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Abstract ever, these modules differ greatly in their functionality,
This paper describes a novel analog module generatortheir external connections, and their device dimensions.
environment for the automatic layout development of Therefore technology-independent parameterizable module
analog circuits. The C++ tool features a novel procedural 9enerators are procedurally tedious to construct and to
layout description language that drastically eases the Maintain, the complexity of the modules is often limited to
creation of analog modules. Due to the object oriented Single device modules [4]. This keeps the size of the mod-
programming the designer can specify the modules in aule library small, but shifts the essential module creation
hierarchical way using elementary geometrical primitives Problems to the placement and routing steps by adding
and conditional statements. The primitive objects are NUMerous constraints. On the other hand the availability of
placed relatively and are abutted with the help of a special COMplex  generators, like a centroidal cross-coupled
compactor. An optimization routine with backtracking differential pair with its internal wiring and with substrate
capability facilitates the creation of high quality analog ©F Well contacts, simplifies the placement and routing

layouts. A layout example of a broad-band BICMOS am-Problem drastically and yields more optimal layouts. To
plifier will demonstrate the usability of the tool. overcome these problems, a novel module generator

environment is developed with a procedural layout de-

scription language, which permits the technology inde-
1. Introduction pendent creation of parameterizable analog layouts. The

design rules are stored in a technology description file. The

Analog circuits have become a bottleneck in the devel-environment features a special compactor and an optimi-
opment of integrated mixed mode analog-digital systems.zation routine to generate dense layouts with a quality
Due to the necessary constraints of analog layouts (larggomparable to hand-drafted ones. The optimization routine
variations of the device sizes, sensitivity to parasitic ca-can also handle electrical constraints. Several routing
pacitances, crosstalk, device matching and symmetry reroutines support the internal wiring of the modules. In the
quirements) to meet the various specifications, existingnext sections the environment is discussed in more detail.
automated digital design tools are not well suited for the
generation of analog layouts. As a consequence mos :
analog layouts today are still hand-drafted by specialists.é' Module Generator Environment
In recent years several automated design tools for analog
circuits have been developed [1-8]. In general, in these No general guideline exists for the synthesis of optimal
programs the layout is generated in three steps: knowledganalog layouts. Even experienced analog designers have to
based partitioning of the schematic into predefined more omperform the layout iteratively and cannot consider every
less complex modules, placement of the modules either byossible topology variation because of limited time. Due to
the slicing tree method [1-3] or with the simulated an- electrical constraints like matching requirements, it is
nealing approach [4], and finally routing of these blocks. necessary to cluster groups of devices. Thus a modular
Some programs perform an additional compaction step.  layout style results naturally. To support an automatic lay-
Besides the mentioned three or four steps for automaticout tool, a library with parameterizable modules is neces-

layout generation, a further preceding step has to be persary. The programming of parameterizable modules to
formed in which a dedicated module library is created. create optimal error-free layouts is a very complicated and
Only a few different module types (e. g. different current time consuming task. The parameterizability of modules
mirrors, differential pairs, stacked transistors, diode con-increases the complexity drastically. To ease the module
nected transistors) are required in analog circuits. How-creation a novel module generator environment has been



developed which supports the iterative design style ofverted to single rectangles that have to be enclosed by

analog experts. other temporary rectangles to fulfill the rule.
o Due to design-rule constraints, the designer has to spec-
2.1 Procedural Layout Description Language ify different topology alternatives for parameterizable

modules. For this purpose backtracking is supported which
In contrast to former approaches of procedural lan-eases the writing of different variants of a module because
guages for module generation [1, 3, 6, 7, 15-16], this papefo complex if-then-structures with deep hierarchies have to
presents a natural description language. The new procepe programmed. This shortens the code of the module
dural language enables the designer to describe paramgyecause identical parts of two different variants do not
terizable modules for analog integrated circuits hierarchi- agppear multiple in different program branches. To keep the
cally and design-rule independent. This language featuregayout data structure efficient, polygons are converted into
loops, conditional statements and a set o_f S|mple functlonssimp|e rectangular structures. During programming the
to create and to wire primitive geometries without con- environment supports two windows, a text window for the
sidering exact coordinates. Previous work has been done tggyrce code and a corresponding graphical view of the

write module generators in a graphical way [12-14]. For amodule. The source code is automatically translated into
graphical description of a module no special language isc++,

required but loops and conditions are graphically difficult
to handle. Therefore a simple procedural language thaR.2 Functions for Generation of Primitive
yields natural and short code has been developed to writ€seometries
parameterizable modules. _ _ _ _ o
The implemented language interpreter evaluates and Basic geometric objects are generated by calling primi-
fulfills the design rules automatically. If a rule cannot be tivé shape functions. The relevant design-rules are re-
fulfilled an error message occurs. A complex example of adarded automatically. Implemented functions are: inserting
rule check is the evaluation of the latch-up rule for sub-2 rectangle inside other rectangles, placing a rectangle
strate contacts. This rule determines if temporary rec-8round a structure, creating an array of rectangles inside
tangles which are placed around the substrate contact@ther rectangles, placing a ring around a structure, creating
enclose all locos areas of MOS-transistors. The size ofWo overlapping rectangles and producing an angle adaptor
these temporary rectangles is specified in the design ruled0r Wiring purposes. Each geometry contains special
If not all active areas are enclosed additional substratgProperties that define if its edges are fixed or variable for
contacts have to be inserted. Fig. 1 shows the systematig’oVving inwards or outwards. If an edge is variable it can

check of this rule. be moved automatically in a following step to improve the
x=1 =2 x=3 x=4 layout. Numerous internal C++-functions have been
T N P developed to support these geometric functions. The C++-
y=1 bl 0 I B N . functions are hidden for the module environment user.

rect

ééteCon = ContactRow(layer = "poly", W = 10000)

ENT ContactRow(layer, <W>, <L>)

checked

rect INBOX(layer, W, L)
INBOX("metall")
v-3 I:' ARRAY ("contact")
E'- ’ ““‘i l---“' i ““.u i i remaining END ENT
o bd hd Fig. 2: Source code and call of the contact row

p—— To illustrate the comfortable use of the module generator
v=4 i | environment, Fig. 2 shows the source code for a contact
L row module. The description of the module consists of a
Fig. 1: Examination of the latch-up-rule calling sequence (first line) and an object declaration.
The entity "ContactRow" expects the parameters "layer"
The temporary rectangles which should enclose the otheand the optional parameters "W" and "L" which define the
rectangles are drawn with dashed lines. If these rectanglewidth and length of the contact row, respectively. If an
do not enclose completely the other rectangles only theoptional parameter is omitted, a default value is used. In
overlapping part is cut while the remaining part of the rec-the example the length of the contact row is omitted and
tangle is still stored in the database. If after examining alltherefore the minimum possible length for this value is
enclosing rectangles no parts of the solid rectangles areselected according to the design-rules. After the decla-
remaining, the latch-up rule is fulfilled. In Fig. 1 all pos- ration of the entity parameters three geometric function
sible 16 cases of overlapping are depicted. The four colcalls follow. The first call creates a rectangle on the
umns depict the four possible horizontal overlap casesspecified layer (in this example: poly) with the dimensions
while the rows consider the four possible vertical overlap W and L. The second function places a "metall"-rectangle
cases. The not overlapped parts of the rectangle are coreompletely inside the first rectangle. The necessary overlap




between all involved layers is considered automatically. If transistor and the outer diffusion contact rows were
the new rectangle cannot be placed inside the othemutomatically connected to this rectangle.
rectangles, all outer rectangles are expanded. The third

@ comnected Edges

function creates a corresponding array of "contact"-rectan- 1 relevant min spcing oompacted

gles inside the whole structure. The maximum number of ) _— §

rectangles which fits horizontally and vertically into the ' T '

structure is calculated according to the necessary overlap |3 = = = t &

and the contacts are placed equidistantly to minimize the ] X = 5] gh X
contact resistance. If no rectangle can be placed, the outer s e M
geometries are expanded so that at least one rectangle can) b) shrinked

be generated. With these three primitive function-calls a object

complete parameterizable contact row is described without Fig. 5: Auto-connected edges (a and b) and optimization
specifying or calculating an exact coordinate and without by shrinking objects (b)

evaluating a design rule. These operations are performed

automatically by the environment. Another feature of the compactor is the modification of

objects during compacting. Each edge contains a property

X X X poly defining if it can be moved or not. This property is deter-
E metall mined by the designer or defined automatically. If an edge
X X X X is variable and defines the minimum distance between the
[ ] tocosarea two objects, the compactor tries to move it until it is no
X X X longer relevant. This step is repeated until fixed edges
@ contact hole define the minimum distance. The objects affected by the
Fig. 3: Examples of the  Fig. 4: Fill patterns for the movement are rebu_ilt a_utomatica_lly. An example for thi_s
contact row layers feature is depicted in Fig. 5b. It is the same layout as in

Fig. 5a but now the metal edges of the contact row are

In Fig. 3 three resulting modules of the contact row arevariable and the metall-rectangle of the middle contact

depicted. In the left example, both parameters W and Lrow was shrinked automatically. After that the contact row

were omitted, in the middle example only the parameter Lwas rebuilt and the array of "contact"-rectangles was re-
was omitted and in the right example W and L have beencalculated.

defined. The fill patterns for the layers are explained in This concept of variable edges provides additional free-

Fig. 4. dom in optimization because even already placed objects
_ _ can be modified. Therefore optimizations are possible that
2.3 Successive Compaction are not obvious in previous steps. The benefit of this strat-

) ~egy is a substantial reduction of the layout area.
Complex modules are constructed by compacting either

geometric primitives or hierarchically built objects to an 2 4 Optimization

existing structure. In contrast to general compaction ap-

proaches [17, 18], the compaction is done successively by The result of the above described compaction method

involving only one new object in each step. Thus, only depends on the compaction order, because one object

outer edges of the main object have to be kept in the dataould have a different minimum distance to a structure if

structure and no general edge graph must be created. Thisnother object was compacted previously. To find the op-

speeds up the compaction time. Furthermore the designeimal solution, the compactor can be used in an optimiza-

is able to predict the result. tion mode. In this mode all different variations are gener-
According to the design rules, the objects are placed withated by altering the order of the compacted objects. Each

the minimum distance. A special property for every rec- solution is evaluated by a rating function which considers

tangle can avoid undesired overlaps (parasitic capacithe area and electrical conditions. If different topology

tances). Moreover, the implemented compactor support/ariants exist for a module the rating function is also ap-

special features to simplify the description and to optimize plied to select the best variant.

the layout. For instance edges on the same potential are not

considered during compaction, because they can be.5 Simple MOS Differential Pair Example

merged. With this condition simple wiring can be per-

formed by compacting a rectangle whose edges are on the Fig. 6 illustrates the generation steps for a simple MOS

same potential as the edges of the rectangles which shall bdifferential pair module which consists of two transistors,

connected. The rectangle is compacted as close as possibileree diffusion-contact-rows and two poly-contacts. Fig. 7

and the rectangles on the same potential are merged. Fighows the hierarchical source code of the differential pair.

5a show examples for this feature in the marked parts: AThe description consists of a calling sequence in the first

metal-rectangle was compacted to the top of the MOS-line and two object declarations. The declaration of the



contact row (Fig. 2) is omitted because it has already beertontacts could be placed closer to the transistors. Using
explained in section 2.2. this hierarchical description for the module, a very short

and easy to read code results. Former methods for
equivalent generation by describing each rectangle with its
exact coordinates needed a multiple of this source code
and were much more difficult to construct and to maintain

[11].
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3. Example of a BICMOS Operational
Amplifier Layout

Fig. 6: MOS differential pair, a) before and b) after com-
paction
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In the declaration of the object "Trans" the call of the j W ‘
primitive shape function "TWORECTS" creates a : E A ‘ D L[ ‘
transistor geometry consisting of two overlapping T o+ o =
rectangles in the data structure of the object "Trans". After
that a poly contact and a diffusion contact are created by F
calling the object "ContactRow". The calls of the 8"
"compact"-function compact these two objects (step 1 and
step 2 in Fig. 6) to the data structure of the object "Trans".
The first parameter of this function is the compacted A | T
object, the second parameter is the direction and the third v
parameter determines layers which are not relevant during Fig. 8: High bandwidth BICMOS amplifier [10]

this compaction step. The geometries of these layers are _. . .
connected automatically after the compaction if they are on F19: 8 shows the schematic of a broad-band BICMOS

the same potential. ampllfler [10] and the correspondm_g Iayout is depicted in
Fig. 9. The knowledge based partitioning of the modules
diff = DiffPair(W = 10000, L = 5000) takes addit.ional analog prpperties like mqtphing an'd sym-
. o <t metry requirements, minimization of parasitic capacitances
<W>, <L> . . .. . .
TWOE‘E(S;(TS(--,)’OW--,)updiffn, W, L) of nodes in the signal paths,'mlnlm'al wire Wldths of the
gs#sécon =CCo?tath;Rova(layer =3c}lfyvb=b\)0 different modules and poly-wire resistance into account.
I on = ContactrRow(layer = I, = " . . . . . .
compact(polyCon, SOUTyH,--ppﬂ,--) 1 step 1 The partitioning is indicated in the schematic. In order to
E%Oéﬂgﬁﬁt_(d'ffcm SOUTH, "pdiff") II'step 2 reach the high performance requirements of the broad-
band amplifier, each module has to satisfy special analog
ENT DiffPair(<W>, <L>) properties. BlockA contains the cascode transistors of the
transl = Trans(W =W, L = L) . . . . . . ..
trans2 = transl /l'copy of trans1 bias circuit. This module is composed of two inter-digital
diffCon = ContactRow(layer = "pdiff", W = W) i i i
Compact(ranss. WEST pdiff) I/ ston 3 MOS_ transistors because no _speual matching or symmetry
compact(trans2, WEST, "pdiff") Il step 4 requirements has been specified for these transistors. No
goompact(dificon, WEST, *pdif’) i step 5 special matching requirements exist for modDleOnly

moderate matching requirements has been specified for the
current mirror of bloclkB. Therefore a symmetrical layout
The declaration of the object "DiffPair" contains a call of module is chosen with the diode transistor in the middle.
this object "Trans" and a function call that copies the dataFor the current sources of blogk high symmetry and
structure of the first object to a new object. A diffusion matching requirements exist. Thus a cross-coupled
contact is created by calling the object "ContactRow". arrangement of inter-digital transistors is selected. To im-
After this creation of the objects the data structure of theprove the matching properties, the differential pair in block
object "DiffPair" is still empty, only the objects were gen- E consists of centroidal cross-coupled inter-digital
erated. Therefore the first compaction command copies thdransistors with eight dummy transistors in the middle and
first transistor into the data structure. The two next com-four dummy transistors on the right and left side, respec-
paction commands compact the second transistor and thavely. An expanded view of this module is depicted in Fig.
diffusion contact to the first transistor. The result of the 10. As can be seen from the figure the wiring is fully sym-
compaction is shown in Fig. 6b. metrical and every net has identical crossings. The source
The magnified part displays the above mentioned featurecode for this complex module has a length of about 180
of the compactor which moves non-fixed edges in order tolines. The computation time for building this module is
produce denser layouts. In this example the metal-edges dive seconds. The bipolar transistors of bldelare com-
the poly-contacts were moved so that the diffusion- posed symmetrically. The internal wiring and the substrate

Fig. 7: Source code of the simple MOS differential pair



or well contacts are included into the modules. The layoutronment has been demonstrated with the automatic layout
area (592 x 481 pfnin a 1y Siemens-BiCMOS-technol- creation of a high bandwidth BICMOS amplifier example.
ogy) and the quality (parasitic capacitances of the internal Acknowledgments The authors acknowledge V. Meyer
nodes) of the amplifier are comparable to an optimal hand-zu Bexten and G. Nebel for their helpful discussions. This
drafted version or even better. The placement of thework has been supported by the JESSI project AC12 and

modules and the global routing were done manually.
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Fig. 9: Automatically generated layout of the BICMOS
amplifier
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Fig. 10: Expanded view of the differential pair of module E
[11]
4. Conclusion

A novel module generator environment has been preilz]
sented which simplifies the creation and shortens the
source code of complex analog parameterizable module?m]
drastically. With the natural layout description language
the modules are written in a technology independent way
because the environment considers the design rules autgi4)
matically. The hierarchical description method makes the
source code more readable and permits the reuse of the
code. The simple successive compaction algorithm is very15]
fast and produces predictable results. The concept of the
variable edges offers a possibility for automatic and post-[16]
placed optimization. This approach is similar to the suc-
cessful layout generation style of analog experts. Thel7]
backtracking capability of the environment enables the
user to create different topology variants easily for iterative
optimization purposes. Due to its easy use, analog de 18]
signers can construct and maintain their modules them-
selves. The performance of the module generator envi-

Siemens.
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