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ABSTRACT

In this modern day electronics industry, large amount of data need to be transmitted
from chip-to-chip on a PCB say from One core of a Microprocessor to another, from a
Microprocessor to an IO device, from a Microprocessor to memory in a computer. The
day to day improvements in the existing features and incorporation of new features say
for example, mobile phone has necessitated the chip designers to think of alternative
ways of transmitting this large amounts of data. Routing new channels for handling
this data is not a feasible thing to do, as it will not only increase the chip area which
increases the cost of the chip, but also induces second order effects on the other working

blocks.

This has forced the chip designers to go for Serializer/Deserializer abbreviated as
SERDES where in, the data is transmitted at a higher data rate on the existing channel by
introducing additional circuitry both at the sender chip (Transmitter) and at the receiver

chip (Receiver).

This thesis work concentrates on the transmitter part of the SERDES Which em-
ploys a Serializer, Pre driver an Output driver. The Serializer converts data from seven
channels each at a data rate fs (Time period Ts), to a single channel at a data rate 7fs
(Time period %). The inputs to the Serializer are data and seven clock phases each at a
spacing of % from the consecutive phase. These clock phases are generated by a Delay
Locked Loop (DLL). The Serializer inserts the data bit in the phase difference between
the clock phases. The serialized data so obtained is transmitted by an LVDS driver on

to the channel.
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CHAPTER 1

INTRODUCTION

High-Speed Serializer/Deserailizer (HSS) devices are the dominant implementation of
I/O interfaces at speeds of 2.5Gbps and higher. Such devices are differentiated from
source-synchronous interfaces in that the receiver device contains a clock and data re-
covery (CDR) circuit which dynamically determines the optimal sampling point of the
data signal based upon the transition edges of the signal. In other words, clock infor-

mation is extracted directly from the data rather than relying on a separate clock.

Transmitter
I o Transmit e, -
—~A4»{ Serializer |—» VR po D
qualization »
Receiver
Clock & Data |
1 g Recovery and =
- ," DeSerializer [« ECR"";;,:“ QReceiver
Equalization -

Figure 1.1: Basic block diagram of typical high speed SERDES

Figure 1.1 illustates the basic block diagram of the transmit and receive channels of
an HSS device. The transmitter serializes parallel data, equalizes it and then drives the
serial data onto a differential signal pair of interconnect wires. Feed Forward Equalizers
(FFE) are commonly used in High speed SERDES devices. The receiver consists of a
differential receiver, a CDR circuit which may also integrate an equalizer, and deserial-
izes the data based upon the sample point established by the CDR. Peaking amplifiers
and/or decision feedback equalizers (DFE) are commonly used for equalization in High

speed SERDES receiver devices.



1.1 Serializer

Conceptually, the input to the serializer transmit stage is an n-bit datapath which is
serialized to a one bit serail data signal for application to the FFE and driver stages.
Values of n which are multiples are 8 are useful for sending uncoded and/or scrambled
data bytes; values of n which are multiples of 10 are useful for protocols which use

8B/10B coding.

1.2 Driver

The differential driver stage is an analog circuit which drives the true and complement
legs of the differential signal. Output data must be driven such that jitter is minimized.
In some architectures, data is latched in a flip-flop clocked at the baud rate and the

output of this flop is driven on to the differential output.

The block diagram of SERDES chain being implemented in this thesis is as shown

below.
Tx LVDS Cable Rx
TxIN Data OU
: § o Rour
: /? 3 =
CMOS/* . .
TTL ° P : J> :
1.9 ™ :1.9
Clock
(LVDS)
TxCLK—{— —[:} J>— ~RxCLK
PCB # SHIELD of ‘ PCB
LVDS
CABLE
(GND)

Figure 1.2: Block diagram of SERDES

This SERDES has 21 CMOS/TTL input channels each having a data rate of 15Mbps-
75Mbps. These 21 channels are seggregated into 3 groups each having 7 CMOS/TTL



channels. The serialized data from each group which is at a data rate of 105Mbps-
525Mbps, is transmitted over LVDS channel as differential signals. This SERDES uses
a clock forward architecture and hence there is no need of clock recovery circuit at the
receiver. As the clock signal is transmitted at the base rate, the receiver uses a PLL for
clock multiplication.

The motivation for going towards LVDS lies in the fact that, as the signal frequency
increases, the circuit impedances tend to decrease requiring more current to generate
a voltage. Since, power is the product of voltage and current, maintaining or reducing
power levels require a reduction in operating voltage. Thus, in LVDS data bits are trans-
mitted as low voltage differential signals. The schematic of single chain of SERDES

Block is as shown below.

1001100
L )] Q
D[0:6] >~“{Serializer Sync’er
L
FYYYY
Clock
Phases

DLL 78
fref = =
PLL

Common to all 3
chains

Figure 1.3: Single chain of SERDES Block

Table 1.1: The specifications of the transmitter in this thesis are tabulated as shown

below.
S1.No Description Specification
1 Power supply 1.8V
2 Clock 15MHz-75MHz
3 Output signal type Differential
4 Maximum LVDS channel datarate 525Mbps
5 LVDS swing 350mV
6 LVDS common mode voltage 1.2V
7 LVDS transmitter load Cr =5pF and Ry = 10012
8 Power dissipation Minimum




CHAPTER 2

BACKGROUND

2.1 Analysis of Delay Locked Loop

The Delay Locked Loop generates the seven clock phases needed by the serializer. The

DLL uses a Phase Detector (PD), Charge Pump, Regulator loop and the Delay Line.

The Delay Line generates the clock phases each with a phase difference of % The

phase difference between the successive phases is varied across the entire operating

range of 15SMHz-75MHz by increasing/decreasing the supply voltage to the delay line,

herein after referred to as Vi,cpy.

CP

Yy

DN

VyeoL

»{Regulator

VCDL

Sel

YYYYYYY

Buffer
Block

FYYYYYY

:

Figure 2.1: Block diagram of DLL

In the phase domain model, the delay line has a transfer function of ¢,: = Kveopr Veont+

Ctrl

Freq.
Divider

—D (s1.43°
—> o256
— $rsa29°
—D o570
—D Prs7as°
— Pa0s.55°

— $a60°

®of ¢ Where Kycpy, 1s the gain of variable delay stage defined as Kycpr, = %, Goff

is the offset phase difference . In the analysis followed, it is assumed that ¢,y = 0.

The phase domain small signal equivalent circuit of the DLL becomes



Figure 2.2: Small signal phase model of DLL

]cp 27T-}(VC'DL
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Thus, Jitter Transfer (JTRAN) function = % =1

27T[(VCDL [cp
LG(s) = “TAVODL “ep

() Trepsc 2

]cpKVCDL

Trefsc

Noise Transfer Functions (NTF’s) of various sources

Reference source:

From Figure 2.2,

NTFep = St = 1

Charge Pump:

The phase model small signal equivalent circuit with charge pump noise is

¢nut
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lep
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Figure 2.3: Small signal phase model of DLL with CP Noise
s 2"1{<VCDL
NTF — n,out — refS¢
cP Pn,cp 1+%
— 2rKvcpr
ICPK\;CDL+TrefSC
- Icp
1 STrefzj

IepKyceprL .
Voltage Controlled Delay Line:

The phase model small signal equivalent circuit with VCDL noise is

Svepr

S&*I'nut

Figure 2.4: Small signal phase model of DLL with VCDL Noise

1
NTFvepr = 1+ cPRvepL
+ TTefSC

The jitter from all the above sources is calculated as follows.

Smjntef = Sn,ref|NTFref|2

n



¢ 2
i = Sncrl NTFerl

¢ 2
Syvepr = Snvepr|NTFyepi|

out __ Qout out out
n,total — Sn,ref + Sn,CP + Sn,VC’DL

T, /
2 o out _ tref 2
n,total — /Sn,totaldw Orms = o n,total (21)

Based on the matlab simulations of Jitter evaluated from all the noise sources stated

above at the output of DLL, a graph of jitter Vs f,4, is plotted for the DLL. Based, on

the jitter specification, the required value of f,,,;, is chosen for the DLL. The result of

Matlab simulation is as shown below.

1085 Y T

10.8

10.75

E 1.7 =
5
.:E_ 165 =
16 =
10.55 -
l{"'s ] | [ ] ] [ ] ]
] 1 2 3 4 5 fy 7 H

Frequency [MHz]

Figure 2.5: Jitter Vs f,q, of DLL

2.2 Analysis of PLL

The PLL generates the clock at the rate of serialized data to be used by the synchronizer

to remove possible jitter from propagating further down the transmitter.
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Figure 2.6: Block diagram of PLL
The phase domain small signal equivalent circuit of the PLL becomes

@, — = o Fo) e -
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Figure 2.7: Small signal phase model of PLL
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CHAPTER 3

Implementation of DLL

Based on the jitter calculations in Chapter 2, the DLL is designed to work from 30MHz
to 75MHz. In order, to meet the specification of 15MHz-75MHz, the operating fre-
quency range of DLL is expanded by inserting a Divider block, which down converts

the clock phases from 30MHz to 15MHz.

The DLL also has an option for selecting either divide by 2/3. When divide by 3 is

chosen, the divider has an addition feature of duty cycle correction.

Vel Vveoo
CP »{Regulator Sel

Yy

DN

C
I — P13
= —D Pro2.s6°

; —D $rs420°

lj—l eq —D (o570
Divider L gosrise
— Pa0s.55°

r — $aer
Ctrl

Figure 3.1: Block diagram of DLL

Buffer
Block

»| vepo

YYYYYYY

FYYYYYY

The RC extracted phases of the DLL at 7SMHz and 15MHz respectively are as

shown
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Figure 3.2: Phases of DLL. @75MHz

As can be seen, the time period of each phase is same as that of reference period i.e

13.33ns
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Figure 3.3: Phases of DLL. @ 15MHz

As can be seen, the time period of each phase is same as that of reference period i.e

66.66ns



The corresponding V,;,; and Vy ¢ py, voltage waveforms are as shown below.

1.4 ! ! ! T [—=Vyep, @75MHz] |

—V o @15MHZ

1.2 =

Vveo VI

0.8 - =

0 0.25 0.5 0.75 1 1.25 1.5

1.4+ m— Vctrl @75MHz | —
m—\ctr] @15MHz

e
¥}
\

Vctrl [V]
(=]
I

e
-]
T
I

| | | | |
0.25 0.5 0.75 1 1.25 1.5
Time [us]

o

Figure 3.4: V., and Vi,cpr at 7SMHz and 15MHz respectively

3.1 Phase Detector (PD)

The PD block tracks the phase of the reference clock and the last phase of Delay line. It
produces four pulses UP, DN, U P and DN based on the phase difference between the
two input signals. The DLL achieves a lock when the phase difference between the two

inputs become zero.

The PD is implemented as shown below.

11
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i ﬁlJ

Figure 3.5: Phase Detector

The behaviour of R leading V is captured by UP and U P signals. UP goes high for
the period during which R is 1 and V is 0. Now, as soon as both the input signals become
i.e V becomes 1 while R is still 1, for a very short period of time UP and DN signals are
high, before both becoming 0 again. Since, these UP and DN signals are fed to charge
pump, they need to have sufficient pulse widths in order to activate the charge pump.
If the pulse widths are insufficient, the PD-charge pump combine will not be able to
detect the small phase difference, a problem called dead-zone. For this, more delay can
be added to the reset path shown as two inverters in the PD. The characteristics of above
PD are obtained by plotting the average value of UP-DN signals Vs phase difference

between R and V on time scale and is as shown below.

12
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Figure 3.6: RC extracted PD Characteristics

3.2 Charge Pump CP)

The charge pump converts the UP and DN input pulses coming from PFD into current
pulses that charge/discharge the loop filter capacitor to give the desired control voltage
V.r. Due to a phase difference between R and V signals, PD produces UP and DN
pulses causing /-p current to flow into/out of the loop filter capacitor. The UP current
causes charge to be dumped on the loop filter capacitor and hence V,,,; increases. On the
other hand, the DN current pulse causes charge to be removed from loop filter capacitor
and hence V,;,; decreases. In order to maintain a good match between the UP and DN

currents, boot strapped charge pump topology was used in this thesis.

13
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Figure 3.7: Charge Pump

The Bootstrapped charge pump makes use of a unity gain amplifier that ensures
equal drain-to-source voltage Vg for the UP and DN current sources, which allows for
better current matching. For example, consider the case when there is no unity nega-
tive feedback opamp and DN=0. The voltage at source of DN transistor experiences a
sudden peaking due to turning OFF of DN transistor. The voltage at the drain of DN
transistor also sees the same peaking in order to maintaining zero current through DN
transistor. During this transient time, spurious charge gets injected into the loop filter
capacitor causing increased jitter. On the other hand, in the presence of unity negative
feedback opamp, alternate path exists for Iop current through DN transistor, which
keeps the potential at source of DN transistor unaltered and hence no peaking occurs.
This allows for reduction in jitter at the output. Another advantage of Bootstrapped
charge pump is the ability to operate with low swing UP and DN signals. However, there
is increased rail-to-rail power consumption than the convention Source switched/Drain

switched charge pump because the parallel paths keep the current sources ON all the

14



time.

3.3 Voltage Controlled Delay Line

The voltage Controlled Delay Line is implemented as shown below.

o SIS B D I T Do

S-1x: Skewed Inverter of size x
2x: Inverter of size 2x

Figure 3.8: Delay Line

Each delay cell in the delay line has a delay of 1.905ns corresponding to % where
They 18 m The required delay tuning range from 33.33ns ( = m) to 13.33ns
(= 751\}—1{2 is achieved by varying the supply voltage to the delay line Vy,cpr. Each
delay cell is composed of two inverters which are sized such that the delay contribution
from each inverter is 952.38ps. Apart from these, skewed inverters are used to raise the
swing limits of the phases from Vi opy, to 1.8V. The range of Vi, p;, required to obtain
the above tuning is [0.78V 1.54V] across all process corners and temperatures. The
Ky cpr of the delay line is varying from 20.14ns/V to 98.63ns/V corresponding to the
delay line operating frequency of 30MHz and 75MHz respectively. The wide tuning
range of Vi,cpr, has necessitated to go for the design of a rail-to-rail opamp to be used

in Bootstrapped charge pump and the regulator loop discussed later in this chapter.



3.4 Loop Filter

The loop filter is very important for lock acquisition and ripple suppression due to
periodic charging/discharging of loop filter capacitor. The loop filter discussed in this

thesis is a low pass filter.

The transfer function of loop filter is given by F(s) = %
The loop filter capacitance is evaluated as follows.
In order for the continuous time approximation to hold good for DLL, the Bandwidth
is given by
BW(rad/s) = 5 vERL — (' = fGPTuopL,

For maximum value of Ky ¢py, C is maximum whose value is 785fF.

3.5 Rail-to-Rail opamp

In order to cater to the need of wide voltage range required by the delay line, rail-to-rail
opamp with supply voltage as the common-mode voltage in open-loop was designed as

shown below.

T "
VEFD_”:‘ I:II ?wpllt
VI@]Z

5

Vout

VgnOo—

Figure 3.9: Charge Pump Opamp

16



This opamp consists of both nMOS and pMOS folded cascode stages. Assuming
that the trans-conductances of nMOS and pMOS folded cascode stages are same i.e
gmy, = gm, = ¢p,, at low common-mode voltages, pMOS folded cascode stage gets
activated and contributes a trans-conductance of g,, resulting in a gain of g,, R,,; where
R, 1s the output impedance of cascode stage. At common-mode voltages close to
supply, nMOS folded cascode stage gets activated and contributes a trans-conductance
of g,, resulting in a gain of g,, R,,:. At common-mode voltages around mid supply, both
the nMOS and pMOS folded cascode stages get activated and hence the overall trans-
conductance of the combination is g,, + g, = 2¢,, and the overall gain is 2¢g,, Ry:.
Since, the purpose of charge pump opamp is to make Vpg same at both the nodes in
the charge pump, i.e at DC, this fluctuation in the gain is acceptable. The loop gain

magnitude and phase plots of charge pump opamp are as shown.

= N W B
=] e e o
I 1 1 I
1 1 1 1

Magnitude [dB]
(=3

I

1

10 -

.20 1 1 | |
102 10? 104 105 105 107 108

20 =

-40 =

-60 |-

Phase [deg]

-80 =

-100 T A A R A O R 0 1 B T . — W9 91

10?2 10% 104 10% 108 107 108
Frequency [Hz]

Figure 3.10: Loopgain Magnitude and Phase plots

This opamp has f,4 of 10.96MHz with a Phase margin of 88.3°.

3.6 Regulator loop Opamp

This opamp is different from the charge pump opamp in that the gain of this opamp

is uniform across the entire common-mode voltage range. The circuit diagram of this

17



opamp is as shown.

=
Dirrgﬂﬁ?;ivpan- 7. Vcasp

. S
Ly G e

. A=k

Ven 1|:>—|I: VgnD—":

Figure 3.11: Regulator loop opamp

There is a complementary nMOS and pMOS input pair as well as dummy nMOS
and pMOS pair. The dummy nMOS pair is connected to the tail current source of
the pMOS input pair and the dummy pMOS pair connects to the tail current source of
nMOS input pair.The dummy nMOS and pMOS pair serves the purpose of reducing
the bias currents through the input pairs when the common-mode voltage is in the mid-
supply. The dummy pair will essentially have no effect when the common-mode is near
the supply rails. The results of this opamp suggests that the variation in gm proves to
be better than that in charge pump opamp. The loop gain magnitude and phase plots of

charge pump opamp are as shown.

18
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Figure 3.12: Loopgain Magnitude and Phase plots

This opamp has f,, of 10.96MHz with a Phase margin of 88.3°.

3.7 Regulator loop

The regulator loop suppresses any ripple on the supply from reaching V4, p;, there by
ensuring less jitter at each of the output phases. The circuit diagram of regulator loop is

as shown below.

‘fvtrrl O—- t

e Do T B o Do T T
fi1d

Figure 3.13: Regulator loop

The delay line acts a load to the regulator loop. The resistor R, and capacitor C, are

19



used for loop compensation.In addition to the task of power supply ripple rejection, this

loop also acts as a low pass filter to eliminate the ripple caused at loop filter capacitor

node V,;,; node. This is because the periodic voltage waveform caused due to charging

and discharging events of loop filter capacitor can be decomposed into a number of

sinusoid and cosinusoid signals with fundamental frequency and its harmonics as per

Fourier series. Subsequently, the higher order harmonics get filtered off by the low pass

system, and the magnitude of fundamental components gets scaled down by the low

pass system magnitude response with a corresponding shift in phase. This is shown as

below.

x(t) = Asin(cyt) | -
E——

H(s) =

Figure 3.14: Low pass system response to periodic input

where ¢ = —tan~!

1+s

Wp

sin(wmot + @ )

£0. Thus, the ripple gets attenuated at Vy/cpr. The V4, values
p

required for the delay line to work across all process corners and temperatures is tabu-

lated as shown below. The loop-gain magnitude and phase plot and PSNR of regulator

Table 3.1: V4, values across all process corners and temperatures

SI.No | Chain Delay (ns) | TT@27°C(Volts) | FF@—40°C(Volts) | SS@125°C(Volts)
1 3333 0.83 0.78 0.89
2 25 0.93 0.85 1.03
3 20 1.04 0.93 1.17
4 16.67 1.14 1.00 131
5 1333 1.30 1.12 1.54

loop are as shown below.
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Figure 3.15: Regulator open loopgain response

The regulator loop has f,z of 14.79MHz with a Phase margin of 80.2°.
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Figure 3.16: Regulator closed loopgain response

From the above figure, the -3dB bandwidth of regulator f 3,45 is 42MHz.
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L o
3.8 Divider
The Divider block is implemented as shown
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Figure 3.18: Frequency Divider block
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Figure 3.19: Cascade of +ve and -ve edge triggered D Flipflops

Based on the select signal *Sel’, the divider block either divides the clock phases by

2/3 or pass undivided phases to the ouputs. If control signal *Ctrl’ is *0’, the divider

block divides the clock phases by 3 and performs duty cycle correction to restore the

duty cycle of each clock phase back to 50 % and pass them to outputs. On the other

hand, if "Ctr]’ is *1°, the divider block divides the clock phases by 2 and pass them to

the outputs. In this case, no duty cycle correction is required.

The 2/3 divider circuits is as shown below.

CirlD—

ol

ClkD—T—

|—€

Figure 3.20: 2/3 Divider
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3.9 Buffer Block

Keeping in view the routing capacitance between the Regulator loop and Divider block,
Buffer block is placed so that the phases from regulator loop have sufficient drive

strength.
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CHAPTER 4

Implementation of Serializer

The serializer converts data from multiple channels into a single data stream at a higher
data rate. This conversion is achieved by multiplexing the data bits from multiple chan-
nels with in the serialized bit period.

The ciruit diagram of the Serializer implemented in this thesis is as shown below.

[ [ [ I I I ]

0 — . a3 b102.86°0—] 5429°0—] bz 7220 —] basnase, baog.s870—]
$ s1.43— Serializer d;m sﬁ’d — Serializer | ¢y54,0-— Serializer %1,;0;,!{_ Serializer 1;:51‘1':)— Serializer s s Qd— Serializer ¢;@: —] Serializer
%a— Unit Cell Dia—] Unit Cell D:a—] Unit Cell IDTMI—' Unit Cell D4s—] Unit Cell II))_A— Unit Cell gg— Unit Cell
¥ Drga— D i Dy Fam 6.4 1
[ | 1 ] 1 | |
T
DussLazd |

¢ni51.ujd
s —| Serializer |—
Do—| Unit cent [ Po" “-‘
Do
ID d

Figure 4.1: Serializer

Gnd

The inputs to the serializer are clock phases generated by the DLL. Time-division
parallel to serial data conversion is achieved by gating each transmission path sequen-
tially. Since, only a single path gets activated at a time, there is no interference from
other paths in the circuit. In the phase difference between ¢,.51.430 and @)n41)«51.4305
data bit D,, is sandwiched and the node potential at A is either pulled to ground or
pushed to supply depending on the data bit D),,. A pMOS precharge transistor is added
in each path to precharge the internal node to a high level before a ’1’ is sent out af-
ter transmitting a long sequence of ’0’s. This technique alleviates the charge sharing
effects, which significantly suppress systematic data jitter. Since, the serializer is im-
plemented using CMOS logic which is an inversion logic, an inverter is placed at the
output to negate the effect of inversion caused by CMOS logic and to obtain the correct
data. The RC extracted eye diagram of the serializer when simulated at the highest data

rate with a Pseudo Random Binary Sequence (PRBS) is as shown below.
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Figure 4.2: Serializer Eye Diagram

4.1 Synchronizer

The synchronizer is implemented as a Sense amplifier based D Flipflop. Assuming,
that a clean clock is generated by a PLL at the same rate as serialized data stream,
the Serialized data is given as input to synchronizer which is clocked by PLL output,a

serialized data stream with the same jitter as that of PLL output is obtained.

The synchronizer remain active only during the positive half cycle of clock signal
and in the negative half cycle, both the outputs R and S regenerate to the supply voltage.
Hence, an RS latch is used to latch the decision made by the sense amplifier exactly at
the end of positive half cycle.

The implementation of synchronizer is as shown below.
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Figure 4.3: Sense amplifier

When CLK =0, all the intermediate node potentials are pulled to supply, as all the
top pMOS transitors turn ON. When Clk = "1’, all the top pMOS transistors get turned
OFF and the supply potential at the intermediate nodes from the previous half cycle gets
stored in the parasitic capacitances at the respective nodes. Assuming V;, > Vi, My
turns ON and the intermediate node potential (supply) from the previous cycle causes
nMOS transistors Ms and M;s to turn ON and pMOS transistors M, and M;. As a
result, the intermediate node potentials at RBAR and SBAR begins to fall. Because of
the positive feedback due to back-to-back connected inverters, at a particular instant,
either side of the pMOS transistor in inverter turns ON and nMOS transistor on the
other side turns OFF causing R to go high and S to go low. Thus, the difference in
Vip — Vin 1s resolved completely. In order to latch this decision during the negative half

of clock cycle,, RS flipflop is used as shown in the schematic below.
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Figure 4.4: RS Latch

The advantage of this RS latch is that Q and () signals are generated less than an
inverter delay.
Sense amplifier + RS latch = Synchronizer

This is further explained by the following diagram which is self-explanatory.
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> 21 e
()]

-01-5“ .
£ 1 -
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< o

2 2.5 3 3.5 a 4.5
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Figure 4.5: Response of Synchronizer for V;, > V;,
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The integration of synchronizer with the serializer is as shown below.
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Figure 4.6: Serializer with Synchronizer

The resulting eye diagram at the synchronizer output Q when the combined circuit
is simulated at the highest data rate using a PRBS sequence is as shown below.
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Figure 4.7: Serializer with Synchronizer Eye Diagram
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clearly, the synchronizer output has less relative peak to peak jitter compared with

serializer output.
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CHAPTER 5

Implementation of PLL

The PLL is impleneted as shown below.
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Figure 5.1: Block diagram of PLL

5.1 PFD

It is the primary block of a phase locked loop, which compares phase and frequency of

divided signal with the reference signal and generates UP and DN pulses based on the

difference between the two signals.

A conventional 3-state PFD has a problem called dead-zone,where the PFD can not

identify small phase differences at the input owing to finite reset time limited by the

technology.

Its other counterpart, NAND Based PFD shown in the figure can prevent the prob-

lem of dead-zone by having more reset delay so that UP and DN pulses are prop-

erly generated and this configuration detects small phase differences and hence im-

proves the frequency acquisition range. Reset delay of this configuration is given by

Trst = 2TNaND2 + TNaND4-
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RD—D: !

L
B r

D >

Figure 5.2: NAND based PFD

5.2 Charge Pump (CP)

The charge pump converts the UP and DN input pulses coming from PFD into current
pulses that charge/discharge the loop filter capacitor to give the desired control voltahe
V.. Due to a phase difference between R and V signals, PD produces UP and DN
pulses causing /~p current to flow into/out of the loop filter capacitor. The UP current
causes charge to be dumped on the loop filter capacitor and hence V,,; increases. On the
other hand, the DN current pulse causes charge to be removed from loop filter capacitor
and hence V,,;,; decreases. In order to maintain a good match between the UP and DN
currents, boot strapped charge pump with current steering DAC topology was used in

this thesis.

In this above topology, four bits are used to control the current flowing into loop fil-
ter to have tunability over loop bandwidth so that the PLL works across wide operating

frequency.
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Figure 5.3: Current steering DAC Charge Pump

5.3 Loop Filter (LF)

-

The transfer function of the loop filter is given by F(s) = %, w. = pe; and
wp3

_ 1
Wp3 = RC1C2
C1+Co

Pole w3 is introduced to reduce ripple in control voltage and to suppress the refer-
ence spur at the output. Note that I-p, R, CiandCs values are chosen based on phase

margin (¢,,) and loop bandwidth.

5.4 Regulator loop

The regulator loop suppresses any ripple on the supply from reaching Vi ¢p;, there by
ensuring less jitter at each of the output phases. The circuit diagram of regulator loop is

as shown below.

33



Vop

T — P270°
P1s0°

$oge

Figure 5.4: Regulator loop

Both the capacitor values C}, and (', are chosen such that better ¢,, and PSRR are

achieved.

5.5 Voltage Controlled Oscillator (VCO)

This generates periodic waveforms whose frequency varies with respect to V. If
V.. increases, output frequency increases and vice versa. Eight inverter based Pseudo
differential ring oscillator with cross coupled inverters is designed as shown in figure
such that it’s output frequency varies from [105MHz - 525MHz] with V,;,; range being
[0.68V - 1.48V] across PVT.
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Figure 5.5: Voltage Controlled Oscillator

5.6 Frequency Divider

This divides higher output frequency to lower frequency to match it with reference
frequency to have feedback action.Since f,.s varies from 15MHz to 75MHz and f,, is
105MHz to 525MHz , divide by 7 counter is used. Synchronous divide by 7 counter as

shown in figure is designed to have 50 percent duty cycle.

[ [
Do Q l
= D, Qy Ty
b o brof—-Hhel e &
|’ o _ | nsmEz - 7sMEg)
Q Q
fﬂ“t [ I 2 I l_ 21[ |—C -

[105MHz - 525MHz]

Figure 5.6: Divide by 7 counter

Dy = Q2Q1 + Q1Qo;
Dy = Q1Q0 + Q201 Qo;
Dy = (Q1 + Q2)Qo;
Dy = Q2 + Qs;
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CHAPTER 6

LVDS Driver

The LVDS driver launches the data bit on to the LVDS channel. For a bit 1’ to be
transmitted, a differential voltage of 350mV over a common mode voltage of 1.2V is
incident on the LVDS channel. For a bit ’0’ to be transmitted, a differential voltage of
-350mV over a common mode voltage of 1.2V is incident on the LVDS channel. The

schematic of LVDS driver is as shown below.

- i

Imer Vce;_l

Re j:
’jl_‘_l c:cz:_EI

Figure 6.1: LVDS Driver

Since, the LVDS driver sees a differential load impedance of 100(2, the bias current
required to flow through the load for generating a differential voltage of 350mV as per
specification is 3.5mA. The left half of the circuit is a Common Mode Feedback Circuit
(CMFB) that pins the output DC voltage at 1.2V. The resistor 1. and capacitor C, are
used for CMFB loop compensation.

When bit "1’ is sent, switches M; and M, turn ON and a current of +3.5mA flows
through the load generating a differential voltage of +350mV. On the other hand, when
bit ’0’ is sent, switches M, and M3 turn ON and a current of -3.5mA flows through the

load generating a differential voltage of -350mV.
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