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Abstract

The most important part of modern circuit desigthes all-digital frequency synthesizer.
That especially for the personal mobile communacagpplication in SoC design. The output
of digitally-controlled oscillator (DCO) will direty impact the performance of the frequency
synthesizer. This thesis is focus on the perforrmamhancement of the DCO. The proposed
DCO used AOI/OAI standard cells to form as digdantrolled varactor. It could increase the
LSB frequency resolution to 10fs. Four fine tunk ard digital to time converter are used to
archive wide frequency operation range without diigp area. This work added enable cell
such as NAND into the inverter delay line. It caey@nt unnecessary power dissipation. To
combine a low complexity frequency tracking aldamitthat frequency locking time is within
30 clock cycles in typical case. Thus, this worlaisvide operation range, high frequency
resolution, low power and small chip size desigrthis work all the cells are standard cell. It
makes process switch more quickly. The place anterof the DCO key components are
done by manual. This ensures that the design igrusygecification and is also saving the
effort if done by fully-customer. Through HSpicemsilation, this work can operate at
187KHz~345MHz, the LSB controlled frequency resolutis 10fs.
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Chapter 1

Introduction

1.1.Thesis Background

As Very Large Scale Integrated circuits (VLSI) terjues become more and more
complexity, the functions also become more and nporgerful. In modern System-on-Chip
(SoC) design, one single chip could contain mamgctions such as audio process, video
process, and wireless communication. In recentir,ypersonal mobile communication is
getting more and more popular. There are many kifidgireless communication techniques
had been development and become ;standard. Allesiettommunication techniques have
same demand such as low power,low cast;high peaoce and process portable.

Frequency synthesizer is widely using in SoC apfibtes. The SoC design needs a
good performance clock generator. Because of tlsiguieof frequency synthesizer is a
trade-off among phase noise, frequencyiresolutgmwer consumption, area-cost, circuit
complexity and design time. How 10 balance thosapaters and gain the most benefit in
SoC? The analog design with fully-customer layowtvgled the high performance in SoC.
However, the analog design implies the big chimahegh power consumption and variance
with PVT. Fully-customer layout takes big effortdaiis not easy to switch process.

If the module in SoC design is reusable and pagtablmay save design time. If used
PLL based frequency synthesis, it may have gootbpeance of phase noise. If used all
digital phase-locked loop (ADPLL) based frequengyntBesis, it could save power
consumption, area-cost and circuit complexity. Hawcombine those advantages in a
practical way is very important.

1.2.Thesis Motivation

There are some advantages compare the ADPLL basedhe analog based frequency
synthesizer design. Traditional analog loop filearsts a lot of chip areas, since it uses
resistance and capacitor. Digital loop filters giveenefits such as programmable parameters,
robustness against noise and less power consumptigial design also can prevent to DC
offset and drift phenomena. The digital design &asther advantage that is the Electronic
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Design Automation (EDA) tools. With the EDA toolslp, designers can do Place and Route
(P&R) easily. However, it is not the same situationthe most critical components such as
DCO. The designers need to set proper constrairiteetEDA tools; otherwise the EDA tools
will not synthesis the desired circuits. For examm delay chain composed of cascade
inverters might be optimized to one inverter by EB&R tools. Besides, the critical path
usually cannot allow changing the routing layerafiing the routing layer means that via
has been added so that the capacitance may beagmnedictable. Therefore, a semi-fully
layout art has been proposed. This design only @€ 90nm technology standard cell
library without any other customer cell. The semiyf layout art is place standard cell but
routing by manual. This art gets the advantages bbanalog and digital design.

Clock generator is the most important componerfitsafuency synthesizer. In the analog
designs, voltage controlled oscillator (VCO) areally used to providing low phase noise
frequency. This advantage comes with many disadgastsuch as power consumption, area
cost. Those issues make VCO is not suitable forileddpplication. In this work, the
proposed DCO is high-resolution and wide-bandwidtbreover, it is a low power and small
area design. Those good properties make the DG@iOloav power and mobile application.

1.3. Thesis Organization

The organization of this thesis.is as follows:
In chapter 2, it is a brief to the applicationstivé Frequency synthesizer. And introduce the
advantage of the Frequency synthesizer based ol ADP

In chapter 3, the proposed ADPLL is introduced. &ailed description of the idea and
simulation are given. Including how we used standzll to complete coarse tune and fine
tune cell in DCO.

In chapter 4, we illustrated the hardware impleragom and layout. A detailed description of
the DCO implementation has illustrated.

In chapter 5, some concluding remarks will be dativfrom this research. Finally, we
describe several design issues that needed tatherfexplored in the near future.



Chapter 2

Overview of Frequency Synthesizer

There are many applications need clock synchraoizatr frequency multiplication.
Several methods could meet the functional requivet how to balance the cost and
performance should never be ignored. In this cliagitees a discussion about the advantages
and disadvantages between those different appreache

The organization of this chapter is as follows. tB&c2.1 gives the overview of the
frequency synthesizer. The architecture and algoriof different digital PLL are discussed
in section 2.2. Section 2.3 illustrates frequengyisesizer based on ADPLL.

2.1. Overview of Frequency Synthesizer

Frequency synthesizer (Fig.-2+1) accepts someémnureference input signal (FREF)
of a very stable frequencf_; and:then generates output frequency by the freqyuen
command word (FCW).

Frequency Synthesized
reference Frequency Frequency
Synthesizer g
fref fout

1]

Frequency Command Word

(Fig. 2-1)

The relation between output frequency and FCW épesented in the equation.
f ..=FCWx f_ (Eq.2-1)

There are many applications such as date recovieelegs communication, and
microprocessor need frequency synthesizers. Basalifferent purposes and demands,
Frequency synthesizer have different implementatiénom the view of techniques, there are
three major types of frequency synthesis technif@iled. Direct analog mix/filter/divide. 2.
Direct digital. 3. Indirect or phase-locked loomllBwing section is the discussion of these

three types.

2.1.1.Direct Analog Synthesis



Direct Analog Synthesis to produce the desiredueagy by using frequency multipliers,
dividers, filter and other mathematical manipulatidhe quality of the output frequency
correlates directly with the quality of the inplithe advantages of this process type are the
phase noise typically excellent, because the dpemtess and switching speed can be very
fast. A broadband synthesis that used direct analgghesis requires many references
frequency, which makes it expensive. The disadgmstaare high cost and high power
consumption.

2.1.2.Direct Digital Synthesis
Fig. 2-2 shows the direct digital frequency synih€BDDFS) system. A DDFS system

used logic and memory to construct the desiredutigignal digitally, and a data conversion
device to convert it from the digital to the analdgmain. Although it can provide precise
amplitude, frequency and phase, the power consommibuld be excessive at high clock
frequencies. Besides, the DAC and LPF are not gigeal designs. They contain analog
components.

Time-sampled Time-sampled Time-continuous Frequency

phase amplitude amplitude output
Frequency

reference oh
ase |
1 Accumulator —— ROM ::> DAC j> LPF j>

FCwW

(Fig. 2-2)
2.1.3.Indirect Synthesis Using Phase Locking

Indirect synthesis using a PLL compares the oupfh#ise of an oscillator, such as a
VCO, with a phase of a reference signal FREF. A&saitput drifts, detected errors produce
correction commands to the oscillator, which resisom a negative-feedback controller. In
general, the indirect synthesizer uses a PLL apggrammable fractional-N divider, which
multiplies the stable reference frequency. In thagpl a loop filter is present so as to suppress
spurs produced in the phase detector so that thepod cause unacceptable frequency
modulation in the VCO. However, the filter causegrmdation in transient response, which
limits the switching time. Therefore, the requirensefor frequency switching time and
suppression of spurs are in conflict.

2.2. Overview of Phase-Locked Loop
A typical Phase-locked loop (PLL) consists of plisegquency detector (PFD), loop
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filter, voltage-controlled oscillator (VCO) and fqeency divider, as shown in Fig. 2-3. PFD
detects the phase/frequency error between the REEdDd DIV CLK, and sends to the
Loop filter. Usually, PFD gives UP/DOWN signal into charge pump for translate error
signal from current to voltage. Loop filter provede smooth control voltage to VCO.
Therefore, VCO can provide desired output clock fesdiback to frequency divider to form
a negative feedback loop. The PLL has several gnddwvices such as charge pump, loop
filter and VCO. Oscillator is one of the most imfamt parts in PLL. There has been a
significant research effort in VCO for WLAN appliean [2]. VCO can provide almost
perfect sinusoidal signal. However, several fundaaleissues such as control linearity,
frequency resolution, power consumption and cast aeed to be considered.

Charge Pump

[ i | .
|  Loop Filter
REF CLK wplow!r--"" YEO cikour
PFD [—7 e av
DIV CLK —- o | J_ ,
DOWN\E 14 |
N
DIV |

(Fig:2-3)

Fig.2-4-1 shows the relation ‘between control-vatamnd VCO output frequency. In
IEEE-802.11a [9], it uses Unlicensed National Infation Infrastructure (U-NII) from 5150
to 5825MHz. It means that if the control-voltageli8V, it must provide voltage resolution
down to 135mV for 5MHz resolution. Besides, VCOumsually composed of inductor and
capacitor for oscillator circuit. Fig.2-4-2 [2] ske the spiral structure of inductor. The
inductors occupy most of the chip area. And it sually layout by fully customer.
Fully-customer layout technique is very criticattdar performance.

VCO
frequency
A
Max
Min
1.8v  control
voltage
(Fig.2-4-1) (Fig.2-4-2)



2.3. Frequency Synthesizer based on All-Digital Phas&dd

Loop

Basically, ADPLL based Frequency synthesizer issémme as the induction in Section
2.1.3. It takes out the analog components sucbagsfliter and VCO. The architecture shows
in Fig. 2-5. The divider in frequency synthesizerusually programmable. It divided the
DCO output clock by “N” before into PFD. So, diviielock synchronize with reference
clock thus DCO clock will be N times of referendeak. This mechanism makes synthesizer
can synthesis different clock. However, it also esrwith issues such as long locking cycle

and jitter.

REF CLK
—

DIV CLK

FREQUENCY/
PHASE
DETECTOR

LPF

DCO

CLKOUT

DIVIDER

>

|

(Fig.2-5)



Chapter 3
The Proposed All-Digital
Phase-Locked Loop

In this chapter, a detail description for the pregubfrequency synthesizer based on
ADPLL is given.

3.1. All-Digital Phase-Locked Loop Architecture Overview

The ADPLL is shown in Fig. 3-1. It has four majoanttion blocks, such as PFD, Loop
Filter, digital-control-oscillator (DCO) and loopvitler. PFD detects the difference between
extern reference clock and divided clock. Its otgignal indicates the divided clock slower
or faster than reference clock. There are thre@ m@amsiderations in designing PFD, Glitch,
Dead Zone and Operation Frequency::LLoopfilter useeliminate glitch, jitter and smooth
the control signal. DCO gives output clock, by tloatcol signal.

REF CLK
5 . CLK_C))UT
DIV CLK s| PFD > LPF |—> DCO

DIV |

(Fig. 3-1)

ADPLL is the core of this proposed Frequency Sysittez. In this paper, an ADPLL is
proposed to against control linearity, frequencgwer consumption and area. A low
complexity of ADPLL is proposed to reduce gate doand power consumption. Standard
cell is used to implement the DCO and achieve \Vdedwidth and high frequency
resolution. We utilize the digital circuit desigachniques to gain the analog circuit design
benefit. The ADPLL can be divided into three bdsiactions, such as frequency tracking,
frequency evaluation and clock generation. The @sed ADPLL block diagram is shown in
Fig.3-2. Frequency detector, Phase detector and ai@Cised for tracking frequency error.
ALU is used to calculate the DCO command word ffomguency error. DCO and frequency
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divider are used for clock generation.

REF CLK

counter > ALU > Coarse CLK OUT

Frequency cw | DCO —l
DIV CLK Detector 1 DECR?DE‘ -

Fine
P> Phase
1—
Detector IS

Programmable
Divider

(Fig. 3-2)
3.1.1.The tracking algorithm

In this section, the proposed frequency/phase itmgcklgorithm is described. The goal
of the tracking algorithm is to make different smaiclock “synchronized”. At beginning, we
take an arbiter time to compare two clocks refezesiock and internal divided clock, named
REF and DIV clock respectively. Obviously; there éinree schemes between the REF and
DIV clock. First, the difference between two clodkequency error) is small enough. This
scheme is called “Frequency locked” as Fig.3-3€cdfdd, the internal DCO clock is faster
than reference clock. This scheme called “Frequdeagd” as Fig.3-3-2, whereas called
“Frequency lag” as Fig.3-3-3.

| DIV CLK Locked | DIVCLK lag
! | DIV CLK lead

REF CLK
REF CLK REF CLK

DIV CLK |

(Fig.3-3-1) (Fig.3-3-2) F3-3-3)

As introduction in chapter 2, Frequency synthesgelesigned to synthesis the required
frequency from reference frequen@®DPLL needs stay in locked state. If not, Controlle
issues the control signal to slower or faster D@@pot frequency. Thus, the controller has to
determine which scheme that ADPLL stays now. Thigppsedtracking algorithm use a
frequency counter to detect frequency error inst#faasing PFD directlyln order to detect
the scheme, a number “N” has been given in theuéeqy counter. The frequency counter
starts to count the DCO clock from positive edgeedérence clock and stop at next positive
edge. This approach can prevent from doing clotkineg in ADPLL and then the ADPLL
will be low complexity. First, if the counter cosnhumber “N-counter” smaller than the
number “N-set”. It means that DCO clock is slowleart reference clock. For example, the
target frequency is six times of reference clock.other words, there are six DCO clock

DIV CLK DIV CLK|
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cycles in one reference clock cycle. Thus, if tlegfiency counter number is smaller than six,
it means one reference clock cycle don’'t have €B0ODclock cycles. So, the DCO clock is

slower than the required. Fig.3-4-1 shows this seheThe top of green line indicates the
counter is active.

REF CLK

! L
jo2 3 4 8 B p

Desired DCOclk A o e— ' Measure
ffrequency locked

—— s Caculate

Real DCO clk /
slow than desired

|
|
|
|
I
|
|
|
|
I
|
o
|
|
|

-
11
(=

|
: Enable
i counter

Reset
counter

stop counter

CTWnew=CTWold-(6-4)x K
(Fig.3-4-1)

Fig.3-4-2 shows the second-scheme. 1f the numberdiiter” of the counter is bigger
than “N-set”, it means that DCO cloek is fasterrthaference clock. In this example, the
target frequency is six times of reference clotknéans in one reference clock have more
than six DCO clock. So, the DCO clock is fastenthequired.

Desired DCO clk 10E 3 |4 &
Hirdquency Igcke d,J_I_l—l_l_l_[_L|_|_|_|_|_I_—|_

REF CLK

— : Measure

Real DCO clk / _
faster than desired LMLl ——  Caculate

A

|
Reset :
]

|
I
I
countar 11

Enable
counter Counter

CTWnew=CTWold+(7-6)x K +TDC( = - =)
(Fig.3-4-2)
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Fig.3-4-3 shows the last scheme, the frequency &rsmaller than frequency counter
detection range. So the frequency counter countbeuarfN-counter” exactly same as the
number “N-set”. It represents the frequency is &xtkin those schemes, deltal and delta2 is
the phase error. TDC is used to detect the smalelerror.

Reset /enable Stop Counter
counter

REF CLK

1 2 3 |4 5 6
DVCLK ]| LMMLlL

H [ ]
By 2y
s S Equal”2
S

(Fig.3-4-3)

3.2. Basic concept of DCO‘Implementations
In this section, we will introduce basic concepttioé proposed DCO. The proposed
DCO are based on DTC, ring oscillator, DCV [6] teicjues.

3.2.1 Digital-to-Time converter
Digital-to-Time converter is used for extending D@@eration frequency range. Fig.3-5
shows the basic idea. It uses internal counterotmnicthe extend clock cycle. The input
control word C1 determines how many internal cyalel add to input clock cycle. For
example, the one internal cycle is “S ns” that G1=2will provide 20*s ns delay to original
input clock. In general, the DTC is one of the giedlements in the DCO.

10



Extend clock period

Clock input Clock output
— ——
C1[8:0]
(Fig.3-5)

3.2.2.Ring Oscillator
A basic Ring Oscillator is a delay,ehain that cordanany inverters. Fig.3-6 shows the
diagram. Each inverter cell has gate delay,.varmusber of inverter can provide different

Cp %AW
I3

delay clock. EquatiorT = (Eq. 3-1) expressed-the delay of each invertdr \béhere

C, is load capacitancey,, is the output voltage swing, arid is the driving current to the

load. From (1) we can express the Ring Oscillategiency inft_s: : (Eg. 3-2). Changing

2NT

number of inverter stages or the load capacitamadriving current to the load, either can
change the clock period. [5]

Enable | >°

Delay Delay Delay
Clock1 Clock2 ClockN
(Fig. 3-6)

3.2.3. Digitally controlled Varactor (DCV)
The minimum resolution of inverter delay chainimited by the gate delay. According
to a well know concefllelay T = R C, attach a delta capacitance on delay chain wdhge
the delay time [6]. In this work, using and-or-ineg standard cell forms the digitally
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controlled varactor as shown in Fig. 3-7. The digyt controlled varactor is not limited by
the gate delay, so the resolution can be enhance.

IN ; OouT

ACi — Cg

(Fig. 3-7)

3.3. Standard Cell-based Digital-Control-Oscillator (DO

Since DCO is the heart of the ARDPLL; it domains gegformance of the ADPLL like
jitter. We propose a high resolution Standard. @aled Digital-Control-Oscillator to again
jitter. The architecture has three major functidacks such as Digital to Time converter,
coarse tune cell and Fine tune cell. Fig.3-8 shinedunction blocks.

CTW 150 CTW o4 0] ETAW FL20] CTW _F2[2:0]

ﬂ LK DTC ﬂ CLE CO ﬂ CLK_OUT
Cw*ﬁ—" Coarse h‘ﬁ Finel
Fine3 Fine4
CTW_F3[3:0] CTW_F4[2.0]
(Fig. 3-8)

In this work, there are 27 control bits for freqagradjustment. Each cell control bits
illustration as below. DTC has 9 bits (C1[8:0]) fextending operation frequency range.
Coarse tune cell has 5 bits (C0[4:0]) for seleffedent delay line. First fine tune cell has 3
bits (F1[2:0]) that would be binary decoded to hteol stages, each stage provided 4.4ps.
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Second fine tune cell has 3 bits (F2[2:0]) that lddoe binary decoded to 7 control stages.
Each stage provided 835fs. The third and the foumtitune cell are not the same as the first
and the second fine-tune cell since these didrss mdock, these affect the clock period by
using DCV [6]. Third fine tune cell has 4 bits (B3]]) decoded to 15 control stage, each
stage provided 67.8fs. The fourth fine-tune celhis last fine-tune cell that influences LSB
resolution. This work achieves the minimum resolutio 10fs

Table 3.1
Coarse-search Fine-search
First sub-ce|Second sub-cell| Third sub-gElburth sub-cell
Cell name |Inverter and NAND  OAI OAl OAl AOI
Control bits 5 3 3 4 3
stages 32 7 7 15 7
resolution 30ps 4.4ps 835fs 67.8fs 10fs

3.3.1.Digital to Time Converter DTC
DTC gives a wide-bandwidth operation function in@dt contains counter multiplex

and an oscillator ring for internal cloeck generatidbhe basic idea is to extend an extract
period by the counter. Fig.3-9 shows the architectu

L

P> INC
ax Q@

Cc1 =_reg

Equal
Signal

PASS

EN
Internal

CLK

[—

ar Q

Out_reg

nn

PASS

(Fig.3-9)

The counter counts internal clock compare withirsgttC1[8:0]. Because the input
signal “IN” has different signal level that triggethe control signal “EN” to be high, the
counter starts to count internal clock. If courdevalue is the same as setting C1[8:0],
“Equal” is asserted. Input signal “IN” passes tlgbumultiplex so the output register

13



“Out_reg” changes the signal level. Then outpunhaiggoes to next stage of DCO. The
control setting determines the working period @& tounter. If the setting C1[8:0] is “511”
that has the longest counter working period sarthgimum extended clock period is gotten.
If the setting C1[8:0] is “0” the “Equal” is alwaysgh. The minimum clock period is gotten.
The DTC internal clock period is 906ps. The maximama minimum clock period is 930ns
and 2.95nsseparately. While C1[8:0] increase, the DTC incesad.8ns by step. The
frequency range is from 1MHz to 338.8MHz. The DT@shdesigned to the operation
frequency range. Using fine tune cell can get laghution. In this work, 10fs resolution has
been proposed. Besides, DTC can increase opefaitioout increasing chip are@hat is not
practical to use DRV cell only for wide-bandwidbecause it needs a lot of chip area.

3.3.2.Coarse-tune cell
After DTC stage is coarse-tune cell. In this codtwse cell consists of many inverters

and NANDs. Furthermore, the delay chain can beraggéinto different segments. The
basic idea of coarse-tune cell is to use multipbexselecting different delay chain.

DelayAd — <
C
DelayB0 =——j
co[o]
DelayA1l — Z
EN[0] EN[1 EN| C
[0 11 [21 DelayB!  —
Clock IN
......
—_ co[o]

DelayA0 DelayA1

DelayA2

.

.

.

.
DelayB0O DelayB1 DelayB2
elay| elay elay| DelayAz —] =

C

DelayB2 =i
co[o]

(Fig.3-10)

This Coarse-tune cell has 5 bits controlled woat 8hbits is decoded to 275 =32. Thus,
this coarse-tune cell has 32 different selectiéing.3-12 shows the delay path and multiplex
select array. These multiplexers could be separatedfive groups that are mapped to 5
control bits. Every multiplex has the same prirgifiiat input delay path “DelayA” is longer
than input delay path “DelayB”. When the multipls&lect signal is “high”, the output is
selected from input “DelayA”. Therefore, the comtword C0[4:0]=[11111] has the longest
delay path. When CO0[4:0] =[00000], the selectedh pgtminimum, the delay time is intrinsic
delay pass through 5 multiplexers. Because we hseay decode, the control words CO[4],
CO[3]... CO[0] have different weight. Each controt isi just mapped to each multiplex group.
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The LSB CO[0] controls the first multiplex groum this group each multiplex input path
“DelayA” is added two more delay stages then inpath “DelayB”. In this group, the delay
path “DelayB” is selected while multiplex selectysal is high. In other words, control bit
COJ[0] is high will select longer delay path, hehoeger delay time been provided. The next
multiplex group is the same as above. Multiplexesekignal is high will provide longer
delay time. There is another advantage used NANDircéelay path, if the delay path had
not been selected then the signal behind won’sttian. It means save power consumption.

3.3.3.Fine-tune cell

Fine-tune cell is designed to provide high resolutiln order to get high frequency
resolution without too many cell. Fine-tune celparate to four stage that first (Finel),
second (Fine2), third (Fine3) and fourth (Finedaclk stage has different resolution. First
fine-tune cell and Second fine-tune cell are casc&the3 and Fine4 is joint the clock path
but clock didn't pass through directly. This carci@ase total gate delay, prevent the clock
path pass through too much gate. The minimum réealus 10fs provided from fourth
fine-tune cell. Beside, for linearity operation katage’s tuning range will overlap to next
stage. First fine-tune cell LSB is overlapped teesel fine-tune cell MSB and so on.

Fig.3-11 shows the inter-connection betweenfime cell. Fig.3-12 present the fine-tune
cell as addition capacitors.

—1 Fine-tune4
IN ouT
——>—— Fine-tunel Fine-tune2 ———
| Fine-tune3
(Fig.3-11)
IN out
>

Cg f—

AC

| |
(Fig.3-12)
First fine-tune cell used OAI standard cell, thare 7 stages in Finel. The control word

from F1[6:0] =[000_0000] to F1[6:0]=[000_0001] tuom one control stage, the delay time
add one stage delay 4.4ps. F1[6:0]=[000_0000] {6:B]=[111 1111] tun on seven control
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stages, so the delay time increas&®.8ps = 4.4ps X 7.

Fine2 used OAI and also has 7 stages. The contootd W2[6:0]=[000_0000] to
F2[6:0]=[000_0001] turn on one control stage, telay time increases 835 Femto-second(fs).
Also F2[6:0]=[000_0000] to F2[6:0]=[111_1111] tuom 7 stages, the delay time will add :
5854fs = 835fs x 7. Fine2 maximum delay time 5845fs is longer thareEiminimum delay
time 4400fs.

Fine3 has 15 stages and its control word logiqososite to other fine-tune cell. While
F3[14:0]=[00...0000] to F3[14:0]=[00...0001], the delaye is decreased 67.8fs. However,
it won't affect the control linearity. Fine3 maximudelay time iS1017fs = 67.8fs x 15
also can cover the Fine2 minimum delay time. Finelk used AOI cell to achieve 10f s
resolution. F4[6:0]=[000_0000] to F4[6:0]=[000_0QQ01he delay time is add 10fs. The
maximum delay is70fs = 10fs X 7
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Chapter 4

Simulation and Layout

In this chapter, we illustrate the hardware implatagon and simulation. The steps of
the semi-fully layout are introduced in appendix A.

4.1 SPICE simulation

As illustration above, the minimum DCO resolutiengrovided by fine-tune cell. We
used SPICE simulation to find out every standariscdelay time. Fig. 4-1 shows the
schematic of and-or-inverter (AOI) cell.

(Fig. 4-1)

There are four input pins A, B, C1 and C2 in AOI.cEhe purpose of SPICE simulation
is to find the resolution by the setting of AOI utppins. As VLSI technology, we knows
that measured pin A capacitance at pin's level (B32)=[0 0 1] is different with
(B,C1,C2)=[0 0 0]. Assumption the difference of aapance isA{ from Eq. 3-1 will get the
AT. Thus, pin A as load and pin C2 as control pig. Bi2 shows the simulation wave form.
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Input CLK

Output CLK

Control Signal

1

Controlsignal change from High to Low

(Fig. 4-2)

That is one of the simulation conditions for piraé load and pin C2 as control. There
are total 48 simulation conditions in one standzell, and we take all of the AOI and OAI
cells in CIC 90nm cell library. The 48 simulatioonglitions come from selected one control
pins and one load pin in 4 pins. And other two piosid be [0 O] [0 1] ... [1 1] total 8
condition. The simple derivation as follovg x C; =8 x 6 = 48.

Next, analyze all the simulation results then pigkwhich conditions can meet request.
Due to the huge data, using analyze,tool'is: hepesBast, the simulation is to select the
delay time will response as contrel signal;,as.vseussion above. Fig. 4-3-1 and Fig 4-3-2
show the relation between control signal‘and cyaieycle jitter. Both plot come from AOI
standard cell named AOI112LTX2, but different pameange. In Fig. 4-3-1, pins arrangement
is (A,B,C1,C2)=[1CLQ]. In Fig. 4-3-2, pins-arrangem is (A,B,C1,C2)=[1CLO].This is an
opposite result; The cycle-to-cycle jitter in Fide2-1 is variance all the simulate time,
changing the control signal didn't affect the defiye. The cycle-to-cycle jitter in Fig. 4-2-2
is related to control signal. It is a stable rethdit we can pick up for candidate.

250E13 1 L40E-LL

200613 +
150E-13

1.20E-11 +

1.00E-13 + 1.00811 1

S.O0E14 + 8.00E-12

0.00E+00
-S00E-14 4—3—5 4749 11 131517

6.00E-12
1921232527
4.00E-12
-1.00E-13 +

-1.50E-13 +

2.00E-12 +

-2.00E13
-250E-13 +

0.00E+00

./ 7 7
-2.00E-12 + 3 5 9 11 13 15 17 19 21 23 25 27 29 31

AOH2ETX2 1€CLO [ AOIIT2LTX2 0CL1

(Fig. 4-3-1) (Fig. 423-

-3.00E-13 -

After finish this step around all of the standaedls; all the result has sorted by rise and fall
time as show in Fig. 4-4. The sorting table helpsauselect which cell and pins arrangement
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can meet our request. The rise and fall time balasmecessary. Finally, we can get what
pins arrangement of standard cells as we need.

Cellname PINESY Risetime Fall time

0AI LTX1PF L01C -2.29E-16 -2.46E-16
DAI LTX1 OC1L -6.77E-16 -6.40E-16
AQL LTX2 CIOL A27E-15 470E-15
0OAT LTX1 COOL 7TO4E-16 -128E-15
0AI LTX1PF 1LOC1 1.18E-14 -1.32E-15
AOI LTXIP CILO -6.04E-14 8.34E-14
0AI LTXIP COOL 160E-13 -1.87E-13
AOI LTX2 CiLo 2.09E-13 -1.76E-13
QAT LTX2 T 534E-13 4 79E-13
0AI LTXLF LOAC 9.14E-14 3.62E-14
0AI LTX1 10CL 407E-13 338E-13
0AL LTX1 01LC 1.13E-12  1.05E-12
0OAT LTX3 00CL 2.36E-13 328E-13
DAI LTXLF 00CL 2.33E13  3.49E-13
DAI LTX3 0COL 1.25E-14 -1.44E-13
0AI LTX1IP COL1 6.59E-13 527E-13
0AT LTX1 10LC 1L12E-12 961E-13
0AI LTX1P  10CL 5.17E13 3.23E-13
DAI LTX1P OCL1 6.9E-13 4.98E-13
0AT LTXIP 10CL 3.29E-13 543E-13
0AL LTXIP 10LC 8.56E-13 5.46E-13
AOI LTX2 O1LC 1.12E-13 -4.29E-13
DAI LTX1P  OCOL 197E-14 -3.23E-13
DAI LTX1 LoCo -6.83E-13 -L46E-12
0AL LTX1 CI11L -8.19E-13 -1.92E-14

4.2. Layout.

Difference R/F time
L7E17 -142%
3TE1T S47%
43E-16 10.07%
5.76E-16 -81.82%
1LO5E-14 BR.81%
2.3E-14 J808%
2.7E-14 -16.88%
3.3E-14 -15.79%
SSE14 RigEEa|l time unbalance
5.52E-14 60.39%
6.9E-14 16.95%

SE14 708%
9IE14  3898%
LIE13 _49.79%
132613 (C1052.009)

132E-13
1.59E-13
1.94E-13
1.96E-13
2.14E-13
311E13
3.17E-13
3.43E13
7.77E-13
8E-13

(Fig. 4-4)

In this work, there are two layout art, one. is ttiad layout using EDA tools for auto
place and route the other is our proposed.semj-fulstomer layout.
Fig. 4-4 shows the most important component, Fumetcell. The routing layer didn’t change
that can prevent extra stray capacitance. Thisttine cell consist of four fine-tune cell. The
inter connection illustrated in Fig. 3-11. The @docating is well arranged for decrease
routing difficulty.

" G wh % T % i et

1 £ LU Y,

BRSPS E RSP

(Fig. 4-5)

Fig. 4-5 shows the coarse tune cell. It is a delag multiplex array. Because it is an
array structure, we need to consider the pathrdistaf the same coarse stage.
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(Fig. 4-6)

Fig. 4-6 shows the whole layout. It uses EDA taobb P&R, but contains the manual
layout. The critical component layout by manual gamn the performance. The other part
used EDA tools can save the time. It is similar edisignal design flow, but in this work the
fully-customer layout is unnecessary.

Table 4-1 shows the DCO performance. The chip aremly 687um x 687um. The
power consumption is only 664.1uW in worse case \Whole chip layout shows in Fig. 4-7.
We also used nano-sim to do post-layout simulafide demonstration result shows in Fig.
4-8.

; W f
E B i : LT

(Fig. 4-7)
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Table 4-1

Supply voltagg1.0 V(tc)
0.9 V(wc)
[Bandwidth 187KHz~345MHz (wc)

351KHz~598MH?z (tc)

|Reso|ution 10fs

POWER 664.1uW (wc)
Dissipation

[chip size 687um*687um
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Chapter 5

Conclusion and Future Work

5.1 Conclusion

In order to realize ADPLL based Frequency synthiZée semi-fully customer layout
art has proposed. It gives a new design flow in 8e€lgn. With this art, a high-resolution of
DCO can be implemented. In this work, we used stethdells which provided by CIC 90nm
process to archive high resolution. The LSB resmiuts 10 fs as the HSPICE simulation
results. The proposed DCO frequency range is frBihKHz~345MHz that extended by the
DTC. We also give a low complexity tracking algbnt which locking time is 30 cycles in
typical case.

5.2 Future Work

We have several works proposed'to extend this desithe future. The proposed work
is as following.

1. The coarse-tune cell was implemented by multiplexeay. It could be replaced by
tri-state buffer for decrease instinct delay. If ean reduce the intrinsic delay then we
can get faster operation frequency.

2. The simulations of jitter model didn’t include. Tiperformance might different with
simulations. The resolution in this work is 10 fajt the jitter induced by power
bouncing noise is much more than 10 fs.

3. The tracking algorithm can be replaced for fasbeking time. This algorithm is design
for low complexity. The main purpose is to makeestire DCO can be controlled. This
work focus on wide-bandwidth and high-resolutiorowéver, the tracking algorithm
still has 30 cycles locking time in typical case.

4. To complete the measure is our next work. Building testing PCB board and test
fixtures are also big challenge. The measure uaiceytneeds to be considered.
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Appendix A - Laker Tour

1. Type “laker” in terminal to start Laker.

o hwlab01 cs.nctoeduiw - PoTTY
[d]laba wlabll ~/Lak % lakerl]

File Library Category Cell Opfions Window
= |

10 eel n

2. Create a new
library and specify the library name.

g
3

- New Design Library
Mapping Fam

Change Reference

Retesn : : Library Name:
— INPUT YOUR LIBRARY HERE |
Atange N Fea Proganty

regce s g £ 10 =] B3 borderADP
i sapiacs mepan DRC Fa digital ADP
e Iz analogADP  sourceADP

Filter: |": /l

-Technology File-

“> ASCII File: | =]
~ Attach To Library: | EI

Directory: | ‘users/DLABA/dIabal46/Lakerve |_|’

oK | Cancell
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3. Specify the technology file from library.

oacie [ [0

e |[overon ]

1

Input keyword for eII ne s
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5. Start edit layout

Cell View Create Edit MCell Options Query EIP vemy Placer Router Window Help

=0~ Sl ‘Q ® @ ® r [V/E] Sel: -0.485 V[ 1.565 Crd: Selecting
ma@mnlz@u@@ ‘?GHWW«A\AJ&’@?HM’_\ Instance FE%\

EEINI

Drawingset |v| |
[ ldg[reas §
| |og|sue
DIFF
_ [da|PweL
L |as|pwer o |
 [oa|rewer
 |da|pmee
 |da|erw
_ |da|mwec
[ T[oe | uarve
[lda|prLus
|og|nrLos
v
o
 |dg|vren
[P
Cllslur
 [om|wrL
_|dafurere
o v
i T L
ot v
e
R L
] L
gy
| dafvnme
O[og| ceve vl
| g vrnn
_ |og|resista
| |dg|vrnmn
ooy
 |ag|esp

ToL:|

[Opsncwv\ewm::mu gl [ 235 m

6. After finish your design layout. Exportit to gdsat.

Qpen - Library Mame: Top Cell Mame:

oadls

Access Permission.
Data Manager aEe
Close Data

[ Fa | DIVIDER_OUT

|

e analogADP 2101V IDER_ Ol 4} QDFFRSBLT X2
DRC borderADP 1 DLAHLTA # QDFFRSBLT X3
Fz digital ADP #1DLAHL TR #1 QOFFSBLTA T
Ext g o || F3 sourceADP 1 DLAHLTHS 4 QDFFSBLTRZ
B O, € 00 1 DLAHRBLT X1 1 QUFFSBLTHS
11 1ekerthangeseliads —node var #1 DLAHRBLT#2 #1 QDFZCLRBLTH 1
b #1 DL AHRBLTRE *3 QDFZCLRBLTAZ
P iy HFAILTXI #1 QOFZCLRBLT X3 .
15| LakerSingleSel -point (8. 581 #TEAILTHE %5 QDFZCRBLT R m
16/0: el #FAILTHE #1 QDFZCRBLTRZ

17| LaksrSettolPat -nodcategary
18/ 0: tcl>

19| LakerSetactiveLayer -layerNafl| o .
20/0.tcl> Filter: |

21| lakerZoonInByarea -point (-1
22/ 0: tcl.

> lak;;.mmym —poine -0l Dutput File: I.fhome.fusers.fDLABAfdlabm4Ei.v‘LaKeerrverE!DlVlDERiouT n
24| 0:tcl>

25| lakerZoonOut "
260 tcls Basic ] Advanced ] Froperty ] Log/Err File ]

27| LakerZoonut Sy
28|0:tol> Cell Mame Case Sensitivity: Preserve —

20| laker BoonOut

30|0:tol> Label Case Sensitivity: Preserve —

31| lakerEoonOut
32|10 tols Append Duplicated Cell Names With:  Library Name —

33| laker BoonOut

3|0 tely I Rename for Duplicated Cell
35| Laker Zoonut

360 ts1> = Merge Reference Library
37| LakerPanRight

380 ts1> - i
39| LakerZoonInByArea —point (29 P Enable 1O Layer Mapping

400 tol> _1 Enable Layer Filter

41| lakerZoonInByArea —point (31
I Invoke Batch hocle

~

| Filter:

42/0:tcly

43| lakerGreateRect -layerName Pl
44/ 0:tcly v
45| LakerBoomall Layer hiap File: |mnmefuserstL.qBAm|ana1auafLaker\nfumc_an_mker_w zpl.map

460 toly I

47| LakerSaveDesign Cell Map File:
48 0: toly

Font tap File: |
Prop. IMap File: |

|2 | |2 |

Apply 8]'8 | Cancel |
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Appendix B - Abstract Tour

1. Type “abstract” in terminal to start abstract

o hwlab07.cs.nctuedu tw - PuITY
[dl

Abstract - [no current library]

File Bins Cells Flow

DEEDEE

Bin | cells | cel | Layout | Logical | Pins | Estract | Abstract | Verify |
Core 0

[s} 0 k

Comer 0

Block 0

Ignore 0

Interpreter. - Tcl @ Skill

Log |Command Histary

LOG (ABS-14207)% Starting Abstract version 5.1.0 06/30/05 17133 (cicln=0ls), sub-version 5,104

1_USRZ.58, on Linux 2.4.9-e,3d=snp

|abstract>

new library

Abstract - [no current library]

File | Bins Cells Flow Help
Library E i
open..”"

| Layout | Logical | Pins | Extract | Abstract | Verify |
Export ‘.
Record. Create new library
Replay..
General Options...
_— Library Path:
e . Browise..
Interpreter: ~ Tcl # Skill
LOG (ABS-1420)+ Starting 10,4 |4 5
1_USR2.58, on Linux 2,4.9-e.34s ok | cancel | hep_|

¥ ¥

labstract>
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3. After create the new library, import LEF files frogell Library.

File | Bins Cells Flow Help

Library - EI &:&S@|

Import P
2 Stream (GDSI)... | Layout | Logical | Pins Edract | Abstract | Verify |
Export -
LEF.. _
A
— DEF..
el Logical...

General Options..

Exit

Interpreter: - Tcl 4 Skil

Log Command History |
11 USR2,58, on Linux 2.4.5-e.34smp 3 5
INFO (ABS-1007: Library DIVIDER opening fhome/users/DLABA/dlabaldf/ab=tract /DIVIDER

L0G (ABS-212): Yerifying Technology Data

ERROR (ABS-216): There are insufficient metal lagyers defined in the current design, You must def
ime at least two metal layers in the prRoutinglayers class of the technology file,

ERROR (ABS-218%: There are no via layers specified in the technology file, Ensure that there iz
at leazt one via layer specified in the in the vialayerz section of the technology file and that it
iz listed in the layerFunctions section with function cut,

iINF% - (288—232): Layer summary: 0 metal layer(s), 0 via layer(s), 0 poly layer{s), and O diff la
yer{s] four

iINFD (ABS-234%: Yia summary: 0 default via(s) and 0 non-default viads) found

INFO (ABS-235): There are errors in the techrology data that require to be resolved hefore proc

eeding to the abstract generation steps.,

jabstract>

4. There are two LEF files have to import! Those tWasfare provided from Cell Library.
In this example, one is “header@m126.,V55.lef’ theeois
“fsdOt_a_genracic_core.9m126.lef”

LEF Filenames:

Jhone/users/DLABA/d 1labaldh /ahstract/ lef /headerOn126_VES, lef fhome/users/OLABA/d1abaldf/ah  growse. |
stract/lef/fsdit_a generic core,9nl26, lef

Enter a list of valid |ef file names separated by spaces.
This command imports netlists in LEF format.

Wiew: |abstract
| Overwtite technology

(8]:8 | Cancell Help |

After import LEF files, there should be not anyoenmessage in log windows. And it means a
user’s define library template has been createdesstully.
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. Abstract - DIVIDER

File Bins Cells Flow

0] 28 o] == 18] 7

Help

Bin | Cens | Cen | Layout | Logical | Pins Exdract | Abstract | Verify |
Core ]

[«] [}

Comer 0

Block -

Interpreter: .- Tcl 4 Skill
Log

Processing Macro 'XOR4L

| Command History
™.
Processing Macro KCRGLT)&LP

=

Check if any error message
Elapsed time 00:00:10
‘Done reading LEF file "/home/users/DLAEA/dlabaldb/sbstract/lef/fsd0t_a_generic_core.9n126.lef” into

|1ibrary “DIVIDER®

LOG (FES-212) % Verifuing Techrology Data

|INFO (RES-232): Lager summary: 9 metal layer(s), 8 via layer(s), 0 poly layer(s), and 0 diff la
yer(z)

found
|INFO (AES-234): Via summary: 100 default via(s) and 0 non-default via(s) found

|INFO (FES-103): Library DIVIDER loading options from /home/users/DLAEA/dlabald6/sbstract/DIVID
ER/.abstract.options

:abstna:t >

i
1

5. Import gds file that you layout and export from kalor other layout tools.

GOSI Filenames:

Shome] users,/DLABA/ d1abald6/sbstract /verE /DIVIDER OUT.zds Browse |
Enter a list of valid .gdsii file names separated hy spaces.
This will create cell views from existing layout information.

Map GDSI names: Mo Mapping -'|
Layer Map Tahle:

Browse. .. |
Default Bin: Core = |

Template Filename:

Browse. .

O Cancel Help

29



6. Specify layer map table

2. Import Layout

GDSII Filenames:
/hone/fusers/DLABA/d1abal46/ahstract/verE /DIVIDER_OUT . gds Browse... |

Map GDSIl names: ¢ No Mapping  ~ |
ecify layer map table
Layer Map Table: P y P

fhone/users/DLABA/d1labald6/ahstract/isip_streamOut ,map

1 : : Browse... |
| Enter a valid layer map file to import the GDSII data.]

Default Bin: Core |

Template Filename:

Browse... |

OK Cancel I Help |

4% Abstract - DIVIDER

File Bins Cells Flow

Cells | Cell | Layout | Logical | Pins | Exract | Abstract | Verify |
DFFRBLTXZ ol

Help

10 0 T
Comer 0 FILLERLT16E v
Block 0 FILLERLTZ J
Ignore 735 FILLERLTEE vy
INVLTX1 +
MCELL_CON_10075445 J
MCELL_PCO_575377 +
; After import gds, the cell name you edit in
Interpreter: - Tcl # Skill
Log laker will show in the Cell window |Command History |
3 5
NORMAL EXIT .

INFD (ABS-110): Library DIVIDER saving existing options file to /home/users/DLABA/dlabaldf/abst
Ea:‘s)‘DIVIDER} .abstract.options prev

(ABS-112): Library DIVIDER saving options to file /home/users/DLABA/dlabald6/sbstract/DIVI
EER/ .sbstract.options

(ABS-212): Verifuing Technology Data

IH-'% )t (ZBS 232): Layer summary: 9 metal lauer(s), & via laver(s), 0 poly laver(s), and 0 diff la
yer(s) foun

INFO (ABS-234): Via summary: 100 default via(s) and 0 non-defsult via(s) found

INFOD (ABS-103): Library DIVIDER loading options from /home/users/DLABA/dlabald6/abstract/DIVID

ER/.abstract.options

=l

[abstract>

Next several steps are translate gds to LEF.
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7. First, extract pin

Abstract - DIVIDER

File Bins Cells Flow

Help

3//2 o5l

Cells
DFFRBLTXZ
|0 0 DIVIDER_OUT
Comer 0 FILLERLT16E
Block 0 FILLERLTZ
Ignore 755 FILLERLTSE
INVLTX1

Interpreter: - Tcl 4 Skill
Log

MCELL_CON_1007]
MCELL_PCO_5759

| Layout | Logical | Pins | Edract | Abstract | Verify |

+

Running step Pins for the selected cell(s)

+ Pins

NORMAL EXIT ...

INFOD (ABS-110): Library DIVIDER
ract/DIVIDER/ .abstract .options .prev
INFO (ABS-112): Library DIVIDER
DER/ sbstract .options

INFO (ABS-103): Library DIVIDER
ER/.abstract.options

(ABS- 212) Verifuing Technof

DI"O (ABS-232): Lauer summary: A g
yer(s) found
INFD (ABS-234): Via summary: 100

* Core

[abstract>

Map | Tes | Boundary | Biocks |
Map tesd labels o pins:

Power pin names (regular

" ((VOOICC) ) | (v(ddlec))) (TS

Ground pin names (regular expressions).

C((VSS1RD) | (vsslgnd)) (1)73

Clock pin names (regular expressions):

Analog pin names (regular expressions)

Output pin names (regulas expressions):

Exchude exdsting terminals (regular &xpressions)

Press Run

Run | cancel | Hep |

L3

¥ - T

I
In Boundary tab, please key in the Iayer‘r%:ﬁé wisialsed in Laker for boundary.
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¢ Running step Pins for the selected cell(s)

[ Step Map | Text | Boundary | Blocks
o LS Create boundary: as needed — |
Using geometry on layers:
PRENDMK
Keyin the layer name that used in Laker for boundary
" Adjust Boundary By
Left:
Right:
Top: [
Bottom:
[ Fix Boundary To
| | Left:
~Bin | | right
Top:
2D Bottom:
Run | Cancel | Heip |

There are some warning messages, those can'_liédgrmne of the important thing is check
out if all the pins been created. In this eXa"_l}r@Iﬂm-, O’L)T and RESET".

Abstract - DIVIDER

File Bins Cells Flow

Cells | Cell | Layout | Logical | Pins | Extract | Akstract | Verify |
DFFRELTHZ i

ls] ]
Corner ] FILLERLT1EE

s
Block a FILLERLTZ v
Ighare 759 FILLERLTEE 4
INVLTH1 o4
MCELL_COMN_10075445 v
MCELL_PCO_575977 v
Interpreter: - Tcl & Skill
Log \Cnmmam:l Histary |
R/ .abstract ,options.prev 5 X
INFO (ABS-112%¢ Library DIVIDER saving options to file /homefusers/DLABA/dlabalds/abstract /DIVIDER/ ,abstra
ct.options
ARMIHE {ABS-508%: Mo Map text labels to pins settings specified for bin Core therefore default settings will
be used,
LOG (ABS-1300): Cell DIVIDER_OUT: step Pins started
INFO (ABS-514): Cell DIYIDER OUT: prBoundary successfully created,

{ABS-515%: Cell DIVIDER_OUT: prBoundary does not enclose all cell view geometry. Specify any missing
layers in the Using geometry on lager‘s field,

INFO (ABS-505): Cell DIVIDER OUT: created pin "TN' for lsbel "IN' st (165,1940)
INFO (ABS-G05): Cell DIVIDER_OUT: created pin "OUT" for label "OUT" at (30840, 1560)
INFO (ABS-505) ¢ Cell DIVIDER OUT: created pin "RESET" for label "RESET" at (9335,4540)
INFO (HBS 503)+ Cell DIVIDER OUT: 3 pins created
HWAF i ABS-1086%: Cell DIVIDER_DUT: has no power terninals

F (H 5-1087 )t Cell DIYIDER_OUT: has no ground terminals .3

I (ABS-10833: Cell DIVIDER_OUT: has no output terminals
LOG (ABS-1301): Cell DIYIDER OUT: step Pins finished

ml
=l

labstract

8. Second, Extract.
Just press Run.
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Abstract - DIVIDER
File Bins Cells Flow
J 8| > a|=|B| 7]
Cells f.‘ell | Layout | Logical | Pins | Exract | Abstract | Verity |
DFFRBLTH2Z
10 0 T
Corner 1] F|LLERLT1BE Step Signal | Power | Astenna | General
Block 0 FILLERLTZ e P W Exdract uignal nety
Ignore 755 IFl.ll;,’If-;L]TSE + Edract Layer At or Signal Bxraction
Layer Geomery Speciicaton Connectivity |[Create Pine [T
MCELL_CON_100754 : =]
! _ [eies a3 "
MCELL_PCO_575971 Pl ooy -
o [vias via% [strong L]
A |visé iak Strong -
- T Rrrene ™ J
o [via8 “viad [Serong L]
e | em | oo |
Interpreter: - Tcl 4 Skill =
Log s _ | Command History |
R/ .zbstract.options.pre P 1
I¥0 (#65-112)} L ibrary DIVIDER 4 oo Snce I
ct.options |
[ (FBS-508): Mo Map text lsbeld |®n Creats Must Connact Pins ¥ Requred
be
L0 (ReS-1300): Celd OIVIDER Q] | © 7 || | dmen
INFO (ABS-514): Cell DIVIDER_OUT: on teminals na
{ABS-515): l:e11 DI\J’IDEF! ouT:
layer‘s in the Usirg on layers
NFD (FBS: -5:6) Ce].l DIVItER u.n':
D0 (ABS-56): Cell DIVIDEROUT:
INFD (ABS-506): Cell DIVIDER_OUT:
INFD (ABS-503): Cell DIVIDER_OUT:
(FES-1086): Cell DIVIDER_OUT
$ES-1087): Cell DIVIDER QUT
%&5_1&% DIVIDER_OUT
LOG wea15013: cal DIVIDER QUT
’
[bstract Press Run
w\_" Cancel | Help
.\. i " a E
Normally, the Extract column in Ceﬂwmdo.w vaI sw green tick.
¥ EEE
-
9. Third step, Abstract Ak e
iy

bstract - DIVIDER

File Bins

Cells Flow

DEEEEEE

Cell Pins

| Edract | Ahstract | Verify |

DFFRELTHZ

| Layout | Logical |
d

LOG
IHFO

R/’ abstract.,options .prev
IHFO

ct,options
Lo

{ABS~

: 0863+ Cell DIVIDER_OUT: has no power terninals
ABS-

0F7311 Cell DIVIDER_OUT: has no ground terminals

(ABS-1029): Cell DIYIDER_OUT: has no output terninals

(ABS-1301): Cell DIYIDER OUT: step Pins finished

(ABS-110%¢ Library DIVIDER =saving existing options file to /home/users/DLABA/dlabal46/abstract /DIVIDE

(ABZ-112%¢ Library DIVIDER saving options to file /home/users/DLABA/dlabaldh/abstract /DIVIDER/ ,abstra

G (ABS-1300%+ Cell DIVIDER OUT: step Extract started
INFO (ABS-602): Cell DIYIDER_OUT: extracting 3 nets
INFD (ABS-604,: Cell DI¥IDER_OUT: extracting net RESET, 1 of 3
IHFD (ABS-604): Cell DIVIDER_OUT: extracting rmet OUT, 2 of 3
IHFO (ABS-604): Cell DIVIDER_OUT: extracting ret IN, 3 of 3
LOG (ABS-1301)t Cell DIVIDER_OUTt step Ewxtract finished

¥ 7

labstract

L] o
Comer 0 FILLERLT16E 4
Block 1} FILLERLTZ o
Ighore 799 FILLERLTBE v
IMWLTHA J
MCELL_COMN_10075445 o
MCELL_PCO_575977 o«
Interpreter: - Tcl & Skill
Log Command Histary |
INFD (ABS-505,: Cell DIVIDER_OUT: created pin "OUT" for lshel "OUT" ot (30840,1560) 5
IHFD (ABS-505,+ Cell DIVIDER OUT: created pin "RESET" for label "RESET" at (2385,4640)
IHFD (ABS-503, ¢+ Cell DIVIDER OUT: 3 pins created

In this step, Site name must select to “core”.
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Running step Abstract for the selected cell{s) [ ”E@

[ Step | Adjust | Blockage Fracture | Site | Owerlap | Grids ‘

& [FlS Site name core —
-~ Extract =

Define new site name
4 Abstract

[ Ein

4 Core

Run Cancel Help

Finally, the column abstract also become green tlck

Normally, there is no any error message ln_!_og winglotherwise go back to check where is
the problem.

Abstract - DIVIDER

File Bins Cells Flow Help

cells | cell | Layout | Logical | Pins | Edract | abstract | ‘erify |
DFFRBLTHZ o

Corner 1) FILLERLT1EE o
Block i FILLERLTZ *
Ignare 758 FILLERLTSE v

INVLTH1 -«‘

MCELL_COMN_10075445 +

MCELL_PCO_575977 4
Interpreter: ~ - Tcl @ Skill
Log |Command Histary
TNFO (ABS-107473 ¢ Number of pins checked = 9 a1
TNFO (ABS-107473 ¢ Number of pins off grid = 1
TNFO (ABS-107473 ¢ Number of mns off grid in = = 0
TNFO (ABS-10743¢ Mumber of pins off grid iny =
TNFO (ABS-1074): Number of blockages checked = 184
TNFO (ABS-1074) ¢ Number of blockages off grid = 52
TNFO (ABS-10747 ¢ Number D'F blockages off grid in x = 47
TNFO (ABS-10743¢ Mumber of blockages off grid inu =5
INFO (ABS-914) ¢ Eell DIVIDER _OUT: predefined site core will be used
INFO 1 Generating detailed hlockages for layer wiaS
INFO 1 Generating detailed blockages for layer metald
INFO enerating detailed blockages for layer metald
INFO enerating detailed blockages for layer wiaZ
INFO enerating detailed blockages for layer metal3
INFO (ABS-1425); Generating detailed blockages for layer viad
INFD (ABS-1425): Generating detailed hlockages for layer viab
INFD (ABS-1425): Generating detailed blockages for layer metal?

£ -f

labstract>

10.1f those step have been done. Abstract can exjiittflle we need.
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Abstract - DIVIDER

File | Bins. Cells Flow Help
Library -
= p|efl ¥
Import &
Cell | Layout | Logical | Pins | Extact | Abstract | Werify |
i IR 17 2 o
Record. FepE 5E
Options. <
Replay... 5 @
| FuLERLTEE o
General Options.. INVLTH1 <
MCELL_COMN_10075445 o
i MCELL_PCO_575977 2
Interpreter: ~ - Tcl @ Skill
Log Command History |
THFO (ABS-1074): Number of pins checked = 9 2y
INFD (ABS-1074): Humber of pins of f grid = 1
INFO (ABS-1074)¢ Number of pins off grid in % = 0
INFO (ABS-1074): Humber of pins off grid iny =1
INFO (ABS-1074): Number of hlockages checked = 184
TNFO (ABS-1074) ¢ Number of blockages off grid = 52
INFD (ABS-1074): Humber of hlockages off grid in x = 47
INFO (ABS-1074): Number of blockages off grid inu =5
INFO (ABS-914): Cell DIVIDER_OUT: predefined site core will be used
INFO (ABS-1425): Generating detailed blockages for layer viaS
TNFO (ABS-1425)¢ Generating detailed blockages for lauer metald
INFO (ABS-1425): Generating detailed hblockages for layer metald
INFO (ABS-1425): Generating detailed blockages for lauer via2
INFO (ABS-1425) ¢ Generating detailed blockages for layer metal3
INFO (ABS-1425); Generating detailed hlockages for layer viad
INFO (ABS-1425)¢ Generating detailed blockages for layer viab
INFO (ABS-1425): Generating detailed blockages for layer metal?
7 i
abstracty

LEF Filename:
Shomefusers /0LABAdlabhalde fabstract /verE/DIVIDER, lef

You can generate wariants of LEF for cells in one or more hins.
W E=porf Geomelry CEF Daila

_1 Export Tech LEF Data

LEF “ersion: 9.5 —lI
E=port LEF tor Bin: All — I

Enter the name (=withoutspaces=|ef) of the leffile o he expor‘ted.‘

EBus characters: [1 —
Divider character: 4 —-I
QK | Cancel | Help

Check log window if any error message.

Abstract - DIVIDER

File Bins Cells Flow
B
0] 2| o] w|=a| 19 &
Bin Cells cell | Layout | Lagical | Pins | Estract | Abstract | wenfy |
DFFRBLTXZ o«

Help

10 0 DIVIDE 1
Corner o FILLERLT1GE
Elock 0 FILLERLTZ
Ignore 755 FILLERLT&E
INVLTH1

PMCELL COR_10075445
MCELL_PCO_S575977

LOLLLY

Interpreter: ~ Tcl @ Skil

Log Command Histary

Product  : Wirtugso(R) LEF Out

Program  : lefdef version 5.1.0 Thu Jun 30 00:12:34 FOT 2005 (cicln03)
SubWersion: sub-version 5,10.41_USRZ.18.52

Started at: 15-Jul-2008 05:46:54

User Mame : dlabalde

Host Name : hulsbOL

Directory : /home/users/DLABA/dlabaldb/sbstract

CADENCE Design Sustenms, Inc.

LEFOUT: Generating list of valid lauers...
Layers are successfully generated
LEFOUT: 'DIVIDER DIVIDER_OUT abstract' being processed,

Elapsed time 00:00:01
LEFOUT: completed

!

abstract >

11.There are some step need manual. Open the le¢hé&itgust export. Delete all the text line
before *”
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hwlab01 cz.ncto.edu tw - FuTTY
1lab » wim DIVIDER. ]

wlab01 cs nctn edn tw - PaTTY

ERSION 5.5 ;
STMMETRY ¥
CL&SS PAD ;
SIZE 0.230 BY 280.000 ;
[END iocors_h

S1TE iocors_n

STMMETRY ¥

CLASS PAD

SIZE 0.230 BY 240.520 ;
END iocore n

S1TE iocore o

STMMETRY ¥

CLASS PAD

SIZE 0.280 BY 154.000 ;
END iocore o

TE corner_a

SYMMETEY ¥ ;

CLASS PAD
SIZE 227.920 BY 227.920 ;
[END corner_a

SIZE 142.800 BY 142.8300 ;
[EHD corner_b

SIZE 227.920 BY 142.800 ;
END corner_ab

Close and save the new LEF file.
These are all the steps that used abstract trarGS file to LEF file.
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