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Figure 4: (a) Symmetric-feasible binary tree representation of
a layout with a group of two pairs of symmetric devices (F,G) ;
(C,J), and (b) the �nal device placement

that the binary tree code possesses the property of “symmetric-
feasibility” [1] is crucial: as proven in [1], it ensures that one
additional traversal of the tree encoding ininversepreorder is
suf�cient to �x all the x- symmetry constraints of the form

�

xi � wi � � x j �

2 � xsymAxis, where (Bi � B j ) is a pair of symmetric
devices. The red-black interval tree similarly restarts with only
one node and, afterwards it is evolving such that after each iter-
ation it describes theleft border of the chip. The �nal placement
is shown in Fig. 4(b).

4 Experimental results

A placement tool for analog layout using the exploration algo-
rithm based on red-black interval trees has been implemented
in C++ on a SUN Blade 100 workstation. This tool can process
designs with an arbitrary large number of symmetry groups;
it employs a simulated annealing optimizer with a complex
cost function comprising, along with the chip area and esti-
mated wire length, different penalty terms like, e.g., model-
ing device separation constraints. Besides symmetry, the tool
handles systematically-induced device mismatches, alignment
constraints, and performs shape optimizations. In addition, a
complementary placement algorithm based on the traditional
absolute representation has been embedded in the tool as well.

Table 1 displays (part of) the results of our experiments. The
test benchmarks are analog blocks, components of a spread
spectrum transceiver used in wireless modems. Figure 5 dis-
plays the placement solution for one of these examples. The ex-
periments show that our current technique is 3 to 6 times better
in terms of computational effort than the traditional algorithm
based on the absolute representation of the layout. The quality
of the placement solution is typically 20% better, as well.

5 Conclusions
This paper has presented a novel analog placement algorithm
supporting symmetry constraints which operates on a subsetof
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Figure 5: Placement of the analog blocklpf2 b25b

Design Nr. Sym. Abs. repr. Crt. alg.
cells groups Time/Area Time/Area

lpf2 b25b 52 1 19.5 / 45.7 2.4 / 36.4
biasynth2p4g 65 3 29.3 / 6.8 6.4 / 5.43
dcservocmfb 66 2 24.8 / 72.0 6.0 / 60.4
modbias2p4g 87 5 45.0 / 65.9 10.0 / 55.1
div by 2or4 116 5 61.7 / 59.6 14.7 / 54.0

Table 1: Placement results (Time [min], Area [103 � µm2])

binary tree topological representations of the layout. Itsef�-
ciency is due to the use of red-black interval trees, the compu-
tation times being typically a few times better in comparison
with traditional algorithms.
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