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ON-CHIP NOISE FILTER CIRCUIT

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention is related to an on-chip noise
filter circuit, and more particularly to a noise filter circuit for
decoupling transient voltage being on power lines of an inte-
grated circuit.

[0003] 2. Description of the Related Art

[0004] An electrostatic discharge (ESD) event is an impor-
tant reliability issue for integrated circuits (ICs). To meet
component-level ESD reliability, on-chip ESD protection cir-
cuits are implemented in the I/O cells and power/ground cells
of CMOS ICs. Besides the component-level ESD issue, the
systeni-level ESD issue has been an increasingly significant
reliability issue for CMOS IC products, which resulted from
strict reliability test standard requirements, such as system-
level ESD tests for electromagnetic compatibility (EMC)
regulations. In general, an electrical product must sustain an
ESD level of +8 kV under a contact-discharge test mode and
+15kV under an air-discharge test mode, so as to meet “level
4” immunity requirements. However, a high energy ESD will
induce noise, thus causing damage or malfunction to CMOS
ICs of electrical products. Furthermore, some CMOS ICs are
very susceptible to system-level ESD stress, even though the
CMOS ICs have passed the component-level ESD specifica-
tions, such as having a human-body-model (HBM) of £2 kV,
a machine-model (MM) of £200V, and a charged-device-
model (CDM) of +1 kV.

[0005] For comprehensive component-level ESD verifica-
tion, two ESD tests with a pin-to-pin ESD stress and a VDD-
10-VSS ESD stress are performed to verify ESD reliability for
an IC chip. The two ESD testing modes often lead to damage
in internal/core circuits of IC chips, as some unanticipated
ESD currents flow into the internal/core circuits through 1/O
pins and power lines. Therefore, a noise filter circuit coupled
between VDD and VSS power lines is necessary for whole-
chip ESD protection. The noise filter circuit can further pro-
vide a low impedance path between VDD and VSS power
lines to efficiently discharge ESD current when an input (or
output) pin is zapped under positive-to-VSS (PS-mode) or
negative-to-VDD (ND-mode) ESD stresses.

[0006] To meet system-level ESD specifications, some
methods are provided to integrate a plurality of discrete noise-
decoupling components or board-level noise filters into a
CMOS IC product, so as to decouple, bypass, or absorb the
electrical transient voltages (energy) under system-level ESD
tests. The noise filter circuit, such as a capacitor filter, ferrite
bead, transient voltage suppressor (TVS), LC-like (2nd-or-
der), and pi-section (3rd-order) filters, can be used to increase
system-level ESD immunity, as shown in FIGS. 1A-1D. In
FIGS. 1A-1D, the noise filter circuits 100A-100D are formed
by the resistors R and decoupling capacitors C with various
structures.

[0007] System-level ESD immunity of CMOS ICs under
systenmi-level ESD tests can be greatly improved by choosing
proper noise filter circuits. Typically, large area/size discrete
noise-bypassing components within the noise filter circuits
can provide better effect for system-level ESD immunity.
However, it is hard to integrate the large discrete components
into a single chip due to process limitations, die size require-
ments, and total cost requirements.
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[0008] Therefore, to meet high system-level ESD specifi-
cations, a chip-level noise filter having strong transient dis-
turbance bypassing capability without requirement a large
area is desired.

BRIEF SUMMARY OF THE INVENTION

[0009] A noise filter circuit and an integrated circuit (IC)
are provided. An embodiment of a noise filter circuit for an IC
is provided. The noise filter circuit comprises a decoupling
unit coupled to a power pad of the IC and a current amplifier
circuit coupled to the decoupling unit and the power pad of
the IC. The decoupling unit generates a first current in
response to a transient voltage being on the power pad of the
IC. The current amplifier circuit drains a second current from
the power pad of the IC according to the first current.

[0010] Furthermore, an embodiment of an IC is provided.
The IC comprises a power pad, a core circuit and a noise filter.
The noise filter comprises a decoupling unit coupled to the
power pad, generating a first current in response to a transient
voltage being on the power pad; and a current amplifier circuit
coupled to the decoupling unit and the power pad, draining a
second current from the power pad according to the first
current.

[0011] A detailed description is given in the following
embodiments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0012] Theinvention can be more fully understood by read-
ing the subsequent detailed description and examples with
references made to the accompanying drawings, wherein:
[0013] FIGS. 1A-1D show conventional noise filter cir-
cuits, respectively;

[0014] FIG. 2 shows an integrated circuit (IC) according to
an embodiment of the invention;

[0015] FIG. 3 shows a noise filter circuit according to an
embodiment of the invention;

[0016] FIG. 4 shows an example diagram of FIG. 3 illus-
trating a system-level ESD transient through simulation with
an underdamped sinusoidal voltage source; and

[0017] FIGS. 5A-5D show the noise filter circuits accord-
ing to other embodiments of the invention, respectively.

DETAILED DESCRIPTION OF THE INVENTION

[0018] The following description is of the best-contem-
plated mode of carrying out the invention. This description is
made for the purpose of illustrating the general principles of
the invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

[0019] FIG. 2 shows an integrated circuit (IC) 200 accord-
ing to an embodiment of the invention. The IC 200 comprises
apower pad VDD, a ground pad VSS, a noise filter circuit 210
and a core circuit 240, wherein the noise filter circuit 210 and
the core circuit 240 connect to the power pad VDD and the
ground pad VSS via the power lines 250 and 260, respec-
tively. In a layout, the power pad VDD and ground pad VSS
are disposed on the edge of the IC 200 and the noise filter
circuit 210 is disposed between the pads VDD/VSS and the
core circuit 240. The noise filter circuit 210 comprises a
decoupling unit 220 and a current amplifier circuit 230,
wherein the decoupling unit 220 is coupled between the cur-
rent amplifier circuit 230 and the power pad VDD. In the
embodiments, the decoupling unit 220 is used to decouple,
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bypass, or absorb the electrical transient voltage (energy) on
the power pad VDD under system-level ESD tests or transient
disturbance zapping conditions. Specifically, the decoupling
unit 220 functions as a decoupling capacitor. The current
amplifier circuit 230 is used to increase the discharge currents
11 and 12 between the power lines 250 and 260. When the
discharge currents I1 and 12 increase, an equivalent capacitor
value of the decoupling unit 220 is increased by multiple
times.

[0020] FIG. 3 shows a noise filter circuit 300 according to
an embodiment of the invention. In the noise filter circuit 300,
a decoupling unit 310 comprises a MOS capacitor CM, and a
current amplifier circuit 320 comprises a current mirror
formed by two transistors M1 and M2 and a resistor RR. In
FIG. 3, the current amplifier circuit 320 drains the current 12
from the power pad VDD through the power line 250 in
response to the current 11 from the MOS capacitor CM.
Therefore, once a transient voltage (energy) occurs on the
power pad VDD and the power line 250, the decoupling unit
310 generates the current I1 to the current amplifier circuit
320, and then the current 12 is drained. Thus, the currents I1
and 12 are shunted to ground through the power line 260 and
the ground pad VSS by the current amplifier circuit 320. For
example, if a device width ratio of the transistor M2 to the
transistor M1 is 4 (M2/M1=4) and a capacitor value of the
MOS capacitor CM is 2-pF, the current from the power line
250 to the ground pad VSS is multiplied by 4+1=5 times, i.e.
11+12=5xI1. Thus, the noise filter circuit 300 is capable of
providing a 10-pF equivalent capacitor (i.e. increasing the
2-pF capacitor by a factor of 5) to decouple, bypass, or absorb
the electrical transient voltage (energy) on the power pad
VDD and the power line 250.

[0021] FIG. 4 shows an example diagram of FIG. 3 illus-
trating a system-level ESD transient through simulation with
an underdamped sinusoidal voltage source, wherein the
waveforms VDDA and VDDB represent the waveforms
obtained on left and right sides of a resistor R1, respectively.
As shown, the waveform VDDB is rapidly degraded when the
simulated ESD-induced disturbance is applied to the power
pad VDD and the ground pad VSS is grounded.

[0022] FIG. 5A shows anoise filter circuit 500A according
to another embodiment of the invention. Similarly, the noise
filter circuit 500A comprises a decoupling unit 510A and a
current amplifier circuit 520. In addition to the capacitor
Cpecouptes the decoupling unit 510A further comprises a for-
ward diode chain, wherein the forward diode chain is formed
by a plurality of diodes D1-DN connected in a forward con-
duction direction from the capacitor Cp,,,,; t0 the current
amplifier circuit 520. In the embodiment, the diodes D1-DN
are used to clamp the ESD overstress voltage on the power
pad VDD or between the power lines 250 and 260. In another
embodiment, the forward diode chain formed by the diodes
D1-DN may be connected between the power pad VDD and
the capacitor Cp,.,,,2.- By connecting the forward diode
chain to the capacitor Cp,pp,7 the decoupling unit S10A
may provide an equivalent decoupling capacitor value to
bypass transient disturbance energy due to the series diode
junction capacitors Cp,,-C,- In other words, the capacitor
C pecoupto and the diode junction capacitors Cy, -Cp form a
decoupling capacitor for the decoupling unit 510A. Thus, the
current amplifier circuit 520 provides the discharge currents
11 and 12 between the power lines 250 and 260, and increases
the equivalent value of the decoupling capacitor under ESD
zapping conditions.
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[0023] FIG. 5B shows a noise filter circuit 500B according
to another embodiment of the invention. Compared with the
decoupling unit 510A, the decoupling unit 510B comprises a
reverse diode chain, wherein the reverse diode chain is
formed by the diodes D1-DN connected in a reverse conduc-
tion direction from the capacitor Cp,,,,z. 1o the current
amplifier circuit 520. Furthermore, the reverse diode chain
may be connected between the power pad VDD and the
capacitor Cp,, - Similarly, the decoupling unit 5108 may
provide an equivalent decoupling capacitor value to bypass
transient disturbance energy due to the series diode junction
capacitors Cp,-Cpy. Furthermore, by increasing a current
amplifying ratio of the current amplifier circuit 520 appropri-
ately, the capacitor Cp,,,,,,;. may be removed from the decou-
pling units 510A and 510B, as shown in FIGS. 5C and 5D,
thus reducing size of the noise filter circuits 500C and 500D.
[0024] As described above, the noise filter circuits of the
invention provide a low impedance path between the power
pad VDD and the ground pad VSS to efficiently discharge
ESD current under ESD stress conditions, thus successfully
decoupling or bypassing fast electrical transients during sys-
tem-level ESD stresses and enhancing the immunity of
CMOS IC products against electrical transient disturbances
without consuming large areas of silicon.

[0025] While the invention has been described by way of
example and in terms of the preferred embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments. To the contrary, it is intended to cover various
modifications and similar arrangements (as would be appar-
ent to those skilled in the art). Therefore, the scope of the
appended claims should be accorded the broadest interpreta-
tion so as to encompass all such modifications and similar
arrangements.

What is claimed is:

1. A noise filter circuit for an integrated circuit (IC), com-
prising:

a decoupling unit coupled to a power pad of the IC, gener-
ating a first current in response to a transient voltage
being on the power pad of the IC; and

a current amplifier circuit coupled to the decoupling unit
and the power pad of the IC, draining a second current
from the power pad of the IC according to the first
current.

2. The noise filter circuit as claimed in claim 1, wherein the
current amplifier circuit amplifies the first current to obtain
the second current and shunts the first current and the second
current to a ground in response to the transient voltage being
on the power pad of the IC under an ESD test.

3. The noise filter circuit as claimed in claim 1, wherein the
current amplifier circuit comprises a current mirror, and the
second current is a multiple of the first current.

4. The noise filter circuit as claimed in claim 1, wherein the
decoupling unit comprises a capacitor coupled between the
power pad of the IC and the current amplifier circuit.

5. The noise filter circuit as claimed in claim 4, wherein the
decoupling unit further comprises at least a diode coupled in
a forward conduction direction from the power pad of the IC
to the capacitor or from the capacitor to the current amplifier
circuit, wherein the capacitor and a junction capacitor of the
diode form a decoupling capacitor for decoupling the tran-
sient voltage being on the power pad of the IC.

6. The noise filter circuit as claimed in claim 4, wherein the
decoupling unit further comprises at least a diode coupled in
areverse conduction direction from the power pad of the IC to
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the capacitor or from the capacitor to the current amplifier
circuit, wherein the capacitor and a junction capacitor of the
diode form a decoupling capacitor for decoupling the tran-
sient voltage being on the power pad of the IC.

7. The noise filter circuit as claimed in claim 1, wherein the
decoupling unit comprises at least a diode coupled in a for-
ward conduction direction from the power pad of the IC to the
capacitor or from the capacitor to the current amplifier circuit,
wherein a junction capacitor of the diode forms a decoupling
capacitor for decoupling the transient voltage being on the
power pad of the IC.

8. The noise filter circuit as claimed in claim 1, wherein the
decoupling unit comprises at least a diode coupled in a
reverse conduction direction from the power pad of the IC to
the capacitor or from the capacitor to the current amplifier
circuit, wherein a junction capacitor of the diode forms a
decoupling capacitor for decoupling the transient voltage
being on the power pad of the IC.

9. An integrated circuit (IC), comprising:

a power pad,

a core circuit; and

anoise filter circuit coupled between the power pad and the

core circuit, comprising:

adecoupling unit coupled to the power pad, generating a
first current in response to a transient voltage being on
the power pad; and

a current amplifier circuit coupled to the decoupling unit
and the power pad, draining a second current from the
power pad according to the first current.

10. The IC as claimed in claim 9, wherein the current
amplifier circuit amplifies the first current to obtain the sec-
ond current and shunts the first current and the second current
to a ground in response to the transient voltage being on the
power pad under an ESD test.

Sep. 20, 2012

11. The IC as claimed in claim 9, wherein the current
amplifier circuit comprises a current mirror, and the second
current is a multiple of the first current.

12. The IC as claimed in claim 9, wherein the decoupling
unit comprises a capacitor coupled between the power pad
and the current amplifier circuit.

13. The IC as claimed in claim 12, wherein the decoupling
unit further comprises at least a diode coupled in a forward
conduction direction from the power pad to the capacitor or
from the capacitor to the current amplifier circuit, wherein the
capacitor and a junction capacitor of the diode form a decou-
pling capacitor for decoupling the transient voltage being on
the power pad.

14. The IC as claimed in claim 12, wherein the decoupling
unit further comprises at least a diode coupled in a reverse
conduction direction from the power pad to the capacitor or
from the capacitor to the current amplifier circuit, wherein the
capacitor and a junction capacitor of the diode form a decou-
pling capacitor for decoupling the transient voltage being on
the power pad.

15. The IC as claimed in claim 9, wherein the decoupling
unit comprises at least a diode coupled in a forward conduc-
tion direction from the power pad to the capacitor or from the
capacitor to the current amplifier circuit, wherein a junction
capacitor of the diode forms a decoupling capacitor for
decoupling the transient voltage being on the power pad.

16. The noise filter circuit as claimed in claim 9, wherein
the decoupling unit comprises at least a diode coupled in a
reverse conduction direction from the power pad to the
capacitor or from the capacitor to the current amplifier circuit,
wherein a junction capacitor of the diode forms a decoupling
capacitor for decoupling the transient voltage being on the
power pad.



