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A

This paper aims at developing an automated device-level
placement for analog circuit design which achieves compa-
rable quality to manual designs by experts. It extracts a set
of clusters from a circuit schema as experts do. We pro-
vide a multi-level placement based on the Sequence-Pair by
relaxing the shape of clusters from rectangles and allowing
boundaries of clusters to be ‘jagged’. The quality of place-
ment is evaluated by a multi-objective according to an ex-
pert’s guideline. We adopt a multi-step simulated anneal-
ing to balance a trade-off between the objectives. In ex-
periments, we tested the placement for industrial examples.
Our tool attained placements better than those by manual
on the average by 10.8% and 6.8% with respect to area and
net-length, respectively. It also achieved 1/730 layout time
compared with the time by manual.

I. I

In analog circuit design, the placement phase is critical for
the performance since it influences all the parasitic layout
effects. Also device mismatching puts a fundamental limit
on the achievable accuracy of circuits. A large portion of
the effort involved in analog circuit design is spent in the
layout phase. The layout of analog circuits is still a manual,
time-consuming and error-prone task.

Toward automatic analog layout systems, most of ideas
are based on an approach to use ‘cell-based’ layout style :
ILAC [1], KOAN/ANAGRAM II [2], PUPPY A [6], and
LAYLA [8]. An analog circuit usually consists of subcir-
cuits, and each subcircuit is defined by a certain function.
In the layout style, a subcircuit is regarded as a ‘cell’ on
which designated layout rules are imposed with respect to
the height, power, ground, I/O terminal positions and others
[8]. We call such a subcircuit ‘cell’. Tasks of layout design-
ers are (i) place-and-route in a cell and (ii) assemble-and-
interconnect with cells. The target of this paper is placement
in a cell.

A cell has the following features in its layout. Its power
and ground lines are laid out parallel and straight. An ex-
ample of a cell and that of its layout are shown in Figure 1

and 2, respectively. In general, each cell consists of a few
hundreds of devices.

There are several studies for device-level placement. One
of them is rectangle-packing based placement that regards
each device as a rectangle [5, 7, 11]. However, they have not
overcome a manual placement yet. Placement is required
to be satisfied layout rules, symmetric constraints, match-
ing constraints, etc. The size of a cell is too large to layout
successfully satisfying these layout rules. Experts can craft
placement of such a small size as satisfying various con-
straints. The automatic placement in a cell is required to
seek a placement that satisfies layout rules, not allowing the
size of a cell to be large.

We note that experts derive some clusters from a schema
of a circuit. Such a cluster usually corresponds to a certain
function. They place devices in a cluster closely to each
other. Furthermore, the size of a cluster is appropriate so that
layout constraints imposed on devices are restricted inside a
cluster. Therefore, a reasonable automatic placement starts
from the observation of the manual design. Then we abstract
the features we can implement. This paper provides a multi-
level placement with schema based clustering.

Given a cell whose size is a few hundreds of devices, we
introduce a concept of ‘schema based clustering’. By ob-
serving the schema of a cell, we can derive a set of elemental
functions from the cell, such that the functions are I/Os, am-
plifiers, current-mirrors, differential-pairs, etc. A subcircuit
corresponding to a function is called ‘cluster’, which con-
sists of a few tens of devices. The size is small enough to be
laid out neatly. In Figure 1, there are three clusters, input-,
amplifier-, and output-cluster.

Our strategy is described by steps as follows. (1) Derive
clusters from a cell by observing the schema; (2) Place de-
vices in each cluster; (3) Place clusters in a cell; These data
and optimization are handled by the Sequence-Pair [3, 4].
The Sequence-Pair is well known to be able to get a rectan-
gle packing quickly. If the shape of clusters is regarded as
a rectangle, however, it may result in much wasted area at
boundaries between clusters. Therefore, we add more two
steps to relax the shape of clusters from rectangles. (4) Ex-
tract topologies between clusters and impose constraints on



devices such that if a cluster A is placed in the left of a clus-
ter B, a device in A must not be placed in the right of any
device in B; We call the constraints ‘jagged-boundary con-
straints’. The Sequence-Pair can represent them naturally.
(5) Place all devices in a cell satisfying the constraints; After
all, we will attain a placement with effective use of area by
relaxing the shape of clusters from rectangles and allowing
boundaries of clusters to be ‘jagged’. As shown in Figure 2,
each cluster is not a rectangle nor each boundary of clusters
straight.

We implemented our multi-level placement faithfully to
our idea, and experimented for several industrial instances
to compare the results with respective manual designs. We
adopted the following criteria to evaluate the quality of
placements : (a) cell area, (b) total net length, and (c) num-
ber of intersections between edges of minimum spanning
trees (MSTs). Our placement demonstrated a significant
performance comparable to the corresponding manual de-
sign.
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Fig. 1. Schema of cell µA741 consisting of three clusters
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Fig. 2. Placement of the cell corresponding to schema in Figure 1

The rest of this paper is organized as follows. Section
II describes our placement problem and the Sequence-Pair.
Section III describes how the jagged-boundary constraints

are represented by the Sequence-Pair. Section IV provides
an optimization technique by simulated annealing. Section
V is for experiments on industrial examples. Section VI
summarizes the contribution and future works.

II. P P  S-P

The target of this paper is placement of devices in a cell.
Each device is represented as a rectangle which has width
and height. The power and ground lines are laid out paral-
lel and straight. Each device is laid out among power and
ground not overlapping each other. The objectives are to
minimize (a) cell area, (b) total net length, and (c) number
of intersections of MSTs. An MST is defined in every net
where nodes correspond to terminals and edges to connec-
tions.

We propose a hierarchical optimization algorithm for this
device-level placement problem. Our approach is sketched
as follows.

Step 1: Extract clusters from a cell guided by experts.

Step 2: Place devices in each cluster.

Step 3: Place clusters in a cell.

Step 4: Extract topologies between clusters and impose
constraints on devices.

Step 5: Place all devices in a cell under the constraints.

In this approach, both placement and constraint are repre-
sented by the Sequence-Pair (SP hereinafter) [3, 4] which is
described briefly for completeness.

A placement is an arrangement of rectangles on a plane
without overlapping each other. Given n rectangles, an SP
is an ordered pair of permutations Γ+ and Γ− of rectangle
names. The k-th rectangle in Γ∗ (∗ is + or −) is denoted as
Γ∗(k). While the position of rectangle x in Γ∗ is denoted as
Γ−1
∗ (x), by the inverse function.
It imposes positional relations, the ABLR-relations, be-

tween every pair of rectangles in the form that “one is above
(below, left-of, right-of) the other”.

ABLR-relations from an SP : For a pair of rectangles
{a, b},

• Γ−1
+ (a) < Γ−1

+ (b) and Γ−1
− (a) < Γ−1

− (b), then
a is left-of b (equivalently, b is right-of a).

• Γ−1
+ (a) > Γ−1

+ (b) and Γ−1
− (a) < Γ−1

− (b), then
a is below b (equivalently, b is above a.)

Figure 3 shows a placement of seven rectangles derived
from an SP. Note that the ABLR-relations derived from the
SP are all satisfied. Once a system of ABLR-relations is
given, it is easy to obtain a placement by using vertical and
horizontal constraint graphs.

It is proved that any SP has its corresponding placement
that can be obtained very quickly (in O(n log log n) time [9]).



It is proved that any SP has a placement and any minimal
placement has the corresponding SP. Hence searching the
placements for optimization is almost equivalent to search-
ing SP’s. This methodology of heuristic search has been es-
tablished these ten years after the invention of BSG [5] and
SP in 1995. This paper is also following this methodology.
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Fig. 3. Placement corresponding to (ABCDEFG; BADCGFE)

III. J-B C

We can attain a placement of devices in each cluster by
using the SP. Also, in a similar way, we can determine the
relative positions of clusters. If ABLR-relations of clus-
ters are inherited to ones of devices, the shape of cluster
is the bounding box of the cluster’s devices. Due to this
over-estimation of area, it may result in much wasted area
at boundaries between clusters. In this section, we relax the
constraints on the shape of clusters to allow boundaries of
clusters to be jagged. This will be empirically proved ef-
fective to limit a yield of wasted area at boundaries between
clusters.

A similar study is found [10] in which free-rectangles are
defined to fill notches between clusters. In analog layout
design, however, it is not applicable because there are no
devices corresponding to free-rectangles.

The object of using clusters is to place devices closely.
It limits the ABLR-relations of devices. Consider the lay-
out of a cell shown in Figure 2. The amplifier-cluster is
placed in the right-of the input-cluster. We could guess that
devices in the amplifier-cluster are right-of devices in the
input-cluster since devices belonging to the same cluster are
placed closely to each other. However, this is not completely
satisfied : For example, several devices in the input-cluster
are forced to be above the devices of the amplifier-cluster.
Thus, the boundaries between clusters would be jagged in
a manual design. We formulate such a jagged boundary in
terms of ABLR-relations of devices.

First, we start from the observation of ABLR-relations
among clusters. In an example of Figure 4, two clusters
A = {a1, a2, a3, a4, a5} and B = {b1, b2, b3, b4, b5} are given.
The ABLR-relation between A and B is referred to as “A is

left-of B”.
Assume that ABLR-relations of devices in clusters are in-

herited from those of clusters. Then, their ABLR-relations
between ai {i = 1, 2, · · · , 5}, and b j { j = 1, 2, · · · , 5} are as
shown below.

{Γ−1
+ (ai) < Γ−1

+ (b j)} ∧ {Γ−1
− (ai) < Γ−1

− (b j)}

A placement satisfying this system of relations is depicted
in Figure 5. This has apparent defects around the bound-
aries. This is due to the assumption of ABLR-relations im-
posed on devices in clusters. In fact there exists another
placement with less area as shown in Figure 6. We observe
that this has been attained by allowing jagged boundaries.
We also observe that cluster A is still left-of cluster B in the
figure, in the sense that A could be moved leftwards hori-
zontally without interacting with B.

Given a relation that A is left-of B, we note there are three
types of ABLR-relations between devices a ∈ A and b ∈ B :
“a is left-of b”, “a is below b”, and “a is above b”. These
are simply equivalent to “a is not right-of b”. For example
in Figure 6, it holds a4 is left-of b4, below b5, and above b3

as well.
Concluding the observation, given such an ABLR-

relation between clusters A and B as

{Γ−1
+ (A) < Γ−1

+ (B)} ∧ {Γ−1
− (A) < Γ−1

− (B)},

then ABLR-relations between ai {i = 1, 2, · · · , 5}, and
b j { j = 1, 2, · · · , 5} are as follows.

{Γ−1
+ (b j) < Γ−1

+ (ai)} ∧ {Γ−1
− (b j) < Γ−1

− (ai)}

={Γ−1
+ (b j) < Γ−1

+ (ai)} ∨ {Γ−1
− (b j) < Γ−1

− (ai)}

={Γ−1
+ (ai) < Γ−1

+ (b j)} ∨ {Γ−1
− (ai) < Γ−1

− (b j)}.

When we place all devices, we use these formulae as a con-
straint such that devices of a cluster are placed closely to
each other. We call it ‘jagged-boundary constraint’.
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Fig. 4. ABLR-relation between A and B : (AB; AB)
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Fig. 5. Placement with straight boundary :
(a5a3a4a2a1b5b4b3b1b2; a1a2a3a4a5b1b2b3b4b5)
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Fig. 6. Placement with jagged boundary :
(a5b5a3a4a2b4b3a1b1b2; a1b1b2a2b3a3a4b4a5b5)

IV. S  O  S A

In rectangle-packing based placement, a simulated an-
nealing (SA) has been widely and usefully employed. We
also use SA to seek for an optimum placement at each of
following three stages given in Section II.

Step 2: Place devices in each cluster.

Step 3: Place clusters in a cell.

Step 5: Place all devices in a cell under the jagged-
boundary constraint.

Our target is multi-objectives to minimize (a) cell area,
(b) total net length by the half perimeter of a bounding box,
and (c) number of intersections between edges of MSTs. In
manual design by experts, devices are so placed with few
intersections between edges of MSTs. It usually results in
high routability or few vias. This is why we adopt this ob-
jective.

To handle multi-objectives, we introduce a serial opti-
mization by SA in four steps which we call the multi-step
SA. At each step, an SA is invoked to optimize one objec-
tive, while other objectives are regarded as constraints. The
algorithm is described as follows.

Multi-step optimization by SA

Step 1: Seek a placement with the minimum total net-
length. Let the resultant total net-length be L1.

Step 2: Seek a placement with the minimum area un-
der the constraint that the total net-length is less
than α2L1. Let the resultant total net-length and
area be L2 and A2, respectively.

Step 3: Seek a placement with the minimum number of
intersections of MSTs under the constraints that
the total net-length and area are less than α3L2,
β3A2, respectively. Let the resultant area and the
number of intersections of MSTs be A3 and I3,
respectively.

Step 4: Seek a placement with the minimum total net-
length under the constraints that the area and
the number of intersections MSTs are less than
β4A3 and γ4I3, respectively.

αi, βi, and γi are parametric constants tuned according to
instances.

V. E R

We implemented a multi-level placement faithfully to our
idea by C language. We tested the placement for six indus-
trial instances of analog circuits on a computer on Celeron
1.0 GHz. We prepared a manual design by an expert for each
instance. The number of devices and nets are shown in Table
I. We compared each placement with the manual, evaluating
them with respect to area, total net-length, and the number
of intersections of MSTs.

The results by our placement and those by manual are
shown in Table I. In the comparisons with respect to (a)
area, (b) total net-length, and (c) number of intersections of
MSTs, our placements are better than the manual ones on the
average by (a) 10.8%, (b) 6.8%, and (c) 34.3%, respectively.
The automated placement result and the manual placement
of data4 are shown in Figure 8 and 9, respectively.

The computation time is also shown in the table. The sig-
nificant relation between the computation time and the num-
ber of nets is shown in Figure 7.A reasonable approximation
of the computation time is proportional to the square of the
number of nets.

To demonstrate more the quality of our placement, we ap-
plied a commercial shape-based router REXSIR [12] to our
result of data4. This automated result and the manual routed
result are shown in Figure 10 and 11, respectively.

The manual layout time of data4 was 13 hours (7 hour
placement, 6 hour routing). On the other hand, the time by
the automation took only 79 seconds (77 sec. placement, 2
sec. routing). We achieved 1/730 layout time compared with
the time by manual.

We note that the expert laid out taking other factors into
consideration that some devices must be aligned to decrease



mismatching, or a shield ring had better be inserted into
the surrounding of capacitances. In the experiments, our
placement did not pay so careful attention to such a perfor-
mance of analog circuit. However, clusters defined by ob-
serving a schema are large enough to be imposed symmetric
or matching constraints. An algorithm to handle symmet-
ric constraints on the SP has been proposed [7] and we can
adopt the algorithm into our placement.
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Fig. 7. Computation time v.s. number of nets

VI. C

A multi-level placement for an analog cell was proposed.
It follows a guideline of how experts layout manually. The
algorithm consists of steps (1) extract a set of clusters from
a circuit schema, (2) place devices in each cluster, (3) place
clusters in a cell, (4) extract jagged-boundary constraint, and
(5) place all devices in a cell under the constraint. Our key
idea is in relaxation of the shape of clusters from rectangles
by allowing boundaries of clusters to be ‘jagged’. These
procedures are based on the Sequence-Pair. We evaluated
the quality of a placement by a multi-objective. We adopted
a multi-step simulated annealing to balance a trade-off be-
tween the objectives.

In experiments, we tested the placement for industrial ex-
amples. It attained placements better than those by man-
ual on the average by 10.8%, 6.8%, and 34.3% with respect
to area, total net-length and the number of intersections of
MSTs, respectively. It also achieved 1/730 layout time com-
pared with the time by manual layout.

As future works, we will develop an algorithm to involve
other experts knowledge and techniques such as matching,
shielding, and symmetricity.
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TABLE I
I    

ratio : comparison ratio to manual results
manual proposal

name #devices #nets area net #intersects area net #intersects time
length of MSTs length of MSTs [sec]

ratio ratio ratio

data1 27 19 66136 4099 37 55720 3542 11 8
15 % 13 % 70 %

data2 43 31 230953 9692 49 223600 7845 18 27
3 % 19 % 63 %

data3 64 49 108800 7241 104 89280 7443 67 61
18 % 4 3 % 36 %

data4 83 53 422608 17767 165 354400 18170 119 77
16 % 4 2 % 27 %

data5 151 103 91165 11147 352 90315 11306 352 349
1 % 4 1 % 0 %

data6 160 118 396621 24296 304 348150 20636 272 391
12 % 15 % 10 %

Fig. 8. Our placement of data4

Fig. 9. Manual placement of data4

Fig. 10. Our placement and automated routing of data4

Fig. 11. Manual placement and routing of data4
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