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(57) ABSTRACT 

Correspondence Address: An integrated circuit chip includes a silicon Substrate, a first 
JOHN CHEN circuit in or over said silicon Substrate, a second circuit 
ROOM 3O3 3F, NO. 25. SEC. 1 CHANGAN E. device in or over said silicon substrate, a dielectric structure 
ROAD 9 a 9 9 9 over said silicon Substrate, a first interconnecting structure in 
TAPEI 10441 said dielectric structure, a first pad connected to said first 

node of said Voltage regulator through said first intercon 
necting structure, a second interconnecting structure in said 

(73) Assignee: MEGICA CORPORATION, dielectric structure, a second pad connected to said first node 
Hsinchu (TW) of said internal circuit through said second interconnecting 

structure, a passivation layer over said dielectric structure, 
wherein multiple opening in said passivation layer exposes 

(21) Appl. No.: 11/864,926 said first and second pads, and a third interconnecting 
structure over said passivation layer and over said first and 

(22) Filed: Sep. 29, 2007 second pads. 
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Fig. 2A (Prior Art) 
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Fig. 6A (Prior Art) 
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INTEGRATED CIRCUIT CHIPS WITH 
FINE-LINE METAL AND 

OVER-PASSIVATION METAL 

0001. This application claims foreign priority to TW 
application No. 095136115, filed on Sep. 29, 2006, which is 
herein incorporated by reference in its entirety. 
0002. This application is related to MEGICA Docket No. 
MEGA 07-011 US-TW06015-E01, MEGA 07-011 US 
TW06015-E03, MEGA 07-011 US-TW06015-E04, MEGA 
07-011 US-TW06015-E05, MEGA 07-01 US-TW06015-E06 
and MEGA 07-011 US-TW06015-E07, assigned to a com 
mon assignee. 

BACKGROUND OF THE INVENTION 

0003 1. Field of the Invention 
0004. The invention relates to an on-chip circuit unit to 
send electrical stimulus to other circuit units that are located 
on the same integrated circuit (IC) chip and a method for 
forming the same. More particularly, the invention relates to 
an on-chip Voltage-regulating circuit or a Voltage converter 
to send electrical power to other circuit units located on the 
same chip by way of a coarse conductor deposited over the 
passivation layer. 
0005 2. Brief Description of the Related Art 
0006 Today many electronic devices are required to run 
at high speed and/or low power consumption conditions. 
Moreover, a modern electronic system, module, or circuit 
board contains many different types of chips, such as Central 
Processing Units (CPUs), Digital Signal Processors (DSPs), 
analog chips, DRAMs, SRAMs, Flashs and etc. Each chip is 
fabricated using different types and/or different generations 
of IC manufacturing process technologies. For example, in 
a modern notebook personal computer, the CPU chip may be 
fabricated using an advanced 65 nm technology with power 
Supply Voltage at 1.2 V, the analog chip fabricated using a 
0.25 um IC process technology with power Supply Voltage 
at 3.3 V, and the DRAM chip using a 90 nm IC process 
technology at 1.5V, and the flash chip using a 0.18 um 
technology with power supply voltage at 2.5V. With variet 
ies of supply Voltages in a single system, the on-chip voltage 
converter and/or voltage regulator become desirable. The 
DRAM chip may require an on-chip Voltage converter 
and/or voltage regulator to convert 3.3V to 1.5V and the 
flash chip may also require an on-chip voltage converter to 
convert 3.3V to 2.5V Moreover, the on-chip voltage con 
verter or regulator should provide a constant Voltage for the 
semiconductor devices located at different locations on an 
IC chip through on-chip power/ground buses. In this regard, 
an on-chip Voltage regulator or an on-chip voltage converter 
affiliated with low parasitic power/ground lines is desired. In 
addition to the minimized energy consumption, the rippling 
effect that may occur in accordance with fluctuation of load 
capacitance and resistance is also abated. 
0007 U.S. Pat. No. 6,495,442 B1 by Lin and et al. 
describes post-passivation schemes on top of IC chips. The 
post-passivation scheme over the IC passivation layer is 
used as the global, power, ground, or signal distribution 
networks. The power/ground Voltage is Supplied from an 
external (outside of the chip) power Supply source. 
0008 U.S. Pat. No. 6,649,509 B1 by Lin and et al. 
describes an embossing process to form post-passivation 
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interconnection scheme over the IC passivation layer to be 
used as the global distribution network for power, ground, 
clock and/or signal. 

SUMMARY OF THE INVENTION 

0009. An object of this invention is to provide an on-chip 
circuit unit to send electrical stimulus to several devices or 
circuit units that are located on the same IC chip. 
0010. An object of this invention is to provide an on-chip 
Voltage-regulating device (voltage regulator) to send elec 
trical power to several devices or circuit units that are 
located on the same IC chip. 
0011. An object of this invention is to provide an on-chip 
Voltage converter to send electrical power to several devices 
or circuit units that are located on the same IC chip. 
0012 Another object of the invention is to deliver elec 

trical stimulus to several devices or circuit units with little 
loss due to the parasitic effects. 
0013 Another object of the invention is to deliver elec 

trical power to several devices or circuit units with little loss 
due to the parasitic effects. 
0014. A further object is to deliver electrical power to 
several devices or circuit units through the passivation 
opening and by way of a coarse conductor deposited over the 
passivation layer. 
0015. A still further object is to provide an over-passi 
Vation metal interconnection distributing signals, power, or 
ground outputs from at least one internal circuit or internal 
device to at least another internal circuit or internal device. 
0016. Another object of the invention is to provide an 
over-passivation metal interconnection distributing signals, 
power, or ground outputs from at least one internal circuit or 
internal device to at least another internal circuit or internal 
device without connection to ESD, driver or receiver cir 
cuitry. 
0017. Yet another object of the invention is to provide an 
over-passivation metal interconnection distributing signals, 
power, or ground outputs from at least one internal circuit or 
internal device to at least another internal circuit or device 
without connection to external (outside of the chip) circuitry. 
0018. Another object is to propagate a signal generated in 
the internal circuits or internal devices to the external 
circuitry through over-passivation metals and fine-line met 
als. 
0019. A further object of the invention is to provide an 
over-passivation metal interconnection distributing signals, 
power, or ground outputs from at least one internal circuit or 
internal device to at least another internal circuit or internal 
device wherein an over-passivation contacting structure can 
be connected with an off-chip circuit, and connected to 
external circuitry. 
0020. A still further object is to provide an over-passi 
Vation metal interconnection distributing an external power 
Supply to internal circuits and a contacting structure to the 
external power Supply. 
0021. In accordance with the objects of the invention, a 
chip structure is provided comprising an over-passivation 
metal interconnection distributing output Voltage and/or 
current from a Voltage regulator to internal circuits. 
0022. Also in accordance with the objects of the inven 
tion, another chip structure is provided comprising an over 
passivation metal interconnection distributing signals, 
power or ground outputs from at least one internal circuit to 
at least another internal circuit. 
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0023. Also in accordance with the objects of the inven 
tion, another chip structure is provided comprising an over 
passivation metal interconnection distributing signals, 
power or ground outputs from at least one internal circuit to 
at least another internal circuit and an over-passivation metal 
contacting structure connecting an off-circuit chip to exter 
nal circuitry. 
0024. Also in accordance with the objects of the inven 

tion, another chip structure is provided comprising an over 
passivation metal interconnection distributing an external 
power Supply to internal circuits and a contacting structure 
to the external power Supply. 
0025 To enable the objectives, technical contents, char 
acteristics and accomplishments of the present invention, the 
embodiments of the present invention are to be described in 
detail in copperation with the attached drawings below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026 FIG. 1A is a schematic representation of a conven 
tional Voltage regulator or Voltage converter connected to 
internal circuits through a fine-line metallization. 
0027 FIG. 1B is a schematic representation of a voltage 
regulator or a Voltage converter connected to internal cir 
cuits through an over-passivation power bus (metal line, 
trace, or plane) in a first preferred embodiment of the present 
invention. 

0028 FIGS. 1C and 1D are schematic representation of a 
Voltage regulator or a voltage converter connected to inter 
nal circuits through over-passivation power and ground 
buses (metal lines, traces, or planes) in a first preferred 
embodiment of the present invention. 
0029 FIG. 2A is a top view layout of a conventional 
Voltage regulator or Voltage converter connected to internal 
circuits through a fine-line metallization. 
0030 FIG. 2B is a top view layout of a voltage regulator 
or a Voltage converter connected to internal circuits through 
an over-passivation power bus (metal line, trace or plane) in 
a first preferred embodiment of the present invention. 
0031 FIG. 2C is a top view layout of a voltage regulator 
or a Voltage converter connected to internal circuits through 
over-passivation power and ground buses (metal lines, 
traces or planes) in a first preferred embodiment of the 
present invention. 
0032 FIG. 3A is a cross-sectional representation of a 
conventional Voltage regulator or Voltage converter con 
nected to internal circuits through a fine-line metallization. 
0033 FIG. 3B is a cross-sectional representation of a 
Voltage regulator or a voltage converter connected to inter 
nal circuits through an over-passivation power bus (metal 
line, trace or bus) in a first preferred embodiment of the 
present invention. 
0034 FIG. 3C is a cross-sectional representation of a 
Voltage regulator or a voltage converter connected to inter 
nal circuits through over-passivation power and ground 
buses (metal lines, traces or planes in two patterned circuit 
metal layers) in a first preferred embodiment of the present 
invention. 
0035 FIG. 3D is a cross-sectional representation of a 
Voltage regulator or a voltage converter connected to inter 
nal circuits through an over-passivation power bus (metal 
line, trace or bus) in a first preferred embodiment of the 
present invention. This figure is similar to FIG. 3B except 
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that an additional polymer layer is provided between the 
bottom-most over-passivation metal layer and the passiva 
tion layer. 
0036 FIG. 4 is a schematic representation of an example 
of a CMOS voltage converter circuit in a preferred embodi 
ment of the present invention. 
0037 FIG. 5A is a schematic representation of multiple 
internal circuits connected through a fine-line metallization 
structure under a passivation layer. 
0038 FIG. 5B is a schematic representation of multiple 
internal circuits connected through a thick and wide metal 
layer over a passivation layer to transmit a signal according 
to a second embodiment of the invention. 
0039 FIG. 5C shows a circuit diagram of an inverter, 
which can be applied to the internal circuit 21 shown in FIG. 
SB. 
0040 FIG. 5D shows a circuit diagram of an internal 
driver, which can be applied to the internal circuit 21 shown 
in FIG. 5B. 
0041 FIG. 5E shows a circuit diagram of a tri-state 
buffer, which can be applied to the internal circuit 21 shown 
in FIG. 5B. 
0042 FIG. 5F shows a circuit diagram of a tri-state 
buffer, which can be applied to the internal circuit 21 shown 
in FIG. 5B, connected to a sense amplifier connected to a 
memory cell. 
0043 FIG. 5G shows a circuit diagram of a gate switch, 
which can be applied to the internal circuit 21 shown in FIG. 
5B, connected to a sense amplifier connected to a memory 
cell. 
0044 FIG. 5H shows a circuit diagram of a latch circuit, 
which can be applied to the internal circuit 21 shown in FIG. 
5B, connected to a sense amplifier connected to a memory 
cell. 
0045 FIG. 5I shows a circuit diagram of a gate switch 
and internal driver, which can be applied to the internal 
circuit 21 shown in FIG. 5B, connected to a sense amplifier 
connected to a memory cell. 
0046 FIG. 5J shows a circuit diagram of a latch circuit 
and internal driver, which can be applied to the internal 
circuit 21 shown in FIG. 5B, connected to a sense amplifier 
connected to a memory cell. 
0047 FIG. 5K is a schematic representation of multiple 
internal circuits connected through a thick and wide metal 
layer over a passivation layer to transmit a signal according 
to a second embodiment of the invention. 
0048 FIG. 5L shows a circuit diagram of an internal 
receiver, which can be applied to the internal circuit 21 
shown in FIG. SK. 
0049 FIG. 5M shows a circuit diagram of a tri-state 
buffer, which can be applied to the internal circuit 21 shown 
in FIG. 5K. 
0050 FIG. 5N shows a circuit diagram of a tri-state 
buffer, which can be applied to the internal circuit 21 shown 
in FIG. 5K, connected to a sense amplifier connected to a 
memory cell. 
0051 FIG. 5O shows a circuit diagram of a gate switch, 
which can be applied to the internal circuit 21 shown in FIG. 
5K, connected to a sense amplifier connected to a memory 
cell. 
0.052 FIG. 5P shows a circuit diagram of a latch circuit, 
which can be applied to the internal circuit 21 shown in FIG. 
5K, connected to a sense amplifier connected to a memory 
cell. 



US 2008/0079461 A1 

0053 FIG. 5Q shows a circuit diagram of a gate switch 
and internal receiver, which can be applied to the internal 
circuit 21 shown in FIG. 5K, connected to a sense amplifier 
connected to a memory cell. 
0054 FIG. 5R shows a circuit diagram of a latch circuit 
and internal receiver, which can be applied to the internal 
circuit 21 shown in FIG. 5K, connected to a sense amplifier 
connected to a memory cell. 
0055 FIG. 5S is a schematic representation of multiple 
internal circuits connected through a thick and wide metal 
layer over a passivation layer to transmit an analog signal 
according to a second embodiment of the invention. 
0056 FIG. 5T shows a circuit diagram of a differential 
amplifier, which can be applied to the internal circuit 21 
shown in FIG. 5S. 

0057 FIGS. 5U-5Z show a schematic representation of a 
memory chip with an address bus and a data bus over a 
passivation layer. 
0058 FIG. 6A is a top view layout of a conventional 
distribution of signals from an internal circuit to other 
internal circuits. 

0059 FIG. 6B is a top view layout of signal distribution, 
wherein an internal circuit sends signals to other internal 
circuits through an over-passivation interconnection 
scheme, requiring no solder bump and no off-chip circuits, 
in a second preferred embodiment of the present invention. 
0060 FIG. 7A is a cross-sectional representation of a 
conventional distribution of signals from an internal circuit 
to other internal circuits. 

0061 FIG. 7B is a cross-sectional representation of sig 
nal distribution, wherein an internal circuit sends signals to 
other internal circuits through an over-passivation intercon 
nection scheme, requiring no solder bump and no off-chip 
circuits, in a second preferred embodiment of the present 
invention. 

0062 FIG. 7C is a cross-sectional representation of sig 
nal distribution, wherein an internal circuit sends signals to 
other internal circuits through an over-passivation Scheme, 
requiring no solder bump and no off-chip circuits, in a 
second preferred embodiment of the present invention. Two 
over-passivation scheme comprises two metal layers. 
0063 FIG. 7D is a cross-sectional representation of sig 
nal distribution, wherein an internal circuit sends signals to 
other internal circuits through an over-passivation intercon 
nection scheme. This figure is similar to FIG. 7B except that 
an additional polymer layer is provided between the passi 
Vation layer and the bottom-most over-passivation metal 
layer. 
0064 FIG. 8A is a schematic representation of a conven 
tional distribution of signals from internal circuits to the 
external circuits through off-chip circuits using fine-line 
scheme. 

0065 FIGS. 8B, 8D, 8E and 8F are schematic represen 
tations of a signal generated in the internal circuits propa 
gated to an external circuitry through over-passivation met 
als and fine-line metals in a third preferred embodiment of 
the present invention, and through off-chip circuits. 
0066 FIG. 8C is a schematic representation of a signal 
transmitted from an external circuit to an internal circuit 
through over-passivation metals and fine-line metals in a 
third preferred embodiment of the present invention, and 
through off-chip circuits. 
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0067 FIG. 9A is a top view layout of a conventional 
distribution of signals from internal circuits to the external 
circuits through off-chip circuits using a fine-line scheme. 
0068 FIG.9B is a top view layout of multiple internal 
circuits connected to an off-chip circuit through a thick and 
wide metal trace, bus or plane over a passivation layer. 
0069 FIG. 9C is a top view layout of multiple internal 
circuits connected to an off-chip circuit through a thick and 
wide metal trace, bus or plane over a passivation layer, 
wherein the off-chip circuit includes two-stage cascade 
off-chip driver 421. 
(0070 FIG. 9D is a top view layout of multiple internal 
circuits connected to an off-chip circuit through a thick and 
wide metal trace, bus or plane over a passivation layer, 
wherein the off-chip circuit includes four-stage cascade 
off-chip driver 42. 
0071 FIG. 10A is a cross-sectional representation of a 
conventional distribution of signals from internal circuits to 
the external circuits through off-chip circuits using fine-line 
scheme. 

0072 FIGS. 10B-10E and 10G-10I are cross-sectional 
representations of multiple internal circuits connected to an 
off-chip circuit through a thick and wide metal trace, bus or 
plane over a passivation layer according to a third preferred 
embodiment of the present invention. 
0073 FIG. 10F is a cross-sectional representation of 
multiple internal circuits connected to an off-chip circuit 
through a metal trace, bus or plane under a passivation layer, 
with a wire wirebonded to a relocated pad on a passivation 
layer, according to a third preferred embodiment of the 
present invention. 
0074 FIG. 11A is a schematic representation of an 
example of an off-chip driver circuit, which can be applied 
to the I/O circuit 42 shown in FIG. 8B, in the third preferred 
embodiment of the present invention. 
(0075 FIG. 11B is a schematic representation of an 
example of an off-chip receiver circuit, which can be applied 
to the I/O circuit 42 shown in FIG. 8C, in the third preferred 
embodiment of the present invention. 
0076 FIG. 11C is a schematic representation of an 
example of an off-chip tri-state buffer, which can be applied 
to the I/O circuit 42 shown in FIG. 8B, in the third preferred 
embodiment of the present invention. 
0077 FIG. 11D is a schematic representation of an 
example of an off-chip driver circuit, which can be applied 
to the I/O circuit 42 shown in FIG. 8E, in the third preferred 
embodiment of the present invention. 
0078 FIG. 11E is a schematic representation of an 
example of an off-chip tri-state buffer, which can be applied 
to the I/O circuit 42 shown in FIG. 8C, in the third preferred 
embodiment of the present invention. 
(0079 FIG. 11F is a schematic representation of an 
example of an ESD connection, which can be applied to the 
ESD circuit 43 shown in FIGS. 8B, 8C, 8E and 8F, in the 
third preferred embodiment of the present invention. 
0080 FIG. 11G is a schematic representation of an 
example of a four-stage cascade off-chip driver circuit, 
which can be applied to the I/O circuit 42 shown in FIG. 8F 
in the third preferred embodiment of the present invention. 
I0081 FIG. 11H is a schematic representation of an 
example of two ESD connections, which can be applied to 
the ESD protection circuit 43 shown in FIG.8D, in the third 
preferred embodiment of the present invention. 
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0082 FIG. 12A is a schematic representation of a con 
ventional distribution of external power supply to internal 
circuits. 
0083 FIG. 12B is a schematic representation of distri 
bution of external power Supply to internal circuits through 
over-passivation metals in a fourth preferred embodiment of 
the present invention. An ESD protection circuit is con 
nected to the over-passivation metals. 
0084 FIG. 12C is a schematic representation of distri 
bution of external power Supply and external ground to 
internal circuits through over-passivation metals in a fourth 
preferred embodiment of the present invention. Both power 
and ground nodes of internal circuits are connected to the 
over-passivation metals. An ESD protection circuit is con 
nected to the over-passivation metals. 
0085 FIG. 12D is a schematic representation of distri 
bution of external power Supply and external ground to 
internal circuits through over-passivation metals in a fourth 
preferred embodiment of the present invention. More than 
one ESD protection circuits are connected to the over 
passivation metals. 
I0086 FIG. 12E is a schematic representation of an 
example of an ESD protection circuit, which can be applied 
to the ESD circuit 44 or 45 shown in FIGS. 12B-12D, in the 
fourth preferred embodiment of the present invention. 
0087 FIG. 13A is a top view layout of a conventional 
distribution of external power supply to internal circuits. 
I0088 FIG. 13B is a top view layout of distribution of 
external power supply to internal circuits through over 
passivation metals in a fourth preferred embodiment of the 
present invention. An ESD protection circuit is connected to 
the over-passivation metals. 
I0089 FIG. 13C is a top view layout of distribution of 
external power Supply and external ground to internal cir 
cuits through over-passivation metals in a fourth preferred 
embodiment of the present invention. Both power and 
ground nodes of internal circuits are connected to the 
over-passivation metals. An ESD protection circuit is con 
nected to the over-passivation power and ground traces, 
buses or planes. 
0090 FIG. 14A is a cross-sectional representation of a 
conventional distribution of external power supply to inter 
nal circuits. 
0091 FIG. 14B is a cross-sectional representation of 
distribution of external power supply to internal circuits 
through over-passivation metals in a fourth preferred 
embodiment of the present invention. An ESD protection 
circuit is connected to the over-passivation metals. 
0092 FIG. 14C is a cross-sectional representation of 
distribution of external power Supply and external ground to 
internal circuits through over-passivation metals in a fourth 
preferred embodiment of the present invention. Both power 
and ground nodes of internal circuits are connected to the 
over-passivation metals. The power lines, traces or planes 
are in the second over-passivation metal layer, while the 
ground lines, traces or planes are in the first over-passivation 
metal layer under the second over-passivation metal layer. 
An ESD protection circuit is connected to the over-passi 
Vation metals. 
0093 FIG. 14D is a cross-sectional representation of 
distribution of external power supply to internal circuits 
through over-passivation metals in a fourth preferred 
embodiment of the present invention. An ESD protection 
circuit is connected to the over-passivation metals. This 
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figure is similar to FIG. 14B except that an additional 
polymer layer is formed between the bottom-most over 
passivation metal layer and the passivation layer. 
(0094 FIG. 15A and FIG. 15B are starting materials for 
all embodiments of present invention. The starting materials 
are conventional IC chips of silicon wafers (before dicing 
apart) fabricated by the conventional IC process technolo 
gies. An over-passivation scheme of present invention is to 
be built over the conventional IC chip. FIG. 15B differs from 
FIG. 15A in having an optional metal cap over a metal pad 
exposed by an opening in the passivation layer. 
(0095 FIG. 15C to FIG. 15L show process steps of 
forming an over-passivation scheme with two metal layers. 
Each metal layer is formed by the embossing process. 
(0096 FIG. 16A to FIG. 16L show process steps of 
forming an over-passivation scheme with two metal layers. 
The first over-passivation metal layer is formed by a double 
embossing process, while the second over-passivation metal 
layer is formed by a single-embossing (an embossing) 
process. 
(0097 FIG. 17A to FIG. 17J show process steps of form 
ing an over-passivation scheme with three metal layers. The 
first and second over-passivation metal layers are formed by 
a double-embossing process, while the third (top-most) 
over-passivation metal layer is formed by a single-emboss 
ing (an embossing) process. 
(0098 FIG. 18A to FIG. 18I show process steps of form 
ing an over-passivation scheme with three metal layers. The 
first and third over-passivation metal layers are formed by a 
single-embossing (an embossing) process, while the second 
over-passivation metal layer is formed by a double-emboss 
ing process. 
(0099 FIG. 19A to FIG. 19I show process steps of form 
ing an over-passivation scheme with two metal layers. The 
first over-passivation metal layer is formed by a double 
embossing process, while the second (top-most) over-pas 
Sivation metal layer is formed by a single-embossing (an 
embossing) process. 
0100 FIG. 20 illustrates models for calculating capaci 
tance per unit length for metal lines or traces in the over 
passivation scheme and the fine-line scheme. 
0101 FIGS. 21 and 22 show top views of a MOS 
transistor that can be a PMOS transistor or an NMOS 
transistor. 

DETAILED DESCRIPTION OF THE 
INVENTION 

First Embodiment 

Over-Passivation Power/Ground Buses with a Volt 
age Regulator or a Voltage Converter 

01.02 FIGS. 1B, 1C, 2B, 2C, 3B, 3C, and 3D illustrate the 
first preferred embodiment of the present invention. 
(0103 FIGS. 1B and 1C show a simplified circuitry dia 
gram where metal traces 81 and/or 82 over a passivation 
layer 5 connect a Voltage regulator or Voltage converter 41 
and internal circuits 21, 22, 23 and 24 to distribute a power 
Voltage or a ground reference Voltage, wherein the passiva 
tion layer 5 is presented by a dotted line, coarse traces mean 
the traces formed over the passivation layer 5, and fine traces 
mean the traces formed under the passivation layer 5. FIGS. 
2B and 2C show top views of semiconductor chips realizing 
the circuitry shown in FIGS. 1B and 1C, respectively, 
wherein coarse traces mean the traces formed over the 
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passivation layer 5, and fine traces mean the traces formed 
under the passivation layer 5. FIGS. 3B and 3C show 
cross-sectional views of semiconductor chips realizing the 
circuitry shown in FIGS. 1B and 1C, respectively. 
0104 FIGS. 2B and 2C show top views of the semicon 
ductor chips shown in FIGS. 3B and 3C, respectively. 
0105. In this invention, an on-chip voltage regulator or 
voltage converter 41 sends electrical power to several inter 
nal devices 21, 22, 23 and 24 (or circuits), wherein the 
Voltage regulator or Voltage converter and the internal 
devices are formed in and on a silicon substrate 1 within a 
same IC chip. Through openings 511, 512 and 514 in a 
passivation layer 5, and by way of a coarse metal conductor 
81 deposited over the passivation layer, electrical power 
output from the Voltage regulator or Voltage converter 41 is 
delivered to several devices or circuit units 21, 22, 23 and 24 
with little loss or parasitic effects. The advantage of this 
design is that, affiliated with the regulated power source and 
with the coarse metal conductor, the voltage to the next level 
at the load of internal circuits can be controlled at a voltage 
level with high precision. When the reference number of 41 
is a Voltage regulator, the output voltage Vcc of the Voltage 
regulator 41 is within +10% and -10% of the desired voltage 
level, and preferred within +5% and -5% of the desired 
Voltage level, insensitive to Voltage Surge or large fluctuation 
at the input node connected with an external power Supply 
Vdd input from the power metal trace 81P. Alternatively, the 
Voltage regulator 41 may have an output node at a Voltage 
level of Vcc output from the voltage regulator 41 and an 
input node at a voltage level of Vdd supplied from an 
external circuit, wherein a ratio of a difference of the voltage 
level of Vdd minus the voltage level of Vcc to the voltage 
level of Vdd is less than 10%. 
0106 Hence, circuit performance can be improved. The 
Voltage regulator 41 may have an output of between 1 Volt 
and 10 volts, and preferred between 1 volt and 5 volts. 
0107. In some applications, if the chip requires a voltage 
level Vcc different from the voltage level Vdd of the external 
power Supply, a Voltage converter may be installed in the 
chip. The reference number of 41 may indicate the voltage 
converter. The on-chip voltage converter 41, in addition to 
the Voltage regulating circuit, is desirable in this case to 
convert the voltage level Vdd of the external power supply 
to the voltage level Vcc required in the chip. The converter 
may output a voltage level Vcc higher than the voltage Vdd 
at the input node. Alternatively, the converter may output a 
voltage level Vcc lower than the voltage Vdd at the input 
node. The Voltage converter may have an output of between 
1 volt and 10 volts, and preferred between 1 volt and 5 volts. 
When the voltage level of Vcc ranges from 0.6 volts to 3 
volts, the voltage level of Vdd ranges from 3 volts to 5 volts. 
When the voltage level of Vcc ranges from 0.6 volts to 2 
volts, the voltage level of Vdd ranges from 2 volts to 3 volts. 
For example, when the voltage level of Vcc is 2.5 volts, the 
voltage level of Vdd is 3.3 volts. When the voltage level of 
Vcc is 1.8 volts, the voltage level of Vdd is 3.3 volts. When 
the voltage level of Vcc is 1.8 volts, the voltage level of Vdd 
is 2.5 volts. When the voltage level of Vcc is 3.3 volts, the 
voltage level of Vdd is 5 volts. 
0108 FIGS. 1A, 2A, and 3A show a circuitry diagram, a 
top view and a cross-sectional view, respectively, according 
to the prior art of how a Voltage regulator and/or a Voltage 
converter 41 is connected to internal circuits 20, comprising 
21, 22, 23 and 24. The Voltage regulator and/or a voltage 
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converter 41 receives an external power voltage Vdd, out 
puts a power voltage Vcc, and delivers the power Vcc to 
internal circuits 20, comprising 21, 22, 23 and 24, using IC 
fine-line metal traces 6.191 and 61 under a passivation layer 
5, the IC fine-line metal traces 61 comprising segments of 
618, 6111, 6121a, 6121b, 6121C and 6141. The fine-lien 
metal traces 6.191 and 61, located under the passivation layer 
5 and fabricated using the conventional IC process and 
materials. However, thick metal layers (for example, as thick 
as 5um) or thick dielectric layers (for example, as thick as 
5 um) are not easily provided using the conventional IC 
process and materials. Thereby, the IC fine-line metal lines 
or traces 6191 and 61 have high resistance and capacitance 
per unit length, causing IR Voltage drop, noises, signal 
distortion, propagation time delay, and high power con 
Sumption and heat generation. 
0109 FIG. 1B shows the circuit schematics of the present 
invention. In this invention, the Voltage regulator and/or the 
voltage converter 41 receives a voltage Vdd from an external 
power Supply, and outputs a voltage Vcc for the internal 
circuits 20, comprising 21, 2223, and 24. The output voltage 
Vcc at node P is distributed to the power nodes Tp, Up, Vp 
and Wp of the internal circuits 21, 22, 23 and 24, respec 
tively, first up through a passivation opening 519 in the 
passivation layer 5, then through a thick metal trace 81 over 
the passivation layer 5, then down through the passivation 
openings 511, 512, and 514 in the passivation layer 5, and 
then through the fine-line metal traces 61' to the internal 
circuits 20: particularly through the segment 611 of the 
fine-line metal traces 61' to the internal circuit 611; particu 
larly through the segments 612a and 612b of the fine-line 
metal traces 61' to the internal circuit 22; particularly 
through the segments 612a and 612c of the fine-line metal 
traces 61' to the internal circuit 23; and through the segment 
614 of the fine-line metal traces 61' to the internal circuit 24. 

0110. The internal circuits 20, comprising 21, 22, 23 and 
24, each comprise at least a PMOS transistor having a source 
connected to the fine-line metal traces 61", for example. Each 
of the internal circuits 20, comprising 21, 22, 23 and 24, may 
include a NMOS transistor having a ratio of a physical 
channel width thereof to a physical channel length ranging 
from 0.1 and 20, ranging from 0.1 and 10 or preferably 
ranging from 0.2 and 2. Alternatively, each of the internal 
circuits 20, comprising 21, 22, 23 and 24, may include a 
PMOS transistor having a ratio of a physical channel width 
thereof to a physical channel length ranging from 0.2 and 40, 
ranging from 0.2 and 40 or preferably ranging from 0.4 and 
4 

0111. The invented chip structure in FIG. 1B uses a 
coarse metal conductor 81 as a carrier of the power/ground 
lines, traces, or planes. In this case, the Voltage drop and 
noise is much reduced since the coarse metal conductor 81 
has lower resistance and capacitance than the fine-line metal 
traces 618 shown in FIG. 1A of the prior art. 
0.112. The internal circuits, or internal circuit units 20, 
shown in all of the embodiments, comprise two NOR gates 
22 and 24, one NAND gate 23, and one internal circuit 21, 
for example. The internal circuits 20, 21, 22, 23, and 24 can 
be any type of IC circuits, such as NOR gate, NAND gate, 
AND gate, OR gate, operational amplifier, adder, multi 
plexer, diplexer, multiplier, A/D converter, D/A converter, 
CMOS transistor, bipolar CMOS transistor or bipolar cir 
cuit. Each of the internal circuit NOR gates 22 and 24 and 
NAND gate 23 has three input nodes Ui, Wior Vi one output 
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node Uo. Wo or Vo, one Vcc node Up, Wp or Vp, and one 
Vss node Us, Wis or Vs. The internal circuit 21 has one input 
node Xi, one output node Xo, one Vcc node Tp and one Vss 
node Ts. Each of the internal circuits or internal circuit units 
20, comprising 21, 22, 23, and 24, usually has signal nodes, 
power nodes, and ground nodes. 
0113 FIGS. 2B and 3B provide the top view and cross 
sectional view, respectively, of the circuitry diagram shown 
in FIG. 1B. It is noted that, in FIG. 3B, the fine-line metal 
structures 611, 612, 614, 619 and 619" can be composed of 
stacked fine-line metal pads 60 and via plugs 60' filled in the 
vias 30'. The upper vias 30' are substantially aligned with the 
lower ones; the upper fine-line metal pads 60 are substan 
tially aligned with the lower ones; the upper via plugs 60 are 
substantially aligned with the lower ones. Referring to FIGS. 
1B, 2B and 3B, the fine-line metal traces or plane 612 
comprises multiple portions 612a, 612b and 612c, and is 
used for the local power distribution. 
0114. The thick metal traces or plane 81 over the passi 
vation layer 5 is used for global power distribution and 
connects the fine-line metal traces or plane 619, 611, 612 
and 614. The thick metal trace or plane 81 over the passi 
vation layer 5, shown in FIGS. 1B and 2B. may be composed 
of only one patterned circuit layer 811, as shown in FIG.3B, 
or multiple patterned circuit layers, not shown. The pat 
terned circuit layer 811, Such as a power plane, bus, trace or 
line, to distribute a power voltage Vcc is realized from the 
concept of the coarse trace 81 shown in FIGS. 1B and 2B. 
When the thick metal traces or plane 81 over the passivation 
layer 5, shown in FIG. 2, is composed of multiple patterned 
circuit layers, a polymer layer. Such as polyimide (PI), 
benzocyclobutene (BCB), parylene, epoxy-based material, 
photoepoxy SU-8, elastomer or silicone, may be between the 
neighboring patterned circuit layers, separating the patterned 
circuit layers. A polymer layer 99, such as polyimide (PI), 
benzocyclobutene (BCB), parylene, epoxy-based material, 
photoepoxy SU-8, elastomer or silicone, may be on the 
topmost one of the patterned circuit layers, separated by the 
above mentioned polymer layers, over the passivation layer, 
not shown, or on the only one patterned circuit layer 811, as 
shown in FIGS. 3B and 3D. Alternatively. A polymer layer 
95, such as polyimide (PI), benzocyclobutene (BCB), 
parylene, epoxy-based material, photoepoxy SU-8, elas 
tomer or silicone, may be between the passivation layer and 
the bottom most one of the patterned circuit layers, separated 
by the above mentioned polymer layers, not shown, or 
between the passivation layer 5 and the only one patterned 
circuit layer 811, as shown in FIG. 3D. The polymer layer 95 
may have a thickness between 2 and 30 micrometers. 
Multiple openings 9519,9519,9511,9512 and 9514 in the 
polymer layer 95 are substantially aligned with the openings 
519, 519, 511, 512 and 514 in the passivation layer 5, 
respectively. The openings 9519, 9519, 9511, 9512 and 
9514 in the polymer layer 95 expose the pads (including 
6190 and 6190") exposed by the openings 519,519,511,512 
and 514 in the passivation layer 5, respectively. 
0115 Some openings 9519 and 9519 in the polymer 
layer 95 have lower portions having widths or transverse 
dimensions smaller than those of the openings 519 and 519 
in the passivation layer 5 aligned with the openings 9519 and 
9519', respectively. The polymer layer 95 covers a portion of 
the pads 6190 and 6190 exposed by the openings 519 and 
519 in the passivation layer 5. The shape of the openings 
519 and 519 from a top perspective view may be round, 

Apr. 3, 2008 

square, rectangular or polygon. If the openings 519 and 519 
are round, the openings 519 and 519 may have a diameter 
of between 0.1 and 200 microns, between 1 and 100 
microns, or, preferably, between 0.5 and 30 microns. If the 
openings 519 and 519 are square, the openings 519 and 519 
may have a width of between 0.1 and 200 microns, between 
1 and 100 microns, or, preferably, between 0.1 and 30 
microns. If the openings 519 and 519 are rectangular, the 
openings 519 and 519 may have a width of between 0.1 and 
200 microns, between 1 and 100 microns, or, preferably, 
between 0.1 and 30 microns, and a length of between 1 
micron and 1 centimeter. If the openings 519 and 519 are 
polygon having more than five sides, the openings 519 and 
519 have a greatest diagonal length of between 0.1 and 200 
microns, between 0.5 and 100 microns, or, preferably, 
between 0.1 and 30 microns. Alternatively, the openings 519 
and 519 have a greatest transverse dimension of between 0.1 
and 200 microns, between 1 and 100 microns, or, preferably, 
between 0.1 and 30 microns. In a case, the openings 519 and 
519 have a width of between 30 and 100 microns, with the 
lower portion of the openings 9519 and 9519 in the polymer 
layer 95 having a width of between 20 and 100 microns. 
0116. Some openings 9511, 9512 and 9514 in the poly 
mer layer 95 have lower portions having widths or trans 
verse dimensions greater than those of the openings 511,512 
and 514 in the passivation layer 5 aligned with the openings 
9511,9512 and 9514, respectively. The openings 9511,9512 
and 9514 in the polymer layer 95 further expose the passi 
vation layer 5 close to the openings 511, 512 and 514. The 
shape of the openings 511, 512 and 514 from a top perspec 
tive view may be round, square, rectangular or polygon. If 
the openings 511, 512 and 514 are round, the openings 511, 
512 and 514 may have a diameter of between 0.1 and 200 
microns, between 1 and 100 microns, or, preferably, between 
0.5 and 30 microns. If the openings 511, 512 and 514 are 
square, the openings 511, 512 and 514 may have a width of 
between 0.1 and 200 microns, between 1 and 100 microns, 
or, preferably, between 0.1 and 30 microns. If the openings 
511, 512 and 514 are rectangular, the openings 511, 512 and 
514 may have a width of between 0.1 and 200 microns, 
between 1 and 100 microns, or, preferably, between 0.1 and 
30 microns, and a length of between 1 micron and 1 
centimeter. If the openings 511, 512 and 514 are polygon 
having more than five sides, the openings 511, 512 and 514 
have a greatest diagonal length of between 0.1 and 200 
microns, between 1 and 100 microns, or, preferably, between 
0.1 and 30 microns. Alternatively, the openings 511, 512 and 
514 have a greatest transverse dimension of between 0.1 and 
200 microns, between 1 and 100 microns, or, preferably, 
between 0.1 and 30 microns. In a case, the openings 511,512 
and 514 have a width of between 5 and 30 microns, with the 
lower portion of the openings 9511, 9512 and 9514 in the 
polymer layer 95 having a width of between 20 and 100 
microns. 

0117 The above-mentioned description concerning the 
openings 519,519,511, 512 and 514 in the passivation layer 
5 and the openings 9519,9519,9511, 9512 and 9514 in the 
polymer layer 95 can be applied to the embodiments shown 
in 15A-15L, 16A-16L, 17A-17J, 18A-18I and 19A-19I. 
0118. One of the patterned circuit layers, such as 811 
shown in FIGS. 3B and 3D, composing the thick metal trace 
or plane 81 over the passivation layer 5 may comprise an 
adhesion/barrier/seed layer 8111, and a bulk conduction 
metal layer 8112. The methods to form the patterned circuit 
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layer 811 and the specification thereof may follow the 
methods to form the patterned circuit layer 801, 802 or 803 
and the specification thereof shown in FIGS. 15A-15L, 
16A-16L, 17A-17J, 18A-181 and 19A-19I. 
0119). In FIGS. 1B, 2B and 3B, an external power sup 
plies a voltage level Vdd at a metal pad 8110 connected to 
a metal pad 6190 of a topmost one of fine-line circuit metal 
layers 619 under the passivation layer 5 through an opening 
519 in the passivation layer 5, and inputs to the regulator or 
the voltage converter 41. The regulator or the voltage 
converter 41 outputs a power Voltage to Supply the internal 
circuits 21, 22, 23 and 24 through the fine-line circuit metal 
layers 619", thick patterned trace or plane 811 and fine-line 
circuit metal layers 611, 612 and 614. The fine-line circuit 
layers 619, 619, 611, 612 and 614 are separated by thin-film 
insulating layers 30. Such as silicon oxide. 
0120 Though FIG. 3B shows only one patterned circuit 
layer 81 for distributing a regulated or converted power 
voltage of Vcc, multiple patterned circuit layers with one or 
more polymer layers deposited therebetween can be formed 
over the passivation layer 5 and used to distribute a regulated 
or converted power voltage of Vcc. Metal traces or planes in 
different patterned circuit layers are connected through the 
openings in the polymer layer therebetween. 
0121 FIGS. 1A, 2A and 3A show the corresponding prior 

art. As figures reveal the external power Supply at a voltage 
level Vdd inputs the regulator or the voltage converter 41 
through the pad 6190 exposed by the opening 519 in the 
passivation layer 5 and through the fine-line circuit layers 
619 (comprising stacked fine-line metal pads and vias). The 
output power at Voltage level Vcc outputs from the regulator 
or the voltage converter 41 is distributed to supply the 
voltage of Vcc to the internal circuits 21, 22, 23 and 24 only 
through IC fine line interconnection 61 comprising segments 
6191'. 618, 6111, 6121 and 6141. Significant energy loss and 
speed reduction can be seen in the prior art. 
0122) In FIGS. 1B, 2B, 3B and 3D, the ground voltage is 
denoted as VSS without detailing the circuit Schematics, 
layout and structure for distributing the ground Voltage. 
FIGS. 1C, 2C and 3C describe the circuit schematics, top 
view and cross-sectional view, respectively, showing the 
thick metal traces or planes 81 and 82 over the passivation 
layer 5 for distributing both of the power supply voltage of 
Vcc and the ground reference voltage of Vss. The structure 
82 of distributing the ground reference voltage of Vss is 
similar to the above mentioned structure 81 of distributing 
the power Supply Voltage of Vcc, except that a common 
ground Voltage VSS is provided for the regulator or Voltage 
converter 41 and the internal circuits 21, 22, 23 and 24 
through the thick metal trace or plane 82. That means the 
external ground node Es may be connected to the ground 
node Rs of the regulator or voltage converter 41 and to the 
internal ground node Ts, Us, Vs, Ws of the internal circuits 
21, 22, 23 and 24. In FIGS. 1C, 2C and 3C, the point Es 
connected to a ground source of an external circuitry at a 
voltage level Vss is connected to (1) the ground node Rs of 
the regulator or the converter 41 through an opening 529 in 
the passivation layer 5, and (2) the ground nodes Ts, Us, Vs 
and Ws of the internal circuits 21, 22, 23 and 24 through the 
thick metal lines, buses or traces 82 over the passivation 
layer 5, the openings, 521, 522 and 524 in the passivation 
layer 5, and fine-line metal structures 621, 622 (comprising 
622a, 622b and 622c) and 624. 
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I0123 FIG. 3C shows two patterned circuit layers 812 and 
821 over the passivation layer 5, used for distributing a 
power Voltage Vcc and a ground reference Voltage VSS, 
respectively. The bottom one 821 of the patterned circuit 
layers 812 and 821. Such as a ground plane, bus, trace or line, 
to distribute a ground reference voltage Vss is realized from 
the concept of the coarse trace 82 shown in FIGS. 1C and 
2C. The top one 812 of the patterned circuit layers 812 and 
821. Such as a power plane, bus, trace or line, to distribute 
a power voltage Vcc is realized from the concept of the 
coarse trace 81 shown in FIGS. 1C and 2C. A polymer layer 
98, such as polyimide, benzocyclobutene (BCB), parylene, 
epoxy-based material, photoepoxy SU-8, elastomer or sili 
cone, having a thickness of between 2 and 30 microns, 
separates the patterned circuit layers 821 and 812. Another 
polymer layer 99, such as polyimide, benzocyclobutene 
(BCB), parylene, epoxy-based material, photoepoxy SU-8, 
elastomer or silicone, having a thickness of between 2 and 
30 microns, covers the top patterned circuit layer 812. 
Alternatively, another polymer layer, such as benzocy 
clobutene (BCB), polyimide, parylene, epoxy-based mate 
rial, photoepoxy SU-8, elastomer or silicone, having a 
thickness of between 2 and 30 microns, may be provided 
between the bottom-most patterned circuit layer 821 and the 
passivation layer 5, described as the polymer layer 95 shown 
in FIG. 3D. In FIGS. 1C, 2C and 3C, the ground plane, trace 
or line 82 over the passivation layer 5, used to distribute a 
ground reference Voltage of VSS, is connected to the ground 
nodes Ts, Us, Vs and Ws of the internal circuits 21, 22, 23 
and 24 and the ground node RS of the regulator or Voltage 
converter 41 through the openings 521, 522,524 and 529 in 
the passivation layer 5 and the fine-line metal structures 621, 
622, 624 and 629, respectively. The power plane, trace or 
line 81 or 812 used to distribute a power voltage of Vcc is 
connected to the power nodes Tp, Up, Vp and Wp (not 
shown) of the internal circuits 21, 22, 23 and 24 and to the 
output nodes P of the regulator or voltage converter 41 
through the openings (not shown) in the polymer layer 98 
and in the passivation layer 5 and through the fine-line metal 
structures 611, 612, 614 and 619", respectively, as illustrated 
in FIG. 3B. 

0.124. In FIG. 3B, there is only one patterned circuit layer 
811, including a portion serving as the above-mentioned 
thick and wide metal trace 81P power bus or plane deliv 
ering a power Voltage input from an external circuit, over the 
passivation layer 5, and another portion serving as the 
above-mentioned thick and wide metal trace 81, power bus 
or plane delivering a power Voltage output from the Voltage 
regulator or Voltage converter 41, over the passivation layer 
5. The patterned circuit layer 811 may contain an adhesion/ 
barrier layer, a seed layer on the adhesion/barrier layer, and 
an electroplated metal layer 8112 on the seed layer, the 
adhesion/barrier layer and the seed layer composing the 
bottom layer 8111. 
0.125 Referring to FIG. 3B, regards to the process for 
forming the patterned circuit layer 811, the adhesion/barrier 
layer may be formed by Sputtering a titanium-containing 
layer, such as titanium layer or a titanium-tungsten-alloy 
layer, having a thickness between 1000 and 6000 angstroms, 
sputtering a chromium-containing layer, Such as chromium 
layer, having a thickness between 1000 and 6000 angstroms, 
or sputtering a tantalum-containing layer, Such as tantalum 
layer or tantalum-nitride layer, having a thickness between 
1000 and 6000 angstroms, on a silicon-nitride layer of the 
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passivation layer 5 and on contact pads 6490, principally 
made of aluminum or copper, exposed by multiple openings 
549, 511, 512 and 514 in the passivation layer 5. Thereafter, 
the seed layer may be formed by Sputtering a copper layer 
having a thickness between 200 and 3000 angstroms on the 
adhesion/barrier layer of any above-mentioned material or 
by Sputtering a gold layer having a thickness between 200 
and 3000 angstroms on the adhesion/barrier layer of any 
above-mentioned material. Thereafter, a photoresist layer 
may be formed on the seed layer, multiple openings in the 
photoresist layer exposing the seed layer. Thereafter, the 
metal layer 8112 may be formed by electroplating a copper 
layer having a thickness between 2 and 30 micrometers on 
the copper layer serving as the seed layer, exposed by the 
openings in the photoresist layer, by electroplating a copper 
layer having a thickness between 2 and 30 micrometers on 
the copper layer serving as the seed layer, exposed by the 
openings in the photoresist layer and then electroplating a 
nickel layer having a thickness between 0.5 and 10 
micrometers on the electroplated copper layer in the open 
ings in the photoresist layer, by electroplating a copper layer 
having a thickness between 2 and 30 micrometers on the 
copper layer serving as the seed layer, exposed by the 
openings in the photoresist layer, electroplating a nickel 
layer having a thickness between 0.5 and 10 micrometers on 
the electroplated copper layer in the openings in the photo 
resist layer and then electroplating a gold layer, platinum 
layer, palladium layer or ruthenium layer having a thickness 
between 0.05 and 2 micrometers on the electroplated nickel 
layer in the openings in the photoresist layer, or by electro 
plating a gold layer having a thickness between 2 and 30 
micrometers on the gold layer serving as the seed layer, 
exposed by the openings in the photoresist layer. Thereafter, 
the photoresist layer may be removed. Thereafter, the seed 
layer not under the metal layer 8112 is removed using a 
wet-etching process or using a dry-etching process. There 
after, the adhesion/barrier layer not under the metal layer 
8112 is removed using a wet-etching process or using a 
dry-etching process. 
0126. After the patterned circuit layer 811 is formed, a 
polymer layer 99 can be formed by spin-on coating a 
negative photosensitive polyimide layer, such as ester type, 
on the patterned circuit layer 811 and on the nitride layer of 
the passivation layer 5, exposing the spin-on coated photo 
sensitive polyimide layer, developing the exposed polyimide 
layer and then curing the developed polyimide layer at the 
temperature between 265 and 285°C. for a time between 30 
and 240 minutes in a nitrogen or oxygen-free ambient. 
Thereby, an opening 99.49 may be formed in the polymer 
layer 99, exposing a contact pad 8110 of the patterned circuit 
layer 811. 
0127. Referring to FIG. 3B, for forming a metal bump 
over the contact pad 8110, an adhesion/barrier layer may be 
formed by Sputtering a titanium-containing layer, such as 
titanium layer or a titanium-tungsten-alloy layer, having a 
thickness between 1000 and 6000 angstroms, sputtering a 
chromium-containing layer. Such as chromium layer, having 
a thickness between 1000 and 6000 angstroms, or sputtering 
a tantalum-containing layer, Such as tantalum layer or tan 
talum-nitride layer, having a thickness between 1000 and 
6000 angstroms, on the polymer layer 99 and on the contact 
pad 8110 exposed by the opening 9919. Thereafter, the seed 
layer may be formed by sputtering a copper layer having a 
thickness between 200 and 3000 angstroms on the adhesion/ 
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barrier layer of any above-mentioned material. Thereafter, a 
photoresist layer may be formed on the seed layer, multiple 
openings in the photoresist layer exposing the seed layer. 
Thereafter, the metal bump may be formed by electroplating 
a copper layer having a thickness between 0.5 and 10 
micrometers on the copper layer serving as the seed layer, 
exposed by the openings in the photoresist layer, electro 
plating a nickel layer having a thickness between 0.5 and 10 
micrometers on the electroplated copper layer in the open 
ings in the photoresist layer, and then electroplating a 
tin-containing layer, Such as a tin-lead alloy, a tin-silver 
alloy or a tin-silver-copper alloy, having a thickness between 
60 and 200 micrometers on the electroplated nickel layer in 
the openings in the photoresist layer. Thereafter, the photo 
resist layer may be removed. Thereafter, the seed layer not 
under the metal bump is removed using a wet-etching 
process or using a dry-etching process. Thereafter, the 
adhesion/barrier layer not under the metal bump is removed 
using a wet-etching process or using a dry-etching process. 
Thereafter, the metal bump can be reflowed to be shaped like 
a ball for a flip-chip assembly. The metal bump can be 
connected to a printed circuit board, ceramic Substrate or 
another semiconductor chip. 
I0128 Referring to FIG. 3B, for forming another kind of 
metal bump over the contact pad 8110, an adhesion/barrier 
layer may be formed by Sputtering a titanium-containing 
layer, such as titanium layer or a titanium-tungsten-alloy 
layer, having a thickness between 1000 and 6000 angstroms, 
or sputtering a tantalum-containing layer, Such as tantalum 
layer or tantalum-nitride layer, having a thickness between 
1000 and 6000 angstroms, on the polymer layer 99 and on 
the contact pad 8110 exposed by the opening 9919. There 
after, the seed layer may be formed by sputtering a gold 
layer having a thickness between 200 and 3000 angstroms 
on the adhesion/barrier layer of any above-mentioned mate 
rial. Thereafter, a photoresist layer may be formed on the 
seed layer, multiple openings in the photoresist layer expos 
ing the seed layer. Thereafter, the metal bump may be 
formed by electroplating a gold layer having a thickness 
between 6 and 25 micrometers on the gold layer serving as 
the seed layer, exposed by the openings in the photoresist 
layer. Thereafter, the photoresist layer may be removed. 
Thereafter, the seed layer not under the metal bump is 
removed using a wet-etching process or using a dry-etching 
process. Thereafter, the adhesion/barrier layer not under the 
metal bump is removed using a wet-etching process or using 
a dry-etching process. The metal bump can be connected to 
a flexible substrate by a tape-automated bonding (TAB) 
process, or a glass Substrate via anisotropic conductive film 
or paste (ACF or ACP). 
I0129. Alternatively, referring to FIG. 3B, a nickel layer 
having a thickness between 0.05 and 2 micrometers can be 
electroless plated on the contact pad 8110 exposed by the 
opening 9919, and a gold layer, platinum layer, palladium 
layer or ruthenium layer having a thickness between 0.05 
and 2 micrometers can be electroless plated on the electro 
less plated nickel layer in the opening 9919 in the polymer 
layer 99. Thereafter, a gold wire can be bonded onto the 
electroless plated gold layer in the opening 9919 in the 
polymer layer 99 using a wirebonding process. 
0.130. Alternatively, referring to FIG. 3B, a gold wire can 
be bonded onto a gold layer, platinum layer, palladium layer 
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or ruthenium layer of the patterned circuit layer 811, 
exposed by the openings 9919 in the polymer layer 99 using 
a wirebonding process. 
0131 Referring to FIG. 3D, before the patterned circuit 
layer 811 is formed, a polymer layer 95 can be optionally 
formed by spin-on coating a negative photosensitive poly 
imide layer, Such as ester type, on the nitride layer of the 
passivation layer 5 and on the contact pads 6490, exposing 
the spin-on coated photosensitive polyimide layer, develop 
ing the exposed polyimide layer and then curing the devel 
oped polyimide layer at the temperature between 265 and 
285°C. for a time between 30 and 240 minutes in a nitrogen 
or oxygen-free ambient. Thereby, multiple openings 9519, 
9519,9511, 9512 and 9514 may be formed in the polymer 
layer 95, exposing multiple contact pads 6190 exposed by 
the openings 519,519, 511, 512 and 514 in the passivation 
layer 5. After the polymer layer 95 is formed, the patterned 
circuit layer 811 can be formed on the polymer layer 95 and 
on the contact pads 6190 exposed by the openings 519,519, 
511, 512 and 514. The adhesion/barrier layer of any above 
mentioned material may be sputtered on the polymer layer 
95 and on the contact pads 6190 exposed by the openings 
9519, 9511, 9512 and 9514 in the polymer layer 95. 
(0132) One of the patterned circuit layers 812 and 821 
shown in FIG. 3C, composing the thick metal traces or 
planes 81 and 82 over the passivation layer 5 may comprise 
an adhesion/barrier/seed layer 8111, and a bulk conduction 
metal layer 8112. The methods to form the patterned circuit 
layers 812 and 821 and the specification thereof may be 
based on the methods to form the patterned circuit layer 801, 
802 or 803 and the specification thereof shown in FIGS. 
15A-15L, 16A-16L, 17A-17J, 18A-181 and 19 A-19I. 
0133. In FIG. 3C, the thick and wide metal trace, bus or 
plane 82, used to deliver a ground Voltage, may have a lower 
patterned circuit layer under an upper patterned circuit layer 
of the thick and wide metal trace, bus or plane 81, used to 
deliver a power Voltage Vcc output from the Voltage regu 
lator or voltage converter 41. Alternatively, the thick and 
wide metal trace, bus or plane 82, used to deliver a ground 
Voltage, may have an upper patterned circuit layer over a 
lower patterned circuit layer of the thick and wide metal 
trace, bus or plane 81, used to deliver a power voltage Vcc 
output from the Voltage regulator or Voltage converter 41. A 
polymer layer having a thickness between 2 and 30 
micrometers may be between the upper and lower patterned 
circuit layers. Each f the lower and upper patterned circuit 
layers may have an electroplated copper layer having a 
thickness between 2 and 30 micrometers. 
0134 Referring to FIG. 3C, there may be multiple pat 
terned circuit layers 821 and 812, including the above 
mentioned ground bus or plane 82 and the above-mentioned 
power bus or plane 81, used to deliver a power voltage 
output from the Voltage regulator or Voltage converter 41, 
over the ground bus or plane 82, over the passivation layer 
5. The process for forming the patterned circuit layer 821 on 
the passivation layer 5 and on the contact pads 6290 exposed 
by the openings 529,521, 522 and 524 can be referred to as 
the process for forming the patterned circuit layer 811 shown 
in FIG. 3B on the passivation layer 5 and on the contact pads 
6190 exposed by the openings 519, 511, 512 and 514. The 
patterned circuit layer 821 may contain an adhesion/barrier 
layer, a seed layer on the adhesion/barrier layer, and an 
electroplated metal layer 8212 on the seed layer, the adhe 
sion/barrier layer and the seed layer composing the bottom 
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layer 8211. The patterned circuit layer 812 may contain an 
adhesion/barrier layer, a seed layer on the adhesion/barrier 
layer, and an electroplated metal layer 8122 on the seed 
layer, the adhesion/barrier layer and the seed layer compos 
ing the bottom layer 8121. 
I0135 Referring to FIG. 3C, after the patterned circuit 
layer 821 is formed, a polymer layer 98 can be formed by 
spin-on coating a negative photosensitive polyimide layer, 
Such as ester type, on the patterned circuit layer 821 and on 
the nitride layer of the passivation layer 5, exposing the 
spin-on coated photosensitive polyimide layer, developing 
the exposed polyimide layer and then curing the developed 
polyimide layer at the temperature between 265 and 285°C. 
for a time between 30 and 240 minutes in a nitrogen or 
oxygen-free ambient. Thereby, an opening 982.9 may be 
formed in the polymer layer 98, exposing a contact pad of 
the patterned circuit layer 821. 
0.136 Referring to FIG. 3C, regards to the process for 
forming the patterned circuit layer 812, the adhesion/barrier 
layer may be formed by Sputtering a titanium-containing 
layer, such as titanium layer or a titanium-tungsten-alloy 
layer, having a thickness between 1000 and 6000 angstroms, 
sputtering a chromium-containing layer, Such as chromium 
layer, having a thickness between 1000 and 6000 angstroms, 
or sputtering a tantalum-containing layer, Such as tantalum 
layer or tantalum-nitride layer, having a thickness between 
1000 and 6000 angstroms, on the polymer layer 98 and on 
the contact pad of the patterned circuit layer 821 exposed by 
the opening 9829 in the polymer layer 98. Thereafter, the 
seed layer may be formed by sputtering a copper layer 
having a thickness between 200 and 3000 angstroms on the 
adhesion/barrier layer of any above-mentioned material or 
by Sputtering a gold layer having a thickness between 200 
and 3000 angstroms on the adhesion/barrier layer of any 
above-mentioned material. Thereafter, a photoresist layer 
may be formed on the seed layer, multiple openings in the 
photoresist layer exposing the seed layer. Thereafter, the 
metal layer 8122 may be formed by electroplating a copper 
layer having a thickness between 2 and 30 micrometers on 
the copper layer serving as the seed layer, exposed by the 
openings in the photoresist layer, by electroplating a copper 
layer having a thickness between 2 and 30 micrometers on 
the copper layer serving as the seed layer, exposed by the 
openings in the photoresist layer and then electroplating a 
nickel layer having a thickness between 0.5 and 10 
micrometers on the electroplated copper layer in the open 
ings in the photoresist layer, by electroplating a copper layer 
having a thickness between 2 and 30 micrometers on the 
copper layer serving as the seed layer, exposed by the 
openings in the photoresist layer, electroplating a nickel 
layer having a thickness between 0.5 and 10 micrometers on 
the electroplated copper layer in the openings in the photo 
resist layer and then electroplating a gold layer, platinum 
layer, palladium layer or ruthenium layer having a thickness 
between 0.05 and 2 micrometers on the electroplated nickel 
layer in the openings in the photoresist layer, or by electro 
plating a gold layer having a thickness between 2 and 30 
micrometers on the gold layer serving as the seed layer, 
exposed by the openings in the photoresist layer. Thereafter, 
the photoresist layer may be removed. Thereafter, the seed 
layer not under the metal layer 8122 is removed using a 
wet-etching process or using a dry-etching process. There 
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after, the adhesion/barrier layer not under the metal layer 
8122 is removed using a wet-etching process or using a 
dry-etching process. 
0.137 After the patterned circuit layer 812 is formed, a 
polymer layer 99 can be formed by spin-on coating a 
negative photosensitive polyimide layer, such as ester type, 
on the patterned circuit layer 812 and on the polymer layer 
98, exposing the spin-on coated photosensitive polyimide 
layer, developing the exposed polyimide layer and then 
curing the developed polyimide layer at the temperature 
between 265 and 285° C. for a time between 30 and 240 
minutes in a nitrogen or oxygen-free ambient. Thereby, an 
opening 9929 may be formed in the polymer layer 99, 
exposing a contact pad 8120 of the patterned circuit layer 
812. 

0138 Referring to FIG. 3C, for forming a metal bump 
over the contact pad 8120, an adhesion/barrier layer may be 
formed by Sputtering a titanium-containing layer, such as 
titanium layer or a titanium-tungsten-alloy layer, having a 
thickness between 1000 and 6000 angstroms, sputtering a 
chromium-containing layer. Such as chromium layer, having 
a thickness between 1000 and 6000 angstroms, or sputtering 
a tantalum-containing layer, Such as tantalum layer or tan 
talum-nitride layer, having a thickness between 1000 and 
6000 angstroms, on the polymer layer 99 and on the contact 
pad 8120 exposed by the opening 9929. Thereafter, the seed 
layer may be formed by sputtering a copper layer having a 
thickness between 200 and 3000 angstroms on the adhesion/ 
barrier layer of any above-mentioned material. Thereafter, a 
photoresist layer may be formed on the seed layer, multiple 
openings in the photoresist layer exposing the seed layer. 
Thereafter, the metal bump may be formed by electroplating 
a copper layer having a thickness between 0.5 and 10 
micrometers on the copper layer serving as the seed layer, 
exposed by the openings in the photoresist layer, electro 
plating a nickel layer having a thickness between 0.5 and 10 
micrometers on the electroplated copper layer in the open 
ings in the photoresist layer, and then electroplating a 
tin-containing layer, such as a tin-lead alloy, a tin-silver 
alloy or a tin-silver-copper alloy, having a thickness between 
60 and 200 micrometers on the electroplated nickel layer in 
the openings in the photoresist layer. Thereafter, the photo 
resist layer may be removed. Thereafter, the seed layer not 
under the metal bump is removed using a wet-etching 
process or using a dry-etching process. Thereafter, the 
adhesion/barrier layer not under the metal bump is removed 
using a wet-etching process or using a dry-etching process. 
Thereafter, the metal bump can be reflowed to be shaped like 
a ball. The metal bump can be connected to a printed circuit 
board, ceramic Substrate or another semiconductor chip. 
0139 Referring to FIG. 3C, for forming another kind of 
metal bump over the contact pad 8120, an adhesion/barrier 
layer may be formed by sputtering a titanium-containing 
layer, Such as titanium layer or a titanium-tungsten-alloy 
layer, having a thickness between 1000 and 6000 angstroms, 
or sputtering a tantalum-containing layer, such as tantalum 
layer or tantalum-nitride layer, having a thickness between 
1000 and 6000 angstroms, on the polymer layer 99 and on 
the contact pad 8120 exposed by the opening 9929. There 
after, the seed layer may be formed by sputtering a gold 
layer having a thickness between 200 and 3000 angstroms 
on the adhesion/barrier layer of any above-mentioned mate 
rial. Thereafter, a photoresist layer may be formed on the 
seed layer, multiple openings in the photoresist layer expos 
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ing the seed layer. Thereafter, the metal bump may be 
formed by electroplating a gold layer having a thickness 
between 6 and 25 micrometers on the gold layer serving as 
the seed layer, exposed by the openings in the photoresist 
layer. Thereafter, the photoresist layer may be removed. 
Thereafter, the seed layer not under the metal bump is 
removed using a wet-etching process or using a dry-etching 
process. Thereafter, the adhesion/barrier layer not under the 
metal bump is removed using a wet-etching process or using 
a dry-etching process. The metal bump can be connected to 
a flexible substrate by a tape-automated bonding (TAB) 
process, or a glass Substrate via anisotropic conductive film 
or paste (ACF or ACP). 
0140 Alternatively, referring to FIG. 3C, a nickel layer 
having a thickness between 0.05 and 2 micrometers can be 
electroless plated on the contact pad 8120 exposed by the 
opening 9929 in layer polymer layer 99, and a gold layer, 
platinum layer, palladium layer or ruthenium layer having a 
thickness between 0.05 and 2 micrometers can be electroless 
plated on the electroless plated nickel layer in the opening 
9929 in the polymer layer 99. Thereafter, a gold wire can be 
bonded onto the electroless plated gold layer in the opening 
9929 in the polymer layer 99 using a wirebonding process. 
0141 Alternatively, referring to FIG. 3C, a gold wire can 
be bonded onto a gold layer, platinum layer, palladium layer 
or ruthenium layer of the patterned circuit layer 812, 
exposed by the openings 9929 in the polymer layer 99 using 
a wirebonding process. 
0142. Alternatively, before the patterned circuit layer 821 

is formed, a polymer layer can be optionally formed by 
spin-on coating a negative photosensitive polyimide layer, 
Such as ester type, on the nitride layer of the passivation 
layer 5 and on the contact pads 6290, exposing the spin-on 
coated photosensitive polyimide layer, developing the 
exposed polyimide layer and then curing the developed 
polyimide layer at the temperature between 265 and 285°C. 
for a time between 30 and 240 minutes in a nitrogen or 
oxygen-free ambient. Thereby, multiple openings may be 
formed in the polymer layer, exposing multiple contact pads 
6290 exposed by the openings 529,521, 522 and 524 in the 
passivation layer 5. After the polymer layer is formed, the 
patterned circuit layer 821 can be formed on the polymer 
layer and on the contact pads 6290 exposed by the openings 
529, 521, 522 and 524. The adhesion/barrier layer of any 
above-mentioned material may be sputtered on the polymer 
layer and on the contact pads 6290 exposed by the openings 
in the polymer layer. 
0143. In some applications, some metal lines, traces or 
planes used to transmit a digital signal or analog signal can 
be provided on the polymer layer 98 and at the same level 
as the power traces, buses or planes 812. Alternatively, some 
metal lines, traces or planes used to transmit a digital signal 
or analog signal can be provided on the passivation layer 5 
and at the same level as the ground traces, buses or planes 
82. There are more other structures formed over the passi 
vation layer 5, described as below: (1) in the first application 
for high performance circuits or high precision analog 
circuits, another patterned circuit layer, Such as signal 
planes, buses, traces or lines, used to transmit a digital signal 
or an analog signal (not shown) may be added between the 
power lines, buses or planes 812 and the ground lines, buses 
or planes 821. Polymer layers, such as polyimide, benzocy 
clobutene (BCB), parylene, epoxy-based material, photoep 
oxy SU-8, elastomer or silicone, (not shown) over and under 
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the signal planes, buses, traces or lines are provided to 
separate the signal planes, buses, traces or lines from the 
power traces, buses or planes 812 and to separate the signal 
planes, buses, traces or lines from the ground traces, buses 
or planes 821, respectively; (2) in the second application of 
the high current or the high precision circuit, another pat 
terned circuit layer, Such as ground planes, buses, traces or 
lines, (not shown) used to distribute a ground reference 
Voltage may be added over the power traces, buses or planes 
812. The power traces, buses or planes 812 are sandwiched 
by the ground traces, buses or planes 821 under the power 
traces, buses or planes 812 and the newly-added ground 
traces, buses or planes over the power traces, buses or planes 
812, therefore, forming a Vss/Vcc/Vss structure (the stack is 
from the bottom to the top) over the passivation layer 5. A 
polymer layer, such as polyimide, benzocyclobutene (BCB), 
parylene, epoxy-based material, photoepoxy SU-8, elas 
tomer or silicone, having a thickness of between 2 and 30 
microns, is provided between the newly-added ground 
planes, buses, traces or lines and the power traces, buses or 
planes 812. A cap polymer layer, Such as polyimide, ben 
Zocyclobutene (BCB), parylene, epoxy-based material, pho 
toepoxy SU-8, elastomer or silicone, having a thickness of 
between 2 and 30 microns, covers the newly-added ground 
planes, buses, traces or lines; (3) in the third application of 
the high current or the high precision circuit, if required, 
based on the second application of the Vss/Vcc/Vss struc 
ture, another patterned circuit layer, Such as power planes, 
buses, traces or lines, (not shown) used to distribute a power 
Voltage can be further formed over the top ground planes, 
buses, traces or lines (not shown) over the power traces, 
buses or planes 812, creating a Vss/Vcc/Vss./Vcc structure, 
(the stack is from the bottom to the top) over the passivation 
layer 5. A polymer layer. Such as polyimide, benzocy 
clobutene (BCB), parylene, epoxy-based material, photoep 
oxy SU-8, elastomer or silicone, having a thickness of 
between 2 and 30 microns, is provided between the newly 
added power planes, buses, traces or lines and the top ground 
traces, buses or planes 81. A cap polymer layer, such as 
polyimide, benzocyclobutene (BCB), parylene, epoxy-based 
material, photoepoxy SU-8, elastomer or silicone, having a 
thickness of between 2 and 30 microns, covers the newly 
added power planes, buses, traces or lines. The above 
mentioned structures provide a robust power Supply for high 
current circuits, high precision analog circuits, high speed 
circuits, low power circuits, power management circuits, 
and high performance circuits. 
014.4 FIG. 4 shows a circuit design for the regulator or 
voltage converter 41 in FIGS. 1B, 1C, 2B, 2C, 3B, 3C and 
3D. This circuit design is for a voltage regulator or converter 
41 usually used in the modern DRAM design as described 
in "Semiconductor Memories: A handbook of Design, 
Manufacture and Application' Second Edition. By B. 
Prince, published by John Wiley & Sons, 1991. The voltage 
regulator or converter 41 shown in FIG. 4 provides both 
Voltage regulating function and Voltage converting function. 
The external voltage Vdd can be converted to an output 
voltage Vcc varying at a desired voltage level Vcc0, and the 
ratio of the difference of between Vcc and Vcc0 to Vcc0 is 
less than 10%, and preferably less than 5%. As discussed in 
the section of “description of related arts, more modern IC 
chips require on-chip Voltage converters to convert the 
external (system, board, module, or card level) power Supply 
voltage to a voltage level required by the chip. Moreover, 
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Some chips. Such as a DRAM chip, even require dual or even 
triple voltage levels on the same chip: for example, 3.3 V for 
peripheral control circuits, while 1.5 V for the memory cells 
in the cell array area. 
0145 The voltage regulator or converter 41 in FIG. 4 
comprises two circuit blocks: a Voltage reference generator 
410 and a current mirror circuit 410'. The voltage reference 
generator 410 generates a reference Voltage V at the node 
R, insensitive to the voltage fluctuation of the external power 
supply voltage Vdd at node 4199. Vdd is also the input 
supply voltage of the reference voltage generator 410. The 
Voltage reference generator 410 comprises two paths of 
voltage divider. One path comprises three p-channel MOS 
transistors, 4101, 4103 and 4105 connected in series, and the 
other path comprises two p-channel MOS transistors 4102 
and 4104 connected in series. With the drain of the MOS 
transistor 4103 coupled to the gate of the MOS transistor 
4104, the output reference voltage V is regulated. When 
Vdd is fluctuated with a rise, the voltage level at node G will 
rise, resulting in a weaker turn-on of the MOS transistor 
4104. When the MOS transistor 4104 is turned-on weaker, 
V drops or rises with a smaller extent. Similarly, V rises 
or drops with a smaller extent, when Vdd is fluctuated with 
a drop. This explains the Voltage regulation behavior of the 
voltage reference generator 410. The output of the voltage 
reference generator 410 is used as a reference voltage of the 
current mirror circuit 410'. The current mirror circuit 410' 
provides a power Supply with Voltage at a desired constant 
level and with large current capability for an IC chip. The 
current mirror circuit 410' also eliminates possible huge 
power consumption or waste by avoiding a direct high 
current path from Vdd to Vss in the paths of voltage 
dividers. With the drain of the p-channel MOS transistor 
4109 coupled to the gate of the output p-channel MOS 
transistor 4106, and with the output voltage node P coupled 
to the gate of the reference-voltage-mirror p-channel MOS 
transistor 4110, the output Voltage Vcc is regulated, and 
thereby the output voltage level Vcc can be designed at a 
desired level. The conductance transistor 4112 is a small 
p-channel MOS transistor with a gate connected to Vss, 
hence the transistor 4112 is always turned on. The conduc 
tance transistor 4111 is a large p-channel MOS, and its gate 
is controlled by a signal (D. The transistor 4111 is turned on 
when the internal circuits or internal circuit units are in an 
active cycle, resulting in a fast response of the current path 
provided by the p-channel MOS transistor 4109 and n-chan 
nel MOS transistor 4107, and of the current path provided by 
the p-channel MOS transistor 4110 and n-channel MOS 
transistor 4108. The turn-on of the transistor 4111 minimizes 
the output Supply Vcc bounce caused by a large transient 
current demanded by the internal circuits, such as 21, 22, 23 
and 24, shown in FIGS. 1B, 1C, 2B, 2C, 3B, 3C and 3D. 
When the internal circuits or internal circuit units are in idle 
cycle, the transistor 4111 is turned off to save power con 
Sumption. 

Second Embodiment 

Over-Passivation Interconnection for Internal Cir 
cuits 

0146 The coarse traces over the passivation layer 5 
described in the first embodiment can be alternatively used 
as an interconnection of IC internal circuits to transmit a 
signal from an internal circuit to another one or other ones. 
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In this application, the coarse metal conductor over a pas 
Sivation layer is used to transmit a signal or data from an 
output node Xo of an internal circuit 21 to input nodes Ui, 
Vi and Wi of other internal circuits 22, 23 and 24, as shown 
in FIG. 5B. When designed as a bundle of metal lines or 
metal traces that connects a set of similar nodes for inputting 
or outputting data signals, bit signals or address signals, for 
example, between two internal functional circuits separated 
in a longer distance (for example, in the distance of 1 mm 
or more 500 microns), such as the 8-, 16-, 32-, 64-, 128 
256-, 512-, or 1024-bits of data (or address) connection 
between a processor unit and a memory unit on the same 
chip, the lines or traces are often referred to as buses. Such 
as word buses or bit buses used in a memory. For these 
applications, the invention provides a thick metal trace, bus 
or plane 83 over a passivation layer 5, far away from 
underlying MOS devices, to connect multiple internal cir 
cuits 21, 22, 23 and 24, as shown in FIG. 5B, and thereby 
allows the electrical signal to pass over MOS devices 
without perturbing the underlying MOS devices and without 
significant degradation of signal integrity. It is noted that the 
thick metal trace, bus or plane 83 over the passivation layer 
5 connects the nodes of the internal circuits 21, 22, 23 and 
24 not through any off-chip input/output circuit connected 
with an external circuit, and is not connected up to an 
external circuit. As the above-mentioned thick metal trace, 
bus or plane 83 over the passivation layer 5 may induce only 
very low parasitic capacitance, the signal passing through 
the thick metal trace, bus or plane 83 will not be dramatically 
degraded. It makes this invention very Suitable for high 
speed, low power, high current or low Voltage applications. 
In most cases of this invention, no additional amplifier, 
driver/receiver or repeater is required to help sustain the 
integrity of the signal passing through the thick metal trace, 
bus or plane 83. In some cases of this invention, an internal 
driver, internal receiver, internal tri-state buffer, or repeater, 
comprising MOS transistors with a smaller size as compared 
to those of the off-chip circuits connected with an external 
circuit, is required to transmit a signal passing through a 
long path, such as the thick metal trace, bus or plane 83 
having a length of greater than 500 microns or greater than 
1000 microns. 

0147 FIGS. 5B, 6B, and 7B show the second preferred 
embodiment of the invention. FIG. 5B shows a simplified 
circuitry diagram where a patterned metal trace, bus or plane 
83 over a passivation layer 5 connects multiple internal 
circuits 21, 22, 23 and 24 to transmit a signal from an output 
node Xo of an internal circuit 21 to input nodes Ui, Vi and 
Wi of the internal circuits 22, 23 and 24. FIG. 6B shows a 
top view of the semiconductor chip realizing the circuitry 
shown in FIG. 5B, wherein coarse traces 83 shown in FIG. 
6B indicate the traces formed over the passivation layer 5, 
and fine traces 632a, 632b and 632c shown in FIG. 6B 
indicate the traces formed under the passivation layer 5. 
FIG. 7B shows a cross-sectional view of the semiconductor 
chips realizing the circuitry shown in FIGS. 5B. FIG. 6B 
shows a top view of the semiconductor chip shown in FIG. 
7B, wherein the patterned circuit layer 831, such as a signal 
plane, bus, trace or line, to transmit a signal from the internal 
circuit 21 to the internal circuits 22, 23 and 24 is realized 
from the concept of the coarse trace 83 shown in FIGS. 5B 
and 6B. As shown in FIGS. 5B, 6B and 7B, the internal 
circuit 21 includes an input node Xi to receive a signal and 
an output node Xo to output an electrical signal to the 
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internal circuits 22, 23 and 24. The internal circuit 21 can be 
a logic gate, such as inverter, NOR gate, NAND gate, OR 
gate, AND gate, or an internal buffer (an inverter, an internal 
driver, or an internal tri-state buffer, shown in FIGS. 5C, 5D, 
and 5E, respectively). Through the coarse metal scheme 83 
over the passivation layer 5, the input nodes Ui, Vi and Wi 
of the internal logic circuits 22, 23 and 24 (two NOR gates 
22 and 24, and one NAND gate 23) are able to receive data 
or signal sent from the internal circuit 21. The voltage level 
at input nodest Ui, Vi and Wi are between Vdd and V with 
very minimal degradation and noise in that the intercon 
necting metal trace or bus 83 over the passivation layer 5 has 
low resistance and create low capacitance. It is noted that in 
this design the thick metal trace or bus 83 is not connected 
to off-chip circuits connected to an external circuit, such as 
ESD circuit, off-chip driver, off-chip receiver, or off-chip 
tri-state buffer circuit, resulting in speed improvement and 
power consumption reduction. 
0148 Referring to FIGS. 5A, 6A and 7A showing the 
prior art to illustrate how the internal circuits 21, 22, 23 and 
24 are connected. The prior art relies on the fine-line metal 
traces 63, comprising segments of 6311, 6321, 6341 and 
638, under the passivation layer 5 to pass data output from 
the internal circuit 21 to the internal circuits 22, 23 and 24, 
without relying on any patterned circuit layer over the 
passivation layer 5. The design of prior art results in signal 
degradation, performance reduction, high power consump 
tion, and high heat generation because it is difficult to form 
a thick metal trace under the passivation layer 5. 
014.9 FIGS. 5B and 6B reveal that the coarse metal 
scheme 83 is built over the passivation layer 5 of the IC chip, 
and is connected to the internal circuits 21, 22, 23 and 24. 
FIGS.5A, 6A and 7A show that, in a prior art, the internal 
circuit 21 is connected to a NOR gate 22 through segments 
6311, 638, 6321a and 6321b of the fine-line metal structures 
under the passivation layer 5, to a NAND gate 23 through 
segments 6311, 638, 6321a and 6321c of the fine-line metal 
structures under the passivation layer 5, and to another NOR 
gate 24 through segments 6311, 638 and 6341 of the 
fine-line metal structures under the passivation layer 5. In 
the present invention, the second segment 638 of the fine 
line metal structure is replaced by a coarse metal conductor 
83 over the passivation layer 5, as shown in FIGS. 5B and 
6B. A signal output from an output node (usually the drain 
of a MOS transistor in the internal circuit 21) of the internal 
circuit 21 may pass through a segment 631 of the fine-line 
metal structure under the passivation layer 5, then through 
an opening 531 in the passivation layer 5, then through the 
interconnection scheme 83 over the passivation layer 5, then 
through an opening 534 in the passivation layer 5, then 
through a segment 634 of the fine-line metal structure under 
the passivation layer 5, and then to an input node (usually the 
gate of an MOS transistor in the NOR gate 24) of the NOR 
gate 24. A signal output from an output node (usually the 
drain of an MOS transistor in the internal circuit 21) of the 
internal circuit 21 may pass through a segment 631 of the 
fine-line metal structure under the passivation layer 5, then 
through the opening 531 in the passivation layer 5, then 
through the interconnection scheme 83 over the passivation 
layer 5, then through an opening 532 in the passivation layer 
5, then through a segment 632a and a segment 632b or 632c 
of the fine-line metal interconnection scheme under the 
passivation layer 5, and then to the input nodes (usually the 
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gates of MOS transistors in the NOR gate 22 and the NAND 
gate 23, respectively) of a NOR gate 22 and a NAND gate 
23. 

0150. Alternatively, when the internal circuit 21 is a NOR 
gate, the internal circuits 22, 23 and 24 may be NOR gates, 
OR gates, NAND gate or AND gates. When the internal 
circuit 21 is an OR gate, the internal circuits 22, 23 and 24 
may be NOR gates, OR gates, NAND gate or AND gates. 
When the internal circuit 21 is a NAND gate, the internal 
circuits 22, 23 and 24 may be NOR gates, OR gates, NAND 
gate or AND gates. When the internal circuit 21 is a AND 
gate, the internal circuits 22, 23 and 24 may be NOR gates, 
OR gates, NAND gate or AND gates. When a NMOS 
transistor in the internal circuit 21 having a drain as the 
output node Xo of the internal circuit 21 has a ratio of a 
physical channel width thereof to a physical channel length 
thereof ranging from 0.1 to 20, ranging from 0.1 to 10, or 
preferably ranging from 0.2 to 2, a NMOS transistor in the 
internal circuit 22, 23 or 24 having a gate as the input node 
Ui, Vi and Wi of the internal circuit 22, 23 or 24 has a ratio 
of a physical channel width thereof to a physical channel 
length thereof ranging from 0.1 to 20, ranging from 0.1 to 10 
or preferably ranging from 0.2 to 2. When a NMOS tran 
sistor in the internal circuit 21 having a drain as the output 
node Xo of the internal circuit 21 has a ratio of a physical 
channel width thereof to a physical channel length thereof 
ranging from 0.1 to 20, ranging from 0.1 to 10, or preferably 
ranging from 0.2 to 2, a PMOS transistor in the internal 
circuit 22, 23 or 24 having a gate as the input node Ui, Vi 
and Wi of the internal circuit 22, 23 or 24 has a ratio of a 
physical channel width thereof to a physical channel length 
thereof ranging from 0.2 to 40, ranging from 0.2 to 20, or 
preferably ranging from 0.4 to 4. When a PMOS transistor 
in the internal circuit 21 having a drain as the output node 
Xo of the internal circuit 21 has a ratio of a physical channel 
width thereof to a physical channel length thereof ranging 
from 0.2 to 40, ranging from 0.2 to 20, or preferably ranging 
from 0.4 to 4, a NMOS transistor in the internal circuit 22, 
23 or 24 having a gate as the input node Ui, Vi and Wi of the 
internal circuit 22, 23 or 24 has a ratio of a physical channel 
width thereof to a physical channel length thereof ranging 
from 0.1 to 20, ranging from 0.1 to 10, or preferably ranging 
from 0.2 to 2. When a PMOS transistor in the internal circuit 
21 having a drain as the output node Xo of the internal 
circuit 21 has a ratio of a physical channel width thereof to 
a physical channel length thereof ranging from 0.2 to 40, 
ranging from 0.2 to 20, or preferably ranging from 0.4 to 4. 
a PMOS transistor in the internal circuit 22, 23 or 24 having 
a gate as the input node Ui, Vi and Wi of the internal circuit 
22, 23 or 24 has a ratio of a physical channel width thereof 
to a physical channel length thereof ranging from 0.2 to 40, 
ranging from 0.2 to 20, or preferably ranging from 0.4 to 4. 
In the above-mentioned case, a signal output from the output 
node Xo of the internal circuit 21 may pass through the thick 
metal plane, bus, trace or line 83 to the internal circuits 22, 
23 and 24, with a current, passing through the thick metal 
plane, bus, trace or line 83, ranging from 50 microamperes 
to 2 milliamperes, and preferably ranging from 100 micro 
amperes to 1 milliampere. The fine line metal structures 634, 
632 and 631 shown in 7B, 7C and 7D may be formed with 
multiple circuit layers 60 and multiple stacked plugs 60', 
upper plugs 60' being aligned with bottom plugs 60'. When 
the circuit layers 60 are formed with electroplated copper, 
the stacked plugs 60' may be formed with electroplated 
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copper. When the circuit layers 60 are formed with sputtered 
aluminum, the stacked plugs 60' may be formed with chemi 
cal vapor deposited tungsten. There are multiple insulating 
layers 30 under the passivation layer 5, and each one is 
positioned between the neighboring two of the circuit layers 
60. The insulating layers 30 made of one or more inorganic 
materials may include a layer of silicon oxide with a 
thickness of between 0.01 and 2 micrometers, may include 
a layer of fluorine doped silicate glass (FSG) with a thick 
ness of between 0.01 and 2 micrometers, or may include a 
layer with a lower dielectric constant, such as between 1.5 
and 3.5, having a thickness of between 0.01 and 2 microme 
ters, such as black diamond film or a material containing 
hydrogen, carbon, oxygen and silicon. 
0151. The thick metal trace or plane 83 over the passi 
vation layer 5, shown in FIGS. 5B and 6B, may be composed 
of only one patterned circuit layer 831, as shown in FIG. 7B, 
or multiple patterned circuit layers 831 and 832, as shown in 
FIG.7C. In FIG. 7B, the patterned circuit layer 831, such as 
a signal plane, bus, trace or line, to transmit a signal is 
realized from the concept of the coarse trace 83 shown in 
FIGS. 5B and 6B. In FIG. 7C, the patterned circuit layers 
831 and 832, Such as signal planes, buses, traces or lines, to 
transmit a signal is realized from the concept of the coarse 
trace 83 shown in FIGS. 5B and 6B. When the thick metal 
traces or plane 83 over the passivation layer 5, shown in 
FIGS. 5B and 6B, is composed of multiple patterned circuit 
layers 831 and 832, as shown in FIG. 7C, a polymer layer 
98, such as polyimide (PI), benzocyclobutene (BCB), 
parylene, photoepoxy SU-8, epoxy-based material, elas 
tomer or silicone, may be between the neighboring patterned 
circuit layers 831 and 832, separating the patterned circuit 
layers 831 and 832. The polymer layer 98 may have a 
thickness between 2 and 30 micrometers. A polymer layer 
99, such as polyimide (PI), benzocyclobutene (BCB), 
parylene, epoxy-based material, photoepoxy SU-8, elas 
tomer or silicone, may be on the topmost one 832 of the 
patterned circuit layers 831 and 832, separated by the above 
mentioned polymer layers 98, over the passivation layer 5, 
as shown in FIG. 7C, or on the only one patterned circuit 
layer 831, as shown in FIGS. 7B and 7D. The polymer layer 
99 may have a thickness between 2 and 30 micrometers. It 
is noted that no opening in the polymer layer 99 expose the 
patterned circuit layer 831 or 832, and the patterned circuit 
layer 831 or 832 has no pad connected up to an external 
circuit, as shown in FIGS. 7B, 7C and 7.D. Alternatively, a 
polymer layer 95, such as polyimide (PI), benzocyclobutene 
(BCB), parylene, epoxy-based material, photoepoxy SU-8, 
elastomer or silicone, may be between the passivation layer 
5 and the bottommost one 831 of the patterned circuit layers 
831 and 832, separated by the above mentioned polymer 
layers 98, for the structure shown in FIG.7C, or between the 
passivation layer 5 and the only one patterned circuit layer 
831, as shown in FIG. 7D. The polymer layer 95 may have 
a thickness between 2 and 30 micrometers. Multiple open 
ings 9519,9519,9511, 9512 and 9514 in the polymer layer 
95 are substantially aligned with the openings519,519,511, 
512 and 514 in the passivation layer 5, respectively. The 
openings 9531, 9532 and 9534 in the polymer layer 95 
expose the pads exposed by the openings 531, 532 and 534 
in the passivation layer 5, respectively. 
0152 The openings 9531,9532 and 9534 in the polymer 
layer 95 have lower portions having widths or transverse 
dimensions greater than those of the openings 531, 532 and 
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534 in the passivation layer 5 aligned with the openings 
9531,9532 and 9534, respectively. The openings 9531,9532 
and 9534 in the polymer layer 95 further expose the passi 
vation layer 5 close to the openings 531, 532 and 534. The 
shape of the openings 531, 532 and 534 from a top perspec 
tive view may be round, square, rectangular or polygon. If 
the openings 531, 532 and 534 are round, the openings 531, 
532 and 534 may have a diameter of between 0.1 and 200 
microns, between 1 and 100 microns, or, preferably, between 
0.1 and 30 microns. If the openings 531, 532 and 534 are 
square, the openings 531, 532 and 534 may have a width of 
between 0.1 and 200 microns, between 1 and 100 microns, 
or, preferably, between 0.1 and 30 microns. If the openings 
531, 532 and 534 are rectangular, the openings 531,532 and 
534 may have a width of between 0.1 and 200 microns, 
between 1 and 100 microns, or, preferably, between 0.1 and 
30 microns, and a length of between 1 micron and 1 
centimeter. If the openings 531, 532 and 534 are polygon 
having more than five sides, the openings 531, 532 and 534 
have a greatest diagonal length of between 0.1 and 200 
microns, between 1 and 100 microns, or, preferably, between 
0.1 and 30 microns. Alternatively, the openings 531, 532 and 
534 have a greatest transverse dimension of between 0.1 and 
200 microns, between 1 and 100 microns, or, preferably, 
between 0.1 and 30 microns. In a case, the openings 531, 
532 and 534 have a width of between 0.1 and 30 microns, 
with the lower portion of the openings 9531,9532 and 9514 
in the polymer layer 95 having a width of between 20 and 
100 microns. 

0153. Each of the patterned circuit layers 831 and 832 
composing the thick metal trace or plane 83 over the 
passivation layer 5, shown in FIGS. 7B, 7C and 7D, may 
comprise an adhesion/barrier/seed layer 8311,8311a, 8311b 
or 8321 and a bulk conduction metal layer 8112, 83.12a, 
8312b or 8322. The methods to form the patterned circuit 
layer 831 or 832 and the specification thereof may follow the 
methods to form the patterned circuit layer 801, 802 or 803 
and the specification thereof shown in FIGS. 15A-15L, 
16A-16L, 17A-17J, 18A-181 and 19A-191. 
0154) In FIGS. 7B and 7D, there is only one patterned 
circuit layer 831, including a portion serving as the above 
mentioned thick and wide metal trace 83 over the passiva 
tion layer 5. The patterned circuit layer 831 may contain an 
adhesion/barrier layer, a seed layer on the adhesion/barrier 
layer, and an electroplated metal layer 8312 on the seed 
layer, the adhesion/barrier layer and the seed layer compos 
ing the bottom layer 83.11. 
(O155 Referring to FIG. 7B, regards to the process for 
forming the patterned circuit layer 831, the adhesion/barrier 
layer may be formed by sputtering a titanium-containing 
layer, Such as titanium layer or a titanium-tungsten-alloy 
layer, having a thickness between 1000 and 6000 angstroms, 
sputtering a chromium-containing layer, Such as chromium 
layer, having a thickness between 1000 and 6000 angstroms, 
or sputtering a tantalum-containing layer, such as tantalum 
layer or tantalum-nitride layer, having a thickness between 
1000 and 6000 angstroms, on a silicon-nitride layer of the 
passivation layer 5 and on contact pads 6390, principally 
made of aluminum or copper, exposed by multiple openings 
531, 532 and 534 in the passivation layer 5. Thereafter, the 
seed layer may be formed by sputtering a copper layer 
having a thickness between 200 and 3000 angstroms on the 
adhesion/barrier layer of any above-mentioned material or 
by Sputtering a gold layer having a thickness between 200 
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and 3000 angstroms on the adhesion/barrier layer of any 
above-mentioned material. Thereafter, a photoresist layer 
may be formed on the seed layer, multiple openings in the 
photoresist layer exposing the seed layer. Thereafter, the 
metal layer 8312 may be formed by electroplating a copper 
layer having a thickness between 2 and 30 micrometers on 
the copper layer serving as the seed layer, exposed by the 
openings in the photoresist layer, by electroplating a copper 
layer having a thickness between 2 and 30 micrometers on 
the copper layer serving as the seed layer, exposed by the 
openings in the photoresist layer and then electroplating a 
nickel layer having a thickness between 0.5 and 10 
micrometers on the electroplated copper layer in the open 
ings in the photoresist layer, by electroplating a copper layer 
having a thickness between 2 and 30 micrometers on the 
copper layer serving as the seed layer, exposed by the 
openings in the photoresist layer, electroplating a nickel 
layer having a thickness between 0.5 and 10 micrometers on 
the electroplated copper layer in the openings in the photo 
resist layer and then electroplating a gold layer, platinum 
layer, palladium layer or ruthenium layer having a thickness 
between 0.05 and 2 micrometers on the electroplated nickel 
layer in the openings in the photoresist layer, or by electro 
plating a gold layer having a thickness between 2 and 30 
micrometers on the gold layer serving as the seed layer, 
exposed by the openings in the photoresist layer. Thereafter, 
the photoresist layer may be removed. Thereafter, the seed 
layer not under the metal layer 8312 is removed using a 
wet-etching process or using a dry-etching process. There 
after, the adhesion/barrier layer not under the metal layer 
8312 is removed using a wet-etching process or using a 
dry-etching process. 
0156 After the patterned circuit layer 831 is formed, a 
polymer layer 99 can be formed by spin-on coating a 
negative photosensitive polyimide layer, such as ester type, 
on the patterned circuit layer 831 and on the nitride layer of 
the passivation layer 5 and then curing the spin-on coated 
polyimide layer at the temperature between 265 and 285°C. 
for a time between 30 and 240 minutes in a nitrogen or 
oxygen-free ambient. No opening is formed in the polymer 
layer 99 to expose the thick and wide metal trace 83. 
(O157 Referring to FIG. 7D, before the patterned circuit 
layer 831 is formed, a polymer layer 95 can be optionally 
formed by spin-on coating a negative photosensitive poly 
imide layer, Such as ester type, on the nitride layer of the 
passivation layer 5 and on the contact pads exposed by the 
openings 531, 532 and 534 in the passivation layer 5, 
exposing the spin-on coated photosensitive polyimide layer, 
developing the exposed polyimide layer and then curing the 
developed polyimide layer at the temperature between 265 
and 285° C. for a time between 30 and 240 minutes in a 
nitrogen or oxygen-free ambient. Thereby, multiple open 
ings 9531, 9532 and 9534 may be formed in the polymer 
layer 95, exposing multiple contact pads exposed by the 
openings 531, 532 and 533 in the passivation layer 5. After 
the polymer layer 95 is formed, the patterned circuit layer 
831 can be formed on the polymer layer 95 and on the 
contact pads exposed by the openings 531,532 and 533. The 
adhesion/barrier layer of any above-mentioned material may 
be sputtered on the polymer layer 95 and on the contact pads 
exposed by the openings 9531, 9532 and 9534 in the 
polymer layer 95. 
0158. Alternatively, referring to FIG. 7C, there may be 
multiple patterned circuit layers 831 and 832, including a 
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portion serving as the above-mentioned thick and wide 
metal trace 83, over the passivation layer 5. The process for 
forming the patterned circuit layer 831 shown in FIG. 7C 
can be referred to as the process for forming the patterned 
circuit layer 831 shown in FIG. 10B. The patterned circuit 
layer 832 may contain an adhesion/barrier layer, a seed layer 
on the adhesion/barrier layer, and an electroplated metal 
layer 8322 on the seed layer, the adhesion/barrier layer and 
the seed layer composing the bottom layer 8321. 
0159 Referring to FIG. 7C, after the patterned circuit 
layer 831 is formed, a polymer layer 98 can be formed by 
spin-on coating a negative photosensitive polyimide layer, 
such as ester type, on the patterned circuit layer 831 and on 
the nitride layer of the passivation layer 5, exposing the 
spin-on coated photosensitive polyimide layer, developing 
the exposed polyimide layer and then curing the developed 
polyimide layer at the temperature between 265 and 285°C. 
for a time between 30 and 240 minutes in a nitrogen or 
oxygen-free ambient. Thereby, multiple openings 98.31 and 
9834 may be formed in the polymer layer 98, exposing 
multiple contact pads of the patterned circuit layer 831. 
0160 Referring to FIG. 7C, regards to the process for 
forming the patterned circuit layer 832, the adhesion/barrier 
layer may be formed by sputtering a titanium-containing 
layer, Such as titanium layer or a titanium-tungsten-alloy 
layer, having a thickness between 1000 and 6000 angstroms, 
sputtering a chromium-containing layer, Such as chromium 
layer, having a thickness between 1000 and 6000 angstroms, 
or Sputtering a tantalum-containing layer, such as tantalum 
layer or tantalum-nitride layer, having a thickness between 
1000 and 6000 angstroms, on the polymer layer 98 and on 
the contact pads of the patterned circuit layer 831 exposed 
by multiple openings 9831 and 9834 in the polymer layer 98. 
Thereafter, the seed layer may be formed by sputtering a 
copper layer having a thickness between 200 and 3000 
angstroms on the adhesion/barrier layer of any above 
mentioned material or by sputtering a gold layer having a 
thickness between 200 and 3000 angstroms on the adhesion/ 
barrier layer of any above-mentioned material. Thereafter, a 
photoresist layer may be formed on the seed layer, multiple 
openings in the photoresist layer exposing the seed layer. 
Thereafter, the metal layer 8322 may be formed by electro 
plating a copper layer having a thickness between 2 and 30 
micrometers on the copper layer serving as the seed layer, 
exposed by the openings in the photoresist layer, by elec 
troplating a copper layer having a thickness between 2 and 
30 micrometers on the copper layer serving as the seed layer, 
exposed by the openings in the photoresist layer and then 
electroplating a nickel layer having a thickness between 0.5 
and 10 micrometers on the electroplated copper layer in the 
openings in the photoresist layer, by electroplating a copper 
layer having a thickness between 2 and 30 micrometers on 
the copper layer serving as the seed layer, exposed by the 
openings in the photoresist layer, electroplating a nickel 
layer having a thickness between 0.5 and 10 micrometers on 
the electroplated copper layer in the openings in the photo 
resist layer and then electroplating a gold layer, platinum 
layer, palladium layer or ruthenium layer having a thickness 
between 0.05 and 2 micrometers on the electroplated nickel 
layer in the openings in the photoresist layer, or by electro 
plating a gold layer having a thickness between 2 and 30 
micrometers on the gold layer serving as the seed layer, 
exposed by the openings in the photoresist layer. Thereafter, 
the photoresist layer may be removed. Thereafter, the seed 
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layer not under the metal layer 8322 is removed using a 
wet-etching process or using a dry-etching process. There 
after, the adhesion/barrier layer not under the metal layer 
8322 is removed using a wet-etching process or using a 
dry-etching process. 
0.161. After the patterned circuit layer 832 is formed, a 
polymer layer 99 can be formed by spin-on coating a 
negative photosensitive polyimide layer, such as ester type, 
on the patterned circuit layer 832 and on the polymer layer 
98, and then curing the spin-on coated polyimide layer at the 
temperature between 265 and 285°C. for a time between 30 
and 240 minutes in a nitrogen or oxygen-free ambient. 
(0162 Alternatively, referring to FIG. 7C, before the 
patterned circuit layer 831 is formed, a polymer layer 95 as 
mentioned in FIG. 7D can be optionally formed by spin-on 
coating a negative photosensitive polyimide layer, Such as 
ester type, on the nitride layer of the passivation layer 5 and 
on the contact pads exposed by the openings 531, 532 and 
534 in the passivation layer 5, exposing the spin-on coated 
photosensitive polyimide layer, developing the exposed 
polyimide layer and then curing the developed polyimide 
layer at the temperature between 265 and 285°C. for a time 
between 30 and 240 minutes in a nitrogen or oxygen-free 
ambient. Thereby, multiple openings 9531, 9532 and 9534 
may be formed in the polymer layer 95 as mentioned in FIG. 
7D, exposing multiple contact pads exposed by the openings 
531, 532 and 533 in the passivation layer 5. After the 
polymer layer 95 is formed, the patterned circuit layer 831 
can be formed on the polymer layer 95 and on the contact 
pads exposed by the openings 531, 532 and 533. The 
adhesion/barrier layer of any above-mentioned material may 
be sputtered on the polymer layer 95 and on the contact pads 
exposed by the openings 9531, 9532 and 9534 in the 
polymer layer 95. 
(0163 FIG.7C is similar to FIG.7B except the thick metal 
planes, buses or traces 83 are composed of two patterned 
circuit layers 831 and 832; the bottom one is composed of 
segments 831a and 831b. A polymer layer 98 separates the 
patterned circuit layer 831 from the patterned circuit layer 
832. In FIG. 7C, the thick metal plane, trace or bus 831 in 
FIG. 7B is replaced by the thick metal plane, trace or bus 
831a, 831b and 832. Referring to FIG. 7C, a signal output 
from the output node (usually the drain of an MOS transistor 
in the internal circuit 21) of the internal circuit 21 passes 
through the fine-line metal buses or traces 631 under the 
passivation layer 5, then through the opening 531 in the 
passivation layer 5, then through the metal trace or bus 831b 
over the passivation layer 5, (1) in a first path, then up 
through an opening 9831 in the polymer layer 98, then 
through the metal bus or trace 832 on the polymer layer 98, 
then down through an opening 9834 in the polymer layer 98, 
then through the metal trace or bus 831a over the passivation 
layer 831a, then through an opening 534 in the passivation 
layer 5, then through the fine-line metal structure 634 under 
the passivation layer 5, and to the input node (usually the 
gate of an MOS transistor in the NOR gate 24) of the NOR 
gate 24; (2) in a second path, then down through an opening 
532 in the passivation layer 5, then through the fine-line 
metal interconnection scheme 632 under the passivation 
layer 5, and then to the input nodes (usually the gates of 
MOS transistors in the NOR gate 24 and the NAND gate 23, 
respectively) of the NOR gate 22 and the NAND gate 23. 
(0164. Referring to 5B, 6B, 7B, 7C and 7D, the thick 
metal trace or bus 83, 831 or 832 over the passivation layer 
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5 is be connected to an off-chip I/O circuit connected to an 
external circuit, and thereby the thick metal trace or bus 83. 
831 or 832 has no significant Voltage drop or signal degra 
dation. 

(0165. Now refer to FIGS. 5C-5E showing internal buffer 
circuits applied to the internal circuit 21. The internal circuit 
21 shown in FIGS. 5B, 6B, 7B, 7C and 7D may be an 
internal inverter shown in FIG. 5C. In a first application, the 
size of the n-channel MOS 2101 and p-channel MOS 2102 
can be designed in a size often employed in the internal 
circuits 22, 23 and 24. The size of an MOS transistor is 
defined as a ratio of a physical channel width thereof to a 
physical channel length thereof. The n-channel MOS tran 
sistor 2101 may have a ratio of a physical channel width 
thereof to a physical channel length thereof ranging from 0.1 
to 20, ranging from 0.1 to 10, or preferably ranging from 0.2 
to 2. The p-channel MOS transistor 2102 may have a ratio 
of a physical channel width thereof to a physical channel 
length thereof ranging from 0.2 to 40, ranging from 0.2 to 
20, or preferably ranging from 0.4 to 4. In the first appli 
cation, a current passing through the thick metal trace 83 
over the passivation layer 5 and outputting from the node Xo 
of the internal circuit 21 may be in a range of between 50 LA 
and 2 mA, and preferably of between 100 LA and 1 mA. In 
a second application, a greater drive current is required for 
the output of the inverter 211, for example, when a heavy 
load is demanded by the load internal circuits 22, 23 and 24, 
or when the internal circuits 22, 23 and 24 are located far 
away from the internal circuit 21, requiring interconnection 
metal lines or traces connecting the internal circuit 21 and 
the internal circuits 22, 23 and 24 in a distance of greater 
than 1 mm or of greater than 3 mm, for example. In the 
second application, the current output from the inverter 211 
is higher than that output from the regular internal circuit, 
and is, for example, at 1 mA or 5 mA, or in a range of 
between 500 LA and 10 mA, and preferably of between 700 
LA and 2 mA. Hence, in the second application, the n-chan 
nel MOS transistor 2101 may have a ratio of a physical 
channel width thereof to a physical channel length thereof 
ranging from 1.5 to 30, and preferably ranging from 2.5 to 
10. The p-channel MOS transistor 2102 may have a ratio of 
a physical channel width thereof to a physical channel length 
thereof ranging from 3 to 60, and preferably ranging from 5 
to 20. 

(0166 When the inverter 211 shown in FIG. 5C is applied 
to the internal circuit 21 as shown in FIGS. 5B, 6B, 7B, 7C 
and 7D, the drains of then-channel MOS transistor 2101 and 
p-channel MOS transistor 2102, serving as the output node 
Xo of the internal circuit 21, are connected to the thick metal 
traces or buses 83, 831 or 832 over the passivation layer 5 
as shown in FIGS. 5B, 6B, 7B, 7C and 7D. The gates of the 
n-channel MOS transistor 2101 and p-channel MOS tran 
sistor 2102 serve as the input node Xi of the internal circuit 
21. 

(0167 Referring to FIG. 5C, the above-mentioned power 
plane, bus or trace 81,811 or 812, as shown in FIGS. 1B, 1C. 
2B, 2C, 3B, 3C and 3D, over the passivation layer 5 may 
connect the node P of the regulator or converter 41 and the 
source of the p-channel MOS device 2102. The above 
mentioned power plane, bus or trace 81, 811 or 812 may 
contain a patterned circuit layer over the patterned circuit 
layers 831 and/or 832 of the thick and wide signal trace, bus 
or plane 83 as shown in FIGS. 7B-7D. Alternatively, the 
thick and wide signal trace, bus or plane 83 as shown in 
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FIGS. 7B-7D may contain a patterned circuit layer over that 
of the above-mentioned power plane, bus or trace 81. The 
above-mentioned ground plane, bus or trace 82 or 821, as 
shown in FIGS. 1C, 2C and 3C, over the passivation layer 
5 may connect the node Rs of the regulator or converter 41 
and the source of the n-channel MOS device 2101. The 
above-mentioned ground plane, bus or trace 82 or 821 may 
contain a patterned circuit layer over the patterned circuit 
layers 831 and/or 832 of the thick and wide signal trace, bus 
or plane 83 as shown in FIGS. 7B-7D. Alternatively, the 
thick and wide signal trace, bus or plane 83 as shown in 
FIGS. 7B-7D may contain a patterned circuit layer over that 
of the above-mentioned ground plane, bus or trace 82. 
(0168 FIGS. 5D and 5E show an internal driver 212 and 
internal tri-state output buffer 213, respectively. When the 
internal driver 212 shown in FIG. 5D is applied to the 
internal circuit 21 as shown in FIGS. 5B, 6B, 7B, 7C and 7D, 
the drains of a n-channel MOS transistor 2103 and p-channel 
MOS transistor 2104, serving as the output node Xo of the 
internal circuit 21, are connected to the thick metal traces or 
buses 83, 831 or 832 over the passivation layer 5. The gates 
of a n-channel MOS transistor 2103' and p-channel MOS 
transistor 2104 serve as the input node Xi of the internal 
circuit 21. The drains of the n-channel MOS transistor 2103' 
and p-channel MOS transistor 2104' are connected to the 
gates of the n-channel MOS transistor 2103 and p-channel 
MOS transistor 2104. 

(0169. When the internal tri-state output buffer 213 shown 
in FIG. 5E is applied to the internal circuit 21 as shown in 
FIGS. 5B, 6B, 7B, 7C and 7D, the drains of a n-channel 
MOS transistor 2107 and p-channel MOS transistor 2108 
with a switch function controlled by an Enable signal 
transmitted to the gate of the n-channel MOS transistor 
2107" and Enable(bar) signal transmitted to the gate of the 
p-channel MOS transistor 2108', serving as the output node 
Xo of the internal circuit 21, are connected to the thick metal 
traces or buses 83, 831 or 832 over the passivation layer 5 
as shown in FIGS. 5B, 6B, 7B, 7C and 7D. The gates of a 
n-channel MOS transistor 2107 and p-channel MOS tran 
sistor 2108 serve as the input node Xi of the internal circuit 
21. The drains of a n-channel MOS transistor 2107 and 
p-channel MOS transistor 2108 are connected to the sources 
of the n-channel MOS transistor 2107" and p-channel MOS 
transistor 2108, respectively. 
0170 The internal driver 212 or internal tri-state output 
buffer 213, used to drive a signal through the post-passiva 
tion metal traces 83 and to the internal circuits 22, 23 and 24, 
as shown in FIG.5D or 5E, is similar to the off-chip driver 
or off-chip tri-state output buffer used to drive an external 
circuitry, to be discussed in the following FIG. 11A or 11D, 
respectively, except that (1) the output node Xo of the 
internal driver 212 or internal tri-state output buffer 213 is 
not connected to an external circuit; (2) the greatest one of 
p-MOS transistors in the internal driver 212 or internal 
tri-state output buffer 213 has a ratio of a physical channel 
width thereof to a physical channel length thereof smaller 
than that of the greatest one of p-MOS transistors in the 
off-chip driver or off-chip tri-state output buffer connected to 
an external circuit. The internal tri-state output buffer 213 
provides drive capability and Switch capability, and is par 
ticularly useful to transmit a data signal or an address signal 
in a memory chip through the thick metal lines or traces 83 
over the passivation layer 5 acting as data or address buses. 
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(0171 In FIG. 5B, a relatively great drive current is 
required at the output node Xo of the internal circuit 21 
when a heavy load is demanded by the internal circuits 22, 
23 and 24, or when the internal circuits 22, 23 and 24 are far 
away from the internal circuit 21 in a distance of greater than 
1 mm or of greater than 3 mm. To provide a relatively great 
drive current, the internal circuit 21 can be designed as an 
internal driver 212 shown in FIG.5D or an internal tri-state 
output buffer 213 shown in FIG. 5E. 
0172. In FIGS.5D and 5E, the n-channel MOS transistors 
2103, 2107 and 2107" may have a ratio of a physical channel 
width thereof to a physical channel length thereof ranging 
from 1.5 to 30, and preferably ranging from 2.5 to 10. The 
p-channel MOS transistors 2104, 2108 and 2108 may have 
a ratio of a physical channel width thereof to a physical 
channel length thereof ranging from 3 to 60, and preferably 
ranging from 5 to 20. In FIG. 5D, the n-channel MOS 
transistor 2103 may have a ratio of a physical channel width 
thereof to a physical channel length thereof ranging from 0.1 
to 20, ranging from 0.1 to 10, or preferably ranging from 0.2 
to 2, and the p-channel MOS transistor 2104" may have a 
ratio of a physical channel width thereof to a physical 
channel length thereof ranging from 0.2 to 40, ranging from 
0.2 to 20, or preferably ranging from 0.4 to 4. Referring to 
FIGS. 5B, 5D and 5E, the internal driver 212 or internal 
tri-state buffer 213 may drive a signal output from the output 
node Xothereof through the thick metal trace or bus 83 over 
the passivation layer 5 to the input nodes Ui, Vi and Wi of 
the internal circuits 22, 23 and 24 but not to an external 
circuit. A current passing through the thick metal trace or 
line 83 over the passivation layer 5 and outputting from the 
node Xo of the internal circuit 21, provided by the internal 
driver 212 or internal tri-state buffer 213, may be between 
500 LA and 10 mA, and preferably between 700 LA and 2 
mA 

(0173 Referring to FIG. 5D, the above-mentioned power 
plane, bus or trace 81,811 or 812, as shown in FIGS. 1B, 1C. 
2B, 2C, 3B, 3C and 3D, over the passivation layer 5 can 
connect the node P of the regulator or converter 41 and the 
sources of the p-channel MOS devices 2104 and 2104". The 
above-mentioned power plane, bus or trace 81, 811 or 812 
may contain a patterned circuit layer over the patterned 
circuit layers 831 and/or 832 of the thick and wide signal 
trace, bus or plane 83 as shown in FIGS. 7B-7D. Alterna 
tively, the thick and wide signal trace, bus or plane 83 as 
shown in FIGS. 7B-7D may contain a patterned circuit layer 
over that of the above-mentioned power plane, bus or trace 
81. The above-mentioned ground plane, bus or trace 82 or 
821, as shown in FIGS. 1C, 2C and 3C, over the passivation 
layer 5 can connect the node Rs of the regulator or converter 
41 and the sources of the n-channel MOS devices 2103 and 
2103'. The above-mentioned ground plane, bus or trace 82 or 
821 may contain a patterned circuit layer over the patterned 
circuit layers 831 and/or 832 of the thick and wide signal 
trace, bus or plane 83 as shown in FIGS. 7B-7D. Alterna 
tively, the thick and wide signal trace, bus or plane 83 as 
shown in FIGS. 7B-7D may contain a patterned circuit layer 
over that of the above-mentioned ground plane, bus or trace 
82. 

(0174 Referring to FIG. 5E, the above-mentioned power 
plane, bus or trace 81,811 or 812, as shown in FIGS. 1B, 1C. 
2B, 2C, 3B, 3C and 3D, over the passivation layer 5 can 
connect the node P of the regulator or converter 41 and the 
source of the p-channel MOS device 2108. The above 
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mentioned power plane, bus or trace 81, 811 or 812 may 
contain a patterned circuit layer over the patterned circuit 
layers 831 and/or 832 of the thick and wide signal trace, bus 
or plane 83 as shown in FIGS. 7B-7D. Alternatively, the 
thick and wide signal trace, bus or plane 83 as shown in 
FIGS. 7B-7D may contain a patterned circuit layer over that 
of the above-mentioned power plane, bus or trace 81. The 
above-mentioned ground plane, bus or trace 82 or 821, as 
shown in FIGS. 1C, 2C and 3C, over the passivation layer 
5 can connect the node Rs of the regulator or converter 41 
and the source of the n-channel MOS device 2107. The 
above-mentioned ground plane, bus or trace 82 or 821 may 
contain a patterned circuit layer over the patterned circuit 
layers 831 and/or 832 of the thick and wide signal trace, bus 
or plane 83 as shown in FIGS. 7B-7D. Alternatively, the 
thick and wide signal trace, bus or plane 83 as shown in 
FIGS. 7B-7D may contain a patterned circuit layer over that 
of the above-mentioned ground plane, bus or trace 82. 
(0175 Alternatively, when a NMOS transistor in the inter 
nal circuit 21 having a drain as the output node Xo of the 
internal circuit 21 has a ratio of a physical channel width to 
a physical channel length ranging from 1.5 to 30, and 
preferably ranging from 2.5 to 10, a NMOS transistor in the 
internal circuit 22, 23 or 24 having a gate as the input node 
Ui, Vi and Wi of the internal circuit 22, 23 or 24 has a ratio 
of physical channel width to physical channel length ranging 
from 0.1 to 20, ranging from 0.1 to 10, or preferably ranging 
from 0.2 to 2. When a NMOS transistor in the internal circuit 
21 having a drain as the output node Xo of the internal 
circuit 21 has a ratio of a physical channel width to a 
physical channel length ranging from 1.5 to 30, and prefer 
ably ranging from 2.5 to 10, a PMOS transistor in the 
internal circuit 22, 23 or 24 having a gate as the input node 
Ui, Vi and Wi of the internal circuit 22, 23 or 24 has a ratio 
of a physical channel width to a physical channel length 
ranging from 0.2 to 40, ranging from 0.2 to 20, or preferably 
ranging from 0.4 to 4. When a PMOS transistor in the 
internal circuit 21 having a drain as the output node Xo of 
the internal circuit 21 has a ratio of a physical channel width 
to a physical channel length ranging from 3 to 60, and 
preferably ranging from 5 to 20, a NMOS transistor in the 
internal circuit 22, 23 or 24 having a gate as the input node 
Ui, Vi and Wi of the internal circuit 22, 23 or 24 has a ratio 
of a physical channel width to a physical channel length 
ranging from 0.1 to 20, ranging from 0.1 to 10, or preferably 
ranging from 0.2 to 2. When a PMOS transistor in the 
internal circuit 21 having a drain as the output node Xo of 
the internal circuit 21 has a ratio of a physical channel width 
to a physical channel length ranging from 3 to 60, and 
preferably ranging from 5 to 20, a PMOS transistor in the 
internal circuit 22, 23 or 24 having a gate as the input node 
Ui, Vi and Wi of the internal circuit 22, 23 or 24 has a ratio 
of a physical channel width to a physical channel length 
ranging from 0.2 to 40, ranging from 0.2 to 20, or preferably 
ranging from 0.4 to 4. In the above-mentioned case, a signal 
output from the output node Xo of the internal circuit 21 
may pass through the thick metal plane, bus, trace or line 83 
to the internal circuits 22, 23 and 24, with a current, passing 
through the thick metal plane, bus, trace or line 83, ranging 
from 500 microamperes to 10 milliamperes, and preferably 
ranging from 700 microamperes to 2 milliamperes. 
0176 The concept shown in FIG. 5B can be applied to a 
memory chip, as illustrated in FIGS. 5F-5.J. 
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(0177 Referring to FIG.5F, the above-mentioned tri-state 
output buffer 213 is employed to be the internal circuit 21 
shown in FIGS. 5B, 6B, 7B, 7C and 7D and has an input 
node Xi connected to an output node of an amplifier 214 and 
an output node Xo connected to the internal circuits 22, 23 
and 24. Such as logic gates, through the above mentioned 
thick metal plane, bus or trace 83, 831 or 832 over the 
passivation layer 5, as shown in FIGS. 5B, 6B, 7B, 7C and 
7D, wherein the internal circuits 22, 23 and 24 may alter 
natively be NOR gate, NAND gate, AND gate, OR gate, 
operational amplifier, adder, multiplexer, diplexer, multi 
plier, A/D converter, D/A converter, CMOS transistor, bipo 
lar CMOS transistor or bipolar circuit. The semiconductor 
chip may include a memory array comprising multiple 
memory cells connected to word lines, bit lines and bit (bar) 
lines. Each pair of bit line, such as 2171, and bit (bar) line, 
Such as 2172, is connected to one of the amplifiers, such as 
214, through the channel of the n-channel MOS transistors 
2123 and 2122 controlled by CS1 node. When the n-channel 
MOS transistors 2122 and 2123 are turned offin an inactive 
cycle, the noise on the bit line 2171 or on the bit (bar) line 
2172 can not be transmitted to the sense amplifier 214 nor 
has a negative impact on the sense amplifier 214. 
0178. In this case, the memory cell 215 is a static random 
access memory (SRAM) cell. Alternatively, the memory cell 
215 may be a dynamic random access memory (DRAM) 
cell, an erasable programmable read only memory 
(EPROM) cell, an electronic erasable programmable read 
only memory (EEPROM) cell, a flash memory cell, a read 
only memory (ROM) cell, or a magnetic random access 
memory (MRAM) cell, which is connected to one or more 
logic gates 22, 23 and 24 through a thick metal traces 83,831 
or 832 over the passivation layer 5, as shown in FIGS. 5B, 
6B, 7B, 7C and 7D. A sense amplifier 214, tri-state buffer 
213, pass gate 216, latch memory 217 or internal driver 212, 
as shown in FIGS. 5F-5.J. may be optionally set on the path 
between any kind of the exampled memory cell 215 and the 
thick metal traces 83, 831 or 832 over the passivation layer 
5 

0179. In case of SDRAM cell acting as the memory cell 
215, a plurality of the memory cell 215 may be arranged in 
an array. A plurality of bit line 2171 and bit (bar) line 2172 
arranged in parallel are connected to the sources or drains of 
NMOS transistors 2120 and 2119 of the memory cells 215 
arranged in a column, respectively. A plurality of word line 
arranged in parallel and in vertical to the bit line 2171 and 
bit (bar) line 2172 is connected to the gate of NMOS 
transistors 2120 and 2119 of the memory cells 215 arranged 
in a row. The memory cell 215 further comprises two PMOS 
transistors 2116 and 2118 and two NMOS transistors 2115 
and 2117, wherein the gates of the PMOS transistor 2116 
and the NMOS transistor 2115 and the drains of the PMOS 
transistor 2118 and the NMOS transistor 2117 are connected 
to the bit line 2171 through the channel of the NMOS 
transistor 2120, and wherein the gates of the PMOS tran 
sistor 2118 and the NMOS transistor 2117 and the drains of 
the PMOS transistor 2116 and the NMOS transistor 2115 are 
connected to the bit (bar) line 2172 through the channel of 
the NMOS transistor 2119. 

0180. The sense amplifier 214, such as differential ampli 
fier, can be coupled to multiple memory cells 215 arranged 
in a column through the bit line 2171 and the bit (bar) line 
2172. The sense amplifier 214 comprises two PMOS tran 
sistors 2112 and 2114 and two NMOS transistors 2111 and 
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2113, wherein the gates of the PMOS transistors 2112 and 
2114 are connected to the drains of the NMOS transistor 
2111 and the PMOS transistor 2112, and wherein the drains 
of the PMOS transistor 2114 and the NMOS transistor 2113 
serving as an output node of the sense amplifier 214 are 
connected to the gates of the PMOS transistor 2108 and the 
NMOS transistor 2107 in the above-mentioned tri-state 
buffer 213. The gate of the NMOS transistor 2113 is con 
nected to the bit line 2171. The gate of the NMOS transistor 
2111 is connected to the bit (bar) line 2172. The description 
and specification of the tri-state buffer 213 may be referred 
to the above illustration shown in FIG. 5E. 

0181 Referring to FIG.5F, the node P of the regulator or 
converter 41 can be connected to the sources of the PMOS 
transistors 2116 and 2118 of the memory cell 215, the 
sources of the PMOS transistors 2112 and 2114 of the sense 
amplifier 214 and the source of the PMOS transistor 2108 of 
the tri-state output buffer 213 through the above-mentioned 
power plane, bus or trace 81,811 or 812, as shown in FIGS. 
1B, 1C, 2B, 2C, 3B, 3C and 3D, over the passivation layer 
5. The above-mentioned power plane, bus or trace 81,811 or 
812 may contain a patterned circuit layer over the patterned 
circuit layers 831 and/or 832 of the thick and wide signal 
trace, bus or plane 83 as shown in FIGS. 7B-7D. Alterna 
tively, the thick and wide signal trace, bus or plane 83 as 
shown in FIGS. 7B-7D may contain a patterned circuit layer 
over that of the above-mentioned power plane, bus or trace 
81. The node Rs of the regulator or converter 41 can be 
connected to the sources of the NMOS transistors 2115 and 
2117 of the memory cell 215, the sources of the NMOS 
transistors 2111 and 2113 of the sense amplifier 214 and the 
source of the NMOS transistor 2107 of the tri-state output 
buffer 213 through the above-mentioned ground plane, bus 
or trace 82 or 821, as shown in FIGS. 1C, 2C and 3C, over 
the passivation layer 5. The differential sense amplifier 214 
is isolated from Vss by a transistor 2121, and controlled by 
a column selection signal (CS2) to save power consumption. 
The transistor 2121 is turned off when the memory cell 215 
is not read. The above-mentioned ground plane, bus or trace 
82 or 821 may contain a patterned circuit layer over the 
patterned circuit layers 831 and/or 832 of the thick and wide 
signal trace, bus or plane 83 as shown in FIGS. 7B-7D. 
Alternatively, the thick and wide signal trace, bus or plane 
83 as shown in FIGS. 7B-7D may contain a patterned circuit 
layer over that of the above-mentioned ground plane, bus or 
trace 82. 

0182. When the memory cell 215 is in a “READ opera 
tion with the NMOS transistors 2120 and 2119 being turned 
on, the state latched in the memory cell 215, such as bit data 
and bit (bar) data, may be output to the bit line 2171 and bit 
(bar) line 2172 through the channels of the NMOS transis 
tors 2120 and 2119, respectively. The bit data and bit (bar) 
data may be transmitted to the sense amplifier 214 through 
the bit line 2171 and bit (bar) line 2172, respectively, to 
initially amplify the bit data and the bit (bar) data, leading 
the bit data and the bit (bar) data to have a desirable 
waveform or voltage level. The initially amplified bit data or 
bit (bar) data output from the amplifier 214 may be trans 
mitted to a tri-state output buffer 213 to further amplify the 
initially amplified bit data or bit (bar) data, but FIG.5F only 
show the initially amplified bit (bar) data output from the 
amplifier 214 is transmitted to the input node Xi of the 
tri-state output buffer 213. Further amplified bit (bar) data or 
bit data output from a tri-state buffer can be transmitted to 
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the internal circuits 22, 23 and 24 through the thick metal 
planes or buses 83,831 or 832, as shown in FIGS. 5B, 6B, 
7B, 7C and 7D, but FIG.5F only show the further amplified 
bit data is output from the tri-state output buffer 213. 
0183. The bit line 2171 and bit (bar) line 2172 may be 
provided by fine-line metal layers, made of sputtered alu 
minum or damascene copper, only under the passivation 
layer 5. Alternatively, the bit line 2171 and bit (bar) line 
2172 may be provided by the interconnecting structure over 
the passivation layer 5 and under the passivation layer 5, 
wherein the portion under the passivation layer 5 may 
comprise Sputtered aluminum layer or damascene copper 
layer having a thickness of between 0.01 and 2 microns, and 
the portion over the passivation layer 5 may comprise 
electroplated copper or electroplated gold having a thickness 
of between 2 and 20 microns. 

0184. In this case, the thick metal buses or traces 83,831 
or 832 shown in FIGS. 5B, 6B, 7B, 7C and 7D may be called 
as bit buses to transmit further amplified bit data orbit (bar) 
data with 4 bits width, 8 bits width, 16 bits width, 32 bits 
width, 64 bits width, 128 bits width, 256 bits width, 512 bits 
width, 1024 bits width, 2048 bits width or 4096 bits width, 
output from the tri-state buffers 213. Accordingly, 4, 8, 16, 
32, 64, 128, 256,512, 1024, 2048 or 4098 bit buses arranged 
in parallel and over the passivation layer 5, may connect the 
output nodes Xo of multiple internal circuits 21, the tri-state 
buffers 213 in this case, to multiple internal circuits 22, 23 
and 24, such as NOR gates, NAND gates, AND gates, OR 
gates, operational amplifiers, adders, multiplexers, diplex 
ers, multipliers, A/D converters, D/A converters, CMOS 
transistors, bipolar CMOS transistors or bipolar circuits. 
0185. Alternatively, multiple address buses 85 connect 
ing an address decoder 205 and the outputs of multiple 
internal circuits 25 and 26 can be formed over the passiva 
tion layer 5, as shown in FIG. 5U, to transmit an address data 
from one of the internal circuits 25 and 26 to the address 
decoder 205 during a "READ operation, wherein the inter 
nal circuits 25 and 26 may be NOR gate, NAND gate, AND 
gate, OR gate, operational amplifier, adder, multiplexer, 
diplexer, multiplier, A/D converter, D/A converter, CMOS 
transistor, bipolar CMOS transistor or bipolar circuit. The 
address decoder 205 is connected to multiple word lines 
coupled with multiple memory cells in a memory array. 
Referring to FIGS. 5F and 5U, one of the word lines 2175 
is connected to the gates of the NMOS transistors 2120 and 
2119 of the memory cell 115, transmitting a signal from the 
address decoder 205 to the memory cell to control whether 
the logic level of bit data saved in the trace connecting the 
drains of the PMOS transistor 2118 and NMOS transistor 
2117 and the gates of the PMOS transistor 2116 and NMOS 
transistor 2115 and the logic level of bit (bar) data saved in 
the trace connecting the drains of the PMOS transistor 2116 
and NMOS transistor 2115 and the gates of the PMOS 
transistor 2118 and NMOS transistor 2117 are transmitted to 
the bit line 2171 and the bit (bar) line 2172 through the 
channels of the NMOS transistors 2120 and 2119, respec 
tively. The sense amplifier 214 receives the bit data and bit 
(bar) data and initially amplifies the bit (bar) data. The 
initially amplified the bit (bar) data output from the sense 
amplifier 214 may be transmitted to the gates of the PMOS 
transistor 2108 and NMOS transistor 2107 of the tri-State 
buffer 213 through the trace 2179 under the passivation layer 
5. Two traces 2177 and 2178 connect the address decoder 
205 and the tri-state buffer 213, transmitting an ENABLE 
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signal and an ENABLE (bar) signal from the address 
decoder 205 to the tri-State buffer 213 to control whether the 
above-mentioned further amplified bit signal is output from 
the tri-state buffer 213 to the data bus 83 over the passivation 
layer 5. 
0186. Other embodiments as described below can be 
alternatively attained. Same reference numbers in this patent 
application indicate same or similar elements. 
0187. Referring to FIGS. 5B, 6B, 7B, 7C and 7D, the 
internal circuit 21 may be a pass gate 216 as shown in FIG. 
5G. The pass gate 216 may comprise an NMOS transistor 
2124 having a gate connected to an address decoder 205 
through a trace 2180 under the passivation layer 5, as shown 
in FIG.5V. In a “READ operation, the address decoder 205 
receives an address data through multiple address buses 85 
over the passivation layer 5. The address decoder 205 output 
a READ ENABLE data to the gate of the NMOS transistor 
2124 through the trace 2180 to control whether the NMOS 
transistor 2124 is turned on or off. When the NMOS tran 
sistor 2124 of the pass gate 216 is turned on, the initially 
amplified bit (bar) data output from the sense amplifier 214 
can be transmitted to the data bus 83, 831 or 832 over the 
passivation layer 5 through the channel of the NMOS 
transistor 2124. 

0188 Referring to FIGS. 5B, 6B, 7B, 7C and 7D, the 
internal circuit 21 may be a latch circuit 217 as shown in 
FIG. 5H. The latch circuit 217 may temporally store the data 
output from the sense amplifier 214. The latch circuit 217 
comprises two PMOS transistors 2901 and 2902 and two 
NMOS transistors 2903 and 2904. A trace 2905 connects the 
gates of the PMOS transistor 2902 and NMOS transistor 
2904 and the drains of the PMOS transistor 2901 and NMOS 
transistor 2903. A trace 2906 connects the gates of the 
PMOS transistor 2901 and NMOS transistor 2903 and the 
drains of the PMOS transistor 2902 and NMOS transistor 
2904. The latch circuit 217 may further comprise two 
NMOS transistors 2129 and 2130 having the gates con 
nected to an address decoder 205 through metal traces 2181 
and 2182 under the passivation layer 5, as shown in FIG. 
5W. In a “READ operation, the address decoder 205 
receives an address data through multiple address buses 85 
over the passivation layer 5. The address decoder 205 output 
READ ENABLE data (RE1 and RE2) to the gates of the 
NMOS transistors 2129 and 2130 through the traces 2181 
and 2182 to control whether the NMOS transistors 2129 and 
2130 are turned on or off, respectively. When the NMOS 
transistor 2129 is turned on, the initially amplified bit (bar) 
data output from the sense amplifier 214 can be transmitted 
to the trace 2905 through the channel of the NMOS tran 
sistor 2129. The trace 2905 latches the bit (bar) data and the 
trace 2906 latches the bit data. When the NMOS transistor 
2130 is turned on, the bit data output from the trace 2906 of 
the latch circuit 217 can be transmitted to the data bus 83, 
831 or 832 through the channel of the NMOS transistor 
2130. 

(0189 Referring to FIG.5H, the node P of the regulator or 
converter 41 can be connected to the sources of the PMOS 
transistors 2116 and 2118 of the memory cell 215, the 
sources of the PMOS transistors 2112 and 2114 of the sense 
amplifier 214 and the sources of the PMOS transistors 2901 
and 2902 of the latch circuit 217 through the above-men 
tioned power plane, bus or trace 81,811 or 812, as shown in 
FIGS. 1B, 1C, 2B, 2C, 3B, 3C and 3D, over the passivation 
layer 5. The above-mentioned power plane, bus or trace 81, 
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811 or 812 may contain a patterned circuit layer over the 
patterned circuit layers 831 and/or 832 of the thick and wide 
signal trace, bus or plane 83 as shown in FIGS. 7B-7D. 
Alternatively, the thick and wide signal trace, bus or plane 
83 as shown in FIGS. 7B-7D may contain a patterned circuit 
layer over that of the above-mentioned power plane, bus or 
trace 81. The node Rs of the regulator or converter 41 can 
be connected to the sources of the NMOS transistors 2115 
and 2117 of the memory cell 215, the sources of the NMOS 
transistors 2111 and 2113 of the sense amplifier 214 and the 
Sources of the NMOS transistors 2903 and 2904 of the latch 
circuit 217 through the above-mentioned ground plane, bus 
or trace 82 or 821, as shown in FIGS. 1C, 2C and 3C, over 
the passivation layer 5. The above-mentioned ground plane, 
bus or trace 82 or 821 may contain a patterned circuit layer 
over the patterned circuit layers 831 and/or 832 of the thick 
and wide signal trace, bus or plane 83 as shown in FIGS. 
7B-7D. Alternatively, the thick and wide signal trace, bus or 
plane 83 as shown in FIGS. 7B-7D may contain a patterned 
circuit layer over that of the above-mentioned ground plane, 
bus or trace 82. 

(0190. However, the pass gate 216 in FIG.5G or the latch 
circuit 217 in FIG. 5H does not provide great drive capa 
bility. To drive heavy load of the logic circuits 22, 23 and 24, 
or to transmit bit (bar) data output from the pass circuit 216 
or bit data output from the latch circuit 217 to the logic 
circuits 22, 23 and 24 in a long distance, the internal circuit 
21 may comprise the above-mentioned internal driver 212 
connected to the output node of the pass gate 216, as shown 
in FIG. 5I, or connected to the output node of the latch 
circuit 217, as shown in FIG. 5.J. to amplify bit (bar) data 
output from the pass gate 216 or bit data output from the 
latch circuit 217. Referring to FIG.5I, the amplified bit (bar) 
data output from the internal driver 212 may be transmitted 
to the internal circuits 22, 23 and 24 through the data bus 83. 
831 or 832 over the passivation layer 5, as shown in FIGS. 
5B, 6B, 7B, 7C and 7D. Referring to FIG. 5J, the amplified 
bit data output from the internal driver 212 may be trans 
mitted to the internal circuits 22, 23 and 24 through the data 
bus 83,831 or 832 over the passivation layer 5, as shown in 
FIGS. 5B, 6B, 7B, 7C and 7D. 
(0191 Referring to FIG.5I, the node P of the regulator or 
converter 41 can be connected to the sources of the PMOS 
transistors 2116 and 2118 of the memory cell 215, the 
sources of the PMOS transistors 2112 and 2114 of the sense 
amplifier 214 and the sources of the PMOS transistors 2104 
and 2104 of the internal driver 212 through the above 
mentioned power plane, bus or trace 81, 811 or 812, as 
shown in FIGS. 1B, 1C, 2B, 2C, 3B, 3C and 3D, over the 
passivation layer 5. The above-mentioned power plane, bus 
or trace 81,811 or 812 may contain a patterned circuit layer 
over the patterned circuit layers 831 and/or 832 of the thick 
and wide signal trace, bus or plane 83 as shown in FIGS. 
7B-7D. Alternatively, the thick and wide signal trace, bus or 
plane 83 as shown in FIGS. 7B-7D may contain a patterned 
circuit layer over that of the above-mentioned power plane, 
bus or trace 81. The node Rs of the regulator or converter 41 
can be connected to the sources of the NMOS transistors 
2115 and 2117 of the memory cell 215, the sources of the 
NMOS transistors 2111 and 2113 of the sense amplifier 214 
and the sources of the NMOS transistors 2103' and 2103 of 
the driver circuit 212 through the above-mentioned ground 
plane, bus or trace 82 or 821, as shown in FIGS. 1C, 2C and 
3C, over the passivation layer 5. The above-mentioned 
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ground plane, bus or trace 82 or 821 may contain a patterned 
circuit layer over the patterned circuit layers 831 and/or 832 
of the thick and wide signal trace, bus or plane 83 as shown 
in FIGS. 7B-7D. Alternatively, the thick and wide signal 
trace, bus or plane 83 as shown in FIGS. 7B-7D may contain 
a patterned circuit layer over that of the above-mentioned 
ground plane, bus or trace 82. 
(0192 Referring to FIG.5J, the node P of the regulator or 
converter 41 can be connected to the sources of the PMOS 
transistors 2116 and 2118 of the memory cell 215, the 
sources of the PMOS transistors 2112 and 2114 of the sense 
amplifier 214, the sources of the PMOS transistors 2901 and 
2902 of the latch circuit 217 and the sources of the PMOS 
transistors 2104" and 2104 of the internal driver 212 through 
the above-mentioned power plane, bus or trace 81, 811 or 
812, as shown in FIGS. 1B, 1C, 2B, 2C, 3B, 3C and 3D, over 
the passivation layer 5. The above-mentioned power plane, 
bus or trace 81, 811 or 812 may contain a patterned circuit 
layer over the patterned circuit layers 831 and/or 832 of the 
thick and wide signal trace, bus or plane 83 as shown in 
FIGS. 7B-7D. Alternatively, the thick and wide signal trace, 
bus or plane 83 as shown in FIGS. 7B-7D may contain a 
patterned circuit layer over that of the above-mentioned 
power plane, bus or trace 81. The node Rs of the regulator 
or converter 41 can be connected to the sources of the 
NMOS transistors 2115 and 2117 of the memory cell 215, 
the sources of the NMOS transistors 2111 and 2113 of the 
sense amplifier 214, the sources of the NMOS transistors 
2903 and 2904 of the latch circuit 217 and the sources of the 
NMOS transistors 2103' and 2103 of the internal driver 212 
through the above-mentioned ground plane, bus or trace 82 
or 821, as shown in FIGS. 1C, 2C and 3C, over the 
passivation layer 5. The above-mentioned ground plane, bus 
or trace 82 or 821 may contain a patterned circuit layer over 
the patterned circuit layers 831 and/or 832 of the thick and 
wide signal trace, bus or plane 83 as shown in FIGS. 7B-7D. 
Alternatively, the thick and wide signal trace, bus or plane 
83 as shown in FIGS. 7B-7D may contain a patterned circuit 
layer over that of the above-mentioned ground plane, bus or 
trace 82. 

(0193 Alternatively, referring to FIG. 5K, the output node 
Wo of the internal circuit 24 is connected to the input nodes 
Xi, Ui and Vi of the internal circuits 21, 22 and 23 through 
the thick metal plane, bus, trace or line 83' over the passi 
vation layer 5. The internal circuit 24, such as NOR gate, 
may send a signal or data from the output node Wo thereof 
to the input node Xi' of the internal circuit 21, such as a 
receiver 212 shown in FIG. 5L, a tri-state input buffer 213' 
shown in FIG. 5M or other internal circuits, through a 
fine-line metal structure 634 under the passivation layer 5, 
then through an opening 534' in the passivation layer 5, then 
through the thick metal plane, line or trace 83' over the 
passivation layer 5, then through another opening 531 in the 
passivation layer 5, and then through a fine-line metal 
structure 631 under the passivation layer 5. Besides, a signal 
or data output from the output node Wo of the internal circuit 
24 may be also transmitted to the input node Ui of the 
internal circuit 22, such as NOR gate, through the fine-line 
metal structure 634 under the passivation layer 5, then 
through the opening 534 in the passivation layer 5, then 
through the thick metal plane, line or trace 83' over the 
passivation layer 5, then through another opening 532 in the 
passivation layer 5, then through the fine-line metal struc 
tures 632a' and 632b' under the passivation layer 5. Besides, 
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a signal or data output from the output node Wo of the NOR 
gate 24 may be also transmitted to the input node Vi of the 
internal circuit 23, such as NAND gate, through the fine-line 
metal structure 634 under the passivation layer 5, then 
through the opening 534 in the passivation layer 5, then 
through the thick metal plane, line or trace 83' over the 
passivation layer 5, then through another opening 532 in the 
passivation layer 5, then through the fine-line metal struc 
tures 632a' and 632c' under the passivation layer 5. 
0194 The fine-line metal structures 634", 632 and 631' 
can be formed with Stacked metal plugs, having a similar 
structure of the fine line metal structures 634, 632 and 631, 
respectively, as shown in 7B, 7C and 7D. The internal 
circuits 21, 22 and 23 may receive a signal output from the 
output node Wo of the internal circuit 24 at the input node 
Xi', Ui and Vi thereof, and may output a signal from the 
output node Xo', Uo and Vo thereof to other internal circuits 
through metal traces under the passivation layer 5. 
0.195 The structure over the passivation layer 5 shown in 
FIGS. 7B-7D, providing the above-mentioned thick metal 
trace, line or plane 83, can also be applied to forming the 
thick metal trace, line or plane 83' illustrated in FIG. 5K. All 
combinations for the polymer layers 99.98 and 95 and the 
circuit metal layers 831 and 832 illustrated in FIGS. 7B-7D 
can be applied to the combinations for one or more polymer 
layers and one or more circuit metal layers over the passi 
vation layer 5, illustrated in FIG. 5K. 
0196. In a case, the internal circuit 21 may be an internal 
receiver 212" as shown in FIG. 5L, or an internal input 
tri-state buffer 213' as shown in FIG.5M. Referring to FIGS. 
5K and 5L, the internal receiver 212" may receive a signal 
passing through the thick metal trace or bus 83 over the 
passivation layer 5 and then may output an amplified signal 
from the output node Xo' thereof to other internal circuits but 
not to an external circuit through a metal trace under the 
passivation layer 5. Referring to FIGS. 5K and 5M, the 
internal input tri-state buffer 213' may receive a signal 
passing through the thick metal trace or bus 83 over the 
passivation layer 5 and then may output an amplified signal 
from the output node Xo' thereof to other internal circuits but 
not to an external circuit through a metal trace under the 
passivation layer 5. 
0197) The internal receiver 212 in FIG.5L has a similar 
circuit design to the internal driver 212 in FIG.5D. In FIGS. 
5D and 5L, same reference numbers indicate same elements 
with same characteristics. The internal input tri-state buffer 
213' in FIG. 5M has a similar circuit design to the internal 
output tri-state buffer 213 in FIG. 5E. In FIGS. 5E and 5M, 
same reference numbers indicate same elements with same 
characteristics. 

(0198 The output node Xo' of the internal receiver 212" or 
internal tri-state input buffer 213' is not connected to an 
external circuit but connected to an internal circuit under the 
passivation layer 5. The internal tri-state input buffer 213' 
provides amplifying capability and Switch capability, and is 
particularly useful to amplify a data signal or an address 
signal having passed through the thick metal lines or traces 
83 over the passivation layer 5 acting as data or address 
buses. 
(0199. In FIG. 5K, a relatively great output current is 
required at the output node Xo' of the internal circuit 21 
when a heavy load is demanded by an internal circuit 
connected to the output node Xo' of the internal circuit 21, 
or when the internal circuit 24 is far away from the internal 

Apr. 3, 2008 

circuit 21 in a distance of greater than 1 mm or of greater 
than 3 mm. To provide a relatively great output current, the 
internal circuit 21 can be designed as an internal receiver 
212" shown in FIG. 5L or an internal tri-state input buffer 
213' shown in FIG.5M. 
0200 Referring to FIG. 5K, a signal output from the 
internal circuit 24 can be transmitted to an n-channel MOS 
transistor of the internal circuit 21, wherein the n-channel 
MOS transistor may have a ratio of a physical channel width 
thereof to a physical channel length thereof ranging from 0.1 
to 20, ranging from 0.1 to 10, or preferably ranging from 0.2 
to 2. Alternatively, a signal output from the internal circuit 
24 can be transmitted to a p-channel MOS transistor of the 
internal circuit 21, wherein the p-channel MOS transistor 
2102 may have a ratio of a physical channel width thereof 
to a physical channel length thereof ranging from 0.2 to 40, 
ranging from 0.2 to 20, or preferably ranging from 0.4 to 4. 
In this application, the current level output from the internal 
circuit 24 and transmitted through the thick metal trace 83' 
over the passivation layer 5 is, for example, in a range of 
between 50 LA and 2 mA, and preferably of between 100LLA 
and 1 mA. 

0201 In FIGS. 5L and 5M, the n-channel MOS transis 
tors 2103, 2107 and 2107 may have a ratio of a physical 
channel width thereof to a physical channel length thereof 
ranging from 1.5 to 30, and preferably ranging from 2.5 to 
10. The p-channel MOS transistors 2104, 2108 and 2108 
may have a ratio of a physical channel width thereof to a 
physical channel length thereof ranging from 3 to 60, and 
preferably ranging from 5 to 20. In FIG. 5L, the n-channel 
MOS transistor 2103 may have a ratio of a physical channel 
width thereof to a physical channel length thereof ranging 
from 0.1 to 20, ranging from 0.1 to 10, or preferably ranging 
from 0.2 to 2, and the p-channel MOS transistor 2104" may 
have a ratio of a physical channel width thereof to a physical 
channel length thereof ranging from 0.2 to 40, ranging from 
0.2 to 20, or preferably ranging from 0.4 to 4. Referring to 
FIGS. 5K, SL and 5M, the internal receiver 212 or internal 
tri-state input buffer 213 may receive a signal output from 
the output node Wo of the internal circuit 24 and transmitted 
through the thick metal trace or bus 83' over the passivation 
layer 5 but not to an external circuit. A current passing 
through the thick metal trace or line 83' over the passivation 
layer 5 and inputting the node Xi' of the internal circuit 21, 
provided by the internal driver 212 or internal tri-state buffer 
213, may be between 500 LA and 10 mA, and preferably 
between 700 LA and 2 mA. 
0202 The concept shown in FIG. 5K can be applied to a 
memory chip, as illustrated in FIGS. 5N-5R. The memory 
chip includes memory cells 215 and sense amplifiers 214 
that can be referred to those illustrated in FIG. SF. In FIGS. 
5F and 5N-5R, same reference numbers indicate same 
elements. 

(0203 Referring to FIG. 5N, the above-mentioned tri 
state input buffer 213' is employed to be the internal circuit 
21 shown in FIG. 5K and has an output node Xo' connected 
to the bit (bar) line 2172 and an input node Xi' connected to 
the internal circuits 22, 23 and 24. Such as logic gates, 
through the above mentioned thick metal plane, bus or trace 
83 over the passivation layer 5, wherein the internal circuit 
24 may alternatively be NOR gate, NAND gate, AND gate, 
OR gate, operational amplifier, adder, multiplexer, diplexer, 
multiplier, A/D converter, D/A converter, CMOS transistor, 
bipolar CMOS transistor or bipolar circuit. 
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0204. In this case, the memory cell 215 is a static random 
access memory (SRAM) cell. Alternatively, the memory cell 
215 may be a dynamic random access memory (DRAM) 
cell, an erasable programmable read only memory 
(EPROM) cell, an electronic erasable programmable read 
only memory (EEPROM) cell, a flash memory cell, a read 
only memory (ROM) cell, or a magnetic random access 
memory (MRAM) cell, which is connected to the output 
node Wo of the logic gate 24 through a thick metal traces 83 
over the passivation layer 5. A tri-state input buffer 213', pass 
gate 216', latch memory 217" or internal receiver 212', as 
shown in FIGS. 5N-5R, may be optionally set on the path 
between any kind of the exampled memory cell 215 and the 
thick metal traces 83' over the passivation layer 5. 
0205 Referring to FIG.5N, the node Pof the regulator or 
converter 41 can be connected to the sources of the PMOS 
transistors 2116 and 2118 of the memory cell 215, the 
sources of the PMOS transistors 2112 and 2114 of the sense 
amplifier 214 and the source of the PMOS transistor 2108 of 
the tri-state input buffer 213' through the above-mentioned 
power plane, bus or trace 81,811 or 812, as shown in FIGS. 
1B, 1C, 2B, 2C, 3B, 3C and 3D, over the passivation layer 
5. The above-mentioned power plane, bus or trace 81,811 or 
812 may contain a patterned circuit layer over the patterned 
circuit layers 831 and/or 832 of the thick and wide signal 
trace, bus or plane 83 as shown in FIGS. 7B-7D. Alterna 
tively, the thick and wide signal trace, bus or plane 83 as 
shown in FIGS. 7B-7D may contain a patterned circuit layer 
over that of the above-mentioned power plane, bus or trace 
81. The node Rs of the regulator or converter 41 can be 
connected to the sources of the NMOS transistors 2115 and 
2117 of the memory cell 215, the sources of the NMOS 
transistors 2111 and 2113 of the sense amplifier 214 and the 
source of the NMOS transistor 2107 of the tri-state input 
buffer 213' through the above-mentioned ground plane, bus 
or trace 82 or 821, as shown in FIGS. 1C, 2C and 3C, over 
the passivation layer 5. The above-mentioned ground plane, 
bus or trace 82 or 821 may contain a patterned circuit layer 
over the patterned circuit layers 831 and/or 832 of the thick 
and wide signal trace, bus or plane 83 as shown in FIGS. 
7B-7D. Alternatively, the thick and wide signal trace, bus or 
plane 83 as shown in FIGS. 7B-7D may contain a patterned 
circuit layer over that of the above-mentioned ground plane, 
bus or trace 82. 

0206 Referring to FIG.5N, when the memory cell 215 is 
in a “WRITE operation, a bit signal can be transmitted to 
the input node Xi' of the tri-state input buffer 213', that is, the 
gates of the PMOS transistors 2108 and the NMOS transis 
tor 2107, through the thick metal line, trace or plane 83' over 
the passivation layer 5, from the output node Wo of the 
internal circuit 24. An amplified bit (bar) signal having a 
desirable waveform or voltage level can be output from the 
output node Xo' of the tri-state input buffer 213', that is, the 
Source of the PMOS transistor 2108 or the Source of the 
NMOS transistor 2107", to the bit (bar) line 2172. With the 
NMOS transistors 2122 and 2119 being turned on, the bit 
(bar) signal on the bit (bar) line can be saved on the trace 
connecting the gates of the PMOS transistor 2118 and 
NMOS transistor 2117 and the Sources of the PMOS tran 
sistor 2116 and NMOS transistor 2115, and the bit signal can 
be saved on the trace connecting the gates of the PMOS 
transistor 2116 and NMOS transistor 2115 and the sources of 
the PMOS transistor 2118 and NMOS transistor 2117. 
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0207. In this case, the thick metal buses or traces 83' may 
be called as bit buses to transmit to-be-written bit data orbit 
(bar) data with 4 bits width, 8 bits width, 16 bits width, 32 
bits width, 64 bits width, 128 bits width, 256 bits width, 512 
bits width, 1024 bits width, 2048 bits width or 4096 bits 
width, output from the tri-state buffers 213. Accordingly, 4. 
8, 16, 32, 64, 128, 256, 512, 1024, 2048 or 4098 bit buses 
arranged in parallel and over the passivation layer 5, may 
connect the input nodes Xi' of multiple internal circuits 21, 
the tri-state input buffers 213' in this case, to multiple output 
nodes of multiple internal circuits 24, such as NOR gates, 
NAND gates, AND gates, OR gates, operational amplifiers, 
adders, multiplexers, diplexers, multipliers, A/D converters, 
D/A converters, CMOS transistors, bipolar CMOS transis 
tors or bipolar circuits. 
0208 Alternatively, multiple address buses 85 connect 
ing an address decoder 205 and the outputs of multiple 
internal circuits 25 and 26 can be formed over the passiva 
tion layer 5, as shown in FIG. 5X, to transmit an address data 
from one of the internal circuits 25 and 26 to the address 
decoder 205 during a “WRITE operation, wherein the 
internal circuits 25 and 26 may be NOR gate, NAND gate, 
AND gate, OR gate, operational amplifier, adder, multi 
plexer, diplexer, multiplier, A/D converter, D/A converter, 
CMOS transistor, bipolar CMOS transistor or bipolar cir 
cuit. The address decoder 205 is connected to multiple word 
lines coupled with multiple memory cells in a memory array. 
Referring to FIGS. 5N and 5X, one of the word lines 2175 
is connected to the gates of the NMOS transistors 2120 and 
2119 of the memory cell 115, transmitting a signal from the 
address decoder 205 to the memory cell to control whether 
the logic level of bit data on the bit line 2171 is saved in the 
trace connecting the drains of the PMOS transistor 2118 and 
NMOS transistor 2117 and the gates of the PMOS transistor 
2116 and NMOS transistor 2115 through the channel of the 
NMOS transistor 2120 and whether the logic level of bit 
(bar) data on the bit (bar) line 2172 is saved in the trace 
connecting the drains of the PMOS transistor 2116 and 
NMOS transistor 2115 and the gates of the PMOS transistor 
2118 and NMOS transistor 2117 are transmitted to the bit 
line 2171 and the bit (bar) line 2172 through the channel of 
the NMOS transistor 2119. Two traces 2177 and 2178 
connect the address decoder 205 and the tri-state input buffer 
213', transmitting an ENABLE signal and an ENABLE (bar) 
signal from the address decoder 205 to the tri-state input 
buffer 213' to control whether the amplified bit (bar) signal 
is output from the tri-state input buffer 213' to the bit (bar) 
line 2172. 

0209. Other embodiments as described below can be 
alternatively attained. Same reference numbers in this patent 
application indicate same or similar elements. 
0210 Referring to FIGS. 5K, the internal circuit 21 may 
be a pass gate 216' as shown in FIG. 5O. The pass gate 216 
may comprise an NMOS transistor 2124' having a gate 
connected to an address decoder 205 through a trace 2180 
under the passivation layer 5, as shown in FIG. 5Y. In a 
“WRITE operation, the address decoder 205 receives an 
address data through multiple address buses 85 over the 
passivation layer 5. The address decoder 205 output a 
WRITE ENABLE data to the gate of the NMOS transistor 
2124' through the trace 2180' to control whether the NMOS 
transistor 2124' is turned on or off. When the NMOS 
transistor 2124' of the pass gate 216' is turned on, the bit data 
transmitted through the thick metal line, trace or plane 83 
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can be output from the pass gate 216" to the bit line 2171 
through the channel of the NMOS transistor 2124'. 
0211 Referring to FIGS. 5K, the internal circuit 21 may 
be a latch circuit 217" as shown in FIG. SP. The latch circuit 
217 may temporally store the data transmitted through the 
thick metal line, trace or plane 83". The latch circuit 217' 
comprises two PMOS transistors 2901 and 2902' and two 
NMOS transistors 2903' and 2904. A trace 2905' connects 
the gates of the PMOS transistor 2902 and NMOS transistor 
2904 and the drains of the PMOS transistor 2901" and 
NMOS transistor 2903'. A trace 2906' connects the gates of 
the PMOS transistor 2901" and NMOS transistor 2903' and 
the drains of the PMOS transistor 2902' and NMOS tran 
sistor 2904". The latch circuit 217 may further comprise two 
NMOS transistors 2129' and 2130' having the gates con 
nected to an address decoder 205 through metal traces 2181' 
and 2182 under the passivation layer 5, as shown in FIG. 
5Z. In a “WRITE operation, the address decoder 205 
receives an address data output from the output nodes Ao or 
Bo of the internal circuit 25 or 26 through multiple address 
buses 85 over the passivation layer 5. The address decoder 
205 output WRITE ENABLE data (WE1 and WE2) to the 
gates of the NMOS transistors 2129' and 2130' through the 
traces 2181" and 2182 to control whether the NMOS tran 
sistors 2129' and 2130' are turned on or off, respectively. 
When the NMOS transistor 2130' is turned on, the bit (bar) 
data output from the internal circuit 24 through the thick 
metal line, trace or plane 83', data bus, over the passivation 
layer 5 can be latched in the trace 2906 through the channel 
of NMOS transistor 2130', and the bit data is latched in the 
trace 2905". When the NMOS transistor 2129" is turned on, 
the bit data latched in the trace 2905' can be output to the bit 
line 2171 through the channel of the NMOS transistor 2129". 
0212 Referring to FIG. 5P, the node P of the regulator or 
converter 41 can be connected to the sources of the PMOS 
transistors 2116 and 2118 of the memory cell 215, the 
sources of the PMOS transistors 2112 and 2114 of the sense 
amplifier 214 and the sources of the PMOS transistors 2901" 
and 2902' of the latch circuit 217 through the above 
mentioned power plane, bus or trace 81, 811 or 812, as 
shown in FIGS. 1B, 1C, 2B, 2C, 3B, 3C and 3D, over the 
passivation layer 5. The above-mentioned power plane, bus 
or trace 81,811 or 812 may contain a patterned circuit layer 
over the patterned circuit layers 831 and/or 832 of the thick 
and wide signal trace, bus or plane 83 as shown in FIGS. 
7B-7D. Alternatively, the thick and wide signal trace, bus or 
plane 83 as shown in FIGS. 7B-7D may contain a patterned 
circuit layer over that of the above-mentioned power plane, 
bus or trace 81. The node Rs of the regulator or converter 41 
can be connected to the sources of the NMOS transistors 
2115 and 2117 of the memory cell 215, the sources of the 
NMOS transistors 2111 and 2113 of the sense amplifier 214 
and the Sources of the NMOS transistors 2903' and 2904 of 
the latch circuit 217 through the above-mentioned ground 
plane, bus or trace 82 or 821, as shown in FIGS. 1C, 2C and 
3C, over the passivation layer 5. The above-mentioned 
ground plane, bus or trace 82 or 821 may contain a patterned 
circuit layer over the patterned circuit layers 831 and/or 832 
of the thick and wide signal trace, bus or plane 83 as shown 
in FIGS. 7B-7D. Alternatively, the thick and wide signal 
trace, bus or plane 83 as shown in FIGS. 7B-7D may contain 
a patterned circuit layer over that of the above-mentioned 
ground plane, bus or trace 82. 
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0213 However, the pass gate 216 in FIG. 5O or the latch 
circuit 217" in FIG. 5P may not provide the enough sensi 
tivity to detect a weak voltage variation at the input node of 
the pass gate 216 or the latch circuit 217 in a “WRITE 
operation. To amplify the Voltage level of a signal transmit 
ted through the thick metal line, trace or plane 83' in a long 
distance and output from the logic circuit 24, the internal 
circuit 21 may comprise the above-mentioned internal 
receiver 212" connected to the input node of the pass gate 
216', as shown in FIG. 5O, or connected to the input node 
of the latch circuit 217", as shown in FIG. 5R, to amplify bit 
data inputting to the pass gate 216" or to the latch circuit 217". 
Referring to FIGS. 5O and 5R, the input node of the internal 
receiver 212 is connected to the output node Wo of the 
internal circuit 24 through the thick metal line, trace or plane 
83" as shown in FIG. SK. 

0214) Referring to FIG.5O, the node P of the regulator or 
converter 41 can be connected to the sources of the PMOS 
transistors 2116 and 2118 of the memory cell 215, the 
sources of the PMOS transistors 2112 and 2114 of the sense 
amplifier 214 and the sources of the PMOS transistors 2104 
and 2104 of the internal receiver 212 through the above 
mentioned power plane, bus or trace 81, 811 or 812, as 
shown in FIGS. 1B, 1C, 2B, 2C, 3B, 3C and 3D, over the 
passivation layer 5. The above-mentioned power plane, bus 
or trace 81,811 or 812 may contain a patterned circuit layer 
over the patterned circuit layers 831 and/or 832 of the thick 
and wide signal trace, bus or plane 83 as shown in FIGS. 
7B-7D. Alternatively, the thick and wide signal trace, bus or 
plane 83 as shown in FIGS. 7B-7D may contain a patterned 
circuit layer over that of the above-mentioned power plane, 
bus or trace 81. The node Rs of the regulator or converter 41 
can be connected to the sources of the NMOS transistors 
2115 and 2117 of the memory cell 215, the sources of the 
NMOS transistors 2111 and 2113 of the sense amplifier 214 
and the Sources of the NMOS transistors 2103' and 2103 of 
the receiver circuit 212 through the above-mentioned 
ground plane, bus or trace 82 or 821, as shown in FIGS. 1C, 
2C and 3C, over the passivation layer 5. The above-men 
tioned ground plane, bus or trace 82 or 821 may contain a 
patterned circuit layer over the patterned circuit layers 831 
and/or 832 of the thick and wide signal trace, bus or plane 
83 as shown in FIGS. 7B-7D. Alternatively, the thick and 
wide signal trace, bus or plane 83 as shown in FIGS. 7B-7D 
may contain a patterned circuit layer over that of the 
above-mentioned ground plane, bus or trace 82. 
0215 Referring to FIG.5R, the node P of the regulator or 
converter 41 can be connected to the sources of the PMOS 
transistors 2116 and 2118 of the memory cell 215, the 
sources of the PMOS transistors 2112 and 2114 of the sense 
amplifier 214, the sources of the PMOS transistors 2901' and 
2902' of the latch circuit 217" and the sources of the PMOS 
transistors 2104' and 2104 of the internal receiver 212 
through the above-mentioned power plane, bus or trace 81, 
811 or 812, as shown in FIGS. 1B, 1C, 2B, 2C, 3B, 3C and 
3D, over the passivation layer 5. The above-mentioned 
power plane, bus or trace 81, 811 or 812 may contain a 
patterned circuit layer over the patterned circuit layers 831 
and/or 832 of the thick and wide signal trace, bus or plane 
83 as shown in FIGS. 7B-7D. Alternatively, the thick and 
wide signal trace, bus or plane 83 as shown in FIGS. 7B-7D 
may contain a patterned circuit layer over that of the 
above-mentioned power plane, bus or trace 81. The node Rs 
of the regulator or converter 41 can be connected to the 
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Sources of the NMOS transistors 2115 and 2117 of the 
memory cell 215, the sources of the NMOS transistors 2111 
and 2113 of the sense amplifier 214, the sources of the 
NMOS transistors 2903' and 2904 of the latch circuit 217' 
and the sources of the NMOS transistors 2103' and 2103 of 
the internal receiver 212 through the above-mentioned 
ground plane, bus or trace 82 or 821, as shown in FIGS. 1C, 
2C and 3C, over the passivation layer 5. The above-men 
tioned ground plane, bus or trace 82 or 821 may contain a 
patterned circuit layer over the patterned circuit layers 831 
and/or 832 of the thick and wide signal trace, bus or plane 
83 as shown in FIGS. 7B-7D. Alternatively, the thick and 
wide signal trace, bus or plane 83 as shown in FIGS. 7B-7D 
may contain a patterned circuit layer over that of the 
above-mentioned ground plane, bus or trace 82. 
0216 Referring to FIG. 5S, another important application 
of the thick metal line, trace or plane 83 over the passivation 
layer 5 may be used to transport a precise analog signal. The 
thick metal line, trace or plane 83 has low resistance and 
capacitance per unit length characteristics and thereby offers 
a low signal distortion of analog signals. FIG. 5S shows a 
circuit design with an over-passivation metal bus, trace or 
line 83 connecting multiple analog circuits 21, 22, 23 and 
24. The design is similar to FIG. 5B except that the internal 
circuits 21, 22, 23 and 24 are analog circuits, or mixed-mode 
circuits comprising an analog circuit and a digital circuit. 
The thick metal bus, trace or line 83 over the passivation 
layer 5 connects the analog circuits 21, 22, 23 and 24. An 
analog signal output from the output node Yo of the analog 
circuit 21 can be transmitted to the input node Ui' of the 
internal circuit 22 through the fine-line metal structure 631 
under the passivation layer 5, then through the thick metal 
bus, trace or plane 83 over the passivation layer 5, and then 
through the fine-line metal structures 632a and 632b under 
the passivation layer 5. An analog signal output from the 
output node Yo of the analog circuit 21 can be transmitted 
to the input node Vi" of the internal circuit 23 through the 
fine-line metal structure 631 under the passivation layer 5, 
then through the thick metal bus, trace or plane 83 over the 
passivation layer 5, and then through the fine-line metal 
structures 632a and 632c under the passivation layer 5. An 
analog signal output from the output node Yo of the analog 
circuit 21 can be transmitted to the input node Wi" of the 
internal circuit 24 through the fine-line metal structure 631 
under the passivation layer 5, then through the thick metal 
bus, trace or plane 83 over the passivation layer 5, and then 
through the fine-line metal structure 634 under the passiva 
tion layer 5. 
0217. The analog circuits 21, 22, 23 and 24 can be an 
operational amplifier, amplifier, pre-amplifier, a power 
amplifier, an analog to digital (A/D) converter, a digital to 
analog (D/A) converter, a pulse reshaping circuit, a Switched 
capacitor filter, a RC filter, or other kind of analog circuits. 
FIG. 5T shows a case where the internal circuit 21 in FIG. 
5S is an operational amplifier 218 with an output node Yo 
connected to the metal interconnection lines or traces 83 
over the passivation layer 5. The operational amplifier 218 
is designed based on a CMOS technology, referring to 
“CMOS Digital Circuit Technology” by M. Shoji, published 
by Prentice-Hall, Inc., New Jersey in 1987. Differential 
analog signals can be input into two input nodes Yi-- and 
Yi-of a differential circuit 219 provided in the operational 
amplifier 218 and with two n-MOS transistors 2125 and 
2127 and two p-MOS transistors 2126 and 2128, wherein the 
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input nodes Yi-- and Yi- are connected to the gates of the 
p-MOS transistors 2128 and 2126, respectively. The sources 
of the p-MOS transistors 2126 and 2128 are connected to a 
drain of a p-MOS transistor 2132 that is controlled by a 
voltage at the node 2138 determined by resistance of a 
resistor 2134. The output of the differential circuit 219 at the 
drains of the n-channel MOS transistor 2127 and the p-chan 
nel MOS transistor 2128 is connected to a gate of an 
n-channel MOS transistor 2135 and to a top electrode 21331 
of the capacitor 2133. An output node Yo is at a bottom 
electrode 21332 of the capacitor 2133, at the drain of the 
n-channel MOS transistor 2135, and at a drain of the 
p-channel MOS transistor 2136. The p-MOS transistor 2136 
is controlled by a voltage at the node 2138 determined by 
resistance of a resistor 2134. Thereby, the voltage at the 
output node Yo is controlled by what degree the n-MOS 
transistor 2135 is turned on and by the output of the 
differential circuit 219. The capacitor 2133 are often used for 
an analog circuit, and are usually formed by a MOS capaci 
tor (using the poly gate and the silicon Substrate as two 
electrodes of the capacitor 2133), or a poly-to-poly capacitor 
(using a first poly silicon and a second poly silicon as two 
electrodes of the capacitor 2133). The capacitor 2133 may 
have a function to reduce a noise input from the input nodes 
Yi-- and Yi-. The resistor 2134 is also often used for an 
analog circuit, and is usually provided by an impurity-doped 
diffusion area with doping density of 10'-10''/cm, such as 
n well or p well, or of 10'-10/cm, such as N* diffusion 
or P' diffusion, in the silicon substrate, and/or an impurity 
doped poly silicon. The circuit shown in FIG. 5T can output 
a voltage Yo proportionally amplifying the differential value 
of the input voltages Yi-- and Yi-. 
0218. The thick metal bus, trace or plane 83 and 83' 
illustrated in FIGS. 5B-57 can be realized by forming the 
circuit metal layers 831 and/or 832 and the polymer layers 
95, 98 and/or 99 shown in FIGS. 7B-7D, or by forming the 
circuit metal layers 801 and/or 802 and the polymer layers 
95, 97,98 and/or 99 shown in FIGS. 15A-21K. 

Third Embodiment 

Complete Architecture of the Invention 

0219. The technology of forming the coarse metal con 
ductor provides other advantages for the IC chip. The 
technology of manufacturing the coarse trace, bus or plane 
83 or 83' over the passivation layer 5 may comprises gold, 
copper, silver, palladium, rhodium, platinum, ruthenium, or 
nickel. Various kinds of contacting structures such as Solder 
bumps, solder pads, Solder balls, Au bumps, gold pads, Pd 
pads, Al pads, or wire bonding pads can be formed on the 
coarse trace, bus or plane 83 to connect the IC chip to an 
external circuitry easily. In FIGS. 5B, 5K, 5S, 7B, 7C and 
7D, the thick metal trace, bus or plane 83 over the passiva 
tion layer 5 are used to transport signals input to or output 
from the internal circuits 21, 22, 23 or 24. The internal 
circuits 21, 22, 23 or 24 are not connected to an external 
circuit through the thick metal trace, bus or plane 83 over the 
passivation layer 5. Yet, an IC chip may be connected to and 
communicated with an external circuit. When a signal is 
transmitted to external circuits or components, some off 
chip circuitry is required to (1) drive the large current load 
of external circuits, parasitics or components, (2) detect 
noisy signals from the external circuits or components, and 
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(3) prevent the internal circuits from being damaged by the 
Surge electrical stimulus from external circuits or compo 
nentS. 

0220 FIGS. 8B, 9B and 10B depict a schematic archi 
tecture according to a third preferred embodiment of the 
present invention. FIG. 8B shows a circuit diagram accord 
ing to a third preferred embodiment of the present invention. 
FIG. 9B shows a top view realizing the circuit diagram of 
FIG. 8B. FIG. 10B shows a cross-sectional view realizing 
the circuit diagram of FIG. 8B. 
0221) Referring to FIGS. 8B, 9B and 10B, the off-chip 
I/O circuit 42 is connected to the output node of the internal 
circuit 21 and to the input nodes of the internal circuits 22, 
23 and 24. A metal bump 89 for being connected to an 
external circuit may be formed on a redistributed pad 8310. 
The redistributed metal trace 83r over the passivation layer 
5 connects the redistributed pad 8310 to the original pad 
6390 exposed by an opening 539 in the passivation layer 5, 
wherein the position of the redistributed pad 8310 from a top 
perspective view is different from that of the original pad 
6390. The original pad 6390 is connected to the I/O circuit 
42 and to the ESD circuit 43. A signal may be transmitted 
from the internal circuit 21 to an external circuitry through 
the thick metal bus, trace or plane 83, then through the 
off-chip I/O circuit 42, and then through the thick metal bus, 
trace or plane 83r; a signal may be transmitted from an 
external circuit to the internal circuits 22, 23 and/or 24 
through the thick metal traces, buses or plane 83r, through 
the off-chip I/O circuit 42 and then through the thick metal 
bus, trace or plane 83; a signal may be transmitted from the 
internal circuit 21 to the internal circuits 22, 23 and/or 24 
through the thick metal bus, trace or plane 83. 
0222. The shape of the openings 531, 532,534 and 539 
from a top perspective view may be round, square, rectan 
gular or polygon. If the openings 531, 532,534 and 539 are 
round, the openings 531, 532 and 534 may have a diameter 
of between 0.1 and 200 microns, between 1 and 100 
microns, or, preferably, between 0.1 and 30 microns. If the 
openings 531,532 and 534 are square, the openings 531,532 
and 534 may have a width of between 0.1 and 200 microns, 
between 1 and 100 microns, or, preferably, between 0.1 and 
30 microns. If the openings 531, 532 and 534 are rectangu 
lar, the openings 531, 532 and 534 may have a width of 
between 0.1 and 200 microns, between 1 and 100 microns, 
or, preferably, between 0.1 and 30 microns, and a length of 
between 1 micron and 1 centimeter. If the openings 531, 532 
and 534 are polygon having more than five sides, the 
openings 531, 532 and 534 have a greatest diagonal length 
of between 0.1 and 200 microns, between 1 and 100 
microns, or, preferably, between 0.1 and 30 microns. Alter 
natively, the openings 531, 532 and 534 have a greatest 
transverse dimension of between 0.1 and 200 microns, 
between 1 and 100 microns, or, preferably, between 0.1 and 
30 microns. In a case, the openings 531, 532 and 534 have 
a width of between 0.1 and 30 microns, with the lower 
portion of the openings 9531,9532 and 9514 in the polymer 
layer 95 having a width of between 20 and 100 microns. 
0223) Alternatively, referring to FIG. 8C, the element 42 
may be an off-chip receiver. The off-chip receiver 42 is 
connected to the input nodes of the internal circuits 21, 22. 
23 and 24 through the thick metal bus, trace or plane 83. 
0224. Alternatively, referring to FIG. 8G, the element 42 
may be an off-chip driver. The off-chip driver 42 is con 
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nected only to the output nodes of the internal circuits 21, 
22, 23 and 24 through the thick metal bus, trace or plane 83. 
0225 FIGS. 8B and 8C show a simplified circuitry dia 
gram where a thick metal trace 83 over a passivation layer 
5 connects an off-chip I/O circuit 42, such as external driver 
or external receiver, and internal circuits 21, 22, 23 and 24. 
FIG.9B shows a top view of a semiconductor chip realizing 
the circuitry shown in FIGS. 8B and 8C, wherein coarse 
traces 83 and 83r shown in FIG.9B mean the traces formed 
over the passivation layer 5, and fine traces 69, 632a, 632b 
and 632c shown in FIG. 9B mean the traces formed under 
the passivation layer 5. FIG. 10B shows a cross-sectional 
view of a semiconductor chip realizing the circuitry shown 
in FIGS. 8B and 8C. FIG. 9B shows a top view of the 
semiconductor chip shown in FIG. 10B. FIGS. 8B, 9B, 10B, 
10C, 10D and 10E show the circuitry architecture of the 
invention using the two hierarchies of the fine-line IC metal 
structures 639, 639, 631, 632, 634 and 69 under the passi 
vation layer 5 and the coarse metal traces 83, 831, 832 and 
83r over the passivation layer 5, with the consideration of 
whole chip design of the internal and external circuit con 
nection. 

0226 Referring to FIGS. 8B, 9B and 10B, the internal 
circuit 21 may output a signal to other internal circuits 22, 
23 and 24 through the thick metal bus, trace or plane 83 over 
the passivation layer 5, as described in FIGS. 5B-5J and 
5S-5T, and, besides, the internal circuit 21 may output a 
signal to an external circuit through, in sequence, the fine 
line metal trace 631 under the passivation layer 5, the thick 
metal trace 83 over the passivation layer 5, the fine-line 
metal trace 639 under the passivation layer 5, the I/O circuit 
42, such as external driver, the fine-line metal trace 69 under 
the passivation layer 5, the redistributed trace 83r over the 
passivation layer 5 and the metal bump 89 on the redistrib 
uted trace 83r. 

0227. Referring to FIGS. 8C,9B and 10B, a signal output 
from the internal circuit 24 may be transmitted to the internal 
circuit 21 through the thick metal bus, trace or plane 83' over 
the passivation layer 5, as described in FIGS. 5K-5R, and, 
besides, a signal output from an external circuit may be 
transmitted to the internal circuit 21 through the metal bump 
89, the redistributed trace 83r, the fine-line metal trace 69 
under the passivation layer 5, the I/O circuit 42, such as 
external receiver, the fine-line metal trace 639 under the 
passivation layer 5, the thick metal bus, trace or plane 83 
over the passivation layer 5 and the fine-line metal trace 631' 
under the passivation layer 5. A signal output from the 
internal circuit 24 may be transmitted to the internal circuit 
22 through the thick metal bus, trace or plane 83' over the 
passivation layer 5, as described in FIGS. 5K-5R, and, 
besides, a signal output from an external circuit may be 
transmitted to the internal circuit 22 through the metal bump 
89, the redistributed trace 83r, the fine-line metal trace 69 
under the passivation layer 5, the I/O circuit 42, such as 
external receiver, the fine-line metal trace 639 under the 
passivation layer 5, the thick metal bus, trace or plane 83 
over the passivation layer 5, the fine-line metal trace 632a 
and 632b' under the passivation layer 5. A signal output from 
the internal circuit 24 may be transmitted to the internal 
circuit 23 through the thick metal bus, trace or plane 83' over 
the passivation layer 5, as described in FIGS. 5K-5R, and, 
besides, a signal output from an external circuit may be 
transmitted to the internal circuit 23 through the metal bump 
89, the redistributed trace 83r, the fine-line metal trace 69 
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under the passivation layer 5, the I/O circuit 42, such as 
external receiver, the fine-line metal trace 639 under the 
passivation layer 5, the thick metal bus, trace or plane 83' 
over the passivation layer 5, the fine-line metal trace 632a' 
and 632c' under the passivation layer 5. 
0228. In this embodiment, referring to FIGS. 8B and 8C, 
a signal transmitted through the thick metal bus, trace or 
plane 83 or 83' over the passivation layer 5 in the internal 
scheme 200 can be transmitted to or from the external circuit 
(not shown) through an off-chip scheme 40 including an I/O 
circuit 42, such external driver or receiver 42, and an ESD 
(electro static discharge) circuit 43. The ESD circuit 43 is 
connected in parallel with the I/O circuit 42 through the trace 
69 under the passivation layer 5. The redistributed metal 
trace 83r can be used for redistribution of the IC fine-line 
metal (I/O) pads 6390 in FIG. 10B, relocated to a different 
location, for example an over-passivation metal pads 8310 in 
FIG. 10B, resulting in readily being connected to an external 
circuit. Such as another semiconductor chip, ball-grid-array 
(BGA) substrate or ceramic substrate through the metal 
bump 89 or through a wirebonded wire bonded onto the pad 
8310, to a flexible substrate through the meal bump 89 
preferably including a gold layer having a thickness of 
between 7 and 25 micrometers using a gold-to-gold bonding 
technology or using a gold-to-tin bonding technology, or to 
a glass substrate through the meal bump 89 preferably 
including a gold layer having a thickness of between 7 and 
25 micrometers via an anisotropic conductive film (ACF) or 
anisotropic conductive paste ACP. The redistributed metal 
line, trace or plane 83r can be formed during forming the 
over-passivation interconnection scheme 83. 
0229 Referring to FIG. 11F, the off-chip circuitry 40, in 
FIGS. 8B and 8C, for being connected to the external 
circuitry may include an ESD circuit 43, composed of two 
diodes 4331 and 4332, and an I/O circuit 42. 
0230. In a first aspect, the I/O circuit 42 may be an 
off-chip driver 421, as shown in FIG. 11A, in application to 
the circuit architecture shown in FIG. 8B, having an input 
node F connected to the internal circuits 20 through the thick 
and wide circuit trace 83, and an output node E connected, 
in parallel with the ESD circuit 43, to the metal bump 89. 
FIG. 11A shows an example of a two-stage cascade off-chip 
driver 421, CMOS cascade driver. The cascade driver may 
comprise several stages of inverters. The off-chip driver 421 
may include two inverters 421" and 421", wherein the 
inverter 421" is composed of an NMOS device 4201 and a 
PMOS device 4202, and the inverter 421" is composed of an 
NMOS device 4203 and a PMOS device 4204. The gates of 
the PMOS device 4202 and the NMOS device 42.01 serve as 
the input node F, and 4 the drains of the PMOS device 4204 
and the NMOS device 4203 serve as the output node E. The 
drains of the PMOS device 4202 and the NMOS device 42.01 
are connected to the gates of the PMOS device 4204 and the 
NMOS device 4203. 

0231 Referring to FIG. 11A, the above-mentioned power 
plane, bus or trace 81,811 or 812, as shown in FIGS. 1B, 1C. 
2B, 2C, 3B, 3C and 3D, over the passivation layer 5 can 
connect the node P of the regulator or converter 41 and the 
Sources of the PMOS devices 4202 and 4204. The above 
mentioned power plane, bus or trace 81, 811 or 812 may 
contain a patterned circuit layer over the patterned circuit 
layers 831 and/or 832 of the thick and wide signal trace, bus 
or plane 83 as shown in FIGS. 10B-10D and 10G. Alterna 
tively, the thick and wide signal trace, bus or plane 83 as 
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shown in FIGS. 10B-10D and 10G may contain a patterned 
circuit layer over that of the above-mentioned power plane, 
bus or trace 81. The above-mentioned ground plane, bus or 
trace 82 or 821, as shown in FIGS. 1C, 2C and 3C, over the 
passivation layer 5 can connect the node RS of the regulator 
or converter 41 and the sources of the NMOS devices 4201 
and 4203. The above-mentioned ground plane, bus or trace 
82 or 821 may contain a patterned circuit layer over the 
patterned circuit layers 831 and/or 832 of the thick and wide 
signal trace, bus or plane 83 as shown in FIGS. 10B-10E and 
10G. Alternatively, the thick and wide signal trace, bus or 
plane 83 as shown in FIGS. 10B-10E and 10G may contain 
a patterned circuit layer over that of the above-mentioned 
ground plane, bus or trace 82. 
0232. The first stage 421' of the off-chip driver in FIG. 
11A is an inverter with the NMOS device 4201 having a 
ratio of a physical channel width thereof to a physical 
channel length thereof greater than those of all NMOS 
devices in the internal circuits 20 connected to the input 
node F of the off-chip driver 421, and with the PMOS device 
4202 having a ratio of a physical channel width thereof to a 
physical channel length thereof greater than those of all 
PMOS devices in the internal circuits 20 connected to the 
input node F of the off-chip driver 421. The NMOS tran 
sistor 4203 may have a ratio of a physical channel width 
thereof to a physical channel length thereof ranging from 20 
to 20,000, and preferably ranging from 30 to 300. The 
PMOS transistor 4204 may have a ratio of a physical 
channel width thereof to a physical channel length thereof 
ranging from 40 to 40,000, and preferably ranging from 60 
to 600. The output current of an off-chip driver 421 is 
proportional to the number of stages and the size (W/L, 
MOS transistor's channel width to length ratio, more pre 
cisely, the MOS effective channel width to effective channel 
length ratio) of transistors used in each stage of the off-chip 
driver. The off-chip driver 421 may output a driving current 
of between 5 mA and 5 A and, preferably, between 10 mA 
and 100 mA. 

0233 Provided that the off-chip driver 421 shown in FIG. 
11A is applied to the circuit architecture shown in FIG. 8B 
for a power management chip, the NMOS transistor 4203 of 
the off-chip driver 421 may have a ratio of a physical 
channel width thereof to a physical channel length thereof 
ranging from 2,000 to 200,000, and preferably ranging from 
2,000 to 20,000. The PMOS transistor 4204 may have a ratio 
of a physical channel width thereof to a physical channel 
length thereof ranging from 4,000 to 400,000, and prefer 
ably ranging from 4,000 to 40,000. The off-chip driver 421 
may output a driving current of between 500 mA and 50 A 
and, preferably, between 500 mA and 5 A. 
0234. In a second aspect, the I/O circuit 42 may be an 
off-chip receiver 422, as shown in FIG. 11B, in application 
to the circuit architecture shown in FIG. 8C, having an 
output node F connected to the internal circuits 21, 22 and 
23 through the thick and wide circuit trace 83, and an input 
node E connected, in parallel with the ESD circuit 43, to the 
metal bump 89. FIG. 11B shows an example of a two-stage 
cascade off-chip receiver 422, CMOS cascade receiver. The 
off-chip receiver 422 may receive a signal from an external 
circuitry through the metal bump 89 and output an amplified 
signal to the internal circuits 21, 22 and 23 through the thick 
and wide trace or bus 83". The first stage 422', close to the 
external circuitry, of the off-chip receiver 422 is an inverter 
having an NMOS device 4205 and a PMOS device 4206 
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with a size designed to detect a noisy external signal. The 
first stage receives a noisy signal at point E from the external 
circuits or components, such as signal from another chip. 
The second stage 422" of the off-chip receiver 422 is also an 
inverter except that it is formed by a larger size of NMOS 
device 4207 and PMOS device 4208. The second stage of 
the inverter is used to restore the integrity of the noisy 
external signal for the internal circuit. The gates of the 
PMOS device 4205 and the NMOS device 4206 serve as the 
input node E, and the drains of the PMOS device 4208 and 
the NMOS device 4207 serve as the output node F. The 
drains of the PMOS device 4206 and the NMOS device 4205 
are connected to the gates of the PMOS device 4208 and the 
NMOS device 4207. 

0235 Referring to FIG. 11B, the above-mentioned power 
plane, bus or trace 81,811 or 812, as shown in FIGS. 1B, 1C. 
2B, 2C, 3B, 3C and 3D, over the passivation layer 5 can 
connect the node P of the regulator or converter 41 and the 
Sources of the PMOS devices 4206 and 4208. The above 
mentioned power plane, bus or trace 81, 811 or 812 may 
contain a patterned circuit layer over the patterned circuit 
layers 831 and/or 832 of the thick and wide signal trace, bus 
or plane 83 as shown in FIGS. 10B-10D and 10G. Alterna 
tively, the thick and wide signal trace, bus or plane 83 as 
shown in FIGS. 10B-10D and 10G may contain a patterned 
circuit layer over that of the above-mentioned power plane, 
bus or trace 81. The above-mentioned ground plane, bus or 
trace 82 or 821, as shown in FIGS. 1C, 2C and 3C, over the 
passivation layer 5 can connect the node Rs of the regulator 
or converter 41 and the Sources of the NMOS devices 4205 
and 4207. The above-mentioned ground plane, bus or trace 
82 or 821 may contain a patterned circuit layer over the 
patterned circuit layers 831 and/or 832 of the thick and wide 
signal trace, bus or plane 83 as shown in FIGS. 10B-10E and 
10G. Alternatively, the thick and wide signal trace, bus or 
plane 83 as shown in FIGS. 10B-10E and 10G may contain 
a patterned circuit layer over that of the above-mentioned 
ground plane, bus or trace 82. 
0236. The first stage 422 of the off-chip receiver in FIG. 
1B is an inverter with the NMOS device 4205 having a ratio 
of a physical channel width thereof to a physical channel 
length thereof greater than those of all NMOS devices in the 
internal circuits 20 connected to the output node F of the 
off-chip receiver 422, and with the PMOS device 4206 
having a ratio of a physical channel width thereof to a 
physical channel length thereof greater than those of all 
PMOS devices in the internal circuits 20 connected to the 
output node F of the off-chip receiver 422. The NMOS 
transistor 4207 may have a ratio of a physical channel width 
thereof to a physical channel length thereof ranging from 10 
to 20,000, and preferably ranging from 10 to 300. The 
PMOS transistor 4208 may have a ratio of a physical 
channel width thereof to a physical channel length thereof 
ranging from 20 to 40,000, and preferably ranging from 20 
to 600. The off-chip receiver 422 may output a driving 
current of between 2 mA and 5 A and, preferably, between 
3 mA and 100 mA. 

0237 Provided that the off-chip receiver 422 shown in 
FIG. 11B is applied to the circuit architecture shown in FIG. 
8C for a power management chip, the NMOS transistor 4207 
of the off-chip receiver 422 may have a ratio of a physical 
channel width thereof to a physical channel length thereof 
ranging from 10 to 20,000, and preferably ranging from 10 
to 300. The PMOS transistor 4208 may have a ratio of a 
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physical channel width thereof to a physical channel length 
thereof ranging from 20 to 40,000, and preferably ranging 
from 20 to 600. The off-chip receiver 422 may output a 
driving current of between 150 mA and 50 A and, preferably, 
between 150 mA and 5 A. 

0238. In a third aspect, the I/O circuit 42 may be a 
tri-state buffer 423, as shown in FIG. 11C, in application to 
the circuit architecture shown in FIG. 8B, having an input 
node F connected to the internal circuits 20 through the thick 
and wide circuit trace 83, and an output node E, in parallel 
with the ESD circuit 43, connected to the metal bump 89. 
FIG. 11C shows an example of an off-chip tri-state buffer 
423; as an off-chip driver, a common design in IC chips to 
allow multiple logic gates to drive the same output, Such as 
a bus. The tri-state buffer 423, serving as an off-chip driver, 
may include two PMOS devices 4210 and 4212 and two 
NMOS devices 4209 and 4211. The gates of the PMOS 
device 4210 and the NMOS device 4209 serve as the input 
node F, and the drains of the PMOS device 4212 and the 
NMOS device 4211 serve as the output node E. The drain of 
the PMOS device 4210 is connected to the source of the 
PMOS device 4212. The drain of the NMOS device 4209 is 
connected to the source of the NMOS device 4211. The 
tri-state buffer 423 may have a switch function controlled by 
an Enable signal transmitted to the gate of the NMOS device 
4211 and an Enable(bar) signal transmitted to the gate of the 
PMOS device 4212. The off-chip tri-state buffer in FIG. 11C 
can be viewed as a gated inverter. When the enabling signal 
En is high (En is low), the off-chip tri-state buffer outputs a 
signal to an external circuit. When the signal En is set at low 
(En is high), no signal will be output to an external circuit. 
The off-chip tri-state buffer 423 is set to drive the external 
data bus. 

0239 Referring to FIG. 11C, the above-mentioned power 
plane, bus or trace 81,811 or 812, as shown in FIGS. 1B, 1C. 
2B, 2C, 3B, 3C and 3D, over the passivation layer 5 can 
connect the node P of the regulator or converter 41 and the 
Source of the PMOS device 4210. The above-mentioned 
power plane, bus or trace 81, 811 or 812 may contain a 
patterned circuit layer over the patterned circuit layers 831 
and/or 832 of the thick and wide signal trace, bus or plane 
83 as shown in FIGS. 10B-10D and 10G. Alternatively, the 
thick and wide signal trace, bus or plane 83 as shown in 
FIGS. 10B-10D and 10G may contain a patterned circuit 
layer over that of the above-mentioned power plane, bus or 
trace 81. The above-mentioned ground plane, bus or trace 82 
or 821, as shown in FIGS. 1C, 2C and 3C, over the 
passivation layer 5 can connect the node RS of the regulator 
or converter 41 and the Source of the NMOS device 4209. 
The above-mentioned ground plane, bus or trace 82 or 821 
may contain a patterned circuit layer over the patterned 
circuit layers 831 and/or 832 of the thick and wide signal 
trace, bus or plane 83 as shown in FIGS. 10B-10E and 10G. 
Alternatively, the thick and wide signal trace, bus or plane 
83 as shown in FIGS. 10B-10E and 10G may contain a 
patterned circuit layer over that of the above-mentioned 
ground plane, bus or trace 82. 
0240. The NMOS transistors 4209 and 4211 may have a 
ratio of a physical channel width thereof to a physical 
channel length thereof ranging from 20 to 20,000, and 
preferably ranging from 30 to 300. The PMOS transistors 
4210 and 4212 may have a ratio of a physical channel width 
thereof to a physical channel length thereof ranging from 40 
to 40,000, and preferably ranging from 60 to 600. The 
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tri-state buffer 423 may output a driving current of between 
5 mA and 5 A and, preferably, between 10 mA and 100 mA. 
0241 Provided that the tri-state buffer 423 shown in FIG. 
11A is applied to the circuit architecture shown in FIG. 8B 
for a power management chip, the NMOS transistors 4209 
and 4211 of the tri-state buffer 423 may have a ratio of a 
physical channel width thereof to a physical channel length 
thereof ranging from 2,000 to 200,000, and preferably 
ranging from 2,000 to 20,000. The PMOS transistors 4210 
and 4212 may have a ratio of a physical channel width 
thereof to a physical channel length thereof ranging from 
4,000 to 400,000, and preferably ranging from 4,000 to 
40,000. The tri-state buffer 423 may output a driving current 
of between 500 mA and 50 A and, preferably, between 500 
mA and 5 A. 

0242. In a fourth aspect, the I/O circuit 42 may be a 
tri-state buffer 423, as shown in FIG. 11E, in application to 
the circuit architecture shown in FIG. 8C, having an output 
node F connected to the internal circuits 21, 22 and 23 
through the thick and wide circuit trace 83', and an input 
node E, in parallel with the ESD circuit 43, connected to the 
metal bump 89. FIG. 11E shows an example of an off-chip 
tri-state buffer 423, as an off-chip receiver. The tri-state 
buffer 423, serving as an off-chip receiver, may include two 
PMOS devices 4210 and 4212 and two NMOS devices 4209 
and 4211. The gates of the PMOS device 4210 and the 
NMOS device 4209 serve as the input node E, and the drains 
of the PMOS device 4212 and the NMOS device 4211 Serve 
as the output node F. The drain of the PMOS device 4210 is 
connected to the source of the PMOS device 4212. The drain 
of the NMOS device 4209 is connected to the Source of the 
NMOS device 4211. The tri-state buffer 423 may have a 
switch function controlled by an Enable signal transmitted to 
the gate of the NMOS device 4211 and an Enable(bar) signal 
transmitted to the gate of the PMOS device 4212. When the 
enabling signal En is high (En is low), the off-chip tri-state 
buffer outputs a signal to the internal circuits 20. When the 
signal En is set at low (En is high), no signal will be output 
to the internal circuits 20. 

0243 Referring to FIG. 11E, the above-mentioned power 
plane, bus or trace 81,811 or 812, as shown in FIGS. 1B, 1C. 
2B, 2C, 3B, 3C and 3D, over the passivation layer 5 can 
connect the node P of the regulator or converter 41 and the 
Source of the PMOS device 4210. The above-mentioned 
power plane, bus or trace 81, 811 or 812 may contain a 
patterned circuit layer over the patterned circuit layers 831 
and/or 832 of the thick and wide signal trace, bus or plane 
83 as shown in FIGS. 10B-10D and 10G. Alternatively, the 
thick and wide signal trace, bus or plane 83 as shown in 
FIGS. 10B-10D and 10G may contain a patterned circuit 
layer over that of the above-mentioned power plane, bus or 
trace 81. The above-mentioned ground plane, bus or trace 82 
or 821, as shown in FIGS. 1C, 2C and 3C, over the 
passivation layer 5 can connect the node RS of the regulator 
or converter 41 and the Source of the NMOS device 4209. 
The above-mentioned ground plane, bus or trace 82 or 821 
may contain a patterned circuit layer over the patterned 
circuit layers 831 and/or 832 of the thick and wide signal 
trace, bus or plane 83 as shown in FIGS. 10B-10E and 10G. 
Alternatively, the thick and wide signal trace, bus or plane 
83 as shown in FIGS. 10B-10E and 10G may contain a 
patterned circuit layer over that of the above-mentioned 
ground plane, bus or trace 82. 
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0244. The NMOS transistors 4209 and 4211 may have a 
ratio of a physical channel width thereof to a physical 
channel length thereof ranging from 20 to 20,000, and 
preferably ranging from 30 to 300. The PMOS transistors 
4210 and 4212 may have a ratio of a physical channel width 
thereof to a physical channel length thereof ranging from 40 
to 40,000, and preferably ranging from 60 to 600. The 
tri-state buffer 423 may output a driving current of between 
5 mA and 5 A and, preferably, between 10 mA and 100 mA. 
0245 Provided that the tri-state buffer 423 shown in FIG. 
1E is applied to the circuit architecture shown in FIG. 8C for 
a power management chip, the NMOS transistors 4209 and 
4211 of the tri-state buffer 423 may have a ratio of a physical 
channel width thereof to a physical channel length thereof 
ranging from 2,000 to 200,000, and preferably ranging from 
2,000 to 20,000. The PMOS transistors 4210 and 4212 may 
have a ratio of a physical channel width thereof to a physical 
channel length thereof ranging from 4,000 to 400,000, and 
preferably ranging from 4,000 to 40,000. The tri-state buffer 
423 may output a driving current of between 500 mA and 50 
A and, preferably, between 500 mA and 5 A. 
0246 There may be various off-chip input and output 
buffers. The above examples are for the CMOS level signals. 
If the external signal is a transistor-transistor logic (TTL) 
level, a CMOS/TTL buffer is required. If the external signal 
is an emitter coupled logic (ECL) level, a CMOS/ECL 
interface buffer is required. One or more stages of inverters 
can be added between the internal circuits 20 and the 
off-chip tri-state buffer 423 serving as an off-chip driver as 
shown in FIG. 11C or as an off-chip receiver as shown in 
FIG 11E. 

0247. In a fifth aspect, the off-chip I/O circuit 42 may be 
an off-chip driver 421 composed of a first level of inverter 
421" and a second level of inverters 421", as shown in FIG. 
11D, in application to the circuit architecture shown in FIG. 
8B, wherein the first level of inverter 421" is connected in 
series to the second level of inverters 421", and the second 
level of inverters 421" are connected in parallel with one 
another to the first level of inverter 421". FIG. 8E shows a 
circuitry diagram with the off-driver 421 of FIG. 11D 
applied to the circuit architecture shown in FIG. 8C. FIG.9C 
shows a top perspective view realizing the circuit diagram of 
FIG. 8E. FIG. 10H shows a chip structure realizing the 
circuit diagram of FIG. 8E. The off-chip driver 421 has an 
input node F connected to the internal circuits 20 through the 
thick and wide circuit trace 83, and an output node E 
connected, in parallel with the ESD circuit 43, to the metal 
bump 89. The gates of the PMOS device and the NMOS 
device in the first level of inverter 421' serve as the input 
node F, and the drains of the PMOS devices and the NMOS 
devices in the second level of inverters 421" serve as the 
output node E. The drains of the PMOS device and the 
NMOS device in the first level of inverter 421" are connected 
to the gates of the PMOS devices and the NMOS devices in 
the second level of inverters 421" through a thick and wide 
metal trace or bus 83s over the passivation layer 5. The 
drains of the PMOS devices and the NMOS devices in the 
second level of inverters 421" are connected to the metal 
bump 89 through a thick and wide metal trace or bus 83r 
over the passivation layer 5. A patterned circuit layer 831 
formed on the polymer layer 95, such as polyimide, having 
a thickness of between 2 and 30 micrometers may be 
composed of the thick and wide metal traces or buses 83r, 










































































