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VOLTAGE REGULATOR INTEGRATED WITH 
SEMCONDUCTOR CHIP 

This application claims priority to U.S. provisional appli 
cation No. 60/871,837, filed on Dec. 26, 2006, which is herein 
incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a type of semiconductor 

chip and its applications or, more specifically, it relates to a 
type of semiconductor chip and its application circuits. 

2. Description of the Related Art 
In common power regulator devices, goals behind the 

design not only include lowering total circuit costs, but also 
accelerating response speeds of signals and increasing the 
efficiency of regulating power Supplies. Currently, in order to 
achieve the goal of mediating many different Voltage ranges, 
the size of Voltage regulators are rather large and on-chip 
regulators are not a reality. For a PCB with multiple electrical 
devices, because different electrical devices have different 
Voltage demands, power Supplies of different output Voltages 
are used to correspond to general Voltage ranges that are used 
by the electrical devices. However, this method consumes a 
rather large amount of energy, increases the difficulty of 
designing circuits, and also has a rather high cost. 

Therefore, to decrease the amount of energy needed, a 
common method is to use multiple Voltage regulators or con 
Verters to modify the Voltage from a single power Supply unit, 
in accordance to needs of the electrical devices. These Voltage 
regulators or converters allow the voltage that enters each 
electrical device to correspond to the device's working volt 
age. For example, FIG. 1 shows a common diagram of an 
equivalent circuit structure. On the circuit structure, there is a 
power Supply unit 10, and on one side of the power Supply unit 
10, a voltage regulator or converter 12 is connected. On the 
other side of the Voltage regulator 12, multiple parasitic ele 
ments 14 are connected, and the electrical devices 16 (Such as 
chips) that are to be controlled are also connected to the 
parasitic elements. Voltage regulator 12 can vary the Voltage 
from power Supply unit 10 to a specific range that corresponds 
to the characteristics of electrical devices 16. 
More specifically, Voltage regulator 12 can take a steady 

input Voltage and regulate the Voltage within a specific range 
according to the needs of different devices (such as chips), 
and then input the voltage into the devices. With current 
circuit technology, this method must be carried out by Voltage 
regulators or converters, resistors, capacitors, and inductors 
constructed on the PCB. Referring to the electrical devices 16 
and voltage regulator 12 disclosed in FIG. 1, there are mul 
tiple parasitic capacitors, inductors, and resistors in serial or 
parallel. Therefore, after a power Supply Voltage is regulated 
by Voltage regulator 12, the power Supply Voltage still needs 
to pass through multiple parasitic elements for enabling elec 
trical devices 16. These multiple parasitic elements are spread 
out over the PCB and within the package of the chip, and 
therefore cause a decrease in the efficiency at which the 
Voltage is regulated. 

Referring to FIG. 2, an example result of circuits of FIG. 1, 
a graph is shown where output impedance is plotted against 
load current frequency. As shown on the graph, when the 
usage frequency of electrical devices 16 is 107 Hz, the corre 
sponding output impedance is 0.025 ohms. However, when 
the usage frequency of electrical devices is 10 Hz, the 
output impedance quickly increases to 0.3 ohms, showing an 
obvious disadvantage to this method of Voltage regulation. 
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2 
The circuit diagram shown in FIG. 3 is commonly used in 

the design of Voltage regulator 12, wherein Voltage regulator 
12 includes a semiconductor chip 1115, and also an inductor 
1320' and a capacitor 1310' constructed off-chip. Semicon 
ductor chip 1115 includes MOS 1114b', diode 1114c, switch 
controller 1114a', and voltage feedback device 1112. Then a 
power Supply inputs into Voltage regulator 12, Voltage feed 
back device 1112' takes a Voltage signal and transfers it to 
switch controller 1114a'. Switch controller 1114a' then uses 
this voltage signal to control when MOS 1114b' is switched 
on or off, which therefore controls the output voltage. 

Another circuit diagram is shown in FIG. 4. This circuit 
diagram is similar to that of FIG. 3, except that the diode 
1114c in FIG.3 is replaced by MOS 1114d in FIG. 4. In this 
circuit, the voltage feedback device 1112' also takes a voltage 
signal and transfers it to switch controller 1114a', which 
controls when MOS 1114b' is switched on or off, therefore 
controlling the output Voltage. 

Therefore, the greater the number of different types of 
electrical devices 16 on the PCB, the greater the number of 
corresponding Voltage regulating devices, so that the Supply 
voltages entering the electrical devices 16 will fall in the 
correct Voltage range. However, Such circuit design utilizes a 
large quantity of high cost Voltage regulator devices, and the 
electrical wiring between different voltage regulators 12 must 
be separated, causing the need for more metal lines and there 
fore increasing total manufacturing costs. Needless to say, 
Such circuit design is not suitable for use in micro-scale 
electronic products. In addition, although the use of multiple 
Voltage regulators 12 in place of multiple power Supply units 
10 can effectively reduce the amount of resources wasted, the 
large number of Voltage regulators 12 used to account for 
different electrical devices 16 causes circuits on the PCB to 
become rather complicated. Because signals pass through a 
complicated arrangement of wiring, the signal response time 
is naturally longer and cannot be immediate, simultaneously 
lowering efficiency of power management. Also, the circuit 
design takes up a large portion of the PCB, which is an 
inefficient use of circuit routing. 
The present invention proposes a semiconductor chip and 

its application circuit to lessen above mentioned problems. 

SUMMARY OF THE INVENTION 

The primary objective of the present invention is to provide 
a semiconductor chip structure and its application circuit, 
wherein the Switching Voltage regulator or Voltage converter 
is integrated within the semiconductor chip using chip fabri 
cation methods, so that the Switching Voltage regulator or 
Voltage converter and semiconductor chip are combined as 
One Structure. 

Another objective is to provide a semiconductor chip struc 
ture and its application circuit, with the ability to adapt imme 
diately to Supply-Voltage variation, efficiently decreasing the 
transient response time. 

Still another objective is to provide a semiconductor chip 
structure and its application circuit, so that the use of Such 
semiconductor chip with the integrated Voltage regulator or 
converter will reduce the overall difficulty of circuit designs 
on the PCB or Motherboard, both satisfying the demand to 
lower manufacturing costs and miniaturize electronic prod 
uctS. 

In order to achieve the above mentioned objectives, the 
present invention provides a semiconductor chip structure, 
which includes a silicon substrate with multiple devices, and 
a set of external components. On this silicon Substrate there is 
a thin circuit structure with a passivation layer. This passiva 
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tion layer has multiple passivation layer openings for electri 
cally connection from external components or circuits to the 
thin circuit structure. The above mentioned devices are active 
devices. Examples of active devices include diodes, P-Type 
MOS devices, N-type MOS devices and complementary 
metal oxide semiconductor (CMOS) devices. Voltage feed 
back devices and Switch controller are composed of the men 
tioned active devices in the semiconductor chip. On the other 
hand, external components are passive components, such as 
the resistors, capacitors, and inductors. From bottom to top, 
the circuit structure includes at least the first dielectric layer, 
first metal layer, second dielectric layer, and second metal 
layer. The first dielectric layer lies above the substrate, and 
within the first dielectric layer there is a contact window. The 
first metal layer is above the first dielectric layer, and every 
point on the first metal layer can be electrically connected to 
corresponding devices using corresponding contact win 
dows. The second dielectric layer is above the first metal layer 
and contains multiple vias Do we need to define via?. The 
second metal layer is above the second dielectric layer, and 
every point on the second metal layer can be electrically 
connected to corresponding first metal layer through corre 
sponding vias. Also, on the passivation layer there is a poly 
merlayer. This polymer layer has an opening above the open 
ing of the passivation layer, and an under bump metal 
structure or post passivation metal layer is constructed on top 
of the passivation layer opening. Also, according to different 
semiconductor chips, there are a solder layer, or a solder 
wetting layer, or a wire bondable layer, a barrier layer, a metal 
layer and an adhesion/barrier layer comprised in the under 
bump metal structure. The thickness of the solder layer can 
vary depending on the different thicknesses of and materials 
used in the packaging structure of semiconductor chips. The 
post passivation metal layer may has the same composition as 
the under bump metal structure or comprises with an adhe 
sion/barrier layer and a metal layer that is a copper or gold. 
Lastly, on the post passivation metal layer there is a second 
polymer layer, and this second polymer layer contains an 
opening that allows the post passivation metal layer to be 
revealed. Also, the semiconductor chip in the present inven 
tion uses methods used in the Thin Small Outline Package 
(TSOP), Small Outline J-Lead (SOJ), Quad Flat Package 
(QFP), Think Quad Flat Package (TQFP), or Ball Grid Array 
(BGA) as packaging methods. In addition, using wire-bond 
ing or flip chip techniques, the semiconductor chip in the 
present invention is electrically connected to the outside. 
The present invention also provides the application circuit 

of a semiconductor chip, which includes an internal electrical 
circuit and an external electrical circuit. The internal and 
external circuits are electrically connected using a metal cir 
cuit. The devices of the internal circuit are chosen from, but 
not limited to, P-Type MOS devices, N-type MOS devices, 
CMOS devices, voltage feedback devices and switch control 
ler. On the other hand, components of the external electrical 
circuit are chosen from, but not limited to, resistors, capaci 
tors and inductors. The internal electrical circuit is in or over 
a silicon substrate, while the metal circuit and external circuit 
are over said substrate with the metal circuit in between the 
internal circuit and external circuit. Similarly, all semicon 
ductor chips in the present invention use methods used in the 
Thin Small Outline Package (TSOP), Small Outline J-Lead 
(SOJ), Quad Flat Package (QFP). Think Quad Flat Package 
(TQFP), or Ball Grid Array (BGA) as packaging methods. In 
addition, using wire-bonding or flip chip techniques, the 
semiconductor chip in the present invention is electrically 
connected to the outside. 
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4 
Therefore, the present invention provides a semiconductor 

chip with Switching Voltage regulation and the ability to adapt 
to varying Voltages demanded by various chip designs, which 
decreases transient response time, circuit routing area used on 
the PCB, and the complexity of circuit connection. These 
improvements lead to a decrease in the overall cost of manu 
facturing semiconductor devices. 
To enable the objectives, technical contents, characteris 

tics, and accomplishments of the present invention and the 
embodiments of the present invention are to be described in 
detail in reference to the attached drawings below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the structure of prior Voltage regulating cir 
cuits. 

FIG. 2 is a graph showing the relationship between the load 
current frequency of the circuit structure and output imped 
aCC. 

FIG.3 shows Embodiment 1 of the circuit of a prior step 
down Voltage regulator. 

FIG. 4 shows Embodiment 2 of the circuit of a prior step 
down Voltage regulator. 

FIG. 5 shows the corresponding circuit diagram of the 
present invention. 

FIG. 6 is a graph showing the relationship between usage 
frequency and output impedance. 

FIG. 7 shows the semiconductor chip of Embodiment 1. 
FIGS. 7a to 7e show the processes of the semiconductor 

chip of Embodiment 1. 
FIG. 8 shows the semiconductor chip of Embodiment 2. 
FIGS. 8a to 8u and FIGS.8aa to 8am show the processes of 

the semiconductor chip of Embodiment 2. 
FIG. 9 shows the semiconductor chip of Embodiment 3. 
FIGS. 9a to 9d show the processes of the semiconductor 

chip of Embodiment 3. 
FIG. 10 shows the semiconductor chip of Embodiment 4. 
FIGS. 10a to 10i show the processes of the semiconductor 

chip of Embodiment 4. 
FIG.11a shows the semiconductor chip of Embodiment 5. 
FIG.11b shows the semiconductor chip of Embodiment 6. 
FIGS. 12 to 15 show the ball grid array (BGA) packaging 

structure of Embodiment 4. 
FIGS. 16a to 16c show the packaging structure of the 

semiconductor chip of Embodiment 1, Embodiment 2, 
Embodiment 4, and Embodiment 5 in the present invention. 

FIGS. 16d to 16.f show the packaging structure of the semi 
conductor chip of Embodiment 6 in the present invention. 

FIGS. 17a to 17c show the packaging structure of the 
semiconductor chip of Embodiment 3 in the present inven 
tion. 

FIGS. 17d to 17fshow the packaging structure of the semi 
conductor chip of Embodiment 6 in the present invention. 

FIG. 18 is a view illustrating the equivalent circuit of the 
semiconductor chip of Embodiment 1 in the present inven 
tion. 

FIG. 19 shows the equivalent circuit of the semiconductor 
chip of Embodiment 2 in the present invention. 

FIG. 20 is a graph showing the relationship between volt 
age and time of the circuit in FIG. 19. 

FIG.21a to 211 shows the manufacturing of the structure of 
Embodiment 7. 

FIGS. 22a to 22g shows the manufacturing of the structure 
of Embodiment 8. 

FIG. 23a to 23b shows the manufacturing of the structure 
of Embodiment 9 as seen from above. 

FIG. 24a to 24b shows the structure of Embodiment 10. 
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FIG.25a to 25k shows the manufacturing of the structure of 
Embodiment 11. 

FIGS. 26 and 27 shows the circuit diagram of the present 
invention used as a Voltage amplifying device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention discloses a semiconductor chip 
structure and its application circuit, wherein multiple passive 
devices are integrated on a semiconductor chip. By using 
active devices from semiconductor chips of different func 
tions to match the passive components integrated on the semi 
conductor chip, immediate Voltage adaptation can be 
achieved within a specific Voltage range. 
As opposed to the circuit structure disclosed in FIG. 1, the 

present invention provides a semiconductor chip structure 
with the equivalent circuit structure shown in FIG. 5. The 
most defining characteristic of the circuit structure used in the 
present invention is that the circuit structure contains the 
voltage regulator or called converter 12 constructed after 
parasitic elements 14' of PC board and parasitic elements 15' 
of chip package, as opposed to circuit structures of FIG. 1 
with voltage regulator 12 before parasitic elements 14 of PC 
board as in prior art. Therefore, because voltage regulator 12 
does not need to bear the burden of parasisitic elements 14' and 
15', the Voltage regulator or converter integrated with a single 
chip allows circuit operation under higher frequency. Also, 
this circuit structure design can lower manufacturing costs 
and simplify the routing design on the PCB because the 
distance between Voltage regulator 12" and corresponding 
electrical devices 16' is shortened. The simplified routing 
design increases the speed and efficiency at which signals are 
delivered and solves the problem of large voltage fluctuations 
under high frequency usage. An example relationship 
between load current frequency and impedance resistance 
values are shown in FIG. 6. 

Following, the preferred embodiments of the each struc 
ture in the semiconductor chip structure will first be proposed. 
Then, in reference to specific embodiments, application cir 
cuits will be proposed. 

Embodiment 1 

In reference to FIG. 7, substrate 100 is a type of semicon 
ductor base. This Substrate can be silicon based, gallium 
arsenide (GaAs) based, or silicon germanium (SiGe) based, 
and many of the devices, such as devices 110, 112, and 114, 
are located in or over substrate 100. These devices 110, 112, 
and 114 are all active devices mainly. Active devices include 
voltage feedback devices, switch controller, or MOS devices, 
such as p-channel MOS devices, n-channel MOS devices, 
BiCMOS devices, Bipolar Junction Transistor (BJT), or 
CMOS. 

There is a thin circuit structure located on substrate 100. 
This circuit structure includes a first dielectric layer 150, 
multiple metal layers 140, at least one second dielectric layer 
155. The thicknesses of the first dielectric layer 150 and 
second dielectric layer 155 are between 0.3 micrometers and 
2.5 micrometers, and the materials that are used to make the 
first and second dielectric layers include boron containing 
silicate glass, silicon-nitride, silicon-oxide, silicon-oxyni 
tride, and carbon containing low-k dielectric material. On the 
other hand, the thicknesses of metal layers 140 are between 
0.1 micrometers and 2 micrometers, and the materials used to 
make the metal layers comprise copper layer, aluminum 
copper alloy, tantalum, tantalum nitride, tungsten, and tung 
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6 
sten alloy. Devices 110, 112, 114 are electrically connected to 
metal layers 140 through a metal contact 120 and metal via 
130, which passes through first dielectric layer 150 and sec 
ond dielectric layer 155. Metal contact 120 and via 130 can be 
a W-plug or Cu-plug. In addition, the metal layers 140 are 
formed by various methods including damascene process, 
electroplating, CVD, and sputtering. For example, the dama 
scene process, electroplating, sputtering, and CVD can be 
used to form copper metal layers 140, or sputtering can be 
used to form aluminum metal layers 140. On the other hand, 
the first dielectric layer 150 and second dielectric layer 155 
are usually formed by Chemical Vapor Deposition (CVD). 

Passivation layer 160 is over the circuit structure compris 
ing the first dielectric layer 150, metal layers 140, and second 
dielectric layer 155. This passivation layer 160 can protect 
devices 110, 112, 114 and the metal layers 140 described 
above from humidity and metal ion contamination. In other 
words, passivation layer 160 can prevent movable ions, such 
as sodium ions, moisture, transition metal ions, such as gold, 
silver, and copper, and other impurities from passing through 
and damaging devices 110, 112, 144, which could be MOS 
devices, transistors, Voltage feedback devices, and Switch 
controller, or all of metal layers 140 that are below passivation 
layer 160. In addition, passivation layer 160 usually consists 
of silicon-oxide (such as SiO), phosphosilicate glass (PSG), 
silicon-nitride (such as SiN.) or silicon oxynitride. Passiva 
tion layer 160 typically has a thickness between 0.3 microme 
ters and 2 micrometers, and when it includes a silicon-nitride 
layer, this silicon-nitride layer usually has a thickness exceed 
ing 0.3 micrometers and less than 2 micrometers. 

There are currently ten methods of manufacturing passiva 
tion layer 160. 

In a first method, the passivation layer 160 is formed by 
depositing a silicon oxide layer with a thickness of between 
0.2 and 1.2 Lum using a CVD method and on the silicon oxide 
layer depositing a silicon nitride layer with thickness between 
0.3 and 1.2 um by using a CVD method. 

In a second method, the passivation layer 160 is formed by 
depositing a silicon oxide layer with a thickness of between 
0.2 and 1.2 Lum using a CVD method, next depositing a silicon 
oxynitride layer with a thickness of between 0.05 and 0.3 um 
on the silicon oxide layer using a Plasma Enhanced CVD 
(PECVD) method, and then depositing a silicon nitride layer 
with a thickness of between 0.2 and 1.2 Lum on the silicon 
oxynitride layer using a CVD method. 

In a third method, the passivation layer 160 is formed by 
depositing a silicon oxynitride layer with a thickness of 
between 0.05 and 0.3 um using a CVD method, next depos 
iting a silicon oxide layer with a thickness of between 0.2 and 
1.2 um on the silicon oxynitride layer using a CVD method, 
and then depositing a silicon nitride layer with a thickness of 
between 0.2 and 1.2 um on the silicon oxide layer using a 
CVD method. 

In a fourth method, the passivation layer 160 is formed by 
depositing a first silicon oxide layer with a thickness of 
between 0.2 and 0.5um using a CVD method, next depositing 
a second silicon oxide layer with a thickness of between 0.5 
and 1 um on the first silicon oxide layer using a spin-coating 
method, next depositing a third silicon oxide layer with a 
thickness of between 0.2 and 0.5 um on the second silicon 
oxide layer using a CVD method, and then depositing a 
silicon nitride layer with a thickness of 0.2 and 1.2 Lum on the 
third silicon oxide using a CVD method. 

In a fifth method, the passivation layer 160 is formed by 
depositing a silicon oxide layer with a thickness of between 
0.5 and 2 um using a High Density Plasma CVD (HDP 
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CVD) method and then depositing a silicon nitride layer with 
a thickness of 0.2 and 1.2 Lum on the silicon oxide layer using 
a CVD method. 

In a sixth method, the passivation layer 160 is formed by 
depositing an Undoped Silicate Glass (USG) layer with a 
thickness of between 0.2 and 3 um, next depositing an insu 
lating layer of TEOS, PSG or BPSG (borophosphosilicate 
glass) with a thickness of between 0.5 and 3 um on the USG 
layer, and then depositing a silicon nitride layer with a thick 
ness of 0.2 and 1.2 um on the insulating layer using a CVD 
method. 

In a seventh method, the passivation layer 160 is formed by 
optionally depositing a first silicon oxynitride layer with a 
thickness of between 0.05 and 0.3 um using a CVD method, 
next depositing a silicon oxide layer with a thickness of 
between 0.2 and 1.2 Lum on the first silicon oxynitride layer 
using a CVD method, next optionally depositing a second 
silicon oxynitride layer with a thickness of between 0.05 and 
0.3 um on the silicon oxide layer using a CVD method, next 
depositing a silicon nitride layer with a thickness of between 
0.2 and 1.2 Lum on the second silicon oxynitride layer or on the 
silicon oxide using a CVD method, next optionally depositing 
a third silicon oxynitride layer with a thickness of between 
0.05 and 0.3 um on the silicon nitride layer using a CVD 
method, and then depositing a silicon oxide layer with a 
thickness of between 0.2 and 1.2 Lum on the third silicon 
oxynitride layer or on the silicon nitride layer using a CVD 
method. 

In a eighth method, the passivation layer 160 is formed by 
depositing a first silicon oxide layer with a thickness of 
between 0.2 and 1.2 Lum using a CVD method, next depositing 
a second silicon oxide layer with a thickness of between 0.5 
and 1 um on the first silicon oxide layer using a spin-coating 
method, next depositing a third silicon oxide layer with a 
thickness of between 0.2 and 1.2 um on the second silicon 
oxide layer using a CVD method, next depositing a silicon 
nitride layer with a thickness of between 0.2 and 1.2 um on the 
third silicon oxide layer using a CVD method, and then 
depositing a fourth silicon oxide layer with a thickness of 
between 0.2 and 1.2 Lum on the silicon nitride layer using a 
CVD method. 

In a ninth method, the passivation layer 160 is formed by 
depositing a first silicon oxide layer with a thickness of 
between 0.5 and 2 um using a HDP CVD method, next 
depositing a silicon nitride layer with a thickness of between 
0.2 and 1.2 um on the first silicon oxide layer using a CVD 
method, and then depositing a second silicon oxide layer with 
a thickness of between 0.5 and 2 um on the silicon nitride 
using a HDP CVD method. 

In a tenth method, the passivation layer 160 is formed by 
depositing a first silicon nitride layer with a thickness of 
between 0.2 and 1.2 Lum using a CVD method, next depositing 
a silicon oxide layer with a thickness of between 0.2 and 1.2 
um on the first silicon nitride layer using a CVD method, and 
then depositing a second silicon nitride layer with a thickness 
of between 0.2 and 1.2 Lum on the silicon oxide layer using a 
CVD method. 

In passivation layer 160, there are more than one passiva 
tion layer openings 165, which therefore expose part of the 
metal layers 140 below. The passivation layer openings 165 
can be in the shape of a circle, square, rectangle, or polygon 
with more than five edges. Corresponding to different shapes, 
there are different definitions for opening dimensions. For 
example, a circle opening has dimensions defined by its diam 
eter, a square opening has dimensions defined by its side 
length, and a polygon with more than five edges has dimen 
sions defined by the longest diagonal. 
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8 
The portion of the metal layers 140 exposed by the passi 

vation layer openings 165 in the passivation layer 160 is 
defined to be pad 166. On pad 166, there can be an optional 
metal cap (not shown in figure) to protect pad 166 from being 
damaged by oxidation. This metal cap can be an aluminum 
copper alloy, a gold layer, a titanium tungsten alloy layer, a 
tantalum layer, a tantalum nitride layer, or a nickel layer. For 
example, when pad 166 is a copper pad, there needs to be a 
metal cap. Such as an aluminum-copper alloy, to protect the 
copper pad exposed by the passivation layer openings 165 
from oxidation, which could damage the copper pad. Also, 
when the metal cap is an aluminum-copper alloy, a barrier 
layer is formed between the copper pad and aluminum-cop 
per alloy. This barrier layer includes titanium, titanium tung 
Sten alloy, titanium nitride, tantalum, tantalum nitride, chro 
mium, or nickel. The following method is under a condition 
where there is no metal cap, but those familiar with such 
technology should be able to deduce a similar method with 
the addition of a metal cap. 

Next, an under bump metal structure 250 is constructed 
over passivation layer opening 165. The thickness of under 
bump metal structure 250 is between one micrometer and 15 
micrometers. This under bump metal structure 250 is con 
nected to external devices 310 and 320 through a solder layer 
300. The solder layer 300 may include gold-tin alloy, tin 
silver alloy, tin-silver-copper alloy, or other lead-free alloy. 
Using tin-silver alloy as an example, the tinto silver ratio can 
be adjusted according to needs, with the most common tin/ 
silver ratio being 96.0-97/3.0-4. The thickness of said solder 
layer 300 is between 30 micrometers and 350 micrometers. 
Under bump metal structure 250 can be a TiW/Cu/Nimetal 

layer structure, Ti/Cu/Ni metal structure, Ti/Cu metal struc 
ture, or Ti/Cu/Ni/Au metal structure. 

Referring to FIG. 7a to FIG. 7e, a method for forming the 
TiW/Cu/Ni/Au under bump metal structure 250 is first using 
the Sputtering process or evaporating process to form a TiW 
adhesion/barrier metal layer 168 with thickness between 0.05 
and 0.5 micrometers on pad 166 and passivation layer 160, 
then using the Sputtering process to form a copper seed layer 
170 with thickness between 0.05 and 1 micrometer on Ti W 
metal layer 168. Next, a patterned photoresist layer 172 is 
formed on seed layer 170. This patterned photoresist layer 
172 has more than one opening 172a revealing seed layer 170. 
Next, using the electroplating or electroless plating process, 
copper metal layer 174 with thickness between 3 and 30 
micrometers, nickel layer 176 with thickness between 0.5 and 
5 micrometers, and gold layer 178 with thickness between 
0.05 and 1.5 micrometer, preferred between 0.05 and 0.2 
micrometers are formed respectively in opening 172a of pat 
terned photoresist layer 172. Finally, photoresist layer 172, 
the portions of seed layer 170 and TiW metal layer 168 that 
are not under gold layer 178 are removed, completing the 
TiW/Cu/Ni/Au under bump metal structure 250. Here, Cu 
seed layer 170 removing process can be done by using wet 
etching solution containing H2SO4 or NH4OH, and TiW 
adhesion/barrier metal layer 168 removing process can be 
done by using wet etching Solution containing 20-40% 
H2O2. It is preferred that the PH value of the etching solution 
for Ti W removal is higher than 6 to prevent Cu corrosion 
during TiW removal. 

Another ways to form seed layer 170 are an evaporating 
method, an electroplating method, or an electroless plating 
method, but preferred by a sputtering. Because seed layer 170 
is important for the construction of electrical circuits thereon, 
the material used for seed layer 170 will vary according to 
material used for electrical circuits in following processes. 
For example, if the metal layer 174 made of copper material 
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is formed on seed layer 170 by electroplating, then copper is 
also the optimal material to use for seed layer 170. Similarly, 
if the metal layer 174 made of gold material is formed on seed 
layer 170 by electroplating then gold is the optimal material to 
use for seed layer 170. 

If the metal layer 174 made of palladium material is formed 
on seed layer 170 by electroplating, then palladium is also the 
optimal material to use for seed layer 170. If the metal layer 
174 made of platinum material is formed on seed layer 170 by 
electroplating, then platinum is also the optimal material to 
use for seed layer 170. If the metal layer 174 made of rhodium 
material is formed on seed layer 170 by electroplating, then 
rhodium is also the optimal material to use for seed layer 170. 
If the metal layer 174 made of ruthenium material is formed 
on seed layer 170 by electroplating, then ruthenium is also the 
optimal material to use for seed layer 170. If the metal layer 
174 made of rhenium material is formed on seed layer 170 by 
electroplating, then rhenium is also the optimal material to 
use for seed layer 170. If the metal layer 174 made of silver 
material is formed on seed layer 170 by electroplating, then 
silver is also the optimal material to use for seed layer 170. 
The structure of under bump metal structure 250 will vary 

depending on the method use to form solder layer 300: 
For example, if solder layer 300 is formed on under bump 

metal structure 250 by an electroplating method, the under 
bump metal structure 250 is preferred to be a Tiw/Cu/Nialloy 
structure or Ti/Cu/Nialloy structure, with the solder structure 
300 electroplated on the nickel layer, the TiW or Ti metal 
layer, formed by a sputtering method, on pad 166 and passi 
vation layer 160, and Cu/Ni deposited by electroplating. In 
between the TiW or Timetal layer and copper layer, there is 
a copper seed layer deposited by Sputtering. 

In another example, if the solder layer 300 is provided by 
external devices 300 and 320 or solder printing, then the 
under bump metal structure 250 is preferred to be a TiW/Cu/ 
Ni/Au or Ti/Cu/Ni/Austructure. 

Through solder layer 300, the under bump metal structure 
250 on passivation layer opening 165 is electrically con 
nected to external devices 310 and 320 (labeled as 310 in 
figure). External devices 310 and 320 are also electrically 
connected to the metal layer 140 below passivation layer 165, 
therefore external devices 310 and 320 to also be electrically 
connected to devices 110, 112, and 114. 

External devices 310 and 320 are passive devices, which 
include inductors, capacitors, or integrated passive devices. 
In the present invention, external devices 310 and 320 are a 
capacitor and an inductor, respectively. For example, external 
device 310 may be a capacitor, while external device 320 may 
be an inductor, or external device 310 may be an integrated 
passive device, while external device 320 may be an inductor. 
The dimensions of external devices 310 and 320 may be 
chosen from industrial standard dimension 1210, dimension 
0603, dimension 0402, or dimension 0201, wherein said 
dimension 0201 stands for 0.02 inches by 0.01 inches, and 
dimension 1210, dimension 0603, and dimension 0402 
deduced by the same standard. In general, external devices 
310 and 320 have a length between 0.2 mm and 5 mm and a 
width between 0.1 mm and 4 mm. External devices 310 and 
320 are directly constructed on under bump metal structure 
250 through the connection of solder layer 300. 

Also, external devices 310 and 320 can be mounted either 
before or after a dice sawing procedure is performed on 
Substrate 100. 

Finally, the semiconductor chip after dice sawing proce 
dures as disclosed in Embodiment 1 can be electrically con 
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10 
nected to external circuits or power Supplies through wires 
made by wire-bonding or through solder by flip chip tech 
niques. 

Embodiment 2 

Referring to FIG. 8, the structure of Embodiment 2 is 
similar to that of Embodiment 1, and therefore an explanation 
of some of the manufacturing process and properties will not 
be repeated. The difference between Embodiment 2 and 
Embodiment 1 lies in an under bump metal structure 260 and 
a bonding metal layer 400c that are constructed on or overpad 
166b. Said bonding metal layer 400c can be used to connect 
electrically to external circuits through a wire formed by 
wire-bonding (not shown in figure). 
The structure of Embodiment 2 can be manufactured with 

the following methods: 
Manufacturing method 1 of Embodiment 2: 

Referring to FIG. 8a, integrated circuit 20 represents all 
structures below passivation layer 160. Also included in inte 
grated circuit 20 are substrate 100, devices 110, 112,114, first 
dielectric layer 150, metal layers 140, second dielectric layer 
155, metal contact 120, and via 130, wherein multiple passi 
vation layer openings 165 reveal multiple pads 166a and 
166b. 

Referring to FIG. 8b, an adhesion/barrier layer 22 is 
formed on passivation layer 160 and pad 166a and 166b by 
using Sputtering. The thickness of adhesion/barrier layer 22 is 
between 0.1 micrometers and 1 micrometer, with an optimal 
thickness between 0.3 micrometers and 0.8 micrometers. The 
adhesion/barrier can be selected from or composed of the 
following materials, Ti, TiW. TiN, Ta, TaN, Cr, and Mo. Tiand 
TiWare the two preferred materials for adhesion/barrier. 

Referring to FIG. 8c, a seed layer 24 with a thickness 
between 0.05 micrometers and 1 micrometer (and an optimal 
thickness between 0.1 micrometers and 0.7 micrometers) is 
then formed on adhesion/barrier layer 22. Similar to seed 
layer 170 described above, the material used for seed layer 24 
will vary according to the material of metal layers formed 
later. The material of seed layer can be Cu, Au or Ag. Au is the 
preferred seed layer material in this embodiment. 

Referring to FIG. 8d., photoresist layer 26 is formed on seed 
layer 24, and through spin coating, exposure and develop 
ment, photoresist layer 26 is patterned, forming multiple pho 
toresist layer openings 26a in photoresist layer 26, which 
reveal portions of seed layer 24 that are over pad 166b. 

Referring to FIG. 8e, bonding metal layer 400c is formed 
by an electroplating method on seed layer 24, which is in 
photoresist layer opening 26a. The bonding metal layer 400c 
consists of materials such as gold, copper, silver, palladium, 
rhodium, ruthenium, rhenium, or nickel, and may have a 
single metal layer structure or multiple metal layer structure. 
The thickness of bonding metal layer 400c is between 1 
micrometers and 100 micrometers, with optimal thickness 
between 1.5 micrometers and 15 micrometers. The bonding 
metal layer 400c may be composed with combinations of the 
multiple metal layer structure which comprise Cu/Ni/Au, 
Cu/Au, Cu/Ni/Pd, and Cu/Ni/Pt. In this embodiment, bond 
ing metal layer 400c is preferred to be a single layer made of 
gold. 

Referring to FIG. 8f remove patterned photoresist 26 and 
portions of seed layer 24 that are not below metal layer 400c. 
If seed layer 24 is made of gold, seed layer 24 is removed by 
using solution containing I and KI. 

Referring to FIG. 8g, a seed layer 28 with a thickness 
between 0.05 micrometers and 1 micrometer (and an optimal 
thickness between 0.1 micrometers and 0.7 micrometers) is 
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formed on adhesive/barrier layer 22 and metal layer 400c. In 
this embodiment, the material of said seed layer 28 is pre 
ferred to be copper (Cu). Similar to seed layer 170 described 
above, the material used for seed layer 28 will vary according 
to the material of metal layers formed later. 

Referring to FIG. 8h, a photoresist layer 30 is formed on 
seed layer 28, and through spin coating, exposure and devel 
opment, photoresist layer 30 is patterned, forming multiple 
photoresist layer openings 30a in photoresist layer 30, which 
reveal portions of seed layer 28 that are over pad 166a. 

Referring to FIG. 8i, a metal layer 32 is formed by an 
electroplating method on seed layer 28, which is in photore 
sist layer opening 30a. The metal layer 32 is made of copper, 
and has a thickness between 1 micrometer and 100 microme 
ters, with optimal thickness between 1.5 micrometers and 15 
micrometers. 

Referring to FIG. 8i, a metal layer 34 is formed by an 
electroplating method on metal layer 32, which is in photo 
resist layer opening 30a. The metal layer 34 is made of nickel, 
and has a thickness between 0.1 micrometers and 20 
micrometers, with optimal thickness between 1 micrometer 
and 5 micrometers. 

Referring to FIG. 8k, a metal layer 300 is formed by an 
electroplating method on metal layer 34, which is in photo 
resist layer opening 30a. The metal layer 300 consists of 
material Such as tin, Sn/Agalloy, Sn/In alloy, Sn/Ag/Cu alloy, 
and any other lead free soldering material, and has a thickness 
between 5 micrometers and 300 micrometers, with optimal 
thickness between 20 micrometers and 150 micrometers. 

Referring to FIG.8.l. remove patterned photoresist layer 30 
and the portions of seed layer 28 and adhesive/barrier layer 22 
that are not below metal layer 300. To remove seed layer 28 
made of copper, NH" or SO" is used to etch the copper. 
And to remove adhesive/barrier layer 22, dry etching or wet 
etching can be used. Dry etching involves using reactive ion 
etching or Argon Sputter etching. On the other hand, when 
using wet etching, if adhesive/barrier layer 22 is made of 
Ti/W alloy, hydrogen peroxide can be used to remove the 
layer, and if adhesion/barrier layer 22 is made of Ti, HF 
containing solution can be used to remove the layer. Mean 
while, the multiple metal layers, such as metal layer 34, metal 
layer 32, seed layer 28, and adhesive/barrier layer 22, below 
metal layer 300 are the under bump metal structure 250 shown 
in FIG. 8 and the seed layer 28 and adhesion/barrier layer 24 
below metal layer 400c are the under bump metal structure 
260 show in FIG. 8 respectively. In the manufacturing of this 
embodiment, under bump metal structure 250 is a Tiw/Cu/Ni 
structure, and under bump metal structure 260 is a Tiw/Au 
seed layer. 

Referring to FIG.8m, solder layer 300 collates into a semi 
sphere through the process of reflow in an environment con 
taining oxygen less than 20 ppm. 

Referring to FIG.8m, mount external device 310 and exter 
nal device 320 separately on solder layer 300. In this embodi 
ment, external devices 310 and 320 are passive devices, 
which include inductors, capacitors, or integrated passive 
devices. In the present invention, external devices 310 and 
320 are two different passive devices. For example, external 
device 310 may be a capacitor, while external device 320 may 
be an inductor, or external device 310 may be an integrated 
passive device, while external device 320 may be an inductor. 
External devices 310 and 320 each have multiple contact 
points (not shown in figure). On the surface of these multiple 
contact points, there are metals Suited for mounting on metal 
layer 300. For example, the surface of contact points may 
have a soldering material layer Such as tin containing layer or 
a solder wetting layer Such as gold layer. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
The dimensions of external devices 310 and 320 may be 

chosen from industrial standard dimension 1210, dimension 
0603, dimension 0402, or dimension 0201, wherein said 
dimension 0201 stands for 0.02 inches by 0.01 inches, and 
dimension 1210, dimension 0603, and dimension 0402 
deduced with the same standard. In general, external devices 
310 and 320 have a length between 0.2 mm and 5 mm, a width 
between 0.1 mm and 4 mm, and a height between 0.01 mm 
and 2 mm. 
The next steps will be a dicing procedure, where substrate 

100 is first i sawed into multiple chips. Next, a wire 37 is 
formed by wire-bonding on metal layer 400c, which is on pad 
166b, and said wire 37 is used to connect to external circuits 
or power Supplies. 

Also, external devices 310 and 320 can be mounted after 
dicing procedures are performed on substrate 100. 

Manufacturing method 2 of Embodiment 2: 
Manufacturing method 2 differs from manufacturing 

method 1 in that solder layer 300 is provided by external 
devices 310 and 320 or external adding during mounting 
process of device 310 and 320. In other words, before mount 
ing with external devices 310 and 320, the structure does not 
have a solder layer 300 on the under bump metal structure 
250. The following is a detailed description of the manufac 
turing process. 

Continuing from FIG. 8b and referring to also FIG. 8O, a 
seed layer 38 is formed on adhesive/barrier layer 22 with a 
thickness between 0.05 micrometers and 1 micrometers (and 
an optimal thickness between 0.1 micrometers and 0.7 
micrometers. In this embodiments, seed layer 38 is made of 
Cu. Similar to seed layer 170 described above, the material 
used for seed layer 38 will vary according to the material of 
metal layers formed later. 

Referring to FIG. 8p, photoresist layer 40 is formed on seed 
layer 38, and through spin coating, exposure and develop 
ment, photoresist layer 40 is patterned, forming multiple pho 
toresist layer openings 4.0a in photoresist layer 40, which 
separately reveal portions of seed layer 24 that are over pad 
166b and pad 166a. 

Referring to FIG. 8q, metal layer 42 is formed by an elec 
troplating method on seed layer 38, which is in photoresist 
layer opening 40a. The metal layer 42 consists of materials 
Such as gold, copper, silver, palladium, rhodium, ruthenium, 
rhenium, or nickel, and may have a single metal layer struc 
ture or multiple metal layer structure. The thickness of metal 
layer 42 is between 1 micrometers and 100 micrometers, with 
optimal thickness between 1.5 micrometers and 15 microme 
ters. In this embodiment, metal layer 42 is made of copper. 

Referring to FIG. 8r, a metal layer 44 is formed by an 
electroplating method on metal layer 42, which is in photo 
resist layer opening 40a. The metal layer 44 is made of nickel, 
and has a thickness between 0.5 micrometers and 100 
micrometers, with optimal thickness between 1 micrometer 
and 5 micrometers. 

Referring to FIG. 8s, a metal layer 46 is formed by an 
electroplating or electroless-plating method on metal layer 
44, which is in photoresist layer opening 40a. The metal layer 
46 consists of materials such as gold, silver, palladium, 
rhodium, ruthenium, or rhenium, and has a thickness between 
0.03 micrometers and 2 micrometers, with optimal thickness 
between 0.05 micrometer and 0.5 micrometers. In this 
embodiment, the material of metal layer 46 is gold (Au). 

Referring to FIG. 8t, remove patterned photoresist layer 40 
and the portions of seed layer 44 and adhesive/barrier layer 22 
that are not below metal layer 46. To remove seed layer 24 
made of copper, a NH," or SI." containing solution is used 
to etch the copper. To remove adhesive/barrier layer 22, dry 



US 8,749,021 B2 
13 

etching or wet etching can be used. Dry etching involves 
using reactive ion etching or Argon Sputter etching. On the 
other hand, when using wet etching, if adhesive/barrier layer 
22 is made of Ti/Walloy, hydrogen peroxide can be used to 
remove the layer, and if adhesion/barrier layer 22 is made of 
Ti, HF containing solution can be used to remove the layer. 

Referring to FIG. 8u, connect external device 310 and 
external device 320 separately on solder layer 300. The exter 
nal devices 310 and 320 contain a solder layer 300, or forming 
a solder layer 300 on metal layer 46 by screen printing 
method, and through this solder layer 300, external devices 
310 and 320 are mounted to metal layer 46. 

In this embodiment, external devices 310 and 320 are pas 
sive devices, which include inductors, capacitors, or inte 
grated passive devices. In the present invention, external 
devices 310 and 320 are two different passive devices. For 
example, external device 310 may be a capacitor, while exter 
nal device 320 may be an inductor, or external device 310 may 
be an integrated passive device, while external device 320 
may be an inductor. External devices 310 and 320 each have 
multiple contact points (not shown in figure). On the Surface 
of these multiple contact points, there are metals Suited for 
mounting on metal layer 300. For example, the surface of 
contact points may have a soldering material layer or a solder 
wetting layer Such as gold layer. 

The dimensions of external devices 310 and 320 may be 
chosen from industrial standard dimension 1210, dimension 
0603, dimension 0402, or dimension 0201, wherein said 
dimension 0201 stands for 0.02 inches by 0.01 inches, and 
dimension 1210, dimension 0603, and dimension 0402 
deduced with the same standard. In general, external devices 
310 and 320 have a length between 0.2 mm and 5 mm, a width 
between 0.1 mm and 4 mm, and a height between 0.01 mm 
and 2 mm. 
The next step is a dicing procedure, where substrate 100 is 

sawed into multiple chips. Then, a wire 47 is conducted by 
wire-bonding on metal layer 46, which is on pad 166b, and 
said wire 47 is used to connect to outside circuits or power 
Supplies. 

Also, external devices 310 and 320 can be mounted after 
dicing procedures are performed on substrate 100. 
Manufacturing method and structure 3 of Embodiment 2: 

Referring to FIG. 8aa and FIG. 8ab, FIGS. 8aa is a cross 
sectional view cut along the line 2-2 in FIG. 8ab. Integrated 
circuit 20 represents all structures below passivation layer 
160. Also included in integrated circuit 20 is substrate 100, 
devices 110, 112, 114, first dielectric layer 150, metal layers 
140, second dielectric layer 155, metal contact 120, and via 
130, wherein multiple passivation layer openings 165a and 
openings 165b in passivation layer 160 reveal multiple pads 
166a, pads 166b and 166ab. Multiple metal pads 166a and 
166b are designed in a rectangle preferentially. 

Referring to FIG. 8ac, an adhesion/barrier layer 22 is 
formed on passivation layer 160, pad 166a and 166b and 166b 
by using Sputtering method. The thickness of adhesion/bar 
rier layer 22 is between 0.1 micrometers and 1 micrometer, 
with an optimal thickness between 0.3 micrometers and 0.8 
micrometers. The adhesion/barrier can be selected from or 
composed of the following materials, Ti, TiW. TiN. Ta, TaN, 
Cr, and Mo. Ti and/or TiW are the preferred material for 
adhesion/barrier. 

Referring to FIG. 8ad, a seed layer 38 with a thickness 
between 0.05 micrometers and 1 micrometers (and an optimal 
thickness between 0.1 micrometers and 0.7 micrometers) is 
then formed on adhesion/barrier layer 22. Similar to seed 
layer 170 described above, the material used for seed layer 38 
will vary according to the material of metal layers formed 
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later. The material of seed layer 38 can be Cu, Au or Ag. Cuis 
the preferred seed layer material in this embodiment. 

Referring to FIG. 8ae, photoresist layer 40 is formed on 
seed layer 38, and through spin coating, exposure and devel 
opment, photoresist layer 40 is patterned, forming multiple 
photoresist layer openings 4.0a in photoresist layer 40, which 
separately reveal portions of seed layer 38 that are over pad 
166a and pad 166b. 

Referring to FIG. 8af, metal layer 42 is formed by an 
electroplating method on seed layer 38, which is in photore 
sist layer opening 40a. The metal layer 42 consists of mate 
rials such as gold, copper, silver, palladium, rhodium, ruthe 
nium, or rhenium. The thickness of metal layer 42 is between 
1 micrometers and 100 micrometers, with optimal thickness 
between 1.5 micrometers and 15 micrometers. In this 
embodiment, metal layer 42 is preferred to be a single layer 
made of copper. 

Referring to FIG. 8ag, metal layer 44 is formed by an 
electroplating method on metal layer 42, which is in photo 
resist layer opening 40a. The metal layer 44 consists of nickel 
preferentially. The thickness of metal layer 44 is between 0.1 
micrometers and 10 micrometers, with optimal thickness 
between 0.5 micrometers and 5 micrometers. 

Referring to FIG. 8ah, metal layer 46 is formed by an 
electroplating method on metal layer 44, which is in photo 
resist layer opening 40a. The metal layer 46 consists of mate 
rials such as gold, copper, silver, palladium, rhodium, ruthe 
nium, or rhenium. The thickness of metal layer 46 is between 
0.03 micrometers and 5 micrometers, with optimal thickness 
between 0.05 micrometers and 1.5 micrometers. In this 
embodiment, metal layer 46 is preferred to be a single layer 
made of gold. 

Referring to FIG. 8ai, remove patterned photoresist layer 
40 and the portions of seed layer38 and adhesive/barrier layer 
22 that are not below metal layer 46. To remove seed layer 38 
made of copper, NH" or SO" containing solution is used to 
etch the copper. To remove adhesive/barrier layer 22, dry 
etching or wet etching can be used. Dry etching involves 
using reactive ion etching or Argon Sputter etching. On the 
other hand, when using wet etching, if adhesive/barrier layer 
22 is made of Ti/Walloy, hydrogen peroxide can be used to 
remove the layer, and if adhesion/barrier layer 22 is made of 
Ti, HF containing solution can be used to remove the layer. 

Referring to FIG. 8aj, connect external device 310 on the 
metal layer 46, which is over the pads 166a. The external 
devices 310 have a solder layer 300, or forming a solder layer 
300 on metal layer 46 by screen printing, and through this 
solder layer 300, external devices 310 are mounted on metal 
layer 46. 

Referring to FIG. 8ak and FIG. 8al, FIGS. 8al is a cross 
sectional view cut along the line 2-2 in FIG. 8ak. Connect 
external device 320 on the metal layer 46, which is over the 
pads 166ab and the external device 320 is also over the 
external device 310. The external devices 320 have a solder 
layer 301, or forming a solder layer 301 on metal layer 46 by 
screen printing, and through this solder layer 301, external 
devices 320 are mounted on metal layer 46. 

Referring to FIG. 8am, perform a dicing process to singular 
each chip, where substrate 100 is sawed into multiple chips. 
Next, a wire 47 is formed by wire-bonding on metal layer 46, 
which is on pad 166b, and said wire 47 is used to connect to 
outside circuits or power Supplies. 

Also, external devices 310 and 320 can be mounted after 
dicing procedures are performed on substrate 100. 

Embodiment 3 

Referring to FIG. 9, Embodiment 3 is similar to Embodi 
ment 2, with the difference being the material and thickness of 
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connecting metal layer 400. In Embodiment 3, solder layer 
400 is constructed on pad 166a and 166b. The following is a 
description of the formation of the structure of Embodiment 
3. 

Manufacturing method of Embodiment 3: 
Embodiment 3 can continue from FIG. 8r of manufactur 

ing method 2 of Embodiment 2. Referring to FIG. 9a, a solder 
layer 400 is formed on metal layer 44 in photoresist layer 
opening 4.0a by an electroplating method. The thickness of 
solder layer 400 is between 30 micrometers and 350 
micrometers. Chosen materials of solder layer 400 include 
tin/silver, tin/copper/silver, and tin/lead alloy. 

Referring to FIG.9b, remove patterned photoresist layer 40 
and the portions of seed layer38 and adhesive/barrier layer 22 
that are not below solder layer 400. To remove seed layer 38 
made of copper, NH," or SO" containing solution is used to 
etch the copper. 

Referring to FIG. 9c, use a reflow process as previous 
description for FIG. 8m so that solder layer 400 will reach 
melting point and aggregate into a semi-spherical shape. 

Referring to FIG. 9d, external device 310 and external 
device 320 are separately mounted to solder layer 400 over 
pad 166a. In this embodiment, external devices 310 and 320 
are passive devices, which include inductors, capacitors, and 
integrated passive devices. In the present invention, external 
devices 310 and 320 are two different passive devices. For 
example, external device 310 may be a capacitor, while exter 
nal device 320 may be an inductor, or external device 310 may 
be an integrated passive device, while external device 320 
may be an inductor. 
The dimensions of external devices 310 and 320 may be 

chosen from industrial standard dimension 1210, dimension 
0603, dimension 0402, or dimension 0201, wherein said 
dimension 0201 stands for 0.02 inches by 0.01 inches, and 
dimension 1210, dimension 0603, and dimension 0402 
deduced by the same standard. In general, external devices 
310 and 320 have a length between 0.2 mm and 5 mm, a width 
between 0.1 mm and 4 mm, and a height between 0.01 mm 
and 2 mm. 

Embodiment 4 

Referring then to FIG. 10, in the semiconductor chip struc 
ture revealed by this embodiment, a first polymer layer 200 on 
passivation layer 160 can be optionally formed. Said first 
polymer layer 200 has a thickness between 3 micrometers and 
25 micrometers and is made of materials such as polyimide 
(PI), benzocyclobutene (BCB), parylene, epoxy resins, elas 
tomers, and porous dielectric material. The following is a 
description of the formation of the structure of Embodiment 
3. 

Manufacturing method of Embodiment 4: 
Referring to FIG. 10a, integrated circuit 20 is used to 

represent various structures below passivation layer 160. 
Integrated circuit 20 includes substrate 100, devices 110, 112, 
114, first dielectric layer 150, metal layers 140, second dielec 
tric layer 155, metal contact 120, and metal via 130, wherein 
passivation layer 160 has multiple openings 165 that reveal 
multiple pads 166. 

Referring to FIG. 10b, a photosensitive polymer layer 200 
with a thickness between 3 micrometers and 25 micrometers 
is formed on passivation layer 160, and through spin coating, 
exposure and development, and O2 plasma ash or etching, 
polymer layer 200 is patterned, forming many openings 200a 
in polymer layer 200. These openings 200a reveal pad 166. 
Polymer layer 200 is then heated to a temperature between 
150 and 390 degrees Celcius to cure polymer layer 200 so that 
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said polymer layer 200 will harden. The material of polymer 
layer 200 can be chosen from polyimide (PI), benzocy 
clobutene (BCB), parylene, epoxy-based material, or ester 
type polymers, such as epoxy resins or photoepoxy SU-8 
provided by Sotec Microsystems of Swiss Renens, or elas 
tomers, such as silicone. 

Referring to FIG. 10c, an adhesion/barrier layer 48 is 
formed on polymer layer 200 and pad 166 through a sputter 
ing method. The thickness of the adhesion/barrier layer 48 is 
between 0.1 micrometer and 1 micrometer, with an optimal 
thickness between 0.2 micrometers and 0.5 micrometers. The 
material of adhesion/barrier layer 48 can be Ti, Tiw, TiN, Ta, 
TaN or composite of the above metals. 

Referring to FIG. 10d, a seed layer 50 with a thickness 
between 0.05 micrometers and 1 micrometers (optimal thick 
ness between 0.08 micrometers and 0.5 micrometers) is 
formed on the adhesion/barrier layer. The material of said 
seed layer 50 in this embodiment is gold (Au), but as in the 
description of seed layer 170 above, the material of seed layer 
50 will vary depending on the material of the metal layer 
formed later on. 

Referring to FIG. 10e, a photoresist layer 52 is formed on 
seed layer 50, and through spin coating, exposure and devel 
opment a patterned photoresist layer 52 is formed, with mul 
tiple photoresist openings 52a on photoresist layer 52 that 
reveal seed layer 50 on pad 166. 

Referring to FIG. 10f metal layer 220 is formed on seed 
layer 50 in photoresist layer opening 52a by an electroplating 
method. The material of metal layer 220 includes gold, cop 
per, silver, palladium, platinum, rhodium, ruthenium, rhe 
nium, or nickel, and may have a single metal layer structure or 
multiple metal layer structure. The thickness of metal layer 
220 is between 2 micrometers and 25 micrometers, with 
optimal thickness between 3 micrometers and 10 microme 
ters. Furthermore, the structure of metal layer 220 with a 
multiple metal layer structure can include combinations such 
as Cu/Ni/Au, Cu/Au, Cu/Ni/Pd, and Cu/Ni/Pt. In this 
embodiment metal layer 220 is preferred a single gold layer. 

Referring to FIG. 10g, remove patterned photoresist layer 
52 and portions of seed layer 50 and adhesive/barrier layer 48 
that are not below metal layer 220. If seed layer 50 is made of 
gold, seed layer 50 is removed by using I plus KI solution. 
On the other hand, hydrogen peroxide (H2O) can be used to 
remove adhesive/barrier layer 48 if the material of the adhe 
sion/barrier layer 48 is Tiw. The portions of seed layer 50 and 
adhesive/barrier layer 48 under metal layer 220 correspond to 
label 210 in FIG. 10. 

Referring to FIG. 10h, a photosensitive polymer layer 230 
with a thickness between 3 micrometers and 25 micrometers 
is formed. Through spin coating, exposure, development, and 
O2 plasma ash or etching, to form many openings 24.0a in 
polymer layer 230, which expose metal layer 200. Next, 
polymer layer 230 is heated and cured. This curing process 
proceeds at a temperature between 150 degrees Celsius and 
380 degrees Celsius. The material of polymer layer 230 can 
be chosen from polyimide (PI), benzocyclobutene (BCB), 
parylene, epoxy-based material, or ester type polymers. Such 
as epoxy resins or photoepoxy SU-8 provided by Sotec 
MicroSystems of Swiss Renens, or elastomers, such as sili 
COC. 

Metal layer 220 revealed by openings 24.0a is defined to be 
multiple pads 220a and one wire bonding pad 220b. Pad 220a 
can be used to connect to external devices 310 and external 
device 320, and wire binding pad 220b can be connected to 
external circuits or power Supplies through wires formed by 
the wire bounding method. In this embodiment, external 
devices 310 and 320 are passive devices, which include, 
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inductors, capacitors, and integrated passive devices. In the 
present invention, external devices 310 and 320 are two dif 
ferent passive devices. For example, external device 310 may 
be a capacitor, while external device 320 may be an inductor, 
or external device 310 may be an integrated passive device, 
while external device 320 may be an inductor. 

The dimensions of external devices 310 and 320 may be 
chosen from industrial standard dimension 1210, dimension 
0603, dimension 0402, or dimension 0201, wherein said 
dimension 0201 stands for 0.02 inches by 0.01 inches, and 
dimension 1210, dimension 0603, and dimension 0402 
deduced by the same standard. In general, external devices 
310 and 320 have a length between 0.2 mm and 5 mm, a width 
between 0.1 mm and 4 mm, and a height between 0.01 mm 
and 2 mm. 

Referring to FIG. 10i, external device 310 and external 
device 320 are separately connected to pads 220a. External 
device 310 and external device 320 include a solderlayer 400, 
with a thickness between 30 micrometers and 350 microme 
ters, and made of materials such as Sn/Ag, Sn/Cu/Ag, Sn/Au 
alloy, or other related materials. The said solder layer 400 
may be provided by Screen printing process instead of 
included in external devices. External device 310 and external 
device 320 are connected to pads 220a through solder layer 
400 by using Surface mount technology. 
The next step is a dicing procedure, where substrate 100 is 

sawed into multiple chips. Then a wire 56 is formed by wire 
bounding on wire bonding pad 220b, and said wire 56 is used 
to connect wire bonding pad 220b to external circuits or 
power Supplies. 

Also, external devices 310 and 320 can be mounted after 
dicing procedures are performed on substrate 100 by using 
Surface mount technology. 

Embodiment 5 

Referring to FIG. 11a, the pad metal 166 of the circuit 
structure in above mentioned four embodiments is made of 
aluminum. However, in this fifth embodiment, the pad metal 
166 is made of copper. When the pad metal 166 is made of 
copper, there needs to be a metal cap layer 170 to protect pad 
166 revealed by passivation layer 160 openings, so that pad 
166 will not be damaged by oxidation and can Sustain later on 
processes Such as wire bounding and flip-chip. The metal cap 
layer 170 is an aluminum-copper layer, a gold layer, a tita 
nium (Ti) layer, a titanium tungsten alloy layer, a tantalum 
(Ta) layer, a tantalum nitride (TaN) layer, or a nickel (Ni) 
layer. When the metal cap is an aluminum-copper layer, a 
barrier layer (not shown in figure) is formed between the 
copper pad 166 and metal cap layer 170. This barrier layer can 
be titanium, titanium tungsten alloy, titanium nitride, tanta 
lum, tantalum nitride, chromium, or nickel. 
The manufacturing of under bump metal structure and 

mounting external devices in FIG.11a is the same as that of 
the embodiment 4. 

Embodiment 6 

Referring to FIG. 11b, the difference between Embodi 
ment 6 and the first to fifth embodiments is that external 
devices are integrated into a single external device 330. For 
example, external device 330 can be an integrated passive 
device of a capacitor and an inductor. Except for external 
device 330, the manufacturing process and materials are all 
identical to those of the first to fifth embodiments. Therefore, 
the manufacturing process and materials of identical devices 
will not be repeated. 
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All the semiconductor chip structures described in the 

above six embodiments can be packaged in the Ball Grid 
Array (BGA) as shown in FIGS. 12 to 15. FIGS. 12 to 15 
reveal the packaging structure of a semiconductor chip pack 
age structure with only one semiconductor device. FIG. 12 
explains one of the packaging structure of FIG. 7 of the 
Embodiment 1, FIG.8 of Embodiment 2, FIG. 10 of Embodi 
ment 4, and FIG. 11a of the Embodiment 5. The packaging 
structure of FIG. 12 includes electrically connecting the inte 
grated circuit 20 to the BGA substrate 500 through wire 510, 
and sealing the above mentioned devices with molding com 
pound 520. BGA substrate 500 has multiple solder balls 530 
is electrically connected to outside circuits through these 
Solder balls 530. 
On the other hand, FIG. 13 describes one of the packaging 

structures of FIG. 9 in Embodiment 3. The integrated circuit 
20 is electrically connected to BGA substrate 500 through 
solder layer 400. Then, the above mentioned devices are 
sealed with a molding compound 520, and the BGA substrate 
500 is electrically connected to outside circuits through sol 
derballs 530. Said molding compound 520 is a polymer such 
as epoxy resin or polyimide compound. 

In FIG. 14 and FIG. 15, the external device 310 and 320 in 
FIGS. 12 and 13 are replaced by an integrated passive device 
330 (such as in embodiment 6). In FIG. 14, the integrated 
circuit 20 is electrically connected to the BGA substrate 500 
through wire 510, and in FIG. 15, it is electrically connected 
to the BGA substrate 500 through solder layer 400a. 

Aside from above mentioned BGA packaging structure, 
the present invention can use common packaging form Such 
as the Thin Small Outline Package (TSOP), Small Outline 
J-Lead (SOJ), s Quad Flat Package (QFP), Think Quad Flat 
Package (TQFP), or other common lead frame packaging 
form. As shown in FIG. 16a to 16f and FIG. 17a and 17?, the 
integrated circuit 20 is constructed on lead frame 600, which 
is made of copperor copper alloy and has a thickness between 
100 micrometers and 2000 micrometers. 

FIG. 16a to 16c describe the packaging structure of FIG. 7 
of Embodiment 1, FIG. 8 of Embodiment 2, FIG. 10 of 
Embodiment 4, and FIG. 11a of Embodiment 5. Integrated 
circuit 20 is electrically connected to lead frame 600 through 
wire 510. The above mentioned devices are then sealed with 
a molding compound 520, but exposing the leads of lead 
frame 600. These leads are then connected to an outside 
circuit. 

In FIGS. 16d to 16f the external devices 310 and 320 in 
FIGS. 16a to 16c are replaced by an integrated device 330 (as 
in Embodiment 6). 

In FIGS. 17a to 17c another packaging structure of FIG.9 
in Embodiment 3 is shown. Integrated circuit 20 is electrically 
connected to lead frame 600 through solder layer 400b, and 
the above-mentioned devices are then sealed with molding 
compound 520, but exposing the leads of lead frame 600. 
These leads are then connected to other outside circuits. Said 
molding compound 520 is a polymer Such as epoxy resin or 
polyimide compound. 

In FIGS. 17d to 17?, the external devices 310 and 320 in 
FIGS. 17a to 17c are replaced by an integrated device 330 (as 
in Embodiment 6). 
The description up until this point has been of semicon 

ductor chip structures. Following is the description and expla 
nation of application circuits corresponding to the semicon 
ductor chip structures. The application circuits include an 
internal circuit, an external circuit, and a metal connection 
which are all integrated on a single semiconductor chip. 

In FIG. 18, the simplified equivalent circuit shown is simi 
lar to the application circuit shown in FIG. 7. Devices 112, 
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and 114 in FIG. 7 correspond respectively to, and voltage 
feedback device 1112, and switch circuit including switch 
controller 1114a and switch MOS 1114b, 1114e in FIG. 18, 
and external devices 320 and 310 in FIG. 7 correspond 
respectively to inductor 1320 and capacitor 1310 in FIG. 18. 
wherein inductor 1320 and capacitor 1310 are connected and 
voltage feedback device 1112 is electrical connected between 
inductor 1320 and capacitor 1310. This voltage feedback 
device 1112 can feedback the voltage signal between inductor 
1320 and capacitor 1310. In the circuit revealed by FIG. 18, a 
power supply input 1311 uses wire-bonded leads or solder 
layers on contact pads of the semiconductor chip to input 
power to MOS 1114b, which is below the passivation layer of 
the semiconductor chip. Feedback device 1112 then takes the 
Voltage signal passing between inductor 1320 and capacitor 
1310, and the voltage signal is transmitted back to switch 
controller 1114a. Switch controller 1114a then uses the sig 
nal to decide the on and off timing of the two MOS 1114b and 
1114e located on the semiconductor chip, which allows 
switch controller 1114a to regulate the duty cycle of MOS 
1114b and 1114e and therefore to regulate the voltage at 
output 1313. In the present invention, inductor 1320, capaci 
tor 1310, switch controller 1114a, and Voltage feedback 
device 1112 form the voltage regulator or converter. There 
fore, according to different working Voltage ranges of semi 
conductor chips, Voltage regulator integrated with the semi 
conductor chip can use the described mechanism to regulate 
Voltages immediately, using the shortest transfer path to 
transfer power Supply to the semiconductor chip, allowing the 
voltage level of the semiconductor chip's power supply to be 
quickly regulated to a specific Voltage range. 

Also, according to the electrical circuit structure shown in 
FIG. 18 and the semiconductor chip structure disclosed by the 
present invention, since the passive components in the present 
invention are all integrated over semiconductor Substrates 
with active devices, therefore, multiple electronic devices 
could easily be connected to each other. FIG. 19 shows an 
equivalent circuit of multiple passive devices and a semicon 
ductor chip connected together, wherein all switch MOS 
1114?. 1114h, 1114.j, 1114g, 1114i, 1114k and inductor 
1320a, 1320b, and 1320c connect to a capacitor 1310, voltage 
feedback device 1112, and a switch controller 1114a. There 
fore, when input pad 1110 inputs a power Supply, Voltage 
feedback device 1112 takes a voltage signal between induc 
tors 1320a, 1320b, 1320c and capacitor 1310 and sends a 
voltage feedback signal to switch controller 1114a. Switch 
controller 1114a then decides when MOS 1114?. 1114g. 
1114h, 1114i, 1114.j, 1114k will be switched on or off sepa 
rately. The switch controller 1114a controls the duty cycles 
and on-off phases of switch MOS 1114f. 1114g, 1114h. 
1114i, 1114i, 1114k to fine-tune the voltage level at output 
1313. When switch controller 1114a controls MOS 1114?. 
1114g, 1114h, 1114i, 1114i, 1114k, at least two different 
on-off phases are generated. As shown in FIG. 20, a result of 
output of FIG. 19's circuit when each switch MOS set with 
different Switching phase, the Voltage ripple of output is mini 
mized by different on-off phases of switching MOS. There 
fore, the present invention provides a semiconductor chip 
with a more stable power Voltage. 

Embodiment 7 

FIG. 21a to FIG. 211 demonstrate a manufacturing process 
of a on-chip regulator or converter with inductor and capaci 
tor, wherein the inductor is made by using post-passivation 
embossing process and the capacitor is attached by using 
Surface mount technology. 
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Referring to FIG. 21a, integrated circuit 20 represents all 

structures below passivation layer 160. Also included in inte 
grated circuit 20 is substrate 100, devices 110, 112, 114, first 
dielectric layer 150, metal layers 140, second dielectric layer 
155, metal contact 120, and metal via 130, wherein multiple 
passivation layer openings 165a in passivation layer 160 
reveal multiple pads 166a, 166b, and 166c. 

Referring to FIG. 21b, an adhesion/barrier layer 401 is 
formed by Sputtering on passivation layer 160 and contact 
pads 166a, 166b, and 166c. The thickness of said adhesion/ 
barrier layer 401 is between 0.1 micrometers and 1 microme 
ter, with an optimal thickness between 0.3 micrometers and 
0.8 micrometers. The material of adhesion/barrier 401 is pre 
ferred to be a TiVW or Ti or Ti/TiW. 

Referring to FIG. 21c, a seed layer 402 with a thickness 
between 0.05 micrometers and 1 micrometers (with an opti 
mal thickness between 0.08 micrometers and 0.7 microme 
ters) is formed next on adhesion/barrier layer 401 by sputter 
ing. In this embodiment, said seed layer 402 is made of gold 
preferentially. However, as described above, the material of 
seed layer 402 varies according to the material of metal layers 
formed afterwards. 

Referring to FIG. 21d, photoresist layer 404 is formed on 
seed layer 402, and through spin coating, exposure and devel 
opment, photoresist layer 404 is patterned, forming multiple 
photoresist layer openings 404a in photoresist layer 404. 
which separately reveal portions of seed layer 402 that are 
over pad 166a, 166b, and 166c. 

Referring to FIG. 21e, bonding metal layer 406 is formed 
by an electroplating method on seed layer 402, which is in 
photoresist layer opening 404a. The bonding metal layer 406 
consists of materials such as gold, copper, silver, palladium, 
rhodium, ruthenium, rhenium, or nickel, and may have a 
single metal layer structure or multiple metal layer structure. 
The thickness of bonding metal layer 406 is between 1 
micrometers and 100 micrometers, with optimal thickness 
between 1.5 micrometers and 15 micrometers. The combina 
tions of the multiple metal layer structure comprise Cu/Ni/ 
Au, Cu/Au, Cu/Ni/Pd, and Cu/Ni/Pt. In this embodiment, 
bonding metal layer 406 is preferred a single layer made of 
gold. 

Referring to FIG. 21f remove patterned photoresist layer 
404 and portions of seed layer 402 and adhesive/barrier layer 
401 that are not below metal layer 406. Portions of seed layer 
402 that are made of gold are removed by using solvents 
containing KI plus I Solution, while adhesive/barrier layer 
401 is removed by using solvents containing hydrogen per 
oxide (H2O) if the material of layer 401 is Tiw. 

Referring to FIG. 21g, after removing patterned photore 
sist layer 404 and portions of seed layer 402 and adhesive/ 
barrier layer 401 that are not under metal layer 406, said 
bonding metal layer 406 at least forms one inductor device 
408, multiple wire-bonding pads 410, and multiple contact 
pads 412 on passivation layer 160. Said wire-bonding pads 
410 are formed on pad 166a, while said contact pads 412 are 
formed on pad 166c, and said inductor device 408 is formed 
on passivation layer 160 and pads 166b. FIG.21f is a signified 
cross section view of FIG. 21g across horizontal line 2-2. 
Multiple inductor devise 408 can also be formed on or over 
passivation layer 160, as shown in FIG. 21h, but in this 
embodiment, only one inductor device 408 is demonstrated 
mainly. 

Referring to FIG. 21i, a polymer layer 414 is formed on 
multiple wire-bonding pads 410, multiple contact pads 412, 
and passivation layer 160. 

Referring to FIG. 21j, through spin coating, exposure and 
development, etching and O2 plasma ash, polymer layer 414 
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is formed and patterned with multiple openings 414a that 
reveal multiple wire-bonding pads 410, multiple contact 
pads, 412, and cover inductor device 408. Polymer layer 414 
is then cured under a temperature between 150 and 380 
degrees Celcius. The material of polymer layer 414 can be 
chosen from polyimide (PI), benzocyclobutene (BCB), 
parylene, epoxy-based material, such as epoxy resins orpho 
toepoxy SU-8 provided by Sotec Microsystems of Swiss 
Renens, or elastomers, such as silicone. If polymer layer 414 
is made of polyimide, it is preferredester-type polyimide. The 
polymer layer 414 is preferred to be photosensitive, then 
lithography can be used to pattern said polymer layer 414. 
Polymer layer 414 has a thickness between 5 micrometers 
and 50 micrometers, with an optimal thickness between 10 
micrometers and 20 micrometers. 

Referring to FIG. 21 k and FIG. 211, dicing procedures are 
used to cut substrate 100, passivation layer 160, and polymer 
layer 414 into multiple semiconductor chips 600. Said mul 
tiple wire-bonding pads 410 on semiconductor chips 600 can 
be connected to external circuits or power Sources through a 
wire 416 formed by a wire-bonding process. Contact pad 412 
can then be connected to a capacitor device 418 with a solder 
layer 420, through surface mount technique (SMT), wherein 
said capacitor device 418 is connected to inductor device 408 
through metal layers 140 in integrated circuit 20. Of course 
the dicing procedures can be performed after capacitor 
mounting. 

Manufacturing Method and Structure 1 of Embodiment 8: 
FIG. 22a to FIG. 22m demonstrate a manufacturing pro 

cess of another on-chip regulator or converter with inductor 
and capacitor, wherein the inductor is made by using post 
passivation embossing process and the capacitor is attached 
by using Surface mount technology. 

Referring to FIG. 22a, integrated circuit 20 represents all 
structures below passivation layer 160. Also included in inte 
grated circuit 20 is substrate 100, devices 110, 112, 114, first 
dielectric layer 150, metal layers 140, second dielectric layer 
155, metal contact 120, and via 130, wherein multiple passi 
vation layer openings 165a in passivation layer 160 reveal 
multiple pads 166a, 166b, and 166c. 

Referring to FIG. 22b, a polymer layer 421 is formed on 
passivation layer 160 and pads 166a, 166b, and 166c. 
Through spin coating, exposure and development, etching 
and O2 plasma ash, polymer layer 421 is formed and pat 
terned with multiple openings 421a that reveal multiple pads 
166a, 166b, and 166c. Polymer layer 421 is then cured under 
a temperature between 150 and 380 degrees Celcius. The 
material of polymer layer 421 can be chosen from polyimide 
(PI), benzocyclobutene (BCB), parylene, epoxy-based mate 
rial, such as epoxy resins or photoepoxy SU-8 provided by 
Sotec Microsystems of Swiss Renens, or elastomers, such as 
silicone. If polymer layer 421 is made of polyimide, it is 
preferred ester-type polyimide. The polymer layer 421 is 
preferred to be photosensitive, then lithography can be used to 
pattern said polymer layer 421. Polymer layer 421 has a 
thickness between 5 micrometers and 50 micrometers, with 
an optimal thickness between 10 micrometers and 25 
micrometers. 

Referring to FIG. 22c, an adhesion/barrier layer 422 is 
formed by Sputtering on polymer layer 421 and pads 166a, 
166b, and 166c. Said adhesion/barrier layer 422 has a thick 
ness between 0.1 micrometers and 1 micrometer, with an 
optimal thickness between 0.3 micrometers and 0.8 microme 
ters. The material of adhesion/barrier 401 is preferred to be a 
TW or T or TFTW. 

Referring to FIG. 22d, a seed layer 424 with a thickness 
between 0.05 micrometers and 1 micrometers (with an opti 
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mal thickness between 0.08 micrometers and 0.7 microme 
ters) is formed next on adhesion/barrier layer 422 by sputter 
ing. In this embodiment, said seed layer 424 is made of gold 
preferentially. However, as described above, the material of 
seed layer 424 varies according to the material of metal layers 
formed afterwards. 

Referring to FIG. 22e, photoresist layer 426 is formed on 
seed layer 424, and through spin coating, exposure and devel 
opment, photoresist layer 426 is patterned, forming multiple 
photoresist layer openings 426a in photoresist layer 426. 
which separately reveal portions of seed layer 426 that are 
over pad 166a, 166b, and 166c. 

Referring to FIG. 22f bonding metal layer 428 is formed 
by an electroplating method on seed layer 424, which is in 
photoresist layer opening 426a. The bonding metal layer 428 
consists of materials such as gold, copper, silver, palladium, 
rhodium, ruthenium, rhenium, or nickel, and may have a 
single metal layer structure or multiple metal layer structure. 
The thickness of bonding metal layer 428 is between 1 
micrometer and 100 micrometers, with optimal thickness 
between 1.5 micrometers and 15 micrometers. Layer 428 
may be combinations of multiple metal layer structure com 
prising Cu/Ni/Au, Cu/Au, Cu/Ni/Pd, and Cu/Ni/Pt. In this 
embodiment, bonding metal layer 428 is a single layer made 
of gold preferentially. 

Referring to FIG. 22g, remove patterned photoresist layer 
426 and portions of seed layer 424 and adhesive/barrier layer 
422 that are not below metal layer 428. Seed layer 424 that are 
made of gold are removed by using solvents containing KI 
plus I solution, while adhesive/barrier layer 422 is removed 
by using solvents containing hydrogen peroxide (H2O) if the 
material of layer 422 is Tiw. 

Referring to FIG. 22h, after removing patterned photore 
sist layer 426 and portions of seed layer 424 and adhesive/ 
barrier layer 422 that are not under metal layer 428, said 
bonding metal layer 428 at least forms one inductor device 
430, multiple wire-bonding pads 432, and multiple contact 
pads 434 on polymer layer 421. Said wire-bonding pads 432 
are formed on pad 166a, while said contact pads 434 are 
formed on pad 166c, and said inductor device 430 is formed 
on or over passivation layer 160 and pads 166b. FIG. 21f is a 
signified cross section view of FIG. 21g cut across horizontal 
line 2-2. Multiple inductor devices 430 can also be formed on 
polymer 421, as shown in FIG. 22i, but in this embodiment, 
only one inductor device 408 is demonstrated mainly. 

Referring to FIG. 22i, a polymer layer 436 is formed by 
using spin coating on inductor device 430, multiple wire 
bonding pads 432, multiple contact pads 434, and polymer 
layer 421. 

Referring to FIG.22k, through exposure and development, 
etching, and O2 plasma ash polymer layer 436 form multiple 
openings 436a that reveal multiple wire-bonding pads 432, 
multiple contact pads 434, and conceal inductor device 430. 
Polymer layer 436 is then cured under a temperature between 
150 and 380 degrees Celcius. The material of polymer layer 
436 can be chosen from polyimide (PI), benzocyclobutene 
(BCB), parylene, or ester type polymers, such as epoxy resins 
or photoepoxy SU-8 provided by Sotec Microsystems of 
Swiss Renens, or elastomers, such as silicone. If polymer 
layer 436 is made of polyimide, it is preferred ester-type 
polyimide. The polymer layer 436 is photosensitive prefer 
entially, then lithography can be used to pattern said polymer 
layer 436. Polymer layer 436 has a thickness between 5 
micrometers and 50 micrometers, with an optimal thickness 
between 10 micrometers and 20 micrometers. 

Referring to FIG.22l and FIG.22m, dicing procedures are 
used to cut substrate 100, passivation layer 160, polymer 
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layer 421, and polymer layer 436 into multiple semiconductor 
chips 600. Said multiple wire-bonding pads 432 on semicon 
ductor chips 600 can be connected to external circuits or 
power sources through a wire 416 formed by a wire-bonding 
process. Contact pad 434 can then be connected to a capacitor 
device 418 with a solder layer 420, through surface mount 
technique (SMT), wherein said capacitor device 418 is con 
nected to inductor device 430 through metal layers 140 in 
integrated circuit 20. Of course the dicing procedures may be 
performed after capacitor mounting. 

Manufacturing method and structure 2 of Embodiment 8: 
Continuing from FIG. 22k and referring to also FIG. 22n 

and FIG.22O, the inductor 430 and the pads 166b are between 
the contact pads 434 and the pads 166c. 

Referring to FIG.22p and FIG.22q, dicing procedures are 
used to cut substrate 100, passivation layer 160, polymer 
layer 421, and polymer layer 436 into multiple semiconductor 
chips 600. Said multiple wire-bonding pads 432 on semicon 
ductor chips 600 can be connected to external circuits or 
power sources through a wire 416 formed by a wire-bonding 
process. Contact pad 434 can then be connected to a capacitor 
device 418 with a solder layer 420, through surface mount 
technique (SMT), wherein said capacitor device 418 is con 
nected to inductor device 430 through metal layer 428 or 
metal layers 140 in integrated circuit 20. Of course the dicing 
procedures may be performed after capacitor mounting. 

Embodiment 9 

Referring to FIG. 23a and FIG. 23b, this embodiment is 
similar to Embodiment 8, with the only difference being the 
location of wire-bonding pad 432 and pad 166a. In Embodi 
ment 8, wire-bonding bad 432 is directly above pad 166a, but 
in this embodiment, wire-bonding pad 432 is not directly 
above pad 166a. Therefore, the location of wire-bonding pad 
432 can be adjusted according to requirement and not limited 
to the area directly above pad 166a. 

Embodiment 10 

Referring to FIG. 24a and FIG. 24b, this embodiment is 
similar to Embodiment 8, with the difference being a con 
necting point 438 of inductor devices revealed by multiple 
openings 436a in polymer layer 436. Connecting point 438 
can be connected to external circuits or power sources using 
a wire 416 made by a wire-bonding process. 

Embodiment 11 

Referring to FIG.25a, integrated circuit 20 represents all 
structures below passivation layer 160. Also included in inte 
grated circuit 20 is substrate 100, devices 110, 112, 114, first 
dielectric layer 150, metal layers 140, second dielectric layer 
155, metal contact 120, and metal via 130, wherein multiple 
passivation layer openings 165a in passivation layer 160 
reveal multiple pads 166a, 166b, and 166c (Pad 166a is not 
labeled in FIG.25a, but is in FIG. 25b). 

Referring to FIG. 25b, an adhesion/barrier layer 401 is 
formed by Sputtering on passivation layer 160 and contact 
pads 166a, 166b, and 166c. The thickness of said adhesion/ 
barrier layer 401 is between 0.1 micrometers and 1 microme 
ter, with an optimal thickness between 0.3 micrometers and 
0.8 micrometers. The material of adhesion/barrier 401 is pre 
ferred to be a TiVW or Ti or Ti/TiW. 

Referring to FIG. 25c, a seed layer 402 with a thickness 
between 0.05 micrometers and 1 micrometers (with an opti 
mal thickness between 0.08 micrometers and 0.7 microme 
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ters) is formed next on adhesion/barrier layer 401 by sputter 
ing. In this embodiment, said seed layer 402 is made of gold 
preferentially. However, as described above, the material of 
seed layer 402 varies according to the material of metal layers 
formed afterwards. 

Referring to FIG. 25d. photoresist layer 404 is formed on 
seed layer 402, through spin coating, exposure and develop 
ment, photoresist layer 404 is patterned, forming multiple 
photoresist layer openings 404a in photoresist layer 404. 
which separately reveal portions of seed layer 402 that are 
over pad 166a, 166b, and 166c. 

Referring to FIG. 25e, bonding metal layer 406 is formed 
by an electroplating method on seed layer 402, which is in 
photoresist layer opening 404a. The bonding metal layer 406 
consists of materials such as gold, copper, silver, palladium, 
rhodium, ruthenium, rhenium, or nickel, and may have a 
single metal layer structure or multiple metal layer structure. 
The thickness of bonding metal layer 406 is between 1 
micrometer and 100 micrometers, with optimal thickness 
between 1.5 micrometers and 15 micrometers. Layer 406 
may be combinations of multiple metal layer structure com 
prising Cu/Ni/Au, Cu/Au, Cu/Ni/Pd, and Cu/Ni/Pt. In this 
embodiment, bonding metal layer 406 is preferred to be a 
single layer made of gold. 

Referring to FIG. 25f remove patterned photoresist layer 
404 and portions of seed layer 402 and adhesive/barrier layer 
401 that are not below metal layer 406. Seed layer 402 that are 
made of gold are removed by using solvents containing I, 
while adhesive/barrier layer 401 is removed by using solvents 
containing hydrogen peroxide (HO) if the material of layer 
401 is Tiw. After removing patterned photoresist layer 404 
and portions of seed layer 402 and adhesion/barrier layer 401 
that is not under bonding metal layer 406, said bonding metal 
layer 406 includes multiple wire-bonding pads 440 and mul 
tiple contact pads 442, wherein a wire-bonding pad 440 and a 
contact pad 442 are connected through bonding metal layer 
406. 

Referring to FIG. 25g, a polymer layer 414 is formed by 
using spin coating on multiple wire-bonding pads 440, mul 
tiple contact pads 442, and passivation layer 160. 

Referring to FIG.25h, through exposure and development, 
and O2 plasma ash, polymer layer 444 is patterned with 
multiple openings 444a that reveal multiple wire-bonding 
pads 440 and multiple contact pads 442. Polymer layer 444 is 
then cured under a temperature between 150 and 380 degrees 
Celcius. The material of polymer layer 444 can be chosen 
from polyimide (PI), benzocyclobutene (BCB), parylene, 
epoxy-based material. Such as epoxy resins or photoepoxy 
SU-8 provided by Sotec Microsystems of Swiss Renens, or 
elastomers. Such as silicone. If polymer layer 444 is made of 
polyimide, it is preferred ester-type polyimide. The polymer 
layer 444 is photosensitive preferentially, then lithography 
can be used to pattern said polymer layer 444, and the etching 
process will be unnecessary. Polymer layer 444 has a thick 
ness between 5 micrometers and 50 micrometers, with an 
optimal thickness between 10 micrometers and 25 microme 
ters. 

Referring to FIG. 25i and FIG. 25i, dicing procedures are 
used to cut substrate 100, passivation layer 160, and polymer 
layer 444 into multiple semiconductor chips 600. Said mul 
tiple wire-bonding pads 440 on semiconductor chips 600 can 
be connected to external circuits or power Sources through a 
wire 416 formed by a wire-bonding process. Contact pad 442 
can then be connected to a capacitor device 448 with a solder 
layer 420, through surface mount technique (SMT), wherein 
said capacitor device 448 is connected to inductor device 448 
through metal layers 140 in integrated circuit 20. FIG. 25i is 
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a cross section view of FIG. 25k from horizontal line 2-2. Of 
course the dicing procedures may be performed after capaci 
tor mounting. 

Embodiment 10 and Embodiment 11 can be used in 

26 
a discrete capacitor coupled to said passivation layer, and 
a solder between said discrete capacitor and a contact point 

of said conductive structure. 
2. The semiconductor chip of claim 1, wherein said first 

devices that step-up Voltage as shown in circuit diagrams of 5 conductive layer comprises a copper layer having a thickness 
FIG. 26 and FIG. 27. In FIG. 26, power source input 2240 is 
connected to inductor 2320, inductor 2320 is connected to 
capacitor 2310 through transistor 2114d. Voltage feedback 
device 2112 is connected to power output 2110, and switch 
controller 2114a is connected to voltage feedback device 
2112 and a switch transistor 2114b. When power enters 
through power input 2240, switch controller 2114a receives 
the Voltage signal of Voltage feedback device 2112 and con 
trols the on and off timing of switch transistor 2114b, pump 
ing up the voltage level of power source output 2110. Inductor 
2320 together with capacitor 2310, voltage feedback device 
2112, switch transistor 2114b and transistor 2114d form an 
on-chip Voltage regulator or converter with the previous 
described manufacture processes. 
The difference between FIG. 27 and FIG. 26 is that the 

circuit diagram of FIG.27 is made of multiple inductors 2320, 
capacitor 2310, switch transistor 2114g, switch transistor 
2114i, transistor 2114h and transistor 2114f. Switch control 
ler 2114a is used to receive the Voltage signal of Voltage 
feedback device 2112 and control the duty cycle and phase of 
switch transistor 2114g, and switch transistor 2114i and 
therefore pumping up the voltage level of power output 2110. 
In comparison to the circuit diagram of FIG. 26, the circuit 
diagram of FIG. 27 can be more accurately and efficiently to 
regulate the output Voltage. 

From the description above, it can be known that the 
present invention discloses a semiconductor chip and its 
application circuit, wherein in the passive and active devices 
are integrated with the semiconductor chip, so that the signal 
path between the two types of devices has minimal distance, 
therefore enabling fast and effective Voltage regulation and 
also decreasing circuit routing area on the PCB. Most impor 
tantly, the reaction time of each device is decreased, increas 
ing the performance of electronic device without increasing 
COSt. 

While this invention has been described in terms of the 
above specific embodiment(s), those skilled in the art will 
recognize that the invention can be practiced with modifica 
tions within the spirit and scope of the appended claims, i.e. 
that changes can be made in form and detail, without depart 
ing from the spirit and scope of the invention. Accordingly all 
Such changes come within the purview of the present inven 
tion and the invention encompasses the Subject matter of the 
claims which follow. 
What is claimed is: 
1. A semiconductor chip comprising: 
a semiconductor Substrate; 
multiple active devices in said semiconductor Substrate; 
a first dielectric layer coupled to said semiconductor Sub 

Strate; 
a conductive structure coupled to said first dielectric layer 

and said semiconductor Substrate, wherein said conduc 
tive structure comprises a first conductive layer and a 
second conductive layer coupled to said first conductive 
layer, wherein said first conductive layer and said second 
conductive layer comprise an inductor within the semi 
conductor chip; 

a second dielectric layer between said first and second 
conductive layers; 

a passivation layer coupled to said first and second conduc 
tive layers and said first and second dielectric layers, 
wherein said passivation layer comprises a nitride; 
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between 0.05 and 2 micrometers. 
3. The semiconductor chip of claim 1, wherein said nitride 

has a thickness between 0.3 and 2 micrometers. 
4. The semiconductor chip of claim 1, wherein said con 

ductive structure comprises a gold-containing layer coupled 
to said solder. 

5. The semiconductor chip of claim 1, wherein said con 
ductive structure comprises a nickel layer coupled to said 
solder. 

6. The semiconductor chip of claim 1, wherein said con 
ductive structure comprises a copper layer coupled to said 
solder. 

7. The semiconductor chip of claim 1, further comprising a 
polymer layer coupled to said passivation layer, wherein said 
inductor and said discrete capacitor are coupled to said poly 
mer layer. 

8. The semiconductor chip of claim 1, further comprising a 
polymer layer coupled to said inductor and said passivation 
layer, wherein said discrete capacitor is further coupled to 
said polymer layer. 

9. The semiconductor chip of claim 1, wherein said con 
ductive structure has a region configured to be wirebonded 
thereto. 

10. The semiconductor chip of claim 1, wherein said induc 
tor is coupled to said passivation layer. 

11. A circuit component comprising: 
a semiconductor Substrate; 
multiple active devices in said semiconductor Substrate; 
a first dielectric layer coupled to said semiconductor Sub 

Strate; 
a conductive structure coupled to said first dielectric layer, 

wherein said conductive structure comprises a first con 
ductive layer and a second conductive layer coupled to 
said first conductive layer, wherein said first conductive 
layer and said second conductive layer comprise an 
inductor within said circuit component; 

a second dielectric layer between said first and second 
conductive layers; 

a passivation layer coupled to said first and second conduc 
tive layers and said first and second dielectric layers, 
wherein said passivation layer comprises a nitride; 

a discrete capacitor coupled to said passivation layer, and 
a solder coupled to said discrete capacitor. 
12. The circuit component of claim 11, wherein said first 

conductive layer comprises a copper layer having a thickness 
between 0.05 and 2 micrometers. 

13. The circuit component of claim 11, wherein said nitride 
has a thickness between 0.3 and 2 micrometers. 

14. The circuit component of claim 11, wherein said con 
ductive structure comprises a gold-containing layer coupled 
to said solder. 

15. The circuit component of claim 11, wherein said con 
ductive structure comprises a nickel layer coupled to said 
solder. 

16. The circuit component of claim 11, wherein said con 
ductive structure comprises a copper layer coupled to said 
solder. 

17. The circuit component of claim 11, further comprising 
a polymer layer coupled to said passivation layer, wherein 
said inductor and said discrete capacitor are coupled to said 
polymer layer. 
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18. The circuit component of claim 11, further comprising 
a polymer layer coupled to said inductor and said passivation 
layer, wherein said discrete capacitor is further coupled to 
said polymer layer. 

19. The circuit component of claim 11, wherein said sec- 5 
ond conductive layer comprises aluminum. 

20. The circuit component of claim 11, wherein said induc 
tor is coupled to said passivation layer. 
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