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Abstract:

This project presents a predictive SRAM power
model that reduces the changes required to adapt
existing models to handle new circuit topologies,
process corners, and design space exploration. Ana-
lytical equations model the impact of varying com-
mon characteristics such as bit-width, entries, seg-
mentation, gating, and sizing while topology specific
characteristics are captured empirically from a refer-
ence design.In validating the model, we will generate
the production quality schematic and layouts of differ-
ent RF topologies using an Electric tool. We then ex-
tract the layout parasitics and run an Electric analysis
tool to obtain the actual dynamic and leakage power
for all configurations.Electric Tool is used to design the
schematic and layout level diagrams of our project. The
LT-SPICE Tool will be used for simulation of the Spice
code which tests the functionality of our generated
layout and schematic blocks.
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1. INTRODUCTION:

In order to achieve high performance/watt in future
deeply-scaled CMOS technologies, accurate prediction
of power is critical for early-stage architectural design
explorations of performance and power tradeoffs.
Register files (RF) consume a significant portion of em-
bedded and high-performance processors [1, 2] power.
. A large number of studies that explore energy effi-
ciency tradeoffs involve changes to RFs. Hence, accu-
rate power modeling of SRAMs is important for early
architectural explorations.
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Consider a typical micro-architectural study to explore
a range of RF bit/entry sizes for best power/perfor-
mance tradeoff. A modern processor and SoC could
easily have >30 unique and custom RFs [1, 2]. Current
parametric approaches for estimating RF power ,ana-
lytical or empirical, are based on specific topologies
and circuit implementations. To model a different RF
topology, today’s architectural power models and
performance simulators [3, 4] either use the existing
power model essentially unchanged (inaccurate for
the new topology) or modify existing models for the
different topology (time consuming). Analytical use
device process parameters to calculate the power
using analytical equations that model the key capaci-
tances (dynamic) or transistor sizes (leakage) in the RF.
To adapt these models to different topologies/technol-
ogies require changes to the analytical formulas and
parameters. Our proposed approach does not require
any changes to the analytical formulas.

Empirical models rely on power simulation on the
implemented circuit for the entire SRAM. A major
drawback of regression based models [6, 7] is they re-
quire the implementation of several RF configurations
to curve fit the empirical data for each topology and
technology. Applying statistical techniques, such as de-
sign of experiments, typically requires at least 5 data
points to accurately fit the data. Empirical models are
therefore only valid for the specific circuit topology
and technology used to generate the model coeffi-
cients. Thus, they usually present a method rather than
reusable model equations.Liang [8] presented a hybrid
model that empirically captures the power of three ar-
ray structures (1-bit x 1-entry, 2-bit x 1-entry, and 1-bit x
2-entry) and composes them analytically to obtain the
power of an n-bit, m-entry structure.To reuse the model
without modification however requires empirical data
from the 3 specific array configurations on which the
model is based.
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Moreover, these 1bx1e, 2bx1e, 1bx2e configurations do
not exist in real design. As shown in Figure 4 and
5, using very small array configurations as reference
to predict power for larger configurations is less ac-
curate due to circuit and layout anomalies that could
be magnified in very small arrays.We present a hybrid
model that addresses the aforementioned limitations
of adaptability, reusability, and for the first time ex-
pands the architect’s exploration options to include cir-
cuit-level design choices of segmentation, gating, and
sizing. Our hybrid model does not calculate the base
leakage and dynamic power values which are process
technology and circuit topology dependent as in cacti
[9]. Instead we rely on a single “reference design” to
capture those dependencies and model relative chang-
es from the reference.

The empirical “reference design” data, which is an in-
put parameter, captures topology-specific character-
istics such as dual-ended/single-ended writes/reads,
static/dynamic read, and process technology depen-
dencies. We then analytically model the impact of
cross-topology features such as changesin bit- width,
entry-count, and common designer choices such as seg-
mentation, gating, and sizing; using the same analyti-
cal model for all topologies. To further improve model
accuracy and adaptability, we derive an equation for
each RF stage independently. This enables the capture
of stage-specific characteristics, thereby reducing pre-
diction error and making the model easily adaptable to
different SRAM topologies.

The distinct advantages of the modeling approach pre-
sented in this paper as compared to previous efforts
are:

* A single adaptable model that can accurately predict
power for different topologies by only modifying the
input parameters of the model.

*Requires only a single reference design empirical
data.

¢ Allows the use of any n-bit, m-entry reference to em-
pirically capture design, topology, and technology spe-
cifics.

e Enables design space exploration of circuit imple-
mentation choices of gating, segmentation, and de-
vice sizing.
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We validated our model on fully extracted layout of 3
different topologies, each with ~25 RF configurations.
Section 3 presents the model results with an average
error range of 5% (leakage) and 7% (dynamic). Section
4 presents scenario application of the proposed model
to design space exploration of power sensitivity of two
distinct topologies. Section 5 discusses summary and
the ccuracy of our results, suggesting that the power
model presented herein can be used to easily and ac-
curately predict and explore the power of an RF for any

topology.

2. POWER MODEL:
2.1 General Model Approach:

The model is a hybrid of analytical equations and em-
pirical data .We use an analytical approach to model to-
pology independent impacts and empirical data by way
of a “reference design” for topology and technology
specific characteristics. A “reference design” refers
to a circuit implementation of one configuration (bits/
entry) of the topology under study from which power
and timing data is known or can be obtained. A refer-
ence design is required for each distinct circuit topolo-
gy. We capture the empirical data for each stage of the
reference design (Figure 1, 2) and model the relative
change in power due to changes in bitwidth,number of
entries, delay, and common designer choices such as
segmentation, gating. We use this approach to make
the model adaptable to different design topologies.
We model each stage independently. This enables ac-
curate modeling of the unique characteristics of each
stage and easy adaptation of the model to different
SRAM topologies. The model is of the form:

RefStagePower, Bit, Entry,

Segmentation, Sizing, Gating, AF,SP ()

Powerstage = f

Powerrgq) = EPﬂ'wersmge 2)

We use both delay and power models to capture the
totality of the impact of design choices. In normal de-
sign, the increase in array size by additional bits and en-
tries results in the need to increase drive strength for
timing.Since leakage and capacitive loading correlates
with device size, the impact of bits and entry growth
on sizing is modeled by a delay penalty.The model uses
a delay threshold number to capture the realistic de-
sign scenario where the driver is not upsized for any
arbitrary increase in bits or entries but only after a spe-
cific threshold.
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2.2 Unified Stage Model:

We use a single unified model for all stages. Thus,
bits and entries are used interchangeably in the mod-
el equations depending on the loading seen by the
stage driver. The subscript “x” denotes the entity
(bits or entry) whose increase (decrease) results in
increased(decreased) loading on the stage driver. Sub-
script “y” denotes the orthogonal entity that does not
affect the load on the stage driver.

For example, the “x” and “y” entities of a wordline rep-
resents “bits” and “entries’ respectively sinceachange
in number of bits changes the load on the wordline
driver. On the other hand, for the bitlines “x” and “y”
entities represents “entries” and “bits” respectlvely
since bitline driver load depends on the number of en-
tries. The words “entity” (“entities”) therefore refers
to bit (bits) or entry (entries) depending on stage.

2.3 Register File Topology:

Figures1and 2 show anillustration of aregister file write
and read stage definitions. While our model is not spe-
cific to this topology, a typical RF/SRAM topology can
be broken down to these basic stages. To model a dif-
ferent topology, the reference design is decomposed
into component stages. The impact of each stage’s dis-
tinct characteristic on power and delay is captured by
the reference design per stage empirical data.
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Fig 1: RF Write path showing write stages. Each stage
is modeled independently.
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Fig 2: RF read path showing read stages. Each stage is
modeled independently

Typically, large array bitlines are segmented into local
(primary) and global (secondary) bitlines. A segment is
an instance of a physically connected stage node. Thus
a stage can have multiple instances of a segment. A
global bitline drives (e.g.“WrGlobalBitline” stage) or
combines (e.g. “RdGlobalBitline”stage) multiple local
bitline segments. Thus the characteristics of a global
bitline (number of drivers, gate loading, etc.) depend
onthe local bitline segments. To capture this in a unified
model, two segmentation parameters,Nxpersegment
and Nxpedrsegment defined. Nxpersegment repre-
sents the number of entities per segment while Nx-
pedrsegment is the number of entities per dependent
segment. The number of entities (bits or entries) for a
stage is therefore scaled by its dependent segment as:

N.'rc:l = Ceil [M] (3}

Ny perdepregment

Nyrey = Ceil

Na_reference ] (4}

Ny pervdepregment

prmvifrscg = Ceil

raegmen ] )

Ny perdepsegment

Ny estimate - Number of “x™ entities to be estimated for the stage.
Ny reference : Number “x™ entities of the reference design stage.
Ny persegmene : Maximum number of “x™ entitics per scgment.

Nxpedrsegment: Number of “x” entities per depen-
dent segment.If the stage has no dependency,

Nxest : Number of scaled “x” entities to be estimated
for the stage.

Nxref : Number of scaled “x’’ entities of the reference
design stage.

Nxperwiresegf : Number of scaled “x” entities per
physically connected wire segment
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2.4 Leakage Power Model :
2.4.1Stage Leakage Power ( PstagelLeakage)

The stage leakage is modeled by the driver instance
count relative to the reference design.

Repeated

5

e STAGE SEGMEN T S TAGE SEGMENT

Fig 3: Stage cap definition for dynamic power model.

PSmgeLeakn_qe e Pstngefenkn_qe_re,l"erpnce X SP_Ir X

[x+ (1= 1) X eppecrsize % (22)

Nxdrl\'rr_rrf

( Nydriver ) ] an

Nyd'rlurr_ref
. i N:. estimate e £ Hr,l’iiif‘llfl'
Hzarwcr ) Ce”l Nmrww'_rer = Ceil
Nx perdriver Ny perdriver

s Ceﬂ' Nz estimate
H_v perdriver

H! reEerem‘rl

Nr perdriver

H,vdriwr Nydr{'ver_re_f . Ce II

Pstageteakage_reference + Reference design empirical stage leakage
Ny estimate : Number of *y” entities to be estimated for the stage
Ny reference : Number of *y” entities of the reference design stage
Ny perdriver : Maximum number of “x” entities per driver.

N, dariver : Total number of “x™ entity drivers

Nyariver vey * Total number of reference design “x” entity drivers.
Ny perdriver + Maximum number of *y"” entities per driver
Nyariver : Total number of )™ entity drivers

Nyariver_rer: Total number of reference design *y™ entity drivers.
A : Fraction of reference leakage (Psiageteakage reference) that is

fixed (from auxiliary circuits)
SF; : Leakage signal probability factor of the stage node

2.5 Dynamic Power Model
2.5.1 Stage Dynamic Power ( Pstagedynamic)

The dynamic power of a stage is a function of the stage
capacitance (C), voltage (V), activity (AF) and frequen-

cy (F).
Paynamic = C X AF X V2x f (14)

The effects of voltage and frequency on power estima-
tion are captured by the empirical stage power of the
reference design.The activity factor and capacitance
are the factors that will therefore determine the stage
power relative to the reference power. We categorize
the capacitance of a stage into three components as
shown in Figure 3:
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Repeated Capacitance (® nr) - This is the fraction of
the stage capacitance that is an instantiated multiple
of the reference and changes with number of “x”” enti-
ties. Non-repeated capacitance (®r) - This is the frac-
tion of the stage capacitance that is not directly de-
pendent on the number of “x” entities but indirectly
affected by device resizing as a result of change in the
number of “x” entities.

Overhead Capacitance (® ov) - This is the fraction of
the stagecapacitance that is not impacted by change in
number of entitiesThis is usually a fixed cap from rout-
ing overhead and fixed logicassociated with the stage.
We capture these components individually and analyti-
cally model the impact of changes in number of bits,
entries, and driver sizing on each of the components.

2.5.2 Segment Dynamic Power :

The dynamic power of a stage is modeled by the stage
segment count relative to the reference design. The
stage segment dynamic power is modeled as:

P = AFurEmare xP X
segmentdynamic — dynamicpersegment _ref

AFreference
Nystagesegment ¥ Nystagesegment (13

Nxsluge:egmt =d, X Nrpr X aeﬂecr:ize_rpr + Py x

Beffectsize nr T Pop (16)

Nyseg

(1=Gy)
Nysmgesegment = (l,‘.y"j rrJ') (17)

| Ny i1 | Nyreg
H’ = Ce!‘! estimaie N = Ced ref erence
yseg I yseg_ref N
Y pericgment ¥ periegment
Pd}'numimersegment,ref =
Pslnnedymmr,re;eremf 18
alN N gl 1
(C‘“E xsegmen!_refl % (@op+®ur)t N ysegment ref X m!:'

N

where N _—
asegment_ref= mm{!"m,r- Nl’pﬂ"wl reseg }

®r, ov, dnrare the reference design cap components.
Pstagedynamicrefernce : Fraction of the segment to be
estimated. Ny persegment: Reference design empiri-
cal stage dynamic power Ny seg : Maximum number
of “y” entities per segment for the stage.Ny seg ref:
Number of “y” entities per stage segment
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aeffﬂ'mz‘-’-rpt: Total mumber of reference
design “)” entity drivers.

Feorrecesize_nr - Delay effect of repeated cap
GGy - Indicates gating of the reference design “x”
and ) entity segments respectively. (Gated),
(not Gated).

11l SRAM CELL BASED REGISTER FILE:

Design, schematic entry, Layout and Verification of 16
entry 4 bit register file with two read ports and write
port

readAddress_0 [3.0]
witeAddress [3:0] h
readEnable 0
writeEnable P g
witeDala [3.0] readDala_0[3.0)
readAddress_1 [3:0]
h
readEnable_1
2 readData_1|3
— a_1[30]

Fig 4 Top level view of three port SRAM register file

The block diagram of SRAM register file is shown be-
low. The Major sub-components of the are described
below

Fig 5 Block Diagram of SRAM Register

. Internal circuits to realize the subcomponents The fol-
lowing internal circuits are will be used to realize the
components required for building the RW/M
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¢ Array of Bit Cells

e Sense Amplifiers ( For prompt reading )
e Write Driver

* Bit Conditioning Circuit

* Decoder circuits ( two for read ports and one for
write port )

IV IMPLEMENTATION OF SRAM BIT CELL US-
ING 10 TRANSISTORS:

The SRAM cell stores a bit of data using six transistors.
A Ten Transistor (10T) SRAM bit cell is as shown in Fig-
ure 6.

BIT_R2 BIT_R1 BITW BIT_BARSI_sar_RI_BAR_R2
WLR2
WL-R4 :

AL I -
WL -

| = e
| B
4 B E|_ _'5 . |
§_ITo
o

Fig 6.Ten transistor BIT cell
The layout is given by

Fig 7 Layout of Ten transistor BIT Cell
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4.1 Main Module Of 4 to 16 Decoder:
The Schematic is given by

e 4 —

Fig 8 Schematic of 4 to 16 decoder
The Layout is given by

N AR AR A A R A A LA

Fig 9 Layout of 4 to 16 decoder
V RESULTS AND ANALYSIS:

Fig.10 Simulation of Decoder with 16 outputs for all
combination of inputs
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Fig.11.Simulation of SRAM register file using 10 transis-
tors read operation followed by write operation.

5. CONCLUSION :

We present a reusable hybrid model in which the ana-
lytical formulas remain unchanged for all topologies
while incorporating real design choices such as seg-
mentation, gating, and timing impacts; a combination
not in previous RF power models. The model is adapt-
able to other SRAM array structures by using a refer-
ence design and decomposing it into component stag-
es, each stage characteristics captured independently
by the reference design’s empirical data.

It allows any representative reference design to be
used in estimation and exploration. Changes in topol-
ogy and/or process require only the empirical data of
a single reference to be updated. A typical modern
microprocessor has a large number of unique RFs [2],
most of which are manually designed and cannot be
compiled, making design exploration across various
combinations of bits, entries, gating, and segmenta-
tion intractable.

Using our model, individual unique RFs can be explored
using their respective single reference designs without
requiring large number of samples as needed for a
curve fit approach. Our model is not tied to any specific
technology or design style as we do not model the pro-
cess, device level, or design environment dependent
base values but rely on a reference design empirical
data to capture these specifics.
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