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ABSTRACT

current and threshold voltage variation will significantly affect the
circuit performance, power dissipation, and reliability of circuits.
To overcome the difficulty of planar CMOS scaling, several new
device technologies have been developed as alternatives of the bulksilicon MOSFET structure for improved reliability. Among those
device technologies, the Fin Field Effect Transistor (FinFET) has
been regarded as one of the most promising technologies to substitute the bulk-silicon MOSFET for ultimate scaling [2]. As the
three-dimensional (3-D) structure of FinFETs can better control
the drain-source channel, the leakage current can be significantly
reduced due to the alleviation of SCEs. In addition, the threshold
voltage variation can also be reduced by near-intrinsic channel doping due to random dopant fluctuations [21]. Owing to the reduction
of both leakage current and threshold voltage based on the FinFET technology, it had been suggested to design analog integrated
circuits with FinFETs for greater improvement of power, performance, and chip area [25].

The FinFET technology has been regarded as a better alternative
among different device technologies at 22nm node and beyond due
to more effective channel control and lower power consumption.
However, the gate misalignment problem resulting from process
variation based on the FinFET technology becomes even severer
compared with the conventional planar CMOS technology. Such
misalignment may increase the threshold voltage and decrease the
drain current of a single transistor. When applying the FinFET
technology to analog circuit design, the variation of drain currents
will destroy the current matching among transistors and degrade
the circuit performance. In this paper, we present the first FinFET
placement technique for analog circuits considering the impact of
gate misalignment together with systematic and random mismatch.
Experimental results show that the proposed algorithms can obtain
an optimized common-centroid FinFET placement with much better current matching.
Categories and Subject Descriptors
B.7.2 [Integrated Circuits]: Design Aids - Placement and Routing;
Layout.

: Expected position of the printed gate
: The printed gate with drain-side misalignment
: The printed gate with source-side misalignment
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Analog placement; FinFET; gate misalignment; common centroid.
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INTRODUCTION

In modern system-on-chip (SoC) design, the voltage of a transistor has been aggressively operated from the traditional superthreshold region to the sub/near-threshold region to effectively reduce power consumption of integrated circuits [4]. As the conventional planar CMOS technology scales down to the 22nm node
and beyond, it becomes more and more challenging to effectively
control short channel effects (SCEs) [1]. As a result, high leakage
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Figure 1: An example of gate misalignment of a FinFET [24].
(a) An ideal FinFET without gate misalignment. (b) A real FinFET with either drain-side or source-side gate misalignment.
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Although the FinFET technology can effectively minimize the
impact from SCEs and benefit power, performance, and chip area
of integrated circuits, some lithography-induced process variation,
such as gate misalignment, becomes even more severe. Due to the
gate misalignment, the position of the printed gate of a FinFET may
be deviated from the expected position after a set of lithography
processes, which will increase the threshold voltage and decrease
the drain current of the FinFET [5, 23, 24]. Figure 1 illustrates
an example of gate misalignment. Ideally, the gate of a FinFET is
expected to be located at the center between source and drain, as
shown in Figure 1(a). However, the printed gate is usually misaligned due to process variation, as shown in Figure 1(b). Accord-
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ing to [24], the misaligned distance can be as large as 5nm either
to the source side or the drain side for a 10nm process technology.
Sarangia et al. [23] reported that the threshold voltage of a FinFET, Vth , is more sensitive with source-side misalignment than
with drain-side misalignment. When the gate is misaligned to the
drain side of a FinFET by 5nm in the worst case, Vth will be increased by 0.01V. On the other hand, when the gate is misaligned to
the source side a FinFET by 5nm, Vth will be increased by 0.05V.
Such increment will significantly degrade the drain current of the
FinFET by 40% with a supply voltage of 1V. As most of the analog building blocks, such as current mirrors and differential pairs,
are very sensitive to the current variation or current mismatch, it
is essential to consider the impact of gate misalignment during the
layout design of those building blocks. It should be noted that during IC fabrication, the direction and distance of gate misalignment
of different FinFETs on the same chip are usually the same. What
designers need to do is to carefully arrange the orientations of all
FinFETs within a current mirror or a differential pair such that the
ratio of the drain current among different transistors in a current
mirror or a differential pair can be perfectly matched [5].
To generate a matched layout of the transistors in a current mirror or a differential pair, all the previous works [13, 14, 16, 18, 19,
26, 27, 28] simply followed the general common-centroid rules, including coincidence, symmetry, dispersion, and compactness [6].
None of them considered the impact of gate misalignment arising
from the FinFET technology. Although Long et. al. [16] mentioned
the chirality condition of transistors within a common-centroid structure, such chirality condition cannot achieve the best current matching with the impact of gate misalignment. Other recent works [7,
8, 9, 10, 11, 12] focus on the optimization of common-centroid
capacitor placement, but the capacitors in these works are still not
associated with the FinFET technology.
Different from all the previous works, we present the first problem formulation in the literature for common-centroid FinFET placement with the consideration of the impact of gate misalignment.
Our contributions are summarized as follows:

of gate misalignment. Section 4 details the proposed commoncentroid FinFET placement algorithms. Section 5 shows the experimental results, and Section 6 concludes this paper.

2.

PRELIMINARIES

A current mirror, as shown in Figure 2(a), is one of the most important basic building blocks in many analog circuit components.
It produces a constant replicated current, ICopy , flowing through a
scaled transistor regardless of its loading by copying the reference
current, IRef , flowing through another reference transistor. If the
size, or the channel width, of the scaled transistor is n times larger
than that of the reference transistor, ICopy will be also scaled by a
factor of n with respect to IRef . A current mirror may have several
replicated currents with different scaling factors.
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Figure 2: (a) A current mirror, where the size of the transistors,
M1 and M2 , are the same. (b) An example common-centroid
FinFET placement of the current mirror in (a), where M1 and
M2 are split into two sub-transistors with the same number of
fins, respectively.
When generating a common-centroid placement of a current mirror, it is required to optimize the matching quality among the reference transistor and all the other scaled transistors for accurate scaling factors. According to [10], the mismatch occurs due to process
variation can be divided into two categories: systematic mismatch
and random mismatch. To reduce systematic mismatch, each transistor is split into several smaller sub-transistors of the same size,
and each sub-transistor should be placed symmetrically with respect to a common center point, as shown in Figure 2(b), where
each transistor in Figure 2(a) is divided into two sub-transistors.
On the other hand, random mismatch is mainly related with statistical fluctuations in processing conditions or material properties.
Because these fluctuations are in random mechanisms, all sub-transistors
of each transistor should be distributed throughout a layout to reduce random mismatch. In other words, all sub-transistors should
exhibit the highest degree of dispersion in a common-centroid subtransistor array [22]. A spatial correlation model [10, 17] had been
proposed in the literature to measure the dispersion degree of a
common-centroid placement.
Assume that a set of sub-transistors of all transistors are arranged
in an r × c matrix. For any two sub-transistors, sti and stj , which
th
are located at the entries in the rith row and cth
i column and the rj
th
row and cj column, their correlation coefficient ρij is defined in
Equation (1).

• We propose a novel common-centroid FinFET placement formulation which simultaneously considers all the conventional
common-centroid rules, including coincidence, symmetry, dispersion, and compactness, and the impact of gate misalignment for next generation analog layout design.
• We derive a new quality metric for evaluating the matching quality of drain currents of different transistors in a current mirror on the existence of gate misalignment within a
common-centroid FinFET array.
• Based on the quality metric and the spatial correlation model,
we present the common-centroid FinFET placement flow and
algorithms to optimize the orientations of all sub-transistors
and maximize the dispersion degree of a common-centroid
FinFET array.
• Our experimental results show that the proposed commoncentroid FinFET placement approach can achieve much better current matching among transistors in a current mirror on
the existence of gate misalignment while maintaining high
dispersion degree.
The rest of this paper is organized as follows: Section 2 introduces the common-centroid FinFET placement of a current mirror, and reviews the spatial correlation model for evaluating the
dispersion degree of a common-centroid FinFET placement. Section 3 demonstrates the current mismatch resulting from the impact

ρij = ρD(i,j)
,
(1)
u
p
where 0 < ρu < 1, and D(i, j) = (ri − rj )2 + (ci − cj )2 × l.
l depends on process and size of transistors. According to [17],
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they assume that ρu = 0.9 and l = 1 to observe the relation between
correlation and mismatch.
Let L denotes the overall correlation coefficient, or the dispersion degree, of a common-centroid placement. For n transistors, L
is the summation of all correlation coefficients of a pair of transistors and is defined as Equation (2).
L=

n−1
X

n
X

Rij ,

Based on the multiplication property of equality, we can derive
the expression in Equation (5):
1
d
s
× (nd1 × f (Vth
) + ns1 × f (Vth
)) =
n1
1
d
s
× (nd2 × f (Vth
) + ns2 × f (Vth
)) = ... =
n2
1
d
s
× (ndk × f (Vth
) + nsk × f (Vth
)).
nk

(2)

(5)

i=1 j=i+1

After splitting the Equation (5), we can obtain a set of k×(k−1)
equalities, as shown in Equation (6):

where Rij is the correlation coefficient of two transistors, ti and tj .
Assume that ti consists of ni sub-transistors and tj consists of nj
sub-transistors. Rij can be calculated by Equation (3).
Pni Pnj
b=1 ρab
a=1
√
Rij =
,
(3)
X ×Y
P i −1 Pni
ρab ,
where X = ni + 2 n
a=1
Pnj −1
Pnj b=a+1
and Y = nj + 2 a=1
ρ
.
ab
b=a+1
Based on the above mathematical model, we want to generate
common-centroid placement with larger L for higher dispersion
degree.

3.

1
d
s
× (nd1 × f (Vth
) + ns1 × f (Vth
)) =
n1
1
d
s
× (nd2 × f (Vth
) + ns2 × f (Vth
)),
n2
1
d
s
× (nd1 × f (Vth
) + ns1 × f (Vth
)) =
n1
1
d
s
× (nd3 × f (Vth
) + ns3 × f (Vth
)), ...,
n3
1
nk−2

CURRENT MISMATCH DUE TO GATE
MISALIGNMENT

1
d
s
× (ndk−1 × f (Vth
) + nsk−1 × f (Vth
)) =
nk−1
1
d
s
× (ndk × f (Vth
) + nsk × f (Vth
)).
nk
By substituting ni = ndi + nsi into the above equalities and simplifying the equalities, a set of equations can be derived, as shown
in Equation (7):
s
d
|f (Vth
) − f (Vth
)| × |nd1 × ns2 − nd2 × ns1 |
= 1−2 ,
n1 × n2
s
d
|f (Vth
) − f (Vth
)| × |nd1 × ns3 − nd3 × ns1 |
= 1−3 , ...,
n1 × n3
s
d
d
s
d
s
|f (Vth ) − f (Vth )| × |nk−1 × nk − nk × nk−1 |
= (k−1)−(k) ,
nk × nk−1
(7)
where i−j denotes the current mismatch between two transistors,
ti and tj , and 0 ≤ i−j ≤ 1. If the resulting current ratio equals to
the expected current ratio (i.e., no current mismatch), i−j will be
equal to 0.
Consequently, the overall current mismatch among different transistors in a current mirror, , can be obtained by summing up all
i−j , as seen in Equation (8):

Evaluation of Current Mismatch

We are given a set of k transistors and each transistor, ti , contains
ni sub-transistors with determined orientations. Due to the impact
of gate misalignment, the threshold voltage of the sub-transistors
d
with drain-side misalignment is Vth
and the threshold voltage of
s
the sub-transistors with source-side misalignment is Vth
. The resulting current ratio, In1 : In2 : . . . : Ink , of these transistors
with the impact of gate misalignment can be expressed, as given in
Equation (4):

 = 1−2 + 1−3 + ... + (k−1)−(k)
=

d
s
(nd2 × f (Vth
) + ns2 × f (Vth
)) : ... :

k−1
X

k
X

i−j

i=1 j=i+1

In1 : In2 : ... : Ink = n1 : n2 : ... : nk =
d
s
(nd1 × f (Vth
) + ns1 × f (Vth
)) :

(6)

1
d
s
× (ndk × f (Vth
) + nsk × f (Vth
)),
nk

As mentioned in Section 1, the gate misalignment problem based
on the FinFET technology may have great impact on drain currents
among different transistors in a current mirror. In addition to maximizing the dispersion degree of a common-centroid placement for
minimizing random mismatch, it is required to study how to evaluate the matching quality of current ratios resulting from a commoncentroid placement with known orientations of all sub-transistors
within a common-centroid FinFET array on the existence of gate
misalignment.
In this section, we will first derive the quality metric for evaluating the current mismatch of a current mirror on the existence
of gate misalignment within a common-centroid FinFET array, and
then give a case study to show the importance of determining the
orientation of each transistor during common-centroid placement
for minimizing the impact of gate misalignment.

3.1

d
s
× (ndk−2 × f (Vth
) + nsk−2 × f (Vth
)) =

=

(4)

k−1
X

k
X

i=1 j=i+1

(

d
s
|f (Vth
) − f (Vth
)| × |ndi × nsj − ndj × nsi |
).
ni × nj

(8)

d
s
(ndk × f (Vth
) + nsk × f (Vth
)),

3.2

where ndi denotes the number of sub-transistors of ti with drainside misalignment, and nsi denotes the number of sub-transistors of
ti with source-side misalignment (i.e., ni = ndi + nsi ), and f (x) is
a function of drain current based on given voltage x.

A Case Study

We conduct a case study, as demonstrated in Figure 3, for the following purposes: (1) comparing different common-centroid placements with and without considering the impact of gate misalign-
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Table 1: Comparisons of the simulated current ratios, current mismatch () and dispersion degree (L) for different common-centroid
placements in Figures 3(b)–(d).
Test Case
# of Sub-transistors Simulated Current Ratio

L
Figure 3(b)
1.00 : 0.93 : 2.07 : 4.00 0.16 5.6827
Figure 3(c)
2, 2, 4, 8
1.00 : 0.93 : 1.93 : 4.14 0.17 5.7338
Figure 3(d)
1.00 : 1.00 : 2.00 : 4.00 0.00 5.7459

ment and dispersion, (2) evaluating the resulting current mismatch
and dispersion degree of each common-centroid placement, and
(3) justifying the correctness of Equation (8) based on circuit simulation.
IRef

Table 1 reports the resulting simulated current ratio, current mismatch (), and dispersion degree (L) for each common centroid
placement in Figures 3(b)–(d). According to the Table 1, the commoncentroid FinFET placement in Figure 3(b) without considering both
gate misalignment and dispersion results in worse dispersion degree and current ratio matching. The common-centroid FinFET
placement in Figure 3(c), with the only consideration of dispersion
and without considering the impact of gate misalignment, results in
better dispersion degree, but the worst current ratio matching. The
common-centroid FinFET placement in Figure 3(d) with the considerations of both gate misalignment and dispersion results in the
best dispersion degree and current ratio matching. Consequently,
it is very important to consider both gate misalignment and dispersion to effectively reduce the current mismatch and to maximize
the dispersion degree. The current mismatch due to gate misalignment can be eliminated if the orientation of each sub-transistor is
carefully arranged.
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Figure 3: Comparisons of different common-centroid FinFET
placements. (a) A current mirror with the idea current ratio,
IRef : I2 : I3 : I4 is 1 : 1 : 2 : 4. (b) A common-centroid FinFET placement for the current mirror in (a) without considering both gate misalignment and dispersion. (c) A commoncentroid FinFET placement for the current mirror in (a) with
the consideration of dispersion. (d) A common-centroid FinFET placement for the current mirror in (a) with the considerations of both gate misalignment and dispersion.

COMMON-CENTROID FINFET PLACEMENT ALGORITHMS

Based on the evaluation metrics of dispersion degree and current mismatch in Equations (2) and (8), in this section, we propose
our algorithms to generate an optimized common-centroid FinFET
placement with the considerations of the impact of gate misalignment and dispersion. Our approach starts with the determination of
sub-transistor orientations, which is detailed in Section 4.1. Based
on the determined orientations, an initial common-centroid FinFET
placement is then generated by maximizing diffusion sharing and
dispersion degree in each row, which is illustrated in Section 4.2.
A final placement refinement is done by a shortest path formulation for maximizing the dispersion degree among sub-transistors in
different rows, which is described in Section 4.3.

The current mirror in Figure 3(a) consists of four transistors. The
reference current, IRef , flows through the reference transistor, M1 ,
and the replicated currents, I2 , I3 , and I4 , are copied from IRef
to other three transistors, M2 , M3 , and M4 with different scaling
factors. The scaling factors, or the number of sub-transistors of
M1 , M2 , M3 , and M4 are 2, 2, 4, and 8, respectively, so the ideal
current ratio, IRef : I2 : I3 : I4 , is 1 : 1 : 2 : 4. Figures 3(b)–
(d) give three different common-centroid FinFET placements for
the current mirror in Figure 3(a) with and without considering gate
misalignment and dispersion.
For each common-centroid placement in Figure 3, we evaluate the dispersion degree and current mismatch based on Equations (2) and (8), and observe the resulting drain current of each
transistor by performing SPICE simulation based on the BSIMCMG model [15]. Without loss of generality, we assume that the
printed gates of all sub-transistors in each common-centroid placement are misaligned to the right side, so the printed gate of a subtransistor will have either drain-side or source-side misalignment
according to its orientation. As mentioned in Section 1, in the
worst case, Vth is increased by 0.01V with drain-side misalignment and increased by 0.05V with source-side misalignment based
on a 10nm FinFET technology with 1V supply voltage, and hence
d
s
the function, |f (Vth
− f (Vth
)|, in Equation (8) is equal to 0.069
(A). We also adopt these settings to adjust the threshold voltage of
each sub-transistor for SPICE simulation.

4.1

Determination of Sub-transistor Orientations

As explained in the previous section, to reduce the current mismatch, the orientation of the sub-transistors must be properly determined. We formulate the problem as finding the minimum-weight
clique [3] in an undirected graph to simultaneously determine the
orientation of all sub-transistors. Each vertex in the graph represents one configuration of the sub-transistor orientations of a transistor, ti , which has nsi sub-transistors with source-side misalignment and ndi sub-transistors with drain-side misalignment, respectively. There exists an edge between two vertices if the vertices
correspond to two different transistors, ti and tj . The edge weight,
i−j , which can be calculated by Equation (7), denotes the current mismatch between ti and tj based on the configurations of
sub-transistor orientations represented by the vertices. We enumerate all possible configurations (i.e., a k-finger FinFET have k+1
configurations whose orientations are the combination of sourceside misalignment and drain-side misalignment) of sub-transistor
orientations for each transistor in the graph. Figure 4 shows an
minimum-weight-clique formulation for a current mirror with three
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transistors, A, B, and C, where each transistor has 2, 2, and 3 possi orientations, respectively. By
ble configurations of sub-transistor
finding the minimum-weight clique in the undirected graph, the
 
best configuration
of sub-transistor orientations for each transistor

such that the minimum current mismatch can be
can be determined
achieved.

fusion graph of the sub-circuit in each row, and then we find the
Euler paths on the diffusion graph [20]. However, the diffusion
graph we used in this paper is different from [20]. As described
in the previous subsection, we have determined the orientation of
all sub-transistors. To avoid degrading the current mismatch, the
orientations of all sub-transistors cannot be changed during searching the Euler path. Therefore, the constructed diffusion graph is
a directed graph instead of a undirected graph used in [20], where
the number of directed edges originated from source node (S) to
drain node (D) equals to the number of sub-transistors with drainside misalignment, and vice versa. For example, given a set of
sub-transistors with fixed orientation as shown in Figure 5(a), a directed diffusion graph can be created as given in Figure 5(b). In
this example, for simplification, we assume that the source terminal/drain terminal of different sub-transistors can be merged. If the
source/drain terminals of some sub-transistors cannot be merged,
extra source/drain nodes in the diffusion graph is created.
According to the spatial correlation model in Section 2, to effectively maximize the dispersion degree of a common-centroid FinFET placement, all sub-transistors belonging to the same transistor
should be properly separated while the sub-transistors belonging to
different transistors should be as close as possible. For clear presentation, we define different kinds of sub-transistors in Definition 1.

nA1s, nA1d
nA2s, nA2d

ࣕA2-C1

nC1s, nC1d

nC2s, nC2d
ࣕB1-C3

nB1s, nB1d

nC3s, nC3d

nB2s, nB2d

Figure 4: An example minimum-weight-clique formulation for
a current mirror with three transistors, A, B, and C, where
each transistor has 2, 2, and 3 possible configurations of subtransistor orientations, respectively.

4.2

Common-Centroid FinFET Placement Considering Dispersion and Diffusion Sharing

After determining the sub-transistor orientations, we want to generate a common-centroid FinFET placement while maintaining the
sub-transistor orientations and maximizing the dispersion degree.
When generating an m-row common-centroid FinFET placement,
we first evenly distribute all sub-transistors of each transistor to
the m rows such that the dispersion degree of a common-centroid
FinFET placement can be effectively maximized in the subsequent
steps. Given a set of ni sub-transistors of a transistor, ti , we assign
ni
sub-transistors into each row. If ni is less than m, we ranm
domly assign the sub-transistors into different rows while keeping
Ͳ


the numbers of sub-transistors in different rows the same.

SCD D BS SCD

To effectively maximize the dispersion degree of a commoncentroid FinFET placement, we set a maximum separation (minimum separation) constraint, as defined in Definition 2, for two unrelated transistors (related transistors) to constrain the selection of
edge during finding the Euler paths such the dispersion degree can
be effectively maximized.
D EFINITION 2. A maximum separation constraint (minimum
separation constraint) is the maximum (minimum) allowable distance between two neighboring unrelated transistors (related transistors) when finding the Euler paths, which is denoted by Dmax_sep
(Dmin_sep ). The distance between two neighboring sub-transistors
refers to the number of sub-transistors between the neighboring
sub-transistors.

: Transistor A
: Transistor B
: Transistor C

During searching the Euler path, we only choose the edge satisfying both maximum and minimum separation constraints to properly distribute different sub-transistors while maximizing the dispersion degree. Initially, Dmin_sep is set to 0 and Dmax_sep is set
to the number of sub-transistors in the row to start the procedure of
searching the Euler paths. By iteratively increasing Dmin_sep and
decreasing Dmax_sep during the procedure of searching the Euler
path until an extra diffusion gap is required, the dispersion degree
of the resulting row placement can be effectively maximized. After
obtaining the Euler paths, the sub-transistors on the same Euler path
are merged with diffusion sharing. For example, starting from the
source node, as seen in Figure 5(b), an optimized row placement,
as shown in Figure 5(c) can be obtained by iteratively searching
the Euler paths with decreasing the maximum separation constraint
and increasing the minimum separation constraint. In this example,
the iteration stops when Dmax_sep = 3 and Dmin_sep = 1, which
does not incur an extra diffusion gap.
Since the sub-transistors in (m−i+1)th row are symmetrical to
that in ith row for a m-row common-centroid FinFET placement,
its placement can be derived by placing merged sub-transistors in
(m − i + 1)th row in the reverse order of that in ith row. By
performing the above steps for each row, we can obtain a final

D
DAS SBD DCS
S
(b)

(a)

D EFINITION 1. Two sub-transistors are called unrelated transistors (related transistors), if they belong to different transistors,
ti and tj (the same transistor, ti ).

S CD BS CD AS BDCS
(c)

Figure 5: An example of constructing the diffusion graph. (a)
A set of sub-transistors with fixed orientation. (b) The corresponding diffusion graph of (a). (c) The generated row placement by searching the diffusion graph in (b).
Once all sub-transistors are assigned into different rows, we should
consider the diffusion-sharing for transistors. We construct the dif-
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common-centroid FinFET placement such that the diffusion sharing and the dispersion degree among all sub-transistors in each row
is maximized.

4.3

: Group node Rij : Element node

R11

Dispersion Degree Maximization

-4* *4- -3* *2-
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0
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Figure 7: An example of the shortest-path (SP) formulation for
a 4-row common-centroid FinFET placement.

We compared our approach with Lin et al.’s approach [14], which
is known to be the most recent work in the literature handling
common-centroid transistor placement with the considerations of
diffusion sharing and dispersion. For each common-centroid FinFET placement generated by both approaches, we performed SPICE
simulation based on the BSIM-CMG model [15] to obtain the drain
current of each transistor in the current mirror. We also evaluate the
current mismatch based on Equation (8) and the dispersion degree
based on Equation (2).
TABLE 3 show the experimental comparisons of Lin et al.’s approach and ours. The results show that our approach results in
much better current matching and even better dispersion degree
in all test cases. We did not compare the placement area because
the area resulting from both approaches for each test case is the
same. The runtime based on our approach is longer because we additionally optimize sub-transistor orientations for minimizing the
impact of gate misalignment. Consequently, it is very important
to consider the impact of gate misalignment and dispersion during
common-centroid FinFET placement.

Figure 6: An example of placement rotation in a row. (a) An
initial row placement. (b)–(d) Three derived row placements
after placement rotation.
After performing placement rotation for each row, we need to determine the best placement of each row with the largest dispersion
degree of the sub-transistors in different m rows. The simultaneous
selection of the best placement of different rows can be formulated
as the shortest path (SP) problem. Initially, a source node (S) and
a sink node (T) are created, respectively. For a respective row, a
group node is created, where a set of element nodes representing
the possible row placements are contained in the group node, as
demonstrated in Figure 7. Once the group nodes and element nodes
are created, we then add a set of directed edges from S to each element node in the group node corresponding to the first row, and
a set of directed edges from each element node in the group node
corresponding to the last row to T, where the weight of these edges
are all zero.
For two adjacent rows, there is a directed edge from an element
node in the group node corresponding to the ith row to an element
node in the group node corresponding to the (i + 1)th row, where
1 ≤ i < m. The weight of each edge is calculated based on
Equation (8), which indicates the current mismatch. By finding
the shortest path from S to T, the best placement of each row can
be determined and the dispersion degree of the whole commoncentroid FinFET placement can be further maximized.
Figure 7 shows an example of the SP formulation for a 4-row
common-centroid FinFET placement. Each row has three possible row placements after placement rotation. After solving the SP
problem, the 2nd , 1st , 3rd , and 2nd placements of the 1st , 2nd , 3rd ,
and 4th rows are selected to achieve the best common-centroid FinFET placement with the maximum dispersion degree.

5.
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After obtaining an initial common-centroid FinFET placement
with optimized diffusion sharing and dispersion degree of the subtransistors in each row, we further maximize the dispersion degree
of sub-transistors in different rows by adjusting the relative positions of different sub-transistors among different rows. We first
perform placement rotation for each row by iteratively moving the
sub-transistor at the end of the row to the beginning of the row.
For example, given a row placement, as shown in Figure 6(a), after
iteratively moving the sub-transistor at the end of the row to the
beginning of the row, we can derive other three row placements, as
shown in Figure 6(b)–(d).
*4- -3* *2- -4*

R13R23

Table 2: Benchmark statistics.
Circuits
# of
Sub-transistors
CM1
1, 1
CM2
1, 1, 2
CM3
1, 1, 2, 4
CM4
1, 1, 2, 4, 8
CM5
1, 1, 2, 4, 8, 16
CM6
1, 1, 2, 4, 8, 16, 32
CM7
1, 1, 2, 4, 8, 16, 32, 64
CM8
1, 1 ,2, 4, 8, 16, 32, 64, 128

6.

EXPERIMENTAL RESULTS

CONCLUSIONS

In this paper, we have introduced the impact of gate misalignment to the drain current of different common-centroid FinFET
placements. We have proposed a novel common-centroid FinFET
placement approach to generate the common-centroid FinFET placements while considering the impact of gate misalignment and dispersion. Experimental results show that the proposed commoncentroid FinFET placement methodology can effectively reduce the

We implemented the proposed common-centroid FinFET placement methodology in the MATLAB programming language on a
3.4GHz Windows machine with 16GB memory. To demonstrate
the effectiveness of our approach, we created a set of testcases of
current mirrors, CM1, CM2, . . ., CM8, with different width ratios of the transistors as shown in the second column of Table 2.
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Table 3: Comparisons of simulated current ratios, current mismatch (), and dispersion degree (L), based on Lin et al.’s and our
approaches.
Circuits

Lin et al.’s approach [14]
Simulated Current Ratio

/L

Time (s)

Our approach
Simulated Current Ratio

/L

Time (s)

Comparison (%)
/L
Time

CM1

1 : 0.93

0.07 / 0.90

0.01

1:1

0.00 / 0.90

0.01

-100/0.00

CM2

1 : 1 : 1.85

0.14 / 2.73

0.02

1:1:2

0.00 / 2.73

0.02

-100/0.00

0.00
0.00

CM3

1 : 1 : 1.85 : 3.92

0.22 / 5.55

0.03

1 : 1 : 1.93 : 3.86

0.12 / 5.58

0.04

-46.14/0.61

33.10
25.13

CM4

1 : 1 : 1.85 : 3.92 : 4.00

0.35 / 9.19

0.04

1 : 1 : 1.93 : 3.93 : 7.63

0.24 / 9.48

0.05

-30.00/3.18

CM5

1 : 1 : 1.85 : 3.77 : 8.00 : 15.11

0.41 / 13.69

0.07

1 : 1 : 1.93 : 3.86 : 7.78 : 15.48

0.28 / 14.23

0.11

-32.29/3.94

71.45

CM6

1 : 0.93 : 1.92 : 3.85 : 7.48 : 15.11 : 31.26

0.60 / 19.09

0.20

1 : 1 : 1.93 : 3.93 : 7.63 : 15.33 : 30.89

0.45 / 19.91

0.55

-25.72/4.31

180.87

CM7

1: 1 : 1.85 : 3.85 : 7.92 : 15.63 : 31.11 : 60.95

0.79 / 25.23

0.75

1 : 1 : 1.93 : 3.86 : 7.71 : 15.26 : 30.81 : 61.77

0.48 / 26.36

3.38

-38.83/4.47

351.26

CM8

1 : 0.93 : 1.85 : 3.85 : 7.55 : 15.48 : 31.26 : 61.77 : 122.70

0.93 / 32.13

3.44

1 : 1 : 1.93 : 3.86 : 7.71 : 15.48 : 30.96 : 61.92 : 122.60

0.54 / 33.62

5.10

-41.86/4.63

48.19
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