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ABSTRACT: Analog Intellectual Property Cores design is still under study [1, 2]. The precharacterized cell libraries
concept cannot be applied because the devices (transistors, capacitors, resistors,...) are electrically sized regarding a
specific context. Thus, the trend is to develop reusable generators. To guarantee a reusable and fast placement, slicing tree
floorplan can be used. Considering a particular electrical sizing and a specific process, the analog devices may occupy a
wide range of shapes because of folding. Finding the correct aspect ratio for each device which optimizes the placement
under a specific height and/or width constraint may lead to examine a high number of cases. This paper presents a
general placement method to manage rectangular objects with varying aspect ratio. This approach allows hierarchical
layout-aware electrical sizing of analog circuits.

INTRODUCTION

An analog function is depicted as a generic module with
unsized netlist and layout templates [4]. Each time the
module is called, all devices have to be sized to meet a
specification or a new process. As a consequence, the
resulting device area may widely vary (commonly by a
factor ten between two sets of specifications) and may in-
crease or decrease, relatively to other devices, within the
same generator. Besides, generators have to be hierarchi-
cal, in order to create complex circuits by instantiating
existing generators.
The devices are usually multi-shape (flexible)
objects: given a process and a specific electrical sizing,
the area of a capacitor is constant, but the height/width
aspect ratio is not fixed. Transistors have fingers to min-
imize the drain parasitics : the area is almost constant,
but the aspect ratio can vary thanks to the finger num-
ber. Therefore the analog circuit layout results in a hier-
archical placement problem with a controlled aspect ra-
tio. Considering a process and an electrical sizing, we
will show how each device can provide ashape function
which defines all the feasible layout realizations for this
device.
To avoid expensive computing time, it is possible to spec-
ify a floorplan for the entire circuit. The slicing tree struc-
ture [7] is suitable to consider analog constraints such as
symetry. We introduce vertical containers and horizon-
tal containers to divide the space. These containers are
able to arrange into a column or into a line their chil-
dren, which can be other containers or devices. As each
device has a shape function, each container must have its
own shape function. From bottom up to the top, the shape
function can be calculated using a composition operation.
Once the feasible aspect ratio of all containers has been
computed, it is possible to reduce the solution space by
applying a constraint, and to obtain an exact placement.

DEVICE SHAPE FUNCTION

Figure 1 shows an example of a folded transistor [5]. The
layout width as a function of the layout length and the
layout length as a function of the width are two step func-
tions, where a variation of a finger number leads to a new
step.
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Fig. 1. Transistor folding

The followingshape functionof a device is defined, which
is a step function.

Let DY be the height of a device andDX the width. We
use a symbolic fixed grid (lambda unit), thus these num-
bers are integers :DY ∈ N∗+and DX ∈ N∗+.
The shape function consideringDX as a function ofDY ,
namedFFDY , is defined as follows :

FFDY :

 there is a sequence
DY0 < DY1 < ... < DYn < ... < +∞
f is constant on [DYi, DYi+1[

(1)

and :

∀ DY ∈ DY[i,i+1[ : FFDY (DY ) −−−−→ DXi (2)

Thus, the device widthDX is defined by the height con-
straintDY. For an interval height (interval[DYi, DYi+1[)
the device width is constant. The graph of this decreas-
ing monotonous function can be drawn (figure 2 on top).



Note the minimum valueDY0, achieved by the shape
function.
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Fig. 2. Shape function regarding DY and reduced shape function
regarding DY

Based on the shape functionFFDY , theDYeff function
is defined which computes the device actual height re-
quired to meet theDY height constraint:

∀ DY ∈ DY[i,i+1[ : DYeff (DY ) −−−−→ DYi (3)

In the same way, the shape function consideringDY as
a function ofDX , namedFFDX , is easily defined and
gives the device actual height and width required to meet
the width constraint:

FFDX :

 there is a sequence
DX0 < DX1 < ... < DXn < ... < +∞
f is constant on [DXi, DXi+1[

(4)

and :

∀ DX ∈ DX[i,i+1[ : FFDX(DX) −−−−→ DYi (5)

The data structure used for the shape function is compact:
only the start point of an interval have to be considered.
The reduced shape function of the device width (figure 2,
bottom) is defined as the set of points :(DYn, DXn). It
is also a decreasing monotonous function.

RELATIVE PLACEMENT

In order to follow a layout-aware approach for circuit
synthesis [6], it is compulsory to be able to predict para-
sitics resulting from layout, early in the synthesis phase.
Thus, we may choose an approach using layout templates
[3, 4] with dedicated layout device generators. The space
partition of a circuit is achieved using the slicing struc-
ture where the horizontal and vertical slices are named
containers. For each level, an horizontal container must
alternate with a vertical container. Acontaineris a verti-
cal or horizontal abutment of modules or other containers.
The circuit placement problem is solved when, for each
instantiated component, a specific point of the shape func-
tion is chosen and all the devices are relatively placed.

Figures 3 and 4 show two types of containers, a space
partition and the associated container tree.
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1

2

3

4

5

Vertical container

Horizontal container

Objects to be placed

Fig. 3. Containers: object definition

Example of placement Container tree

Fig. 4. Containers: floorplan and container tree

SHAPE FUNCTION COMPOSITION

A container is a collection of abutted rectangles. The
shape function composition is the computation of a con-
tainer shape function based on the shape function of the
objects instantiated by this container. The composition
is unique. Applying recursively this composition to the
container tree, from the bottom leafs (i.e. the devices)
up to the root, leads to the root module shape function.
Keep in mind that the shape function is a way to shortly
representall the possible module realizations for a given
process and an electrical sizing.

We present now the composition procedure for an hori-
zontal container.

Let an horizontal container with n children (figure 5).

DYeff(DY)

Container Container
Container

Horizontal container

1 2 3

Fig. 5. Horizontal composition

- Let DYeff (DY ) (resp. DXeff (DY )) be the ac-
tual height (resp.width) of the horizontal container
given theDY constraint.



- Let j the index of the child container andDY j
eff (DY )

(respDXj
eff (DY )) the actual height (resp.width)

of the j container given theDY constraint.

DYeff (DY ) is the maximum of child actual height. The
widthDXeff (DY ) of the horizontal container is the sum
of each child width, thus :

DXeff (DY ) =
∑

j

DXj
eff (DY )

DYeff (DY ) = max
j
{DY j

eff (DY )} (6)

PointsDYi, DXi of the reduced shape function of the
horizontal container are:

DXi =
∑

j DXj
eff (DYi)

DYi = DYeff (DY )

 DY ∈ [DYi, DYi+1[ (7)

Considering the associativity of thesumandmaxopera-
tors, the composition has also the associativity property.
The reduced shape function of the children are sequen-
tially examined to retain the significant points as defined
in equation 6.

Figure 6 presents the implementation of the shape func-
tion composition.
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+DX
2

DX +DX
2

3

3

DX

2

2DX

DX

DY

DY

DY

DY

DY DY
1

eff 3

DY
1
eff
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Fig. 6. Shape function composition for an horizontal container

In order to find the shape function of the container, the
following steps are performed:

- The shape function point lists are merged to get a
sorted list of heights in increasing order. The list is
examined in increasing order.

- The first value isDY 1
eff1

; it does not belong to the
device2 feasible interval, it is thus excluded.

- The next value isDY 2
eff1

. The heightDY 2
eff1

gives
DY 1

eff1
for device1 andDY 2

eff1
for device2. We

keep the larger,DY 2
eff1

(equation 7). The total
width for this height is (equation 6):DX1

1 +DX2
1 .

- The next height isDY 1
eff2

for the two pointsDY 2
eff1

andDY 2
eff2

. The larger valueDY 2
eff1

is retained.
The width isDX1

2 + DX2
1 .

- The process is repeated until there is no more actual
values.

SHAPE FUNCTION SELECTION

Shape functions are computed from bottom to top. They
represent all the feasible layout realizations of the asso-
ciated module, given an electrical sizing. If a constraint
(height or width) is applied on the top module, then a
specific point of the shape function is chosen. Choosing
a point of the top shape function means that a constraint is
also applied on each child, so that each child aspect ratio
is selected. This constraint propagates from top to bot-
tom; then thelayout is generated. The given placement is
optimal and unique.

Figure 7 shows a height constraintDX applied to the
vertical root container VC0.

HC1 HC2 HC3

HC5

VC0

VC4

HC6 HC7 HC8 HC9

DYvc4 => (DXvc11.DYvc11)
HC10 HC11

HC = Horizontal Container
VC = Vertical Container

DX => (DXvc0,DYvc0)

DYvc0 => (DXvc1.DYvc1)

DXvc1 => (DXvc4.DYvc4)

DYvc4 => (DXvc10.DYvc10)

Fig. 7. Shape function selection

From the shape function, its width and height are
(DXV C0 , DYV C0). The left child is an horizontal con-
tainer, so the height constraintDYV C0 is applied. Its
width and height are(DXV C1 , DYV C1). Then the width
constraintDXV C1 is applied to its left child...

EXAMPLES

On figure 8 on the left, a square constraint was applied
(process CMOS,0.6µm) to a five transistor OTA com-
posed by three devices, a simple transistor (top), a differ-
ential pair (middle) and a current mirror (bottom). The
three devices are abutted in a vertical container. On the
right, a 300µm height constraint was applied. The elec-
trical sizing is the same. Note the unchanged relative
placement.
The designed generator can handle a large set of physical
constraints with an exact placement, which ensures the
portability.



Floorplan

Horizontal container

Vertical container

Horizontal container

Horizontal container

Fig. 8. Constraints: square (left) and 300µm height (right)

On figure 9 on the left, a 500µm height was applied (pro-
cess CMOS,0.6µm) to a GMC [8] (Only the 24 transis-
tors are shown). The placement is much more compli-
cated. On the right, a 100µm height constraint was ap-
plied.

Fig. 9. Constraints: 500µm (left) and 100µm height (right)

CONCLUSION

We have shown that the placement based on slicing tree
allows to manage the flexible layout of an analog IP, thanks
to a shape function. This shape function is calculated at
each level of the hierarchy using a simple set of mathe-
matical definitions. Thus the aspect ratio of an analog IP
Core can be easily predicted in a context of process and
specification migration.
This method is part of the CAIRO+ analog design en-
vironment [9], under developpment at the ASIM depart-

ment of the LIP6 laborartory.
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