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Abstract : This paper int roduces a novel automatic physical synthesis methodology for analog circuit s based on the

signal2flow analysis. Circuit analysis sub2system adopts the newly advanced methodology ,circuit topology analysis ,

and circuit sensitivity analysis to generate layout const raint s and control performance degradations. Considering the

heuristic information about signal2flow , complexity of the methodology is less than the pure performance2driven

methodology. And then these const raint s are implemented in device generation ,placement ,and routing sub2systems

separately ,which makes the different const raint s be satisfied at most easily implemented stages. Excellent circuit per2
formance obtained by the methodology is demonst rated by practical circuit examples.
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1　Introduction

Nowadays , SOC integrates all of t he circuit s

on one chip , including digital and analog part s.

Whereas the p hysical design of digital circuit s is

automated to a large extent , t he layout of analog

circuit s is still a manual , time2consuming , and er2
ror2prone task. This is mainly due to t he continu2
ous nat ure of analog signals , which causes analog

circuit performance to be very sensitive to layout

parasitics and mismatch. To obtain high2perform2
ance analog circuit layout s we must consider device

matches , parasitics , subst rate and thermal effect s

and so on. Performance degradation is subject to

occurring due to so many parasitics ,which are gen2

erally difficult to estimate accurately before t he ac2
t ual layout is completed. If t he layout suffers se2
vere performance degradation ,it is possible t hat t he

circuit does not work. Most of the existing CAD

tools for analog layout can be classified as follows.

(1) Special layout systems can automatically

synt hesize most analog f unctional modules ,such as

t he synthesis of opamp s[1 ,2 ] , comparators[3 ] ,

switched2capacitor filters[4 ] ,and data converters[5 ] .

But t hese systems can not cope with arbit rary cir2
cuit architect ure and f ull custom layout .

(2) Pre2defined language layout systems heav2
ily rely on t he user’s expertise. U sers must inp ut a

layout description file to guide t he layout genera2
tion[6 ] .

(3) Full custom layout generation based on
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t he minimization of cost f unction. In KOAN/ ANA2
GRAM [7 ] , area routing and unconst rained place2
ment with abut ment capability p rovide layout wit h

high flexibility and area performance. But t hey can2
not guarantee t hat t he created layout can meet all

t he specifications.

(4) Performance2driven analog layout genera2
tion tools. In Ref . [ 8 ] ,high2level performance con2
st raint s are automatically t ranslated into a set of

low2level bounds on t he layout parameters ( i. e.

parasitics , outline and location of geomet ry ) by

sensitivities analysis , which can effectively cont rol

t he performance degradation at the stage of layout

synt hesis. But p ure sensitivities analysis has very

high algorit hmic complex and t he algorit hm is not

convergent in some special sit uations.

This paper p resent s a novel met hodology for

analog layout automation based on t he signal2flow

analysis. The aim is still to optimize t he circuit per2
formance and especially signal2flow circuit s are al2
ways considered at each stage of layout generation ,

where t he layout generation algorit hms for signal2
flow circuit s are different f rom those for non2sig2
nal2flow circuit s. The circuit analysis sub2system a2
dopt s not only t he met hod of sensitivities analysis

but also t he met hod of circuit topology analysis and

circuit feat ure parameters calculation (i . e. current s

and voltages) to obtain the layout const raint s. The

device generation sub2system can generate 1D and

2D common2cent roid st ructures for t ransistors wit h

st rict match const raint s. The placement sub2system

adopt s determinate symmet rical placement algo2
rit hm to optimize layout performance of t he signal2
flow circuit s and annealing simulation to optimize

layout of t he bias2circuit s. The routing sub2system

can realize symmet rical routing ,multiple2layer rou2
ting and variable wire widt h routing according to

t he values of current s , which can greatly optimize

circuit performance.

The architect ure of SDA PS (signal driven ana2
log p hysical synthesis) system is shown in Fig. 1.

The inp ut s consist of a netlist file , a performance

specification file , and a technology file , which de2

scribe t he whole circuit ,t he upper limit s of t he per2
formance degradations , and all p rocess dependent

information ,respectively. U sing different technolo2
gy description files ,SDA PS is able to generate lay2
out s in different CMOS processes. The outp ut s of

SDA PS are the final layout s in CIF format . The

whole system consist s of four sub2systems , which

are circuit analysis sub2system (CA) ,device gener2
ation sub2system ( D G ) , placement sub2system

( PL) and routing sub2system ( R T) . Details of each

sub2system will be discussed in the following sec2
tions.

Fig. 1　Architecture of SDA PS

2　Circuit analysis sub2system

Different layout s will int roduce different para2
sitics and mismatches. To guarantee t he final lay2
out has approximate performance wit h t he ideal

circuit we must have some inst ructive knowledge

on layout to guide t he t ranslation f rom schematics

to layout s ,which is t he task of CA.

Definition 1 :performance characteristic p is a

real number t hat quantifies some aspect of t he per2
formance of a circuit (i . e. gain2bandwidt h ,p hase2
margin and delay) .

Definition 2 :performance characteristic vector

096
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P is a real vector to describe t he whole performance

of a circuit . Each dimension of P is a performance

characteristic.

Definition 3 :performance specification is a real

vector interval in a real vector space that specifies a

set of acceptable vectors.

Each performance characteristic is influenced

by t hree kinds of parameters.

(1) Design parameter :circuit designer directly

cont rol the values of t hese parameters ( i . e. t he

widt h and lengt h of MOS transistor , t he values of

capacitance and resistance) .

(2) Process parameter :foundry specifies t hese

values ,which cannot be cont rolled by circuit desig2
ner. Anisot ropic p rocess step s and silicon subst rate

cause asymmet ries layout parameter ,so t he devices

t hat should have t he same elect rical p roperties may

be different . The mismatch will cause circuit per2
formance degradation.

(3) Layout parasitics :circuit designer does not

intend t hese parameters , but t hey are inevitable in

t he stage of p hysical synt hesis. Different layout s

will generate different layout parasitics. The more

lit tle t he values are , t he bet ter t he performance of

layout is. Parasitics mainly include device parasitics

and interconnection parasitics.

Among t he above t hree types of parameters ,

layout designer can cont rol t he last two types. To

ensure t he final layout s satisfy t he performance

const raint s we adopt t he following t hree met hods

to obtain t he layout const raint s.

211　Sensitivity analysis

We use L = [ l1 , l2 , ⋯, L n ]T to denote t he lay2
out parameter vector ; P = [ p1 , p2 , ⋯, pm ]T to de2
note t he performance characteristic vector .

K =

k11 , k12 , ⋯, k1 n

k21 , k22 , ⋯, k2 n

⋯, ⋯, ⋯, ⋯

km1 , km2 , ⋯, kmn

(1)

sij =
5kij

5 l j
(2)

S =

s11 , s12 , ⋯, s1 n

s21 , s22 , ⋯, s2 n

⋯, ⋯, ⋯, ⋯

sm1 , sm2 , ⋯, smn

(3)

sij =
Δpi

Δl j
(4)

　　Mat rix K in Eq. (1) is a t ransform f rom t he

vector L to the vector P. Element kij in t he mat rix

is a mapping f rom the layout parameter l j to t he

performance characteristic pi . We can use formula

pi = kij ( l j ) to denote each mapping. So P = KL.

Each mapping is a nonlinear continuously differen2
tiable f unction. So we can define t he sensitivity of

pi to l j as sij , which is expressed in Eq. (2) . And

t hen t he sensitivity mat rix S of K is defined in Eq.

(3) . It is impossible to calculate t he value of Eq.

(2) directly ,but we can use Eq. (4) to app roximate

it . The correctness of linearization met hod has been

demonst rated in Ref . [ 9 ] . In fact , t he value of Eq.

(4) can be calculated by SPICE simulation. By t he

sensitivity analysis , CA can t ransform t he upper

limit of circuit performances to t he upper limit of

parasitics parameters ,such as interconnection para2
sitics and t ransistor diff usion parasitics ,which can

be f urther t ransformed to geomet ry const raint s

such as length and area by parasitics models. For

example ,by sensitivity analysis CA can distinguish

critical net s information and interconnection para2
sitics const raint s.

212　Circuit topology analysis

Definition 4 : diff usion grap h is a grap h ob2
tained by mapping each node in a MOS circuit to a

vertex of a grap h and mapping each source and

drain connection of t ransistor to multiple2edge in

t he grap h , the number of which is the same wit h

t he finger number of t he t ransistor .

CA convert s circuit schematics to diff usion

grap h and t hen adopt s some grap h algorit hms to

recognise some special circuit unit s ,such as differ2
ential pairs , current mirrors and cascade architec2
t ures. D G can directly generate layout s for t hem in

a single unit2circuit . We use a grap h2based search
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algorit hm in Ref . [ 10 ] to detect all symmetry con2
st raint s for placement and routing.

213　Signal2flow analysis

The met hodology of signal2flow analysis is to

partition the original circuit into core2circuit and

bias2circuit . Core2circuit carries signals and bias2
circuit supplies bias2voltage for the core2circuit .

The core2circuit is composed of several stage2cir2
cuit s among which t here are obvious relationship

for inp ut and outp ut .

CA can also calculate t he values of current s on

wires ,which is usef ul to t he variable wire widt h

routing.

3　Device generator sub2system

Performance2driven analog device generation :

given a circuit specified as a set of devices ( t ran2
sistors ,capacitors and resistors) and a netlist inter2
connecting t hese devices and t he const raint s of de2
vices level , we define t he set of devices as D and

t he setψas a partition of the set D generated ac2
cording to t he result s of CA ,and t hen for Πe∈ψ,

we generate the layout of e ,which satisfies the con2
st raint s of devices level .

D G is divided into four f unctional sub2sys2
tems. Firstly , D G generates common2cent roid

st ruct ures for MOS transistors with st rict matches

demand ;the second is stage2circuit s ;t he t hird is va2
rieties of a single MOS transistor ; t he fort h is sin2
gle analog devices.

311　Generating the single analog device

CA can directly generate t ransistor , resistor

and capacitor , t he layout s of which are illust rated

in Fig. 2.

312 　Generating varieties for a single MOS tran2
sistor

　　Because t he finger number of a t ransistor can

be adjusted ,the t ransistor has many varieties. Any

varietym and varietyn must hold the equation W m Fm

= W n Fn , where t he character W and F stand for

channel width and the finger number respectively.

Different layout s for t he same t ransistor are illus2
t rated in Fig. 3.

Fig. 2　Layout of the single devices (t ransistor ,resistor

and capacitor)

Fig. 3　Different varieties of the same MOS transistor

Different layout s for t he same t ransistor have

different parasitic parameters ,which mainly include

parasitic capacitors of source/ drain regions. We can

use Eq. (5) to evaluate the parasitics of diff usion

regions ,where CjSBt refers to t he total source/ drain

bulk capacitance ,A S and PS is t he source/ drain area

and perimeter , Cj and Cjsw is t he bot tom and side2
wall junction capacitances in absence of any junc2
tion voltage and <j is t he built2in junction poten2
tial . mj and mjsw depend on t he doping profile of t he

junction. Equation (5) reveals that capacitance can

be reduced by minimizing t he size of diff usion re2
gions.

CjSBt =
A S Cj

1 -
V BS

<j

mj
+

PS Cjsω

1 -
V BS

<j

mjsω
(5)

313　Generating common2centroid structure

A group of devices wit h st rict match con2
st raint s can be generated toget her in a single unit2
circuit . We satisfy t hese const raint s at t he stage of

296
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D G rat her t han leave t hem to PL so as to satisfy

t he const raint s better and reduce calculation time

of placement . Common2cent roid st ructure is the

best match style for t he devices[11 ] . There is an ex2
ample displayed in Fig. 4. We adopt t he improved

algorit hm based on dual Euler2loop [12 ] to generate

1D common2cent roid st ruct ure. But if t he ratio L/

W of t ransistors is small and t he finger number is

large ,t he outline of layout will be very narrow and

long ,which is not expected by PL and R T. So we

must generate 2D common2cent roid st ructure[13 ] ,

t he outline of which will app roximate a square. The

layout is illust rated in Fig. 5.

Fig. 4　Schematics of differential pairs and 1D common

centroid layout

Fig. 5 　Schematics of current mirror and 2D common

centroid layout

314　Generating stage2circuit

We generate stage2circuit s for the core2circuit .

Each stage2circuit is a f unctional unit p rocessing

signal ,which is surrounded by guard ring to elimi2
nate latch2up effect s. Each t ransistor in stage2cir2
cuit is added by dummy fingers to eliminate f ringe

effect s. In Fig. 8 we can see all t he stage2circuit s

clearly.

4　Placement sub2system

Performance2driven analog circuit level place2
ment : given a circuit specified as a set of devices

layout s and port s location of each device/ unit2cir2
cuit and interconnection relationship and t he place2
ment const raint s ,we select an optimal variety and

po sition for each device/ unit2circuit , wit h rest ric2
tion to design rules and placement const raint s (i . e.

symmet ry and outline ratio) so as to minimize lay2
out area.

At t he stage of placement we mainly pay at2
tention to the following t hree const raint s :

( 1) Symmetry const raint s : two devices wit h

symmet ry const raint s must have identical variant s

and mirrored orientations. Self2symmetric device

must be placed on t he symmet ry axis. Couples and

self2symmet ric devices wit h t he same symmet ry ax2
is must share the same symmet ry axis.

(2) Matching const raint s : in fact many match

const raint s have been satisfied at t he stage of de2
vice generation. So ,we only place devices wit h t he

same orientations such t hat t he current flow is

st rictly parallel , which can reduce asymmetries

caused by t he anisot ropic p rocess step s and silicon

subst rate.

(3) Interconnect parasitics :alt hough t he actu2
al parasitic capacitance and resistance of intercon2
nection are calculated at t he stage of routing ,t heir

minimum achievable values are determined after

placement , so at t he stage of placement we must

estimate these values.

PL adopt s different algorit hms to implement

placement for core2circuit and bias2circuit . The al2
gorit hm firstly completes placement for core2circuit

and t hen for bias2circuit . Floorplan rep resentation

is based on CBL [ 14 ] .

411　Core2circuit placement

We adopt determinate algorit hm to implement
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t he core2circuit placement because CA gives st rict

and complete const raint s and t hese stage2circuit s

have evident relationship that t he outp ut of the

f ront stage2circuit is t he inp ut of t he back stage2
circuit ,so we place all t he stage2circuit s f rom lef t

to right and const rain t he height of t he stage2cir2
cuit s to a certain p roper value to obtain layout of

t he core2circuit close to a rectangle. In Fig. 8 , we

can clearly recognise these stage2circuit s. Con2
st raint s of alinement and symmet ry are illust rated

in Fig. 6.

Fig. 6　Alinement and symmetry const raint s

412　Bias2circuit placement

This part of circuit has more slack const raint s

except differential pairs and current mirrors , t he

st rict const raint s of which have been satisfied by

D G. So we only need to consider t he const raint s of

interconnection parasitics in t he bias2circuit . Our

optimization algorit hm is based on simulation an2
nealing[15 ] . The co st f unction is listed in Eq. (6) ,

where Carea minimizes the layout area , Cnet length mini2
mizes total lengt h of all net s , Cperf can keep t he per2
formance of t he circuit within t he allowable range

(we mainly consider t he performance degradation

induced by interconnect parasitics for t he device

mismatch has been solved by D G) , Cwidth const raint s

t he widt h of bias2circuit close to t hat of core2cir2
cuit ,which can make t he whole layout close to a

rectangle. The weighting coefficient s are experien2
tial values obtained by many experiment s.

C =αCarea +βCnet length +δCperf +γCwidth (6)

5　Routing sub2system

Performance2driven analog circuit routing :giv2
en a placement of a circuit specified as a set of de2
vices layout with t heir positions and orientations

and the interconnection relationship of terminals ,

we generate t he layout s of all t he net s such t hat

t he circuit is interconnected correctly and layout s

of all t he net s must satisfy t he design rules and

routing const raint s.

In Fig. 7 ,we classify t he net s into t hree types

t hat are symmet ry net s , matching net s , power/

ground net s and general net s. R T uses different

routing algorit hms for different types of net s.

Fig. 7　Algorithm flow of RT sub2system

511　Symmetry nets and matching nets

It is known t hat the number of interconnection

in routing of analog circuit s is usually much smal2
ler t han t hat of digital ones , so the speed and effi2
ciency are less important t han t hose of digital cir2
cuit s as well . Nonetheless , t he performance of cir2
cuit s is more critical , so in R T critical net s wit h

symmet ry and matching const raint s are designed to

guarantee t he majority of performance of analog

circuit s. They hold t he mo st significant signal in

analog circuit s , so symmet rical net s and matching

net s should be routed prior to any ot her net s. Fur2
t hermore , symmet rical net s t hat are p rocessed

firstly have a higher p riority t han matching ones.

Although t hese two types of critical net s have dif2
ferent p riorities and they are routed sequentially ,

t he core algorit hms used to search pat hs are t he

same. Herein lays the A 3 algorit hm ,a heuristic al2
gorit hm referred f rom t he field of A I ,which is real2
ly p ractical and efficient .
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512　Power/ ground nets

R T uses two pieces of wide horizontal metal to

implement ground net layout . One is placed on the

top of layout , t he ot her on the bot tom of layout .

R T places one piece of wide horizontal metal to im2
plement power net layout placed in t he middle of

core2circuit and bias2circuit . In Fig. 8 they are all il2
lust rated clearly.

Fig. 8　Final layout of the opamp circuit

513　General nets

Compared wit h critical net s ,general net s have

no const raint s such as symmet ry and matching ,

ot her t han the f unction as connection. Therefore ,

t he goal of general net routing is similar to t hat of

routing for digital circuit s. It means t hat t he suc2
cess rate of routing ,as well as the wire lengt h and

t he count of vias should be paid more at tention

when t he performance of an analog circuit is guar2
anteed. Because of t he feat ures of general net s ,t he

classical maze routing algorit hm[16 ] is chosen. Mo2
reover , target2oriented expansion st rategy and bi2
direction expansion st rategy are added to t he algo2
rit hm to improve t he routing efficiency. Rip2up re2
routing is also integrated to obtain t he bet ter rou2
ting result s so as to ensure t he routing completion

rate.

For all types of net s ,minimization of intercon2
nection parasitics must be considered ,which R T u2
ses RC circuit module to approximate. Different

part s of an analog circuit of ten carry significantly

different current s. To avoid elect ro2migration in

high2current wires , R T must adjust t he width of

wires according to the values of current s on t hem.

Nowadays ,technology processes have six or more

metal layers. R T must take advantage all of t he a2
vailable routing layers to improve t he performance

of t he analog circuit because t he f urt her the metal

layers are ,t he less interference t he signals on t hem

have.

6　Results and conclusion

We have implemented the whole system in

C + + . Some layout s of single device and unit2cir2
cuit have been displayed in Figs. 2～5. A complete

example ,opamp circuit ,is illust rated in Fig. 8. All

t he result s are got ten on t he platform of Solaris of

Sun2V880. The running time of CA is 4 ;t hat of D G

is 7 ;t hat of PL is 255 and t hat of R T is 166.

The top part of Fig. 8 is t he layout of bias2cir2
cuit ,and the other part is t he layout of core2circuit .

The experimental result s demonst rate t hat we have

obtained high2quality layout . For core2circuit we

obtain good matches and complete symmet ry for

placement and routing. All of t he stage2circuit s

have approximate height . For t he bias2circuit part

we obtain high usage ratio of area (always greater

t han 90 %) and 100 % routing completion ratio .

The whole layout is close to square. What’s more ,

all t he performance specifications have been satis2
fied.

In t his paper , a signal2flow driven automatic

p hysical synt hesis met hodology of SDA PS for ana2
log circuit s has been presented ,correct ness and ef2
fectiveness of which have been demonst rated by t he

experiment . But there is still much work to do in

t he f uture. For D G we want it to generate more

types of unit2circuit s ; for PL t hermal analysis of

circuit s should be considered ;for R T it should sup2
port shielding routing and layer jumping.
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信号流驱动的模拟电路版图综合方法 3

龙　迪　洪先龙　董社勤

(清华大学软件研究所 , 北京　100084)

摘要 : 提出了一种新的基于信号流分析的模拟电路版图综合方法.电路分析子系统采用新提出的信号流分析方法

再结合已有的电路拓扑分析和电路灵敏性分析方法生成布图约束控制电路性能的衰减.由于考虑了电路中有关信

号流的启发式信息 ,该方法的复杂性较一般的纯粹性能驱动方法小.然后分别在器件生成子系统、布图子系统和布

线子系统中实现这些约束 ,使得这些约束在最容易实现的阶段得到满足.实际的电路例子已经证明了这一方法可

以获得出色的电路性能.
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