BJT is utilized. A heterolithic microwave integrated 
circuit glass Substrate has the integrated bypass capacitor 
circuit fabricated directly thereon, and this circuit is elec 
trically in contact with the emitter fingers of the BJT. The 
BJT is mounted in a flip-chip fashion. 
The modified transistor has two emitter contact, the first 

directly connected to emitter, while the Second is connected 
to the emitter through the integrated balasting resistor. The 
first emitter contact is connected to the bypass capacitor to 
form an RF loSS leSS path, while the Second emitter contact 
is connected to a silicon pedestal of the HICK which is 
connected to electrical ground. The bypass capacitor is 
fabricated on top of the Silicon pedestal, and preferably is a 
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circuit of two or more parallel capacitors, to effect an 
equivalent capacitance of the desired magnitude in order to 
properly effect the rf bypass. In the preferred embodiment, 
the capacitor has three metal layerS Sandwiching two dielec 
tric layers with electrical connections to form the parallel 
circuit of the capacitors. These capacitors are formed by 
Standard photolithographic techniques, making large Scale 
fabrication readily possible. 

The final design, has the bypass capacitor circuit provid 
ing a low loss, low reactance path for the high frequency, for 
example rf or microwave frequency signal So that the 
negative feedback caused by the ballasting resistor in prior 
techniques is minimized as great as possible. The device of 
the present invention has a higher output power with a 
higher power gain at a greater efficiency than prior tech 
niques not utilizing the capacitance circuit of the present 
invention. 

The present invention results in a HICK BJT circuit 
wherein the rf Signal is bypassed from the ballasting resistor 
enabling the use of a larger ballasting resistor without 
degrading the device performance. Accordingly, the result 
ant device has better thermal stability than devices not 
utilizing the capacitor circuit of the present invention. 

OBJECTS, FEATURES AND ADVANTAGES 

It is an object of the present invention to have a high 
frequency bipolar junction transistor circuit having better 
thermal Stability and improved efficiency and gain. 

It is a feature of the present invention to have an inte 
grated bypass capacitor circuit in parallel with the emitter 
ballasting resistor. 

It is a further feature of the present invention to have the 
bypass capacitor circuit in integrated circuit form on a 
HICK. 

It is a further feature of the present invention to have a 
large magnitude capacitance Volume in a Small physical 
aca. 

It is an advantage of the present invention to have a device 
and circuit readily amenable to large Scale fabrication tech 
niques. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the circuit of the present invention in cross 
Section. 

FIG.2 shows the structure of FIG. 1 prior to the mounting 
of the BJT chip. 

FIG. 3 is a schematic circuit of the silicon transistor and 
ballasting and bypass circuits of the present invention. 

FIG. 4 is a top view of the metal pattern of the silicon 
transistor of the present invention. 

FIG. 5 is the metal pattern of the present invention on the 
silicon pedestal in the HICK substrate. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is shown in croSS Sectional view in 
FIG. 1. To this end, a heterolithic microwave integrated 
circuit (HICK) substrate 100 having regions of glass 101 and 
Silicon pedestals 102 has disposed thereon the bipolar junc 
tion transistor (BJT) 103. In the present invention, the BJT 
is flip-chip mounted with the collector side at 104 the base 
region at 105 and the emitter at 106. The present invention 
has emitter region having two contacts designated 107 and 
108 respectively. Additionally, as can be seen from FIG. 1, 
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4 
the device 103 is flip-chip mounted. Before going into 
further detailed explanations of the capacitor circuit in 
integrated form, it is prudent to review the Schematic dia 
gram as is shown in FIG. 3. To this end, the emitter of the 
modified transistor of the present invention has two emitter 
contacts, 307 and 308 respectively. The emitter contact 308 
is connected to the RF ground through the bypass capacitor 
circuit 310 as shown. This circuit is a parallel connection of 
capacitors designated 310. The contact 307 is connected to 
the emitter through the ballasting resistor 309. 
The emitter ballasting resistance can be fabricated with 

two methods using p" region in the p" ring to achieve the 
required ballasting resistance value or depositing polysilicon 
over the p region and the required ballasting resistance value 
can be achieved by adjusting the AS' implantation onto the 
polysilicon. 

Typical values for the ballasting resistor are in the range 
on order of 75 ohm to 200 ohm per emitter finger and 0.3 to 
1 ohm per device and the individual capacitors of the present 
invention have typical capacitance's on the order of 600 to 
900 IF per device for a equivalent reactance in the range of 
0.05 to 0.2 ohms/device. These values are chosen for opera 
tion in the frequency range on the order of from 1 GHz to 
4 GHz. 

Turning to FIG. 2, the present invention is shown with the 
BJT not mounted to the HICK Substrate. A review of FIG. 
2 shows the various elements of the bypass circuitry. To this 
end, the HICK substrate 200 has a first bottom metal layer 
201 with a first layer of dielectric material 202 disposed 
thereon. The bottom metal layer is electrically connected to 
a DC ground potential. Thereafter, the middle metal layer 
203' is disposed on top of the first dielectric layer 202 and 
a second dielectric layer 204 is disposed thereon. Finally, a 
top metal layer 205 together with an airbridge 206 complete 
the bypass capacitor circuit. 
The HMIC substrate of the present invention has embed 

ded Silicon pedestals. These are fabricated by Standard 
technique, as is described for example in International 
Publication No. WO 97/35340, the disclosures of which are 
Specifically incorporated herein by reference. Additionally, 
other techniques to form HMIC substrates with silicon 
pedestals to effect the electrical connections, to include 
electrical ground, are as is described in U.S. Pat. No. 
5,696,466 the disclosure of which is specifically incorpo 
rated herein by reference. The bypass capacitor of the 
present invention is fabricated on top of the Silicon pedestal. 
The capacitor has three metal layers and two dielectric 
layers electrically connected So as to form two capacitors 
connected electrically in parallel. The resultant capacitance 
is of a magnitude great enough to effect the low reactance 
path at the desired frequencies as is described above. The top 
and bottom metal layers 205 and 201, respectively, form one 
plate of the capacitor connecting to the ground and the 
middle metal layer 203' is the other plate of the capacitor 
connecting to the emitter. These connections are effected by 
standard metal bumps 203, 207 as is well known to one of 
ordinary skill in the art. The various layers of metal and 
dielectric are formed using Standard photolithographic pro 
cesses. Ti/Pt/Au as the electrodes can be put down with 
standard lift off process while the dielectric thin film can be 
grown using either CVD or reactive spattering processes. 
Then the dielectric thin film can be patterned via either wet 
or dry etching processes. The bottom layer of metal, 201 is 
disposed directly on top of the Silicon pedestal while the top 
layer 205 is electrically in contact with the ground effected 
by the silicon pedestal through the airbridge 206. The layers 
of dielectric material are preferably SiC., having a high 
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dielectric constant and a high thermal conductivity, prefer 
able characteristics for this application. AlN may also be 
used as dielectric material. The metallization is preferably of 
Ti/PT/Au. Returning to FIG. 1, the device 103 is bonded 
onto the silicon pedestal on the HMIC substrate using 
flip-chip technology well known to one of ordinary skill in 
the art. AS can be seen, the contact 107 for the emitter is used 
for dc grounding, while the contact 108 for the emitter is 
used to effect rf grounding through the bypass capacitor. The 
bonding technique used is as described in P. Liet al. “A New 
Technology for Si Microwave Power Transistor Manufac 
turing” IEEE MTT'S Digest 1996, the disclosure of which 
is incorporated by reference. 

Turning to FIG. 4, the top metal pattern of the silicon 
transistor is shown with the collector region on the backside 
of the transistor. To this end, emitter contacts 408 make 
electrical connections to the middle metal layer as is shown 
in FIG. 1 and 2, while the emitter contact 407 makes contact 
to the bottom metal layer as is shown in FIGS. 1 and 2 as 
well. Finally, the base metallization 409 makes contact to the 
structure on the HMIC metallization for the base at 109 in 
FIG. 1. Turning to FIG. 5, the metal pattern on the silicon 
pedestal in the HMIC substrate is shown. This is a top view 
of the structure shown in FIG. 2, with the top metal layer 
(shown at 205 in FIG. 2) and second dielectric layer (shown 
at 204 in FIG. 2) not shown in FIG. 5. To this end, the middle 
metal layer 503 is shown as well as the dc ground contact 
507, shown at 207 in FIG. 2. DC ground layer 501 is the 
same as metal layer 201 shown in FIG. 2. Additionally, the 
airbridge is shown at 506. Metal contact 509 is shown in 
FIG. 2 at 209 and in FIG. 1 at 109 and is the metalization for 
the base. 

The present invention is designed to operate in frequen 
cies in the range of 1-4 GHZ at power output levels on the 
order of 5-20 W. By the use of the ballasting resistor circuit 
as well as the bypass capacitor circuit connected in parallel, 
the present invention is specifically drawn to improving the 
gain and output power the efficiency of the bipolar junction 
transistor as is described above, the improvement of thermal 
Stability through the ballasting transistor while curbing the 
ill effects of the negative feedback of the ballasting resistor 
through the use of the bypass capacitance circuit described. 
The primary reason that the Structure of the present inven 
tion provides the advantages described above is through the 
use of large Scale integrated circuit processing techniques to 
effect the bypass capacitance. To this end, the ability to 
fabricate the relatively large capacitance values required to 
achieve effective bypass capacitor circuit at high frequency 
in a relatively Small area on the chip has great advantage in 
the performance of the device as well as in the overall cost 
of fabrication. To this end, the ability of the bypass capacitor 
circuit to be formed directly on a chip enables the perfor 
mance realized by avoiding unnecessary resonance condi 
tions as described above in cases where the capacitor circuit 
is offset of the chip. Because of the ability to fabricate the 
device in large Scale, the additional advantages gained in 
that the processing techniques well known in VLSI. tech 
nology can be utilized, resulting in large Scale fabrication 
through Standard processing techniques. This has the atten 
dant advantage of a reduction in cost per device. 

The invention having been described in detail, it is clear 
that variations and modifications of both the devices and 
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materials are within the purview of the artisan of ordinary 
skill having had the benefit of the present disclosure. To the 
extent that Such modifications in variations are within the 
theme and teaching of the bypass capacitance on chip bypass 
circuit as enumerated above, Such are deemed to be within 
the Scope of the present invention. 

I claim: 
1. A bipolar junction transistor mounted on a HMIC 

Substrate having a Silicon pedestal electrically connected to 
ground, Said bipolar junction transistor having a first emitter 
contact and a ballasting resistance connected thereto, and a 
Second emitter contact connected to a bypass capacitance 
circuit disposed on said HMIC substrate. 

2. A bipolar junction transistor as recited in claim 1 
wherein Said bypass circuit has a first metal layer, a Second 
metal layer and a dielectric layer therebetween, Said first 
metal layer disposed on Said Silicon pedestal and electrically 
connected thereto. 

3. A bipolar junction transistor as recited in claim 1, 
wherein Said bypass capacitance circuit has a bottom metal 
layer, a middle metal layer and a top metal layer, with a first 
dielectric layer between Said bottom metal layer and Said 
middle metal layer and a Second dielectric layer between 
Said middle metal layer and Said top metal layer. 

4. A bipolar junction transistor as recited in claim 3 
wherein Said bypass capacitance circuit further comprises 
two capacitors connected electrically in parallel. 

5. A bipolar junction transistor as recited in claim 1 
wherein Said capacitance circuit is connected electrically in 
parallel to Said resistance. 

6. A transistor having a base, an emitter and a collector, 
Said emitter having first and Second emitter contacts, Said 
first emitter contact connected to a resistor and Said Second 
emitter contact connected to a bypass capacitor circuit; and 
Said transistor and Said bypass circuit mounted on a het 
erolithic microwave integrated circuit (HMIC) substrate. 

7. A transistor as recited in claim 6 wherein Said transistor 
is flip-chip mounted Said on heterolithic microwave inte 
grated circuit. 

8. A transistor as recited in claim 6 wherein Said bypass 
capacitor circuit has a first metal layer and a Second metal 
layer and dielectric material disposed therebetween; Said 
circuit connected to Said emitter contact at one end and 
connected to electrical ground at another end. 

9. A transistor as recited in claim 6 wherein said bypass 
capacitor circuit is further comprised of two capacitors 
connected electrically in parallel and Said capacitors are 
further comprised of a bottom metal layer disposed on Said 
HMIC substrate, a top metal layer and a middle metal layer, 
Said bottom metal layer having a first dielectric layer dis 
posed thereon and Said middle metal layer having a Second 
dielectric layer disposed thereon. 

10. A transistor having a base, an emitter and a collector, 
Said emitter having first and Second emitter contacts, Said 
first and Second emitter contacts connected electrically in 
parallel, Said first emitter contact connected to a finite 
resistance and Said Second emitter contact connected to a 
bypass capacitor circuit, characterized in that: 

Said bypass capacitor circuit is disposed on a Silicon 
pedestal of a heterolithic microwave integrated circuit. 

k k k k k 
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