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ABSTRACT

In recent years, in order to handle .substrate .noise and process
variation in high-end mixed-signal’ circuit,.analog circuits are often
required placement symmetrically to the axis;.and high noise digital
circuits need to far aware form noise interference to analog blocks. In
floorplan. process, for the symmetry components .of the analog
circuits, “we propose a simple and efficient method" to obtain the
closest blacks. placement of the analog:cells of the some symmetry
groups satisfying the symmetry constraints, .and handle the digital
blocks of high noise interference to analog blocks by using substrate
noise model. We apply. sequence-pair and LCS (Longest Common
Subsequence) algorithm to implement the floorplan. In order to
obtain solutions effectively, the analog blocks and digital blocks are
implemented by two-phase method separately. In first phase, to
execute the simulated annealing with the positions of the symmetry
groups and non-symmetry blocks, and in second phase to achieve a
floorplan with minimize digital blocks noise interference to analog
blocks. Then we compare our experiment results to the papers with
symmetry constraints and mixed-signal SOC (System-On Chip)
floorplan with minimize substrate noise recently, and demonstrate the
effectiveness of our approach by experiment result.
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Chapter 1

Introduction

For the last few years, mixed-signal IC design or System-On Chip (SOC) integra-
tion has continued to.be challenged By"CMOS scaling down: 6f the foundry process.
Single chip mixed=signal designs combining digital and analog blocks which build on
a common substrate provide reduced levels of pewer dissipationtand small package
counts, as well.as smaller package interconnect parasitical effects.; Therefore many
consumer electronic products have been,continually developed, such as wireless com-
munications, digital audio productsyete:

However, design of this kind‘of system is becoming an.increasingly difficult task
due to the coupling ‘problems of substrate noise that result from the combined
requirements for high-speed digital and high-precision analog components. Fast
switching activity of digital circuits inevitably generates undesired current noise.
The noise is injected into and propagates through the substrate to degrade the per-
formance of sensitive analog circuits. It can also affect the operation of sensitive
analog circuits through the body-effect, since the transistor threshold voltage is a
strong function of substrate bias.

On the other hand, with advanced CMOS process generation, there exist smaller
devices feature size, faster clock switching speeds, and higher transistor integration
density. Large power current spikes due to a large number of switching events in the

circuit block within a short period of time can cause serious drop and Ldi/dt noise
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over the power-supply network[1]. Moreover, the driving capability of transistor is
degraded and noise margin is reduced due to the reduced effective supply voltages.

For analog circuit design, because of parasitic issues and process variation of
CMOS devices, this may lead to higher offset voltages and degraded power-supply
rejection ratio (PSRR) [2]. It is necessary that a device blocks are placed symmetri-
cally with respect to one common axis (horizontal or vertical), and symmetric block
placement can also reduce the circuit sensitivity to thermal gradients issue. If this
is not done, it may fail to balance thermal couplings in a differential circuit which
can introduce unwanted oscillations [8] and degrade noise immunization of sensitive
circuits.

According to the above description, mixed-signal circuit design is a difficult task.
We have to consider substrate noise coupling, IR "Drop ‘of power supply, and the is-
sue of symmetric analog blocks. In our floorplan of mixed-signal blocks, we consider
noise-aware placement, symmetric placement of analog block and decoupling capac-

itor insertion.

1.1 Owur contribution

Many methods of block placement are proposed, such as B* tree [4], O tree [5],
sequence pair [6] and TCGS [7]. Due to the need to consider of analog block place-
ment, we prefer the sequence pair method because of the application of symmetric-
feasible [8]. It achieves better operation times than other block placements that have
symmetric constraints. We implement the algorithm of sequence-pair by Longest
Common Subsequence (LCS). It delivers better performance in dealing with large-
scale circuit design. In addition, noise-aware placement should also be considered
during simulating annealing process. Finally, when floorplan is obtained, the suit-

able decoupling capacitors (Decap) will be inserted. Subsequently we have results



for conforming symmetry constraints during placement by comparing two work [9]
[10] with the same benchmarks. Since there is no similar works in mixed-signal SoC
designs, we have developed two approaches and compare the results. The results
have shown that we can obtain better results even when the number of circuit blocks

is larger, compared with some previous works [9] [10].

1.2 Organization of this thesis

[T

acluding substrate

noise, IR-Drop_a sig _ . In Chapter 3,

in Chapter 4. Finally o s thesis and future work in

Chapter 5.



Chapter 2

Preliminaries

blocks in which the center poi I on the common symmetry axis.
Each symmetry block must be placed symmetrically with regard to both the size
and shape of the two blocks. Figure 2.1 shows the symmetry condition. Below we
will show the layout design with symmetry constraints and sequence-pair represen-

tation to deal with the constraints.



Dl Dr

v

Figure 2.1: Two self.symmetry block(As,Bs) and two pairs of symmetry blocks(C,D).

2.1.1 Layout design with symmetry constraints

In the design of analog cirecuits, such as ¢onsumer telecommunication ICs and wire-
less communication devices, it is-often necessary .to have someisensitive devices
placed symmetrically. with respeet to common axes. The main reason is to take
account of the balanee of layout-induced parasitic devices so as to avoid both high
offset voltage and degradation.of the power supply rejection ratio[9]. Additionally,
symmetry placement can alleviate parasiti¢ disturbance, crosstalk, and power sup-
ply noise, etc.

As shown in Figure 2.2 [32], the pair consisting of block A and block B are ar-
ranged symmetrically on a common axis. With regard to the passive device, the
resistor-chain layout, as shown in Figure 2.3, includes three resistor pairs which are
arranged in an interdigitated fashion with one dimensional common-centroid sym-
metry. They will have identical resistances regardless of process and temperature

gradients, due to the match between the resistor pairs.
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quences represents the relationship between two blocks as follows:
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(ecadfb,fcbead),where a,b,c,d,
From the sequence-pair



termine the approximate location of each module and construct a horizontal graph

and a vertical graph, as shown in Figure 2.5.

H
N Ty
Figure 2.4: A p.ac'ktng; on an obhque grld' f@n-_.a} @quence—palr (o, B).
(. "-] . i

" 4 52 [ %,
- B = e L-";' 1 "_
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T rm uﬁ'-"ﬁ R
E =l
Figure 2.5: Sequence-pair of constraint graph: GH(a) and GV(b).

Consequently, given sequence pair is (o, (3); the horizontal relationship among
blocks follows a horizontal constraint graph GH(V,E), which can be constructed as
follows:

1) Visource s, sink t, and m vertices labeled with module names
2) E:(s,x) and (x,t) for each module x, and (x,x’) if and only if x is left of constraint
3) Vertex weight equals the width of block m, but zero for source(s) and sink(t).

The vertical constraint graph GV(V.E) can be similarly constructed. Both GH(V,E)
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and GV(V,E) are vertex-weighted directed acyclic graphs, so they can be applied to

determine the x and y coordinates of each block by using the longest path algorithm.

2.1.3 Placement of symmetry constraints with sequence-
pair method

The problem of symmetry constraints was studied by [8][12]. Let («, 3) be the
sequence-pair of a placement configuration containing a few symmetry groups ( each
group is composed of pair of symmetric blocks, and self-symmetric blocks which are
relative to a common verticalaxis). The position of block A in o and 3 sequences
is denoted by 0421 and ﬂ;l and define by y = sym(z) the block y symmetric to x.
if for any distinct blocks x,y in any of the symmetry groups satisfy:

—1
%

1

a;' <ot & 7 sym(y) < 87 sym(x) (2.1)

This is called the symmetrie-feasible in this sequence-pair (a,6). Any two self-
symmetric blocks in the some symmetry group appear in reversed order in the two
sequences of the encoding. For example, Figure 2.6-shows a placement corresponding
to the sequence-pair (BAECDG,BCDFAG). It assumes aiSymmetry group composed
of two symmetric pairs (@,D) (BiG) and two self-symmetric blocks A and F, accord-
ing to EQ(2.1), the sequence-pair is symmetric-feasible. It can effectively define
symmetric groups which are relative to a common vertical axis. For the common

horizontal axis, this is similar to the vertical axis.

2.2 SOC design for substrate noise issues and so-
lutions

Continued scaling of the CMOS process, smaller size, and more features have mo-

tivated the combining of analog circuits with digital system. The mixed-signal chip

8



Figure 2.6: Placemént'with 1etry 1 L 7" nd self-symmetry blocks
(A,F) corresponding [ atric-feasible seque ir(BAFCDG,BCDFAG).

is composed of al circuit clock,

analog circuit ¢ ever, due to the

the com n# 1b; he digital circuit
can easily be injected int, ed through the sili bstrate[13] [14]. As

a result, the substrate nois 'degrade the performance of

Mixed-signal noise reduction by g, shielding, suitable timing of logic,
signal routing, and power distribution has been discussed. These techniques may be
broadly classified as discussed in [15]:

1) Reducing Noise Source Strength:

To prevent unnecessary switching currents, logic drivers that are not in use should
be shutdown. And high switching logic circuits, such as static CMOS, that require
large transient current which lead to the generation of more switching noise, should

be avoided. There have been many studies on this issue, such as current mode logic

(CML) circuit, emitter coupled logic(ECL), folded source-coupled logic(FSCL)[16]



[17], and enhancement source-coupled logic (ESCL)[18].

2) Reduction of Simultaneous Switching Noise:

Output drivers that switch simultaneously generate noise and disturb the opera-
tion of gates that are connected to the same power-supply network. In order to alle-
viate the phenomenon, two different methods are proposed: current-controlled(CC),
and controlled slew rate(CSR) output drivers[19]. The second approach uses dis-
tributed and weighted switching driver segments to control the slew rate of the
output driver for a given load capacitance, and uses an additional damping resis-
tor in the output driver cireuit to reduce the power-supply network noise. Another
technique, TCMOS [20} is also proposed, in which pewer is.provided to the digital
circuits through agcontrolled current injector stage which has the ability to isolate
the main power.supply bus from the noise;power networks ‘of the digital circuits.
Therefore, a tank capacitor to store sufficient.energy is necessary for the TCMOS
technique.

3) Decoupling bypassing _technigue.for RLC power-supply networks:

In order to have a stable voltage of power-supply, the off-ehip and on-chip de-
coupling capacitanges need to be inserted into the power-supply networks. These
capacitors act as filter ‘eircuits-for low and high frequency components of the noise,
in order to reduce fluctuations'due to switching noise current spikes or voltage drop.

4) Reducing substrate noise interference to quiet circuits:

To reduce the coupling from the aggressor logic circuits to the victim analog
circuits on a high resistivity substrate, it is necessary to separate the chip power-
supply networks of the noisy (aggressor) and quiet (victim) circuits if possible [21].
The substrate doping density and the distance between aggressor and victim blocks
determine the impedance path between noise and quiet circuit blocks. The signal
coupling from the two blocks is a function of this impedance, which should be used

to minimize noise coupling. This can be achieved by decreasing the doping density

10
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Figure 2.7: Device simulation results for peak-to-peak noise as a function of distance
between digital noeise source and current source [22]:

or increasing the distance, but it is.alsomnecessary to prevent the latch-up issue.
Figure 2.7 showsrdevice simulation results for the dependence of peak-to-peak noise
on the distance between a current source stramsistor and an equivalent drain diffu-
sion [22]. Noise voltage decreases almost linearly with separation in a lightly doped
substrate. But in a heavily, doped substrate;-because of small path impedance, the
injected noise current flows almost direetly down through the noise contact into
the substrate and then up through to the analog circuit devices. For this kind of
substrate type, which requires increasing the distance between the noise and quite
block, the noise signal is not an effective method for reducing substrate noise cou-
pling. Therefore a mixed-signal design, using a lightly doped substrate, is a better
approach than using a heavily doped substrate.
5) Guard Ring isolation solution for noise reduction:
Guard Ring is one of the most used isolation schemes, and appear to be best

suited for preventing crosstalk at high operational frequencies [23] . The guard ring
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Figure 2.8: Effect of various guard Ting structures by devicé simulation [22].

is connected tora fixed supply voltage around the circuit (analog or digital block
circuits) by absorbing the potentialsubstrate fluctuations. In other words, it is re-
garded as a low Impedance'path to a quiet potential, therefore flattening the noise
voltage by reducing theinoise before it reaches the protected blocks.

Figure 2.8 shows the device simulation result for’ the wariations of guard ring
structure [22]. The simulation results show that a p+ guard ring structure can
reduce the switching noise by almost an order of magnitude, because a p+ guard
ring structure acts as a current sink that keeps the substrate quiet in the immedi-
ate vicinity of the current source. But in heavily doped structure, a n-well guard
diffusion without p+ channel stop implant has almost no effect because most of the
substrate current flows into the heavily doped bulk and not into the p+ channel
stop diffusion near to the die surface.

Another approach is shown in Figure 2.9(a). Dielectric trench oxide around the

p+ guard ring [23] is used. Generally, trenches are lined with a dielectric and filled

12
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2.3 Decoupling capacitance allocation for power-
supply noise suppression

The trend of increasing power and clock frequency while reducing power supply
voltage causes IR drop and Ldi/dt noise over the power supply network. This

will introduce logic failure, reduce noise margins and reduce the reliability of high

13



performance chips. To solve the problem, decoupling capacitors are often added
in order to keep power supply within specification. Figure 2.10 shows the RLC
power-supply network [26]. Each of the mesh grids is seen as a block function which
includes the current source, the power line is equivalent to the lumped RLC element.
According to [26], the noise calculation of each module can use Kirchhoff’s voltage

law to represent as follows:

. dij
Vade =" (i;Rpjn+ Lejp—") (2.2)

dy
PjeT(k)

where V%) denotes the. power supply noise at module(block) K, Pj denotes the

noise

path from VDD to ndde j, P;; denotes the path from node jto node k, T®) denotes

the resistance of P;-,m Ly, denotes the inductance of P;; and ¢; is the current flowing

along path Pj.
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Figure 2.10: Model of power-supply network [26].
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2.4 Problem formulation

Given n rectangular analog blocks including k symmetry groups and m rect-
angular digital blocks including j noise blocks. Each symmetry group of analog
blocks is composed of pairs of symmetry blocks and/or self-symmetry blocks. All
of the blocks have its height hi and width wj, and digital blocks have its aver-

age current for considering the blocks noise and decap budget estimation. To use

two-phase method for our SOC floorplan. The objective of first-phase is to find a

15



Chapter 3

Mixed-Signal chip floorplanning
with symmetry constraint and
substrate noise consideration

We use two-phase method to implement the mixed-signal floorplanning which
proceed in three steps. The first step concerns thé analog blocksm Considering the
blocks with symmetry constraints, we use symmetric-feasible sequence-pairs to ob-
tain the floorplanning result. We will'improve the ‘approach in [12] to constructed
symmetric blocks with sequence-pair. 'The second step considering digital blocks
with noise-aware analeg blocks. The weights of noise-aware eontain process param-
eters, blink magnitude of current factor which décide distance relation of digital
and analog blocks. The third step, we inserti suitable Decap budget according to
EQ(2.2). We use an annealing algorithm to carry out all of the blocks’ floorplan
process. The objective is to construct a floorplan with minimal digital block noise
interference to analog block and minimal voltage drop by adding suitable decap

budget.

16



3.1 Symmetric-Feasible sequence-pairs for analog
placement

In sequence-pairs packing we will improve the method with the fast evaluation
of sequence-pairs proposed by [12]. We use EQ(2.1) and the LCS [27] method to
achieve symmetric-Feasible packing for analog blocks.

The computation of symmetric-feasible properties can be performed in three
parts. The LCS algorithm is the first part, the input sequence-pair is (a, 3) and
defined by the blocks as 1,2, n a'rfd the Welght W(b). is equal to the width of block b.

—— I

P[b] is defined by block- pos1t1_0n array, b= 1 2 5 e rs,Eseef t@ record the x coordinate
of block b. The array match[ ], i=1,2=m constrp%ed fonEX[ﬂ:,—Y[ ]. i.e., matchli]=]

if and only if X[i]:zYﬂ The lengFthl y L1 n]E is used to re.cord the length of
i 1 1 . I

n _

candidates of the L|CS The algorithm is 1mF1gme 3. 1 + e

The seconﬁ p&rt !s to find out the. ma}ﬂmal 2 coordmate value of symmetric
H - .l
ol =5
meﬂJa; POITIIT
:ﬂ [i==aias
LEBBEEE PT BB

Tnitialize MATCH Array match;
Initialize_Length Array Lwith )

LEBTSISIY POTTRT) i";[:; Tonto
Step (3) =31
T BT T
. i — For p on match[1] DO

Jiep t‘ri
LEETEETThG  PLITFIONGL 10]

LGS PETRRER oL
A 616 QECILT 317
e t=P[b] + wib):

FOR=p TOa DO
FE=LLD

Then L[j}=t:
ELSE BREAE:
RETURN L[a];

Figure 3.1: The packing of sequence-pairs using the LCS algorithm [27].

and self-symmetric blocks. For instance: X symaxis = maz(x;+ (x), +width_xy)/2)
;where z; < x, and 7, k is any index pair of symmetric or self-symmetric block, and

following this step, we use the LCS algorithm again to update the x coordinate. In

17



the third part, we need to move some symmetric blocks to the Xsymaxis axis. The
algorithm is shown below. Figure 3.2 summarizes the three parts for symmetric-
feasible sequence-pairs. We also allow for rotation of the symmetry group. The
algorithm is similar to the above description; we only swap the sequence-pair («, ()
and reverse the index of o sequence. Figure 3.3 is an example for the result of a

symmetric group.

Algorithm of symmetric-feasible sequence-pair

Input: Width and height for Self-Symmetric blocks and Symmetric blocks
Output: return all the coordinates for symmetric blocks

1. Procedure LCS algorithm

2. find out maximal Xsymazis value of symmetric and self-symmetric blocks
3. If ( z; is the sel.sym blocks) then

4. {X symazisgip = width_x;j2;

5. X of fset = X symazxis =X SYmaris spi +;

6. if( xoffset > 0 )-then update xycoordinates.value for sel_sym block

7. }else {

8. if(z; 2 x;) then

9. wa =x; wh'= xp + width(zr);

10. X symaxis_pipe = (wa +wb)/2;

11. X _offset = X symaxis—_XSYmai_spni e

12. if(X_of [ set > 0)themupdatexseoordinates value for symmetric blocks
3.}

WL i Hevmianm
&

Hsymiasis

' ' i

(a)First step (b)second step (¢)third step

Figure 3.2: The Summary of the three parts for symmetric-feasible sequence-pairs.
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E.otate block

Figure 3.3: An example for the result of a symmetric group.

3.2 Substrate noise coupling model for mixed-signal
chip

Based on vertical‘process-dependent factors; the substrate carries many R-C
parasitic elements because of well-capecitances and high-low(p/n) junctions. Figure
3.4 shows the simulation.amodel for a chip. of substrate [15]..However, for a two-port
device, we cammcombine R-C networks tegether to two ports ofithe y-parameters
model [14]. This is shown in Figure 3.5(a). In terms of circuit elements, the two-

port y parameters can be writtensas:

_ yi1(w) yiz(w)
y(w) = <y21(w) 3/22(01)) (31)

where y(w) = g(w) + jwC(w) and yys(@) ="y (w). This model is seen as frequency-
dependent. However, according to [14], we simulate the relationship with frequency
and impedance of the two-port model. From Figure 3.6 we can know that it is seen
the impedance constant nearly in 10G Hz. Therefore it can be regarded as pure

resistance model as Figure 3.5(b).

3.2.1 Substrate coupling model simulation result

We use the model in Figure 3.5(a) to simulate noise coupling effect between
clock generator and LNA (Low Noise Amplifier) circuit. Figure 3.7 illustrates our

simulation method, to include aggressor (clock generator), victim (signal amplifier)
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and a common substrate model.;

Since the noise magnitude of aggressor and victim blocks is a function of
impedance [29] [13], as shown Table (3.1), we input a plus wave of 0.1V into the
analog block and defing LNA gain as 6. Table (3.1) shows the noise peak voltage
is decreasing when the distance between aggressor and victim blocks is increasing.
Based on the EQ(3.2) that is proposed by [29], where d;; is the distance between
two points; s; and s; are the areas of contact i and contact j; pi and pj are the
perimeters of contact i and j; al, a2, a3 and 3 depend on fundry process; we can

know that R;; has a relationship with the foundry process and distance between two
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Table 3.1: Substrate noise between aggressor and victim block of distance

Opa Vout(peck voltage) | Sub Noise (peck voltage) | Resistance value(Y12)
1.0808 0.51091 7
0.77446 0.20543 1k
0.60742 0.054866 ok
0.59584 0.02893 10k
0.58712 0.01937 15k
0.58409 0.014812 20k
0.57674 0.0099055 30k
0.57615 0.0074657 40k
0.57514 0.0060376 50k
0.57369 0.004982 60k

_._i_‘.lt.-_

{7 ves

blocks.
(3.2)

To simplify the ion, we define a w lled ’a’, which depends on

clock frequency, current densit ocess. The EQ(3.2) is formulated

as follows:

a- In(y/(z1 — 22)2 + (y1 — 12)?)
VW VL

Where x4, x5, y1, 2 are the coordinates of the victim block and aggressor block; W,

L are the contact dimension, and « is the curve fitting coefficient. In [29], the

substrate noise isolation between aggressor and victim block is defined as:

Isolation Rate = 20 log(victim/aggressor)(db) (3.4)
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Moise out from substrate

MNoise induce to substrate } pEa e :

@

resolved by EQ(3.4).

3.3 Decoupling capacitance allocation by using the
insertion and area-sizing method

According to [30], the power-supply drop and ground bounce is related to rise-
time, falling-time of the clock, drive loads, and power-supply. The is shown in Figure

3.8 and EQ(3.5) and (3.6) as follows:
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In EQ(3.5)(3.6), we can ki hat rise-tin 1 fall-time are the main factors

which influence power-supply drop. erefore, for reason of explanation, we have as-
sumed some parameters for convenience of computation and simulation. Figure 3.9
(a) shows our simulation circuit. We use a 0.18um mixed-signal process model, with
vdd = 3.3V, rise/falling time=0.01us, and package inductance=5nH. The waveform
is shown in Figure 3.9 (b), and drop voltage on the power line is 2.78V. We use
C' = Q/V = 122nF to compute the capacitance budget. The waveform of adding
decap device is shown in Figure 3.9 (c¢), and the drop voltage on the power line is

3.28v. In our placement, we will use EQ(2.2) in Section 2.3 to define constraint

limit of the power-supply drop voltage, and then will insert some appropriate decap
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budget to restrict the amount of voltage dropping.

Moreover, for area constraint of the blocks placement, we implement two ap-
proaches: area sizing of decap blocks and insertion. In order to minimize the final
floorplan area during the decap allocation, dimension of blocks should be sized to
control whole area of chip. If this cannot satisfy the constraint of the final chip area,
an insertion approach will be used by decap allocation (The chip area is greater than
2% when decap use area sizing approach). This is shown in Figure 3.10 (a) and (b);
the decap device should be placed as close as possible to the noise blocks to minimize
the magnitude of power-supply voltage drop. ‘Figure 3.9 (d) shows the waveform
after dispersion the Decap t0 near the noise circuit, the drop voltage on the power

line is 3.22V, decap=60nF.

3.4 Annealing process in block placement

We employ the following set ofsmevessbysusing-l:CS algorithm [27]. We per-
turb the sequence=pair to obtain'a new sequence-pair during simulating annealing.
The perturbation continues. to search for a good comfiguration until a predefined

termination condition is satisfied.

3.4.1 Dealing with blocks sets of the moves

1) Swapping two symmetry-pairs blocks of the same symmetry group:
Two symmetry-pairs blocks are picked randomly and swapped in a horizontal or
vertical direction. Figure 3.11 illustrates an example:
horizontal swap:
S1,S89 = (...A1, By..., By, Ay) < 51,5 = (..B1, Ay..., As, By)
vertical swap:

Sl == (...Al,AQ...,BhBQ...),SQ == (...Bl,BQ...,Al,AQ...) 4 Sl - (...Bl,BQ...,AhAQ...),SQ ==
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03(High)

Clock input{ 1Mhz/3.3v)

Figure 3.9: To simulate power-supply drop and ground bounce effect (a) Voltage
drop test circuit of power-supply. (b) Waveform before decap allocation. (c¢) Wave-
form after decap allocation. (d) Waveform after dispersion to near the noise circuit.
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(a) (b

Figure 3.10: (a)Area sizing of noise block. (b)Insertion approach for the decap
device.

The elements of sequence-pairs Sy, 5o can e exchanged, but the relative orderings
between blocks of the same group are not changed.

5) Exchange the width and height of a block (rotate a block):

A block is picked randomly and its width and height are changed. If a block which
belongs to a symmetry pair is rotated, it must also correspond the third condition.

6) Preplace a block:

Some noise blocks must be pre-placed prior to the annealing process; these blocks

may overlap other blocks. Therefore, it needs to check the conflict during dealing
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Vertical Swap
ﬁ

horizontal Swap

the distance of tl D st wéen [ . o e 3.12 illustrates

annealing process into three parts. The r prt, in analog blocks, is to minimize
the cost function of every symmetry group and non-symmetric blocks. These blocks
are applied to the set of moves in Section 3.4.1 and are to minimizing the area size.
We use symmetric-feasible sequence-pairs approach to process placement, and it is
much faster than the LP-programming approach [8] [31]. In the next chapter, we
will present our experimental results, proving that it is possible to obtain a more
efficent solution than [8] [31] in the same benchmark.

In the second part, analog blocks are seen as pre-place blocks and digital blocks

are used to minimize the cost function including noise-aware analog blocks. We
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caused by clock switching or
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Figure 3.13: Mixed-Signal chip floorplanning design flow. Using two-phase method
to process the analog blocks and digital blocks separately. This flow divides the
annealing process into three parts. The first part is to pack analog blocks, the
second part is to pack digital blocks with noise blocks which use substrate noise
model. Finally, we insert appropriate decaps in the floorplan.
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Chapter 4

Experimental results

In this section, in order to compare our results with [9] [10], we present our re-
sults in two parts: analog-and mixedssignal blocks. Since there are no other similar
mixed-signal works we'can compare, we propose two ‘approachesin order to present
our experimental results of mixed-signal placement.

In the analog placement part, we use the Symmetric-Feasible sequence-pair
method to implement our algerithm. Fhis approach is more effective for obtain-
ing large-scale block placement satisfying thergiven'symmetry constraints. We use
benchmarks in [9](D50:D70 D100 D120 D170 D220) to test our floorplan. For each
experiment, the initial temperature is set to 7 * 10*sand-the cost function defined
as: cost(F)=area(F)+a*wire(F'), where F'is the floorplan, area(F’) is the total area
of executed blocks, « is a user given weight, and wire(F) is the total wire length
of F' measured by the half-perimeter estimation. Table 4.1 shows the experimental
results. In Table 4.1, we compare the dead space, chip area and time cost with [9]
[10]. We implemented our algorithm in the C++ programming language in Intel
Pentium4 3.0G/1G Memory. It shows that our Symmetric-Feasible sequence-pair
method is more effective when the total numbers of blocks are increased. Table 4.2
shows the comparison of results with [9] in Intel CPU Q6600-2.40GHz/2G Memory
on Linux System, this machine is compatible with [9]. For each experiment, the

initial temperature is set to 45 * 10*. When the number of blocks is increased to
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Table 4.1: We use benchmarks in [9] to test analog blocks floorplan. Experimental
comparisons between the results of our approach and [9][10].

Data Our approach [10] [9]
Set
Area | Dead | Time Area | Dead | Time Area | Dead | Time(s)

space | (min) space | (min) space
D50 17640 | 0.124 1.81 20153.1 | 0.234 3.3 23834 | 0.35 65
D70 19782 | 0.152 2.11 20750.6 | 0.1921 | 3.4 25497 | 0.34 128.4
D100 44304 | 0.152 2.86 53793.2 | 0.302 4.3 58289 | 0.35 288
D120 46060 | 0.146 | 4.56 46115.3 | 0.147 | 5.9 57817 | 0.32 399
D170 65534 | 0.164 8.08 67605.6 | 0.19 11.1 73595 | 0.25 790
D220 90100 | 0.147 10.2 91560 | 0.16 12.7 101535 | 0.24 1230

Table 4.2: We use benchmarksiin [9].to test.analogshlocks floorplan. Experimental
comparisons between thefresults of our approach and [9] on Linux System.

Data Set Our approach 9]
Area | Dead ' | Time(s) Area;, | Dead | Time(s)

space space
D50 18207 | 0.15 102 18576 ", 0.17 100.4
D70 19404 | 0.13 122 22575 0.26 212.5
D100 44270 | 0.15 142 45540 | 0.18 475.4
D120 43575 | 0.09 151 49126 | 0.20 51013
D170 60515 | 0.09 134 S e —
D220 852481 0.09 130 — —4 =1

220, we will have a smaller dead space in our algorithm than 9] and [10]. Figure 4.1
shows an example for the results of analog floorplan withs220 analog blocks include

5 symmetric groups.

In the mixed-signal placement part, for the noise-aware issue we have devel-
oped two methods to present our results. In the first method (Compulsory pre-placed
noise blocks approach), all of the noise blocks will first be pre-placed in order to cor-
respond with noise constraint cost; then the LCS algorithm will check overlap for
pre-placed blocks and other blocks. If these blocks are overlapped, the coordinates of
blocks will be moved to avoid any overlap constraint. In the second method (Elastic
pre-placed noise blocks approach), all of the digital blocks will be placed directly

by using the LCS algorithm; then we will check the noise blocks whether they cor-
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Figure 4.1: An example oflexperimental result of 220 analog blocks include 5 sym-
metric groups

respond with neise constraint cost. If there are any noise blocks that violate noise
constraint costjthese blocks will be meved to another position in order to meet the
noise constraint.-Finally, we.will update those blocks in the order of sequence-pairs.

In order to miminize power'and substrate noise issuéghighinoise blocks possibly
are not abutment together in.the floorplan. Table4.3 shows the experimental re-
sults. For each experiment, the initial temperature is set to 70 10%, 540 digital block
and cost function defined as: cost(F)=area(F)+ a*wire(F) + [*noise violations.
The noise violations are set to —25db; «, 3 are a user given weight, area(F') is the
total area of executed blocks and wire(F') is the total wire length of F' measured by
half-perimeter estimation. In the method two, we will have a smaller dead space,
cost time and decap-budget than method one.

Table 4.4 shows another set of experimental results. We assign 5, 10 and 20 noise
blocks. In Method Two, we also obtain better results than in Method One. Figure

4.2 shows an example for the results of mixed-signal floorplan with 540 digital and
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120 analog blocks.

Table 4.3: Using 540 digital blocks include 10 noise blocks to test our floorplan
alogrithm in different analog blocks. Experimental comparisons between the Method
One(Compulsory pre-placed noise blocks approach) and Method Two(Elastic pre-
placed noise blocks approach) which use 540 digital blocks, 10 noise blocks.

Data Method one Method two
Set
Area Dead | isolation | Decap | Time(s)| Area Dead | isolation | Decap | Time(s)
space | rate(db) | (uF) space | rate(db) | (uF)

D50 | 681210 | 0.15 | -27.36 1.72 561 650496 | 0.11 -27 1.69 549
D70 | 679294 | 0.14 | -27.1 1.76 562 652365 | 0.11 =27 1.67 550
D100 | 704759 | 0.14 | -26.9 1.63 561 678436 | 0.11 -26.5 1.69 551
D120| 700848 | 0.14 | -27.i 1.68 564 674707 | 0.10 -26.7 1.65 552
D170| 718773 | 0.14 | -26.6 1.73 564 703917 | 0.12 -26.8 1.70 551
D220 | 764975 | 0.16 _|7-26.5 1.7 565 730730 0.12 -26.9 1.7 569

Table 4.4: Using 540 digital blocks ‘and 120 analog blocks to test our floorplan
algorithm in different noise blocks. Experimental comparisons'between the Method
One and Method Two (540 digital blocks, 120.analog blocks).

Noise Method one Method two
block
N.O
Area | Dead | isolation [ Decap | Time(s)["Area | Dead. i| isolation | Decap | Time(s)
space |irate(dp) | (uF) space; | rate(db) | (uF)
5 692640 | 0.13 | -27 1.74 540 685386 | 0.12 -27.3 1.65 041
10 700848 | 0.14 '+ ,=27.1 1.7 563 674707 |-0:10 -26.7 1.65 552
20 729300 | 0.17 [*-26.8 1.65 747 684618 0.12 -27 1.65 o971
25 799200 | 0.24 | -26.7 1.7 1187 687675 | 012 -26.8 1.75 586
30 941752 | 0.35 | -26.7 1.75 1444 684743.| 0.11 -26.8 1.75 592
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Figure 4.2: An Example of experimental results of mixed-signal placement with 540
digital and 120 analog blocks.
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Chapter 5

Conclusion and future work

We have presentedisome approaches for handling the placement of MS-SOC
physical design. The.method for analogiblocks packing is based on sequence-pairs
by Longest Common Subsequence (LES) algorithm and simulated annealing. We
extend this algerithm to handle symmetry placement of analog blocks, so that it can
be used to place very large-scale SOC designs circuit that may centain thousands
of analog and digital blocks of varieus,sizes. During the annealing process it also
considers the noise-aware problem by usifigrsubstratenouise coupling model so that
the interference of'the noise bloeks to the sensitive analog blocks can be minimized.

Our future work will focus on the placement of analog blocks. We also need to
consider passive components such as: resistor and capacitor elements. Moreover,
wire routing of analog blocks for symmetry blocks is an important factor, since it
also relates to the noise immunity ability. Investigation of methods for handling
symmetry-wire routing of the symmetry blocks is also a very important area of

research.
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