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Abstract— This paper introduces a transistor-level symmetri-
cal layout generation algorithm aiming at maximum diffusion-
merging to the current paths for analog circuit. We present a SA-
based algorithm to symmetrically assign the transistor pair into
two rows and meanwhile minimize the total wirelength and diffu-
sion gaps. Two examples are used to demonstrate the effectiveness
of our algorithm.

I. INTRODUCTION

Since the mixed-signal SoC technology emerged, the CMOS
analog circuits, interfacing the digital signal to our “real”
world, are now able to be integrated with the digital circuits
on a single chip. The analog signal can be quantized by the
interface circuit, and further be processed by taking advantage
of the high speed and high precision capability of digital pro-
cessor. However, analog circuits have been proved more sen-
sitive to the process and thermal induced variation than digital
circuits. When they are implemented with the digital circuits,
their layouts need be paid more attention to, especially as the
process node is scaling down to the nanometer realm. In oder
to alleviate the variation, the sensitive transistors are usually
need be placed in a symmetrical manner to suppress the mis-
match. However automatically synthesis of symmetrical lay-
out is still far from maturity.

A lot of papers have been published to deal with this prob-
lem in the past decades[1] [2][3]. Most of the algorithms pro-
posed in these papers employ the placement techniques for the
digital circuits as basis, and apply the symmetry constraints to
a set of prescribed placement individuals during the optimiza-
tion. These algorithms hardly considered the individuals’ ori-
entations, especially when the placement individuals are tran-
sistors, hence introducing unnecessary routing detours.

This paper presents a direct transistor-level symmetrical lay-
out generation algorithm, considering the maximum diffusion
merging to reduce the routing complexity. The rest of this pa-
per is organized as follows. Section II gives the preliminaries
regarding the diffusion graph extraction. Section III discusses
the twin-row symmetrical layout generation. Section IV gives
two examples to show the effectiveness of our algorithm. Sec-
tion V concludes the paper.

II. PRELIMINARIES

Traditionally analog placement problems are studied in
terms of blocks, which are geometrically rectangles extracted
from the bounding boxes of transistors or functional, and are
called cells or modules. The algorithms to deal with placement
problems are then built up on these abstract blocks. After the
cells been placed, some tools, such as KOAN [4], involve a
process to merge the diffusion of transistors to reduce the total
area future, but this post-process usually cannot achieve maxi-
mum diffusion merging.

This paper presents a transistor-level layout generation
method, which employs an Euler trail searching algorithm in a
diffusion graph extracted from a given analog circuit to maxi-
mize the diffusion merging.

One analog CMOS circuit is usually biased to its quiescent
operation point by a large DC signal. In this quiescent point,
the bias current are always assumed to be through the channel
of a MOS transistor, and the current between the gate and the
channel is assumed non-existed. Therefore for the netlists of
an analog CMOS circuit, we can prune it by removing the gate
nodes and map the rest to a diffusion graph G = {E,V'}, where
the edge set E = {¢;, ...} is mapped from the transistors 7, ... in
the circuit, and each vertex of V' corresponds to a non-empty
pruned netlist, i.e., a netlist at least connecting to one transis-
tor’s diffusion region. As a matter of fact, since generally the
resistor and capacitor can not share diffusion region with tran-
sistor, they are all removed as well.

Figure 1 gives an example of diffusion graph mapping. Fig-
ure 1(a) shows the pruned netlist, i.e., all the gate-associated
netlist segments are removed, and Figure 1(b) is the corre-
sponding diffusion graph.

The algorithm proposed in this paper is to generate a layout
for a given diffusion graph aiming at merging the diffusions
of adjacent transistors as many as possible. Figure 2 gives an
layout example of maximum diffusion merging for the NMOS
transistors in Figure 1.

III. TWIN TRANSISTOR-ROWS SYMMETRICAL LAYOUT
GENERATION

For the transistors with the match constraint, they usually
need to be placed in a symmetrical manner in the layout to
suppress the process- and thermal-induced mismatch. The al-
gorithm presented in this section, using a twin- row layout
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(a) Netlist with gate-gate and
gate-diffusion connection being
pruned

(b) Diffusion graph

Fig. 1. Example of diffusion graph construction

Fig. 2. Layout with diffusion merging

style, by defining a global symmetry axis between the rows,
can generate a well-structured symmetrical layout for the tran-
sistor pairs with prescribed symmetry constraints, and mean-
while merge the diffusions as many as possible to reduce the
routing complexity. We demonstrate the whole procedure by
taking an OPAMP as shown in Figure 3 as an example. It
should be noted that our algorithm currently can only han-
dle the matching pairs, i.e., the discussion on three or more
matched transistors in one constrained group is not covered in
this paper.

A. Symmetrical diffusion-graph construction

Our algorithm starts with a diffusion graph mapped from a
pruned transistor-level netlist by removing all gate-to-gate and
gate-to-diffusion connections (and, as explained in the previ-
ous section, resistors and capacitors). By searching an Eu-
ler trail in the diffusion graph, a diffusion-sharing transistor
chain can be extracted if the Euler trail exists in the graph, and
two adjacent transistors in the chain will share one diffusion.
Therefore it’s unnecessary to involve any extra routing tracks
for connecting the adjacent transistors in the trail, and the tran-
sistors are compactly placed as well (see Figure 1 and 2 for
example).

Since the PMOS and NMOS transistors can not be con-
nected directly by the diffusion, so there will be no sharing
between the PMOS transistor and NMOS transistor. Therefore

the diffusion graph can be partitioned into two sub-graphs: a
P-diffusion graph and a N-diffusion graph, and the netlists that
connect both P- and N-diffusions will appear as vertices in the
both sub-graphs. Figure 3 and 4 show the process by taking
an OPAMP circuit as an example. The circuit as shown in
Figure 3 is mapped to a diffusion graph (Figure 4(a)) after re-
moving the resistors, capacitors, gate-to-diffusion connections
and gate-to-gate connections, and the diffusion graph then is
partitioned into p- and N-sub-graph (Figure 4(b)). The netlist
D1, D2 and VOUT, due to their connections to both P- and
N-diffusions, appear in both sub-graphs.
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Fig. 3. Circuit of OPAMP
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(a)Diffusion graph of OPAMP (b)P/N-sub-diffusion graph

Fig. 4. Diffusion graph extracted from the OPAMP and its P-/N-sub-diffusion
graph

In order to symmetrically assign the transistors, each sub-
diffusion graph is further modified as follows. For the transis-
tor without symmetry constraint, the corresponding edge ¢; ; in
the diffusion graph is folded to two parallel edges e; ; and ¢} ;,
i.e., the transistor without symmetry constraint are decompose
into two sub-transistors, represented by the two parallel edges
in the modified graph. The two sub-transistors are assumed to
be a symmetrical pair then, and will be placed symmetrically
as well. The modified diffusion graph G’ is called a symmet-
rical graph. For example, the N-diffusion graph in Figure 4(b)
is modified to a symmetrical graph as shown in Figure 5(a).
The edge M5, M7 and M8 are replaced by parallel edges (M5’,
M5"), (M7, M7") and (M8', M8"), representing 3 new sym-
metrical transistor-pairs in the circuit. The algorithm proposed
in this paper then arranges the transistor-pairs into two rows to
obtain a symmetrical layout, and meanwhile pursue the maxi-
mum diffusing merging.
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(a)Symmetrical graph

(b)A sub-graph example for one
transistor row

Fig. 5. Symmetrical graph and one of its sub-graph corresponding to one
transistor row

B. Twin-row symmetrical transistor assignment

If two transistors in each symmetrical pair are able to be as-
signed into two transistor rows while keeping their gates align-
ment, we can obtain a layout with the transistor pairs symmet-
rical about the mid-line of two rows. However the arbitrary
ordering the transistor pairs in the row cannot promise a layout
with maximum diffusion-merging, and the total wirelength is
not considered either.

To handle these problems we use a simulated annealing (SA)
based algorithm to search for a symmetrical layout with maxi-
mum diffusion-merging. Our algorithm begins with a random
ordering to the transistor pairs. For example, one possible or-
dering to the transistor pairs in Figure 5(a) can be {(M1,M2),
(M5' . M5"), (M7 ,M7T"), (M8',M8")}. The order of the pairs
determines the transistors’ arrangement order in both transis-
tor rows. For each pair , the two transistors will be randomly
distributed into two groups, G and G2, and each group corre-
sponds to one transistor row in the layout. This is equivalent
to an edge-partitioning to the symmetrical diffusion graph. For
example, as shown in Figure 5, a possible partitioning is group
G with edge set Eg; = {M1,M5' M7 ;M8'} and group G,
with Egy = {M2,M5" ;M7" ,M8"}. We can observe that each
group is a sub-graph of the diffusion graph G = (V,E), where
the vertex set of sub-graph Vi1 = Vg =V, and the edge set
EGIVEG =E,Egi NEgy = §.

Our algorithm firstly accepts a random ordering of the tran-
sistor pairs as an initial solution P* = {G7, G5}, and perturbs
the order the pairs in P* and swaps the two transistors of ran-
domly picked pairs into different group. In order to achieve
a maximum diffusion-merging, our algorithm tries to find an
Euler trail for each group in P*.

It is notably that P* is not a guarantee of valid Euler trails
existing. An extra procedure is therefore invoked to validate
it. This procedure walks through the solution and tries to con-
struct Euler trail edge by edge for each group. Whenever it
fails to join in the partially-completed path to continue the
construction of the Euler trail, a “super edge” S, which con-
nects the rear vertex in the partially-completed path and any
vertex of the failed edge, is added to continue the path con-
struction. An example is shown in Figure 6(a). The group

Gy = {M1,M5' ;M7 M8’} in the solution P is randomly gen-
erated corresponding to the sub-graph in Figure 5(b). The con-
struction of an Euler trail from G fails between edges M7
and M8’ due to the disjoint of vertex VOUT to vertices of
M8'. Therefore an super edge S connecting VOUT and IREF
is added to validate the Euler trail. The valid Euler trail of G,
then will be {D1, M1, D3, M5', GND, M7',VOUT, S, IREF,
M8', GND}, and the super edges can be mapped to dummy
gates or diffusion gaps in the final layout, as shown in Fig-
ure 6(b). The algorithm will achieve the maximum diffusion-
merging by minimizing the total super edges in the solution.

M

M5’ S M8

1 15’ 7
i
1 M5 M7 3 M8

(b)Super edge mapping

M;

M

(a)Example with super edge in-
sertion

Fig. 6. Super edge insertion and mapping

The wirelength of a netlist in the solution is modeled as fol-
lows. Since all the transistors in both rows are aligned, the dif-
fusions and the poly-gates are numbered in a uniform manner
in horizontal direction, and the diffusions and the poly-gates
are called slot hence. The length of a given netlist is measured
by its span in horizontal direction in terms of slot. If a netlist
connects both P- and N-transistors, during the separate opti-
mization of P-/N-region, its length will be calculated from slot
0 to the max slot that the netlist span in that region. Figure 7
gives an example of wirelength calculation. The p/n interface
is assumed to be slot 0 in both regions.

Therefore the cost function F,,s of our optimization algo-
rithm is defined as follows,

Feost(P) =0 x W(P)+B xT(P), (D

where P = {G1,G»} is a solution, and W (P) is the total wire-
length of the solution in terms of slot. T'(P) is the total number
of super edges in P after the Euler trail validation. o and  are
tunable factors for balancing the total wirelength and diffusion
merging. We can see that when 7'(P) is minimized, so are the
number of super edges. Thereby the layout with maximum dif-
fusion merging is obtained, and its area is minimized as well.

IV. GENERATION EXAMPLES

Two circuits are used to generate the symmetrical layouts
with the proposed algorithm. The first is a simple differential
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Fig. 7. Wirelength calculation

opamp, which has been used to demonstrate how our algorithm
works step by step in the previous section. The resultant sym-
metrical layout is given in Figure 8. The symmetry pairs (i.e.,
the transistors with symmetry constraint) given by the designer
are {M1,M2} and {M3,M4}. We can observe that the diffu-
sion gaps exist in the layout due to the super edges in the op-
timized solution. However because of the good arrangement
of transistors, only small extra routing effort is necessary ex-
cept for the connections between P-/N-regions or the regions
separated by diffusion gaps.

Fig. 8. Final layout of OPAMP

It also should be noted that because of the gate alignment of
transistor pair, routing for connecting the gates of transistor-
pair is almost unnecessary more than simply joining the two
aligned poly-gates.

Another example is a pre-amplifying stage of a dynamic
comparator[8], which has more transistors than the first ex-
ample, as shown in Figure 9. The corresponding layout can be
seen in Figure 10. In this result there is no diffusion gaps, i.e.,
no super edges are introduced in the optimized solution.

V. CONCLUSIONS AND FUTURE WORKS

This paper proposes a transistor-level symmetrical layout
generation algorithm aiming at maximum diffusion-merging
to the current paths for analog circuit. We present a SA-based

Fig. 10. Final layout of the pre-amplifier

algorithm to symmetrically assign the transistor pair into two
rows and meanwhile minimize the total wirelength and diffu-
sion gaps. Two examples are used to demonstrate the effec-
tiveness of our algorithm.

The current version of our algorithm can only handle the
symmetry constraints on transistor pairs, and only a twin-row
style layout can be generated. Therefore one priority future
work is to extend the algorithm to support more complicated
case such as the symmetry constraints on transistor tuples and
multi-row layout generation.

Since the two transistor rows are symmetrical about their
mid-line, and the transistors in each pair are well-aligned in
both rows, we can easily generate the symmetrical routing with
the algorithm ROAD proposed in [5] because the non-cross-
row net-segments can be routed in one row, and then the re-
sults can be mirrored into the other row. and the cross-row
net-segments can be routed using “connector” proposed by [6]
to match parasitics. This will be our another future work.
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