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Everything You Need to Know About
CY7B991/CY7B992 (RoboClock)
But Were Afraid to Ask

Introduction

The following application note provides a detailed
description of the CY7B991 and CY7B992 Pro-
grammable Skew Clock Buffers (PSCB). It also
provides an overview of clock distribution and trans-
mission line analysis. This application note is di-
vided into the following sections:

General Description
Clock Distribution
System Design Considerations

Detailed Device Description

AC Specifications
AC Characterization
DC Specifications

General Description

Figure 1 is a general block diagram of Cypress’s Pro-
grammable Skew Clock Buffer (internally called
RoboClock). RoboClock employs a phase-locked-
loop architecture to provide output clocks that are
aligned both in phase and in frequency with a refer-
ence input clock. Each of the four output pairs is
controlled by two dedicated three-level function se-
lect inputs that allow the outputs to be phase ad-
justed by as much as +18 ns, divided, multiplied, or
inverted. In all, over 26,000 different output com-
binations are possible.

A three-level frequency select (FS) input selects one
of three PLL operating ranges that allow the out-

puts of the PSCB to operate from 3.75 to 80 MHz.
All of these device configurations are possible while
still maintaining an output-to-output skew and a
propagation delay no greater than 500 ps.

The following section discusses the effects of skew
on system performance, showing why RoboClock is
ideally suited for solving clock distribution prob-
lems.
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Figure 1. Logic Block Diagram
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Clock Distribution

Skew is the variation in arrival time of two signals
specified to occur at the same time. Skew is com-
posed of the output skew of the driving device and
variation in the board delays caused by the layout
variation of the output traces.

Skew affects synchronous systems primarily in the
form of clock skew. Since the clock signal drives
many components of the system, and since all of
these components should receive their clock signal
at precisely the same time in order to be synchro-
nized, any variation in the arrival of the clock signal
at its destination will directly impact system perfor-
mance. Skew directly affects system margins by
eroding the predictability of the arrival of a clock
edge. Because elements in a synchronized system
require clock signals arrive at the same time, clock
skew reduces the cycle time within which informa-
tion can be passed from one device to the next.

As system speeds increase, clock skew becomes an
increasingly large portion of the total cycle time.
When cycle times were 50 ns, clock skew was rarely
a design priority. It could be as much as 20% of the
cycle time. As cycle times approach 15 ns and less,
however, clock skew requires an ever-increasing
amount of design resource. Typically, these high-
speed systems can have only 10% of their timing
budget dedicated to clock skew, so obviously, it must
be reduced. The following sections will look at the
two types of clock skew and how each affects system
performance. The first type of skew is caused by the
clock driver itself. It is referred to as intrinsic skew.
The second type of clock skew is caused by the PCB
layout and design and is referred to as extrinsic
skew.

Clock Driver Skew (Intrinsic Skew)

Intrinisic clock skew is the amount of skew caused
by the clock driver or buffer by itself. Intrinsic skew
is not caused by board layout or any other design is-
sues except for the specification stated on the clock
driver data sheet. There are two main types of clock
driver architectures: a buffer-type device and a
feedback-type device.

Buffer Devices

In a buffer-style clock driver the input waveform
propagates through the device and is “redriven” by
the output buffers. This output signal directly fol-
lows the input signal. The output skew of these de-
vices is caused by the differences in propagation
delay between the input signal through the device
and the precision of the matching and tuning of the
internal circuit elements.

A member of this type of clock driver is the 74F244,
which is available from several manufacturers. This
device contains eight inputs that individually drive
their respective outputs, and it is made into a clock
distribution device by tying its inputs together to
minimize the contribution of input skew to the de-
vice skew. The output skew of this device, if it is not
listed on the datasheet, can be calculated by sub-
tracting the minimum propagation delay from the
maximum propagation delay. This calculated skew
can be up to 3 ns.

This 3 ns clock driver skew does not even take into
account the affects the board layout and design. In
a 20- or 25-MHz system this is an acceptable amount
of skew, but for systems running at 33 MHz and be-
yond, another method is needed.

To eliminate the device propagation delay variation
that contributes to skew, manufacturers have de-
signed devices that are specifically tuned to drive
clock traces with low skew outputs. These manufac-
turers have specified the maximum variation in
propagation delay through the device. In these de-
vices, three types of skew parameters are usually
listed. Output skew specifies the maximum amount
of propagation delay variance between output pins.
Duty cycle variation indicates a measure of the
propagation delay difference between a LOW-to-
HIGH output edge transition and a HIGH-to-LOW
output edge transition. And part-to-part skew indi-
cates the difference in output skew from device to
device. Output skew of these devices has, in many
cases, been reduced from the 3 ns mentioned above
to 500 ps.
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These devices still face the problems of device prop-
agation delay. The propagation delay through these
devices is about 5 ns. This delay will cause skew in
systems where both the reference clock to the buffer
and the outputs of the buffer need to be aligned.

These devices also have the drawback that the out-
put waveform is directly based on the input wave-
form. If the input waveform is a non-50% duty-cycle
clock, the output waveform will also have a less-
than-ideal duty cycle. Expensive crystal oscillators
are needed when using this type of buffer in systems
requiring near 50/50 outputs.

These devices also lack the ability to phase or fre-
quency adjust their outputs. Phase adjustment al-
lows the clock driver to compensate for trace propa-
gation delay mismatches and set-up and hold time
differences, and frequency adjustment allows the
distribution of high- and low-frequency clocks from
the same common reference. Expensive additional
components and time-consuming board routing
techniques must be used to compensate for the func-
tional shortcomings of these buffer-style clock driv-
er devices.

PLL Clock Driver Devices

The second type of clock distribution device uses a
feedback input that is a function of one of the out-
puts. This type of device is usually based upon one
or more phase-locked loops (PLL) that are used to
align the phase and frequency of the feedback input
and the reference input. In this way the propagation
delay through the device can be virtually eliminated.
Cypress’s Programmable Skew Clock Buffer family
is based on this architecture, and will be explained
in greater detail in the following sections.

In addition to very low device propagation delay,
this type of architecture enables output signals to be
phase shifted to compensate for board-level trace-
length mismatches, and outputs can be selectively
divided, multiplied, or inverted while still maintain-
ing very low output skew.

Board Design Skew (Extrinsic Skew)

Just as the clock driver had to be evaluated to con-
tribute minimal clock skew, the board layout and de-

sign must also be evaluated. Issues that affect
board-level clock skew include trace length, capaci-
tive loading, transmission line termination, and
threshold voltages at the loads.

The time that it takes for a signal to propagate down
the trace is dependent on factors such as the materi-
al that the PCB is constructed from, the length of the
signal trace, the width of the trace, and capacitive
loading. Variations in these factors from trace to
trace will cause signals to arrive at their destination
at different times.

In addition to this, threshold voltage variation on
the receiving devices can play a significant role in
the time of the recieved clock signals at various
loads. If one load device has a threshold of 1.2V and
another load device has a threshold of 1.7V and the
rising edge rate is 1V/ns, there will be 500 ps of skew
caused by the point at which the load device switches
based on the input signal.

The most obvious way to reduce board design clock
skew is to make the physical length of all clock traces
the same. The propagation delay of an electrical sig-
nal down a trace is about 2 ns per foot. If one clock
trace is just 3" longer than the next, this will cause
500 ps of clock skew; which is as much skew as the
clock driver itself contributes. But this is not
enough. Impedance variation causes signal velocity
variation, so physically matched lines may not be
electrically identical.

Capacitive loading also contributes to clock skew.
The differences in capacitive loading will cause dif-
ferences in clock edge rate at the load. The variation
between the edge rate of a lightly loaded trace and
a heavily loaded trace will directly affect the time at
which the clock edge crosses the input threshold and
therefore the affect clock skew of these two devices.

Transmission line termination also plays a signifi-
cant role in board-induced clock skew. Remember
that a transmission line is any trace that has a propa-
gation delay longer than one-half the driving device
edge rate. With the extremely fast edge rates of
today’s clock drivers approaching 500 ps, traces with
lengths of only 2" must be considered transmission
lines. Without proper termination, the clock signals
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present on these traces will exhibit transmission-
line effects such as voltage reflections that will, in
the best case, cause a variability in clock-edge posi-
tion and, at worst, might cause multiple clocking of
the load.

Many of the issues mentioned in this section will be
discussed in more detail in the System Design Con-
siderations section.

System Design Considerations

Board Decoupling

Figure 2 shows the pinout for the PSCB family of de-
vices. These parts are offered in both 32-pin PLCC
and LCC packages. Each device contains 6 power
pins (Vce) and 5 ground pins. Each output pair (e.g.,
1Q0 and 1Q1) have a dedicated power and ground
pin immediately adjacent to them. For example, the
1Q0 and 1Q1 output pair have pins 25 and 22 as their
dedicated power and ground supplies, respectively.
These dedicated power pins are only used for the
output driver pair. This provides the RoboClock
outputs with very high drive while maintaining very
high crosstalk immunity from adjacent outputs.

The other two pairs of power and ground pins are
used to supply the internal PLL and associated cir-
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Figure 2. RoboClock PLCC/LCC Pinout

cuitry. These power pins are completely separated
from the power pins supplying the output buffers.
This minimizes the output switching noise effects on
the PLL and, therefore, minimizing output jitter.

The CY7B99x family requires common high-speed
power-supply decoupling and bypassing. Power-
supply bypassing requires adding capacitance be-
tween the power and ground supply of a device in or-
der to supply instantaneous current for its rapidly
changing signals. This capacitor prevents the device
from becoming current starved by providing the
“instantaneous” transient current and thus prevent-
ing the local power-supply-voltage dip during cur-
rent demands.

If all capacitors were ideal, this would be a trivial
task. Capacitors, however, are not ideal. They are
made up, in a first-order approximation, of an effec-
tive series inductor (ESL), effective series resistor
(ESR), and a capacitor, as shown in Figure 3. Their
response, therefore, is not constant over the fre-
quency spectrum. At some frequencies this circuit
(the bypass capacitor) will look most like a capaci-
tor, at some frequencies an inductor, and at a partic-
ular frequency it will behave as nothing more than
a resistor. This point is called series resonance and
occurs when

Eq.1

In general, for a given capacitor construction, the
series resonant frequency increases as the capaci-
tance decreases. It would seem simple to choose a
capacitor that has a series resonance at a higher fre-
quency than the frequency of the current it needed
to supply: To select a capacitor with a resonant point
beyond 80 MHz, for example, if that were the oper-
ating frequency of the clock outputs. The selection
process is not that simple.

Figure 4 shows the spectrum analysis of an 80 MHz
clock signal with 1 ns edge rates. Notice that the fre-

._/\/v\,_FYYTW_l I_.
ESR ESL C

Figure 3. Equivalent Capacitor Diagram
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quency components necessary to build this near
ideal square wave have significant energy all the way
out to 2 GHz. This means that in order to supply the
current demands of these frequency components, a
capacitor would have to have a series resonant fre-
quency beyond 2 GHz. Generally available capaci-
tors, however, have series resonant frequencies of
about 400 MHz or less. These devices will be suffi-
cient for supplying the majority of the instantaneous
current.

At least two or three capacitors representing differ-
ent capacitance ranges should be used for circuit by-
passing. The first type of capacitor should be a 100-
to 500-pF capacitor made of an NPO dielectric.
This capacitor should be rated for operation at fre-
quencies equal to or greater than 350 MHz. The se-
cond type of capacitor should be a 0.1-uF capacitor
made from an X7R or a similar dielectric. This ca-
pacitor will supply the majority of the low frequency
current requirements. If space permits, a third ca-
pacitor can be chosen that has a capacitance be-
tween that of the .1-uF and the 100- to 500-pF capac-
itors. This will provide a broad range of noise
filtering and current supply.

The series resonant frequency can be decreased in
two ways; lowering the capacitance or lowering the
inductance. The major contributor to the induc-
tance of a capacitor is the leads themselves. Sur-
face-mount capacitors have a much smaller induc-
tance than leaded capacitors and therefore have a
higher resonant point. The benefits of a surface-
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Figure 4. Frequency Components of an 80-MHz
Clock Signal
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Figure 5. Typical Capacitor Layout

mount capacitor can be completely nullified, how-
ever, if it is not properly integrated into the PCB en-
vironment.

Figure 5 shows a typical method of integrating a sur-
face-mount capacitor into a PCB environment. A
surface-mount capacitor is used because of its low
lead inductance, but no attention to reducing power
connection trace inductance is made. In this case a
leaded capacitor would provide less total induc-
tance. The surface-mount capacitor, in this case,
may not provide any high-frequency bypassing.

Abetter method of laying out surface-mount capaci-
tors is shown in Figure 6. Here the multiple short
leads are made to the power planes. The trace

Capacitor

Vce
GND

Side

AP
J6

Top

Figure 6. Better Capacitor Layout
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widths and via hold sizes are also increased. These
methods reduce the inductance of the power con-
nections of the capacitor. Only when proper atten-
tion is paid to the selection and layout of the capaci-
tor will the true benefits of circuit bypassing be
realized.

Figure 7 shows a sample layout of RoboClock on a
multilayer printed circuit board. This figure as-
sumes that an internal Vcc and GND plane exist.

The internal board Vcc and GND planes are con-

nected to the device Vcc and GND planes through

multiple via holes shown as black dots in the figure.
Multiple via holes and connection of the chip power
pins to local power planes reduces the amount of in-
ductance that these pins have to their respective
power connections.

Two sets of capacitors are used. They are placed on
the same side of the board as the device. Each set
consists of a 0.1-uF and a 100-pF high-frequency ca-
pacitors. Mutliple via holes are also included for the
bypass capacitor connections to reduce the induc-
tance that the Vc pins see in series with their ca-
pacitor. The FB pin is connected to the 2Q1 pin in
this diagram as an example of how easy the FB pin

ITI%I_II_I
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GND Capacitor
Eg Vce VIA

Figure 7. Sample RoboClock Layout

can be connected to either the 3Q0 and 2Q1 pins in
order to reduce trace length and minimize potential
problems associated with voltage reflections on
transmission lines.

This layout is not the only way that these devices can
be laid out, but this figure shows examples of good
high-performance layout techniques. It is assumed
that the board in which RoboClock will be placed
will contain at least one dedicated V¢ plane and
one dedicated ground plane and that the device will
be surface mounted directly to the PCB without the
use of a socket. The reason for the last constraint is
that the additional lead inductance of the socket di-
rectly impacts the output skew of the device.

A more detailed discussion of series resonant fre-
quency and other capacitor characteristics can be
found in the materials supplied by capacitor
manufacturers such as American Technical Ceram-
ics [(516) 547-5700] and AVX [(803) 448-9411].

Transmission Lines

Transmission line theory states that a signal sent
down a transmission line that has a constant charac-
teristic impedance will propagate undistorted along
the line. At the end, a voltage reflection will occur
if the load impedance is not equal to the characteris-
tic impedance of the transmission line. These volt-
age reflections are always present in electrical inter-
connections between devices and have traditionally
been ignored. With the lengthening of Printed Cir-
cuit Board (PCB) traces and the decreasing of the
edge rates of the driving element of these electrical
signals, however, these effects become more pro-
nounced. Transmission line effects cause many un-
desirable results in high-speed systems, such as de-
lays and ringing. These effects will be discussed in
greater detail.

In general, the effects of voltage reflections should
be considered when laying out clock lines and any
other PCB trace, if the propagation delay of the
trace is greater than twice the faster of the rise time
or fall time of the driving signal (Equation 2).

MIN[t, t] < 2ty Eq. 2
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In other words, if the rise time (or fall time) of the
source is less than the two-way propagation delay,
then the rising signal will not hide the effects of the
signal propagating down a transmission line. In this
case, the switching wave will have enough time to
propagate down the transmission line, reflect off of
the load, and be seen at the source. These voltage
reflections can cause decreased signal integrity, that
will manifest itself, in the case of clock traces, as in-
creased rise and fall times, non-ideal duty cycle per-
formance, and possibly even unwanted clock pulses
due to voltage reflections that cross the threshold of
the load device.

The first step, then, in determining if a trace should
be considered a transmission line, is to evaluate the
propagation delay and characteristic impedance.
The propagation delay is needed in order to deter-
mine when a trace must be considered a transmis-
sion line and the characteristic impedance is needed
in order to determine how to reduce voltage reflec-
tions on these traces as will be shown in the section
entitled Transmission Line Termination. The fol-
lowing discussion will focus on calculating the prop-
agation delay and characteristic impedance on vari-
ous PCB traces. This analysis, however, can be
easily extended to include other types of transmis-
sion media such as coax, twisted pair, and wire-
wrapped environments.

The analysis of transmission line effects on PCB
traces begins with a simplified circuit analysis of the
trace itself (Figure 8). This figure models the trace

as a distributed intrinsic resistance (Rp), induc-
tance (Lp), and capacitance (Cg). For the purposes

of this discussion, a lossless transmission line will be
assumed, that implies that the intrinsic series resis-
tance will be equal to 0. The effect of this resistance
on the characteristic impedance is extremely small,
and only on very long traces will the effects of this
component result in a noticeable drop in the voltage
realized at the load.

The characteristic impedance, therefore, can be ex-
pressed as:

Zo= [IC_:_(;Q

And the propagation delay can be expressed as:

Eq.3

t = V(Lo X Cp) = Z,C, ns/length

Eq. 4

In many cases it may be hard to measure the intrin-
sic inductance and capacitance of the trace in order
to determine the magnitude or even the existence of
transmission line effects. In this case, equations are
needed in order to determine these values.

The following two sections will give equations for
the characteristic impedance and propagation delay
of two typical types of PCB trace construction; mi-
crostrip and strip line. Many sources exist that give
an analysis of the equations listed below. Some
sources give an even a more detailed analysis, but
the minor differences are overshadowed by errors
caused by factors not related to the analysis such as

Ro Lo Ro Lo Ro Lo
W\/ m [ B B ) _/\/\/\/_rrm
1 A 1
Zsource T_ Co T_ Co —— Co 2 70ad
Vsource
o0 0

Figure 8. Simplified PCB Trace Model
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Figure 9. Microstrip

component variation and manufacturing uncertain-
ties.

Microstrip

A microstrip trace is a signal separated from the
ground plane by a dielectric, as shown in Figure 9.
This type of trace is most commonly found as the top
or bottom traces on a multilayer printed circuit
board. The formula for calculating the characteris-
tic impedance is given as:

5 _ 87 In( 5.98H )
" Je+141 \0BW+T Eq. 5

and the propagation delay can be expressed as

tpd ==

1.017,/0.476, + 0.67 Eq. 6
where
g; is the dielectric constant of the material used
for the PCB construction
H is the distance the trace lies away from the

ground plane (board thickness)
W is the trace width (wire width)
T is the trace thickness (wire thickness)

This formula will not yield the exact impedance of
the trace, but is meant as a guideline for estimating
the trace impedance. Differences between the cal-
culated and real trace impedance will be caused by
slight errors in the equation itself and in process and
layout variability in parameters such as dielectric
constant, ground plane continuity, capacitive load-
ing, trace width and thickness, and board thickness.

All of these variables, except for possibly the dielec-
tric constant and trace thickness, are under the con-
trol of the designer during board layout. Dielectric
constants of material used in the construction of fi-
berglass PCBs have a value between 4.0 and 5.5.
Board manufacturers should be able to provide this
parameter upon request. Figure 10 is a graph show-
ing how trace impedance varies with trace width and
dielectric thickness. The graph assumes a dielectric
constant of 4.5 and a trace thickness of 1.4 mils.

For example, if the designer wishes to create a mi-
crostrip trace with a 50Q2 impedance, the designer
would first have to know the thickness of the dielec-
tric. If the board is a four-layer board (two signal
layers and two routing layers) and if the trace will be
on the component side with the power plane directly
beneath it, then the dielectric thickness is roughly
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Figure 10. Impedance vs. Trace Width over Dielectric Thickness (Microstrip)
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the board thickness divided by three. For a 62.5 mil
board this would translate to a dielectric thickness
of about 20 mils.

The designer would also have to know the thickness
of the trace (approximately 1.4mils for standard 1 oz
copper traces), and the dielectric constant (assume
4.4). All that is left now is the thickness of the trace,
which can be directly controlled as part of the layout
process. In this example, if the trace width is 36 mils,
the characteristic impedance of the trace would be

87 5.9820
Z, = In( > ) — 49.6%
°" 44+ 41 \0.8*36+ 1.4 Eq.7

The propagation of a signal along this trace is inde-
pendent of everything but the dielectric constant
and is calculated in this case as:

tg = 1.017/0.475* 4.4+ 0.67 = 1.69ns/foot  Eq. 8
Both the equation for characteristic impedance and
propagation delay will be useful for estimating the
magnitude of voltage reflections and for determin-
ing the correct method of eliminating these reflec-
tions, which will be discussed in the Transmission
Line Termination section.

Strip Line

Strip Line is analogous to a buried trace in a multi-
layered PCB between two power planes as shown in
Figure 11 .

The characteristic impedance for this type of trace
can be expressed as

Figure 11. Strip Line

|
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With a propagation delay of

tpy = 1.017/e, Eq. 10

Figure 12 shows how the impedance of a strip line
trace varies with the trace width and dielectric thick-
ness. The graph shows that to create a strip line
trace with a 50Q2 impedance in a multilayer board
with 10 mils of epoxy between layers requires
approximately a 7-mil trace. This assumes a trace
thickness of 1.4 mils and a dielectric constant of 4.5.
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Figure 12. Impedance vs. Trace Width over Dielectric Thickness (Strip Line)
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Transmission Line Effects

The previous section discussed how to calculate the
characteristic impedance of a trace and the propa-
gation rates of that signal along a trace. This section
will briefly discuss the effects of transmission lines
on signal integrity.

The cause of transmission line effects is impedance
mismatches. These mismatches occur because of
the impedance differences between the transmis-
sion line and the source and load. They are also
caused by impedance discontinuities and unequal
loading of the transmission line along its length.
Transmission line stubs and vias are examples of im-
pedance discontinuities otherwise known as imped-
ance bumps.

Any time the impedance along a transmission line
changes, a voltage reflection will occur. Figure 13
shows a simplified diagram of the transmission line
environment that will be used to illustrate the con-
cept of voltage reflections.

At time 0, the voltage source provides a current
source to the load equal to

Vs

le = —=—
S Zs+ Zy Eq. 11

Since no voltage is dropped across the transmission
line (assume a lossless transmission line as before),
the total supplied current must be utilized by the
load. If the load resistance is not equal to the char-
acteristic impedance of the trace, a voltage reflec-
tion will occur. The reflection coefficient at the load
is expressed as

6 Vsource Co— Z

Figure 13. Simplified Transmission Line

6—10

reflected voltage_ Vg _ Z, — Z

incident voltage™ Vs Z, + Z,

-7 Egq. 12
and the reflection coefficient at the source is speci-
fied as

reflected voltage Vg  Zs— Z)

$ ~ incidentvoltage Vg  Zs + Z,

Eq. 13
If the load has a lower impedance than the charac-
teristic impedance of the transmission line, then a
negative voltage reflection will be sent back to the
load, indicating that the load over used the available
current. If the load has a higher impedance than the
characteristic impedance of the transmission line,
then a positive voltage will be sent back to the
source, indicating that the load under used the
amount of available current.

The following example shows the magnitude of
these voltage reflections in a typical unterminated
transmission line being driven by a CY7B991. For
this example, assume the parameters have values
listed in in Table 1.

Table 1. Sample Parameters

Param Description Value
€ Dielectric Constant 4.4
H Distance from ground | 20 mils
T Trace Thickness 1.4 mils
W Trace Width 12 mils
Zpus Source Pull-Up 25Q
ZpDs Source Pull-Down 10Q
L Trace Length 6”
Rp Load Impedance 12 KQ
tR Output Rise Time 1.5ns
tp Output Fall Time 1.5ns

Solving the appropriate equations for Zy, tpp, and
Zyields

_ 87 ( 5.98 * 20 )_
Z, = In - = 86.262
°" Jaa+ 141 \08*12+ 1.4 Eq. 14

t = 1.017/0.475* 4.4+ 0.67 = 1.66ns/foot Bq. 15
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From this, the load and source reflection coeffi-
cients can be calculated:

_25-86.26_ _ g

Psit = 25 186.26 Eq. 16
- 10-86.26 _ _

Psi= 10+ 86,26~ ~ 070 Eq. 17
_ 120,000 86.26 _

P. = 120,000+ 86.26 ~ 00 Eq. 18

Two source reflection coefficients need to be calcu-
lated for the LOW-to-HIGH output transition and
the HIGH-to-LOW output transition. The reason
for this is that TTL-style output drivers have differ-
ent resistances depending if they are driving HIGH
or LOW. In the calculation of the source coeffi-
cients, the actual output impedances for the output
drivers and the input impedance of the REF input
of the PSCB were used. They are listed in Table 1.

This analysis assumes a transmission line exists. To
confirm this, the propagation delay is used in Equa-
tion 2:

MIN[te te] < 2%t

1.5<2%1.69 Eq. 19

A complete DC analysis of voltage reflections on
this type of transmission line is not conducted here.
Refer to Reference 4. at the end of this note for a
sample analysis. It is important to note from this
that the voltage reflection at the load is positive and
the reflection at the source is negative. The oppo-
site signs of these two reflection-coefficients and the
magnitude of these two constants indicate that ring-
ing along the transmission line could potentially
cause unwanted clocks pulses to be seen at the load.

Figure 14 shows the effects of an unterminated
transmission line. This plot is taken from a Tektro-
nix DSA 602A Digitizing Signal Analyzer. This plot
indicates that the the voltage scale is 1V/div and the
time scale is 5 ns/div. The ground signal is indicated
by the ground symbol found on the left-hand side of
the figure, three voltage divisions from the bottom.
The scope trigger, indicated by an arrow, is the 1.5V
level of the source waveform.

This analyzer is capable of taking measurements on
the waveforms. The bottom quarter of the plot dis-
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plays the various measurements taken on the source
waveform. The rise and fall measurements are tak-
en between the 0.8V and 2.0V level, which is consis-
tent with the measurement points of the CY7B991.
The pulse width measurement is taken at the 1.5V
level and is used to indicate the duration of time that
the waveform spends above 1.5V. This is used to cal-
culate the output duty cycle variation. The last mea-
surement shown on this plot is the frequency. In this
case, a 25-MHz source waveform is used as the
trigger.

The source waveform shown in Figure 14 is the 4Q0
output of a typical CY7B991-5. The load waveform
is the end of 18” of coaxial cable having a character-
istic impedance of 50€2 In this particular example
the load is completely unloaded except for the scope
probe and associated connector (approximately 5
pF). As can be seen, both the source and the load
are riddled with transmission line effects. This is
caused by the positive voltage reflection from the
load due to the infinite load impedance and the neg-
ative voltage reflection from the source due to the
source impedance being less than the characteristic
impedance of the coaxial cable. Notice that an addi-
tional clock pulse occurs (below the word “load” in
the figure) due to voltage reflections.

A complete analysis of the voltage reflections caus-
ing this waveform would be extremely boring and

TTL OUTPUT: Rpu=, Rpd=, Rs=0, CI=0, L=180

v

1
1
T -

\
=3
=

)
)
- - - -

1 1 1
5ns/div

-3V
—3.9ns
Figure 14. Unterminated Transmission Line
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yield little additional information aside from the
fact that this is an unacceptable clock waveform.
The next section will give some methods for elimi-
nating voltage reflections by terminating the trans-
mission line.

Transmission Line Termination

The goal of transmission line termination is to make
the source and/or load impedance match the charac-
teristic impedance of the transmission line, insuring
an optimal delivery of signal to the load. Two types
of termination will be discussed: parallel termina-
tion and series termination.

Parallel Termination

Parallel termination, also known as Thevenin ter-
mination, attempts to match the load impedance
with that of the transmission line. It is accomplished
by placing a pull-up and pull-down resistor pair at
the end of the transmission line nearest the destina-
tion as shown in Figure 15. The Thevenin equivalent
resistance must be equal to Zy and the Thevenin
voltage must be somewhere near the middle of the
normal TTL voltage swing. Since typical CMOS in-
puts have steady-state impedances in the 100k€2 to
1MQ the Thevenin resistance can be simplified to
Rpy and Rpp in parallel. Table 2 gives the recom-
mended parallel termination resistor values for
both the CY7B991 (TTL) and the CY7B992
(CMOS) devices for given transmission line imped-
ances (Z).

Figure 15. Parallel Termination

Table 2. PSCB Parallel Termination

Recommendations
TTL CMOS
Zy (Rpu/Rpp) (Rpy/Rpp)
50Q 130/91 100/100
65Q 158/111 130/130
75Q 182/128 150/150
10022 243/170 200/200

Figure 16 shows a 1002 parallel termination of a
transmission line with a 50€2 impedance. This figure
is a plot taken from the same analyzer mentioned
above. As before, the source waveform is taken at
the RoboClock output pin and the load waveform is
taken at the end of 18” of coaxial cable with a 50€2
impedance. This figure shows the positive voltage
reflection from the load because the load imped-
ance is greater than the trace impedance. This re-
flection manifests itself as the source waveform
stepping up to the 3.7V level as shown in Figure 16.
The magnitude of the intitial source waveform in
transmission line environment can be calculated by
determining the the current in the transmission line
before switching. The reflected voltage can be cal-
culated by multiplying the incident voltage by the
calculated reflection coefficient.

TTL OUTPUT: Rpu=260,Rpd=182,Rs=0,CI=0,L.=18
w S ' .
) ' )
- - - - - r-- - - o
1 1

T
1 1

- - -

--5--
]
1
)
[
1
T
[
)
- - - - -
1
)

-3V

—3.9ns 5ns/div ET 46.1ns

Figure 16. Unloaded 1002 Parallel Termination
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This waveform looks much better than in the pre-
vious unterminated case, but there is still a 1V un-
dershoot at the falling edge of the waveform that
may cause problems in some devices due to sub-
strate current generation.

Figure 17 shows a 15Q parallel termination. This
transmission line is under terminated due to the fact
that the load impedance is much less than the char-
acteristic impedance of the trace. This manifests it-
self as a negative voltage reflection from the load.
While the rising edge of this trace looks fairly good,
the falling edge will cause problems. Notice that the
negative voltage reflection ringing during the falling
edge causes a positive-going transition in the thresh-
old region of the load. This could cause spurious
clocking.

Figure 18 shows a unloaded terminated transmission
line. This transmission line, unlike in the other
three cases, is terminated in its characteristic im-
pedance. Both the source and the load waveforms
are unaffected by voltage reflections. The only evi-
dence of transmission line effects is the ringing dur-
ing the HIGH and LOW time of the waveform,
caused by slight impedance mismatches between
the source, load, and transmission line, and the im-
pedance “bumps” caused by the impedance differ-
ences at the various probe and coax connectors
along this transmission line.

v TTL OUTPUT: Rpu=15,Rpd=,Rs=0,CI=0,L=18

)
-+
1
-4 - -
1
)
- =t - -

—3V A A A )
—3.9ns 5ns/div ET 46.1ns

Figure 17. Unloaded 15€2 Parallel Termination
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This ringing is also caused by the imperfect nature
of terminating a transmission line with a complex
load and source impedance. Each of the capaci-
tances hanging on this transmission line have differ-
ent impedances based on the input frequency. And,
since the input waveform is a wideband signal con-
taining many frequency components, a simple ter-
mination as given here will not eliminate all voltage
reflections. The important thing to note is that this
termination gives good results on the given trans-
mission line.

Figure 19 shows a 50Q2 parallel termination with a
22-pfload. Notice the voltage spikes on the source
waveform. This is caused by the impedance of the
load capacitor at a particular frequency being incor-
rectly terminated and causing a voltage reflection.

Figure 20 shows a 509 parallel termination with a
50-pF load. Again, the source waveform exhibits
voltage glitches caused by brief negative voltage re-
flections, but in this case the voltage reflections
come dangerously close to the input threshold re-
gion of a device that was placed on the transmission
line somewhere between the source and the load
shown in the figure. For this reason, it is recom-
mended that all transmission lines drive either
single loads or loads that are lumped at the end of
the transmission line. If not, voltage spikes, even in

TTL OUTPUT: Rpu=130,Rpd=91,Rs=0,CI=0.. =18

v

1
1
1
-
1
)
-
)
)
-
1
1
- - - -
1
)
- - -y -
)
)
- - = -
1
1
- - -l -
1
)

_3V I I I I
—3.9ns 5ns/div ET 46.1ns

Figure 18. 5022 Parallel Termination, Unloaded
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- TTL OUTPUT: Rpu=130,Rpd=91,Rs=0,Cl=22,L=18

T —— — —

T 1
|
W

P
L1

e

-3V
—-3.9ns

5ns/div. ET 46.1ns
Figure 19. 5022 Parallel Termination, 22-pF Load

reasonably well terminated transmission lines, can
cause unwanted clocking.

Series Termination

The purpose of series termination is to match the
source impedance with the transmission line imped-
ance as shown in Figure 21. This will prevent voltage
reflections occurring from the load will not reflect
back from the source. The value of Rgis chosen such
that the series combination of the output impedance

7V M [ M [ v [ v [ v
T,TL OYTPUT: Rput=130,Rpd=91,Rs=0,C!=50,,=18

i e S [ I

-3V
-3.9ns

Figure 20. 5022 Parallel Termination, 50-pF
Load

5ns/div ET 46.1ns
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Zs Rs
—VV\— ’ Zy

6 Vsource C.— Z

Figure 21. Series Termination

of the source devices and Rg is equal to Z. This se-
ries termination will absorb any voltage reflections
from the load. This, however, is not a simple task.

TTL outputs have different LOW-to-HIGH and
HIGH-to-LOW output impedances. The output
drive has an asymmetrical output impedance. Fig-
ure 22 shows the HIGH-to-LOW linearize Voltage
vs. Current (V-I) curve for a typical CY7B991 out-
put. The output impedance that should be used is
the resistance when the output is LOW (less than
0.45V). Figure 23 shows the LOW-to-HIGH linea-
rized curve. The output impedance that should be
used in this case is the resistance when the output is
HIGH (greater than 2.4V). For these curves the
output high resistance (27€2) and the output LOW
resistance (7€2) can be determined.

Figure 24 shows an unloaded, 100Q2 series termi-
nated transmission line. This figure shows the clas-
sic “stair stepping” that occurs when a transmission
line is terminated with series resistance that is too
large. Several back-and-forth voltage reflections

Figure 22. Output LOW Linearized V-1 Curve
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5.5V

-0.5

l

Figure 23. Output HIGH Linearized V-1 Curve

are required before the load rests at its final voltage.
This improper termination can cause duty-cycle dis-
tortion, increased rise and fall times, and unex-
pected clocking.

Figure 25 and Figure 26 show unloaded and loaded
50€2 series terminated transmission lines, respec-
tively. The resultant waveforms look much better in
this case because the terminating resistor more
closely matches the characteristic impedance.

Figure 27 shows a 27CQ2 terminated transmission line
with a 22 pF load. The rising edge of this waveform
looks much better than either of the previous two

v

5ns/div. ET 46.1ns
Figure 24. 10022 Series Terminated, Unloaded

TTL OUTPUT: Rpu=,Rpd=,Rs=50,C|=0,L=18

v

. 5ns}div TET . 4.16.1ns
Figure 25. 509 Series Terminated, Unloaded

cases, but the falling edge has more undershoot than
in the 50Q2 termination example. The reason for this
is that on the LOW-to-HIGH output transition the
27Q terminating resistor plus the 272 output im-
pedance closely match Zy, but on the HIGH-to-
LOW output transition the 27 resistor plus the 7Q2
output impedance do not exactly match Zy. With se-
ries termination a trade off has to be made between
the LOW-to-HIGH transition and the HIGH-to-
LOW transition.

TTL OUTPUT: Rpu=,Rpd=,Rs=50,Cl=22,L=18
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Figure 26. 502 Series Terminated, 22-pF Load
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TTL OUTPUT: Rpu=,Rpd=,Rs=27,Cl=22,L=18
T > T T T
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Figure 27. Series Terminated, 22-pF Load

When using series termination, no loads may exist
along the transmission line. All loads have to be lo-
cated at the end of the trace. The reason for this is
that the series-terminating resistor acts like a volt-
age divider. Any loads not located at the end of the
trace will see a voltage at some indeterminate level
until the voltage reflection from the load builds the
voltage level to its final resting value.

An advantage of series termination over parallel
termination is that there is no DC power consump-
tion. In a parallel termination, whether the output
device is driving HIGH or LOW, there will always be
current flow that does not drive the load but simply
establishes the terminations.

Another note on transmission lines is that the rise
time of the output waveform does not depend on
any transmission-line loading considerations. By
looking at the rise times of the source waveform in
the previous example, it is clear that the method of
transmission line termination and the output load-
ing play a negligible role in the output rise time. In
a properly terminated transmission line, the output
rise and fall time will be a function of the character-
istic impedance of the trace and the capacitive load-
ing of the load.

The recommendation for terminating transmission
lines is either a parallel termination with an Rty =

Zoand a Vg = 2.06V or a series termination where
Rg = Zg-20Q If more than one load has to be driv-
en by a single device output, make sure that all loads
are located very near the end of the line, or create
a “star” layout by having each load have its own
trace starting at the RoboClock output. Terminate
each trace as if it were the only load being driven.
In the case of multiple loads being driven by a single
output, the series resistor should be calculated with

20

Rs = 20 = Zof Traces

Eq. 20
All lines must be matched or the loads will “talk” to
each other through the voltage reflections.

Trace impedances below 50€2 can be driven by tying
more than one output together. For example, a 25Q
trace can be driven by tying two outputs of the same
output pair together.

Never “daisy-chain” loads together. This will not
only immediately add load-to-load skew, but it will
also cause unpredictable transmission line effects.

Detailed Description

RoboClock is an eight-output clock driver device. It
differs from traditional clock drivers and buffers in
that its outputs, while having very low output skew,
can also be phase adjusted, inverted, divided, and
multiplied. These capabilities would be impossible
to implement in a device such as a simple redrive
buffer like a 74F244. A 74F244, while potentially
providing very low output skew, does not have the
capability to dynamically phase adjust its outputs.

Phase adjustment allows outputs to shift in time rel-
ative to a reference point. The input clock to the de-
vice is usually taken as this reference point. Phase
adjustment is useful for compensating for differ-
ences in trace delay from one load to the next, and
also for equalizing differences in set-up and hold
time between load devices. A 74F244 would have
great difficulties shifting the arrival time of its out-
puts both in the positive sense (output edge arrives
later that the reference edge) and in the negative
sense (output edge arrives before the reference
edge). In order for a 74F244 to accomplish this task,
it would have to predict the time at which the next
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Figure 28. Simplified PLL Architecture

input edge would occur. Obviously, a new approach
is needed.

PLL Operation

RoboClock includes a phase-locked loop (PLL) to
achieve zero propagation delay. A completely inte-
grated PLL allows you to align both the phase and
the frequency of the reference (REF) inputs with an
output. With this approach, the next occurrence of
an input edge can be predicted with great accuracy
while maintaining very low propagation delay
through the device.

The PLL has three distinct parts; the phase/fre-
quency detector, the filter, and the distributed-
phase clock oscillator (more simply known as a volt-
age-controlled oscillator). In order for the PLL to
align the REF input with any output, an output must
be selected to be fed back to the input of the PLL.
This input (FB) is then used as the alignment on
which all other outputs are based. (See Figure I).

Phase Detector and Filter

Figure 28 shows a simplified view of the RoboClock
PLL architecture. The Phase Frequency Detector
(labeled PFD) evaluates the rising edge of the REF
input with respect to the FB input. If the REF input
occurs before the FB input, indicating that the Volt-

age Controlled Oscillator (VCO) is running too
slow, the PFD produces a Pump Up signal that lasts
until the rising edge of the FB input. If the FB input
occurs before the REF input, on the other hand, the
PFD produces a Pump Down signal that is triggered
on the rising edge of the FB input and lasts until the
rising edge of REE. This Pump Down pulse forces
the VCO to run slower. In this way, the PFD forces
the VCO to run faster or slower based on the rela-
tionship of the REF and FB inputs. In the absence
of a REF input, the device will function at approxi-
mately its slowest operating speed.

The Filter converts these Pump Up and Pump
Down signals into a single control voltage. The mag-
nitude of this voltage is dependent on the number of
previous Pump Up and Pump Down pulses that
have occurred. The range of the voltage produced
by the filter is guaranteed to be able to force the
VCO into any frequency within the selected fre-
quency range.

Distributed-Phase Clock Oscillator

Figure 29 shows the Distributed-Phase Clock Oscil-
lator ring and the Output Adjust Matrix. The Robo-
Clock Distributed Phase Clock Oscillator (also
known as a ring oscillator) has three frequency
ranges of operation. These frequency ranges are se-
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lected with the FS pin with range values shown in
Table 3. Atfirst glance, it may seem odd that a single
pin (FS) has three possible selections. These three-
state inputs are another feature of RoboClock. All
function select inputs (FS, TEST, and xFn) have the
ability to be connected to one of three states; HIGH,
LOW, and MID. HIGH indicates a connection to
VCC, LOW indicates a connection to Ground, and
MID indicates an open connection. When a three-
level input is left unconnected, internal resistors
pull this input to approximately Vcc/2.

Table 3. Frequency Range Select and ty

The three different frequency ranges correspond to
the number of stages in the oscillator. When FS is
connected to ground, the oscillator contains its max-
imum number of stages: 22. When FS is left uncon-
nected, the oscillator contains 13 stages. And when
FSis connected to ground, the oscillator contains its
minimum number of stages: 8. The operating fre-
quency of the oscillator can be calculated with the
following formula:
1
v t,

Eq. 21

where N is the number of stages and tyj is the delay

Calculation - through each stage. The reason that N at the bottom
imat . . . .
({\1\/}%1\;1) W=z 1>< . Freé’f.’iﬁ’é;"('ﬁaflz) of Equation 21 is twice the number of stages in the
) - NoM At Which ty = 1.0 oscillator is because, in order for the ring to oscil-
FSU! [Min. | Max. | whereN = ns late, first the true and then the inverted signal must
LOW ] 15 ] 30 a4 22.7 pass through each stage of the oscillator. This is ac-
MID | 25 | 50 26 38.5 complished through an inversion from the last stage
HIGH| 40 | 80 16 62.5 to the first stage.
Vecon
FS__|
—6 -4 -3-2-1 0 +1+2 +3+4 +6|— /2_|— /4_|—{>0—
1F0 — — 1Q0
1F1 — | 1Q1
2F0 — L 2Q0
2F1 — - 2Q1
3F0 — — 3Q0
3F1 —] | 3Q1
4F0 — L 4Q0
4F1 __| | 4Q1
Distributed-Phase Taps Divided & Inverted Taps

Figure 29. Distributed-Phase Clock Oscillator and Output Adjust Matrix
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For example, if the delay through each stage is ex-
actly 1 ns and the FS pin was tied to ground, then the
operating frequency would be

f 1

= m = 22.7MHz

Eq. 22
The delay through each stage is controlled by the
voltage onthe Vconline, whichissimply the voltage
generated by the PLL filter. From 7able 3 it is ob-
vious that some overlap exists between the various
frequency ranges. This allows a choice of stage de-
lays within some frequency ranges, which in turn al-
lows system designers a choice of two different in-
crements of phase adjustment.

Within the first thirteen stages of the oscillator, 11
taps are sent to the Output Adjust Matrix. These
taps represent various phase relationships to the
center, or 0 time unit (ty) position. The taps range
from —6 ty to +6 ty, as shown in Figure 29. This al-
lows the outputs to shifted, either early or late, with
respect to the FB input to adjust for various system
requirements.

2.0

The value of tyy shown in Figure 30 is determined by
the operating frequency and the number of stages in
the distributed phase oscillator. The formula for
calculating ty is shown in ZTable 3 and given here:

1
from X N

t =

v Eq. 23
For example, Equation 24 calculates the stage delay
(tu) when the ring oscillator is running at 25 MHz
and the FS pin is tied to ground

1

= 25MHz x 44 = 0-91ns

by Eq. 24
The value of ty, on the other hand, if the FS pin were
left unconnected, is

1

b= 25MHz x 26

= 1.54ns Eq.25
This shows that at the same operating frequency
(fvom), two different stage delays are possible, de-
pending on the connection of the FS pin.

FS=MID
FS=LOW

0-5 T T T T T T T

FS=HIGH

15 20 25 30 35 40 45
fnom

T T T T T T T T T

50 55 60 65 70 75 80

Figure 30. Time Unit (ty) vs. Frequency
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Output Adjust Matrix

The output adjust matrix allows the outputs to be
configured in up to 26,000 ways (more on this later).
The output options are generated by the Distributed
Phase Clock Oscillator, and selected by the output
function select (xFn) inputs.

In addition to the 11 taps from the distributed phase
oscillator, the Output Adjust Matrix contains a di-
vide-by-two option, a divide-by-four option, and an
invert option.

The eight RoboClock outputs are configured as four
output pairs. Each member of a pair of outputs op-
erates identically to the other. The output adjust-
ment for each output pair is controlled by its
associated pair of function select inputs. For exam-
ple, the 1Qn outputs are controlled by the 1Fn in-
puts.

The function select inputs are three-state inputs that
operate in the same manner as the FS input. These
inputs can be tied HIGH, tied LOW, or left uncon-
nected (MID). The three-level input capabilities of
the function select inputs allow each output to have
nine different output selections with the use of only
two pins.

Each pair of outputs has nine different possible out-
put timing positions based on the appropriate con-
nection of the function select input. The possible
output combinations are shown in Table 4. These
output adjustment configurations assume that an
output with a 0 ty configuration is used as the FB in-
put. Output adjustment configurations with a non-0
ty tap output selected as the FB input will be dis-
cussed in the section titled Change in Operation
with FB selection.

The following example refers to Figure 31. Assume
that 2Q0 is used as the FB input and that 2F1 and
2F0 are both left unconnected. This will select both
of the 2Qx outputs to have a 0-phase-adjusted out-
put (0 ty), and by connecting 2Q0 to the FB input it
will also force these outputs to be phase and fre-
quency aligned with the REF input.

Table 4. Output Adjustment Configurations

Function Selects Output Functions
1F1, 2F1, | 1F0, 2F0, | 1Q0, 1Q1,
3F1, 4F1 | 3F0,4F0 | 2Q0,2Q1 | 3Q0,3Q1 | 4Q0, 4Q1
LOW LOW -4ty Divide by 2 | Divide by 2
LOW MID -3ty - 6ty — 6ty
LOW HIGH -2ty — 4ty — 4ty
MID LOW - 1ty -2ty -2ty
MID MID Oty Oty Oty
MID HIGH +1ty +2ty +2ty
HIGH LOW +2ty +4ty +4ty
HIGH MID +3ty +6ty +6ty
HIGH HIGH +4ty Divide by 4 | Inverted

If, in this scenario, 1F1 were tied to ground and 1F0
were left unconnected, then the 1Q0 and 1Q1 out-
put edges would precede the output used as the FB
input (2Q0 in this case) by three time units. Alter-
nately, if 1F1 were tied HIGH and 1F0 were again
left unconnected, then the 1Q0 and 1Q1 output edge
would follow the 2Q0 output by three time units.

If 3F1 and 3F0 were both tied HIGH, then the 3Qn
outputs would both operate at one-quarter the fre-
quency of the 2Qn outputs. And if the 4Fn function
select inputs were both tied LOW, the 4Qn outputs
would both operate at one-half the frequency of the
2Qn outputs.

An important point to note is the frequency and
phase relationship between the 1/2 and 1/4 outputs

FB

20 MHz | e
L Z§0 4Q0 10 MHz
o CANC o e
tC ek 3Q1 4 I_._l '

—1 2F0 2Q0 L 1 20MHz
— 2F1 o0t [— S
e @b ninnn
' ] ] ] ' 1
—{TEST .

Figure 31. Frequency Divider Connections
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(3Qn and 4Qn). The divide-by-two and divide-by-
four outputs fall at the same time, but never rise at
the same time. This feature of RoboClock makes it
possible to use the rising edges of the 1/2 frequency
and 1/4 frequency outputs without concern for skew
mismatch. It also provides the ability to clock differ-
ent parts of the system on different phases of the
master clock.

The previous example showed the phase shifting
and frequency division capabilities of RoboClock.
Another output feature available on the 4Qx out-
puts is phase inversion. This output adjustment is
configured by tying both 4F1 and 4F0 inputs HIGH.
In this mode the 4Qx outputs will have and inverted
sense with respect to the FB input.

Change in Operation with FB Selection

The previous discussion assumed that an output
with a 0 ty phase adjustment was used as the FB in-
put. With this assumption, RoboClock has nearly
3000 different configurations. This is calculated by
taking the number of possible configurations of each
output pair (9) to the number of outputs pairs not
being used as the FB input (3) times the number of
choices of output pairs to be used as the FB input.

Combos= 9°*4 Eq. 26

If the output used as the FB input is also phase or
frequency adjusted, then RoboClock offers over
26,000 different configurations.

Phase Adjusted Output Used as FB Input

By feeding back an output that was selected for 0 ty,
all of the other outputs were referenced from the 0
tap position shown in Figure 29. This is due to the
fact that the PLL aligns the REF input and the FB
input in both phase and frequency.

Itis not necessary to use an output with a 0 tyy config-
uration as the FB input. An output with any configu-
ration can be used as the FB input. For example, if
an output with a —3 ty tap was used as the FB input,
the PLL would align this output with the REF input.
It would no longer exhibit a shift of —3 time units
when compared with REF. The output used as the
FB input is always aligned with REE.

By using an output with this configuration as the FB
input, all other outputs are now referenced to this
tap position within the ring oscillator. The possible
tap selections for the other outputs are still the same
as in the 0 tap used as FB case, but now they have a
—3 tap time reference. The +6 tap can still be se-
lected as an output configuration, but it will occur 9
time units after the FB output. The —6 tap can also
be selected as an output configuration, but instead
of occurring 6 time units before the corresponding
edge of FB, it will occur 3 time units before the out-
put used as the FB input.

Tables 5 through 7 illustrate the various possible out-
put configurations with different FB selections.
Table 5 gives the 2Qn, 3Qn, and 4Qn output configu-
rations when a 1Qn output is used as the FB input.
It also gives the 10Qn, 3Qn, and 4Qn output configu-
rations when a 2Qn output is used as the FB input.
The reason for this is that the 1Qn and 2Qn outputs
have the same possible configurations. If either is
used as the FB input, the other outputs will have the
same output configuration options.

Table 5 is broken into three parts corresponding to
the configurations for each of the three pairs of out-
puts not used as the FB input. The leftmost two col-
umns of each table indicate the various configura-
tions of the FB input, and the right portion of the
table gives the output possibilities for the given out-
put.

For example, the first part of Table 5 gives the pos-
sible output configurations for the 2Qn outputs as-
suming that a 1Qn output is used as the FB input.
Alternately, this table gives the output configura-
tions for the 1Qn outputs assuming a 2Qn output is
used as the FB input. This is true because the 1Qn
and 2Qn outputs have the same possible output con-
figurations as shown in 7able 4. For the remainder
of this example, a 1Qn output is assumed to be the
FB input.

The left side of the table gives the function select in-
put settings for the FB output. L represents a con-
nection to ground, M represents an input left open,
and H represents an input connected to Vcc. Once

a selection is made for the function select inputs of
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the FB output, all of the other outputs will be refer-
enced to that tap.

For example, if the 1F1 input is tied to ground and
the 1F0 input is left unconnected, then all of the oth-
er outputs will be referenced to the —3 ty tap used
as the FB input. The available configurations on the
remaining outputs will remain the same as given in
Table 4, but the values in this table will all be shifted
by +3 because this is the number of stage delays be-
tween the new reference point and 0 ty, the refer-
ence point of Table 4.

All of the possible output configurations can be
found in the same row in the following tables as the
selection made for the FB output. If 1Fn = LM
(1F1 tied to ground, and 1F0 left unconnected),
then the possible selections for the 2Qn output are
from —1 ty to +7 ty. This is shown in the first part
of Table 5 as a shaded row. By connecting 2Fn =
HM, the 2Qn outputs will have outputs that lag the
FB outputs by 6 time units or by connectng 2Fn =
LL the 2Qn outputs will precede the reference by 1
time unit (—1t). Once the output configurations for

the FB input are made, all other outputs will be ref-
erenced to this new reference point.

The second part of Table 5 gives the possible output
configurations for the 3Qn outputs. Assuming a
1Qn (2Qn) output is used for the FB input, the 3Qn
outputs can be phase shifted with a granularity of 2
time units from —3 to +9 with respect to the FB in-
put. Additionally, the 3Qn outputs can be divided
by two and divided by four, but since the reference
point for the dividing circuit for these configurations
is the 0 tap (as shown in Figure 29), these outputs are
shifted by three time units with respect to the FB in-
put.

The third part of Table 5 gives the possible output
configurations for the 4Qn outputs, again assuming
that a 1Qn output is used as the FB input. This table
looks much the same as the second part with the only
exception being the last column. The only differ-
ence between the 3Qn and 4Qn outputs is the ability
to divide by four or invert respectively. The last col-
umn shows how RoboClock can be configured to
phase shift and invert an input signal.

Table 5. 1Qx or 2Qx Output Connected to FB Input (Part 1)

1Qn(2Qn)»FB | 2Qn(1Qn) Outputs with respect to FB
2F1 |L L L M M M H H H

2§ |aFY
1F1 | 1F0 = 3 |2F0 |L M H L M H L M H
(2F1) | (2F0) (1F0)
L L 0t +1t +2t +3t +4t +5t +6t +7t +8t
L M —1t 0t +1t +2t +3t +4t +5t +6t +7t
L H -§ -2t —1t 0t +1t +2t +3t +4t +5t +6t
M L gﬂ -3t —2t —1t 0t +1t +2t +3t +4t +5t
M |M E 4t | -3t | -2t | -1t |ot It | +2t | 43t | +4t
M | H © 5t | -4t | -3t | -2t | -1t |ot F1t | +2t | 43¢t
H L % —6t | -5t | -4t [-3t [-2t [-1t ot +1t | +2t
H M o —7t | -6t | -5t |—4t | -3t |-2t |-1t |ot 1t
H H -8t [-7t [-6t [-5t [-4t [-3t [-2t [-1t [ot
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Table 5. 1Qx or 2Qx Output Connected to FB Input (Part 2)

10x(2Qx)#FB | 3Qn Outputs with respect to FB
=5 3F1 |L L L M M M H H H
1F1 [ 1F0 g% 3F0 | L M H L M H L M H
(2F1) | 2F0) | =
L L +4t | -2t [0t +2t | +4t [+6t | +8t [ +10t | +4t
f/2 f/4
L M +3t | -3t (-1t | +1t [+3t |+5t [+7t | +9t | +3t
/2 f/4
L H +2t | -4t [-2t Ot +2t | +4t [ +6t | +8t | +2t
g f/2 f/4
M L = +1t | -5t [-3t | -1t |[+1t |+3t [+5t |[+7t | +1t
;50 f/2 f/4
M M b= 0t -6t | -4t |[-2t |0t +2t | +4t |46t |Ot
S f/2 f/4
M H 5 -1t | -7t [-5t | -3t |[—-1t |+1t [+3t |+5t | -1t
g f/2 f/4
H L O -2t [-8t [-6t |—-4t [-2t [oOt +2t | +4t [ -2t
f/2 f/4
H M -3t -9t =7t =5t =3t -1t +1t +3t =3t
f/2 f/4
H H —4t —10t | -8t —6t —4t =2t 0t +2t -4t
/2 /4
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Table 5. 1Qx or 2Qx Output Connected to FB Input (Part 3)

1Qn(2Qn)»FB | 4Qn Output with respect to FB
- |4F1 L L L M M M H H H
=
IF1 | 1F0 &3 [4r0 L M H L M H L M H
(2F1) | (2F0) | —¢
L L +4t -2t 0t +2t +4t +6t +8t +10t | +4t
£/2 INV
L M +3t -3t —1t +1t +3t +5t +7t +9t +3t
£/2 INV
L H +2t —4t -2t 0t +2t +4t +6t +8t +2t
; £/2 INV
M L '% +1t -5t —3t -1t +1t +3t +5t +7t +1t
g £/2 INV
MM = 0t | -6t |—-4t |-2t [0t |+2t |+4t |+6t |Ot
S £/2 INV
M H = -1t [=-7t -5t [-=3t |[-1t |[+1t |+3t |+5t | -1t
& 2 INV
H |L C 2t | -8t | -6t |—4t |—2t |ot T2t | +4t | -2t
£/2 INV
H M 3t -9t |-7t |[-5t | -3t |-1t [+1t |+3t | -3t
£/2 INV
H H —4t | —-10t |8t | -6t |—-4t |-2t |ot 2t | —4t
£/2 INV

Tables 6 and 7 have slightly different output configu-
rations. These tables represent the possible output
configurations when a 3Qn or 4Qn output is used as
the FB input.

The first part of Table 6 gives the possible output
configurations for the 1Qn (2Qn) outputs when a
3Qn output is used as the FB input. When the 3Qn
outputs are configured from —6 ty (3Fn = LM) to
+6 ty (3Fn = HM) the 1Qn outputs have a range of
+10 ty (1Fn = HH) to —10 ty (1Fn = LL). This,
again, is because if the 3Qn outputs have a —6 tap
reference and the +4 tap is selected for the 1Qn out-
puts, then the total time delay between the FB input
and the 1Qn output is +10 time units. This feature
gives RoboClock a tremendous phase adjustment
range.

What if a divided output is used as the FB input?
The last row of Table 6 (Part 1) shows that if 3Fn =

HH (3Qx in divide-by-four mode), then all of the
outputs are multiplied by four. RoboClock has be-
come a frequency multiplier. To understand why
this happens, remember that the PLL aligns the FB
with the REF input in both phase and frequency.
Even though the 3Qn outputs were selected to di-
vide by four, the PLL forces them to run at the same
rate as the REF input. This means that, in order for
these outputs to operate at this speed, the VCO it-
self must operate at four times the REF frequency.

The ability to multiply an input frequency is useful
in board-level designs where the distribution of a
low-frequency signal is needed to reduce EMI emis-
sions or where a faster clock is needed to increase
the operating frequency of state machine logic. Fig-
ure 32 shows how RoboClock can be configured as
a frequency multiplier and a phase adjuster. By se-
lecting 3Fn = HH, RoboClock will multiply the
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Figure 32. Frequency Multiplier with Phase
Adjustment

REF frequency by four, by forcing its PLL to oper-
ate at four times the REF clock rate. 4Fn = LL se-
lects the divide-by-two option at the 4Qn outputs.
Since the PLL is operating at 80 MHz, the 4Qn out-
puts will operate at 40 MHz. Selecting 2Fn = ML

configures the 20Qn outputs to precede the rising
edge of the FB input by 1 time unit. And selecting
1Fn = HM makes the 1Qn outputs arrive 3 time
units later than the FB input. Both the 1Qn and 2Qn
outputs will run at 80 MHz. The xFn configurations
for this example can be found in the shaded area of
Table 6.

Table 7 appears very similar to Table 6. The first part
gives the 1Qn and 2Qn output configurations when
a 4Qn output is used as the FB input. The second
part of the table gives the 3Qn output configurations
when a 4Qn output is used as the FB input. The ma-
jor variation is that if a 4Qn output is used as the FB
input with 4Fn = HH, then all outputs will be in-
verted. Since the PLL phase aligns the REF and FB
input, the 40Qn outputs will operate identically with
the REF input. The other outputs will have a
180° phase shift from the REF input. This is useful
for applications requiring more inverted clock sig-
nals than non-inverted clock signals.

Table 6. 3Qx Output Connected to FB Input (Part 1)

3Qn » FB 1Qn (2Qn) Output with respect to FB
1F1, |L L L M M M |H H H
58 | (2F1)
o=
3F1 |3F0 | £Z [1F0, [L M H L M H L M H
(2F0)
L L —4t | -3t [-2t |-1t |oOt +1t | +2t |43t | +4t
2 (2 |2 [e2 2 |2 |2 P2 |2
L M - +2t | +3t | +4t | +5t | +6t | +7t |+8t | +9t | +10t
L |H = Ot | +1t | +2t [+3t | +4t | +5t [+61 [+7t |+t
M |L E 2t | -1t |ot 1t | +2t | +3t | +4t | +5t | +6t
M M = —4t | -3t |-2t [—1t |0t | +1t |+2t |+3t | +4t
M |H E:) 6t | -5t | -4t | -3t | -2t | -1t ot |+it |+t
H L £ -8t |-7t |[-6t |-5t |-4t |-3t [-2t |[-1t [ot
H M © —10t |-9t | -8t |-7t |—-6t |-5t |—4t |-3t |-2t
H H —4t —3t -2t —1t 0t +1t +2t +3t +4t
fr4 | fx4  |f4  |[f4 |[r4 (4 |4 |4 |14
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Table 6. 3Qx Output Connected to FB Input (Part 2)

30n » FB 4Qn Output with respect to FB
56 |4F1 L L L M M M H H H
8.2
3F1 3F0 E3 |[4F0 |L M H L M H L M H
L L ot —6t —4t -2t 0t +2t +4t +6t INV
*2 *2 %2 *2 *2 *2 *2 *2
L M +6t [0t +2t +4t +6t +8t +10t | +12t | +6t
/2 INV
L H +4t -2t |0t +2t +4t +6t + 8t +10t | +4t
S /2 INV
M L p= +2t —4t -2t |0t +2t +4t +6t +8t +2t
;50 /2 INV
M M = 0t -6t | —4t |[-2t |0t +2t | +4t [+6t |0t
8 /2 INV
M H é -2t —8t —6t —4t -2t 0t +2t +4t -2t
= /2 INV
H L © 4t | —10t | =8t | -6t | -4t |—2t ot 12t | —4t
/2 INV
H M —6t —12t | =10t | —8t —6t —4t -2t Ot —6t
/2 INV
H H 0t —6t —4t -2t Ot +2t +4t +6t INV
*2 *4 *4 *4 *4 *4 *4 *4 *4

Table 7. 4Qx Output Connected to FB Input (Part 1)

4Qn » FB 1Qn (2Qn) Output with respect to FB
1F1, |L L L M M M H H H
55 | (2F1)
a4
4F1 | 4F0 =3 | 1F0, |L M H L M H L M H
(2F0)
L L —4t -3t =2t =1t 0t +1t +2t +3t +4t

£*2 f*2 £*2 £*2 f*2 £*2 f*2 £*2 £*2

L M = +2t +3t +4t +5t +6t +7t +8t +9t +10t
L H % Ot +1t +2t +3t +4t +5t +6t +7t +8t
M L E" =2t —1t 0t +1t +2t +3t +4t +5t +6t
M M g —4t =3t =2t -1t 0t +1t +2t +3t +4t
M H S —6t —5t —4t =3t =2t —1t 0t +1t +2t
H [L |& -8t |-7t |-6t |[-5t [-4t |-3t [-2t [-1t ot

H [M —10t [-9t [-8t [-7t [-6t [-5t [-4t [-3t [-2t
H [H —4t [-3t [-2t [-1t ot +1t [+2t [+3t [ +4t

INV |INV [INV |INV |INV [INV |JINV |INV [INV
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Table 7. 4Qx Output Connected to FB Input (Part 2)

4Qn » FB 3Qn Output with respect to FB
56 |3F1 L L L M M M H H H
a9

4F1 | 4F0 S8 [3F0 | L M H L M H L M H
L L 0t —6t —4t -2t 0t +2t +4t +6t Ot
f*2 f*2 f*2 f*2 f*2 f*2 f*2 /2

L M +6t |0t +2t | +4t [+6t | +8t |+10t | +12t | +6t
f/2 f/4

L H +4t [ -2t |0t +2t | +4t [+6t [ +8t | +10t | +4t
g f/2 t/4

M L = +2t | -4t [-2t [oOt +2t | +4t [ +6t | +8t | +2t
;50 f/2 /4
M M B 0t -6t | —4t |[-2t |0t +2t | +4t [+6t |0t
S /2 £/4

M H ‘é -2t |-8 [-6t |-—-4t |-2t |Ot +2t [ +4t | -2t
S /2 f/4

H L —4t | -10t [-8t |[—-6t |—4t |-2t |Ot +2t | —4t
f/2 f/4

H M —6t —12t | =10t | =8t —6t —4t =2t Ot —6t
f/2 f/4

H H INV | -6t —4t =2t Ot +2t +4t +6t INV
f/2 INV JINV |INV |INV |INV |INV |INV |f/4

Functional Implementations

Obviously, RoboClock has abilities to solve even the
most complex problems. The challenge is to deter-
mine how to configure RoboClock to solve these
problems. The following examples will give a brief
overview of how to configure RoboClock to accom-
plish various tasks.

Low-Skew Clock Buffer

The easiest way to configure RoboClock is as a low-
skew clock buffer, as shown in Figure 33. In this type
of configuration, all xFn inputs are left open (uncon-
nected) and the FB input can be taken from any out-
put. The REF input waveform is shown with a very
unequal duty cycle to illustrate the point that be-
cause RoboClock is a PLL-based clock buffer, the
duty cycle of the outputs is 50/50 regardless of the
duty cycle of the REF input. This feat would be im-
possible in a non-PLL based device.

If this implementation is used, either the 2Q1 or
3Q0 output is the most convenient choice to be used
as the FB input because of their proximity. The
shortest wire possible should be used to connect the
xQn output to the FB input to avoid stub reflection
effects on the actual clock line connected to the

| Lo
| FB rRer_ [ [1L_TL_T1
_REF 1 1 1 1
— FS o
—Jd4r0 4o
a1 [ EpipipEps
—J3r0 300 |_ —_ '
1w a1 [ R E.
—1 2ro 2Q0 | I I I
1 ka1 [— Iy e
110 100 |— — "
—im Qi [ T ure
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Figure 34. RoboClock in Low Skew Buffer
Application

same xQn output (Figure 2). This short route will re-
duce noise and transmission line effects from affect-
ing the FB input.

This configuration assumes that the clock routes to
the various loads they are driving are all the same
length, so that each of the clocks arrives at its load
at virtually the same time. Figure 34 shows how Ro-
boClock might be used in an application requiring
only a device with low output skew.

Programmable Phase Adjustment

This type of application requires the use of Robo-
Clock’s additional features. RoboClock provides
phase shifting in ranges from —12 time units to +12
time units. Figure 35 shows RoboClock configured
to phase shift its 2Qn outputs so that they lag the FB

| ' ' ' '
' ' ' '
FB REF | | | | | | | |
emmm— REF [ ' [ [
— FS ' ' ' '
' ' ' '
— 4FO0 4Q0
] aF aa1 [ NN -
' ' ' '
— 3FO0 3Q0 |—
vee A3 saf [— L
' ' ' '
L 2F0 2Q0 |— ' ' ' '
] 2F 201 [— NN -
' ' ' '
1FO 1Q0 —
—1F Q1 [— L
' ' ' '
- ' ' ' '

Figure 35. Programmable Phase Adjustment

Figure 36. RoboClock in Programmable Phase
Adjustment Application

input, and to phase shift its 1Qn outputs so that they
lead the FB input. Any output can be used as the FB
input to implement phase shifting, but the greatest
unidirectional shift (12 time units) will be achieved
by selecting either the 3Qn or 4Qn outputs to be
used as the FB input.

Figure 36 shows RoboClock in a programmable
phase adjustment application. This application dif-
fers from Figure 34 in that the sophisticated phase
adjustment abilities of RoboClock are used to com-
pensate for trace delays and set-up and hold time
mismatches.

Inverted Output Clock Driver

Figure 37 shows RoboClock configured as a inverted
output clock driver. 4Fn = HH configures the 4Qn

| ' ' ' '
FB REF | | | | | | | |
\/__ REF [ [ ' '
cc
—{ Fs Lo
B ©
F aQt [— N I I I
' ' ' '
— 3F0 3Q0 |—
—q 3F1 3Q1 — —LI_LI_LI_LI_
' ' ' '
=% = LML
— 2F1 2Q1 —
| ' ' |
B @ e
—] 1F1 1Q1 — | ! ! |
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outputs to operate in inverted mode. If one of these
outputs is used as the FB input, then the PLL will
align the rising edge of 4Q0 with REF and all of the
other outputs operate 180° phase shifted from the
FB input. This type of configuration is useful for sys-
tem designs that require a greater number of clocks
with 180° phase shift (inverted). These inverted
clocks are useful for clocking logic at twice the fre-
quency without distributing a higher frequency
clock. In this configuration, RoboClock offers 6 in-
verted outputs and 2 non-inverted outputs. This
configuration also has the advantage that all of the
inverted outputs can be phase shifted and the 30n
outputs can even be configured to divide the REF
frequency by two or four while still maintaining
phase inversion.

If only two inverted clocks are needed, then any out-
put except the 4Qn outputs can be connected to the
FB input. This will allow the 40Qn outputs to be se-
lected for output inversion without affecting the
other outputs. If the REF clock is not being used in
other parts of the system, both of these two configu-
ration options yield the same net effect.

Frequency Divider

RoboClock provides frequency division while still
maintaining very low skew between the various out-
put edges (more on this in the AC Specifications sec-
tion). Figure 38 shows RoboClock configured as a
frequency divider. Since the PLL is operating at 20
MHz, the FS pin in this configuration is tied to
ground indicating the selection of the 15— to
30-MHz operating range. By selecting 4Fn = LL,
the 4Qn outputs will divide the FB frequency by two,

B rer JLILILILILILL

REF

FS

4F0  4Q0
4F1 4Q1

3F0  3Q0
3F1 3Q1

2F0  2Q0
2F1 2Q1

1FO 1Q0
1F1 1Q1

20,

10MHZ||||||||||

sz [T T

20MHz

1 1 1

T Fl_

Figure 38. Frequency Divider

and by selecting 3Fn = HH, the 3Qn outputs will di-
vide the FB frequency by four.

Any of the 1Qn or 2Qn outputs could have been se-
lected as the FB input with equivalent results. Note
again that the divide-by-two and divide-by-four out-
puts have no coincidental rising edges. This features
allows the system designer to use both outputs for
multiphase clocking without concern for skew re-
quirements between the rising edges of these two
outputs.

Frequency Multiplier

RoboClock provides frequency multiplication by se-
lecting an output configured to divide by two or di-
vide by four as the FB input. Figure 39 shows Robo-
Clock multiplying up the REF input frequency. The
3Fn function select inputs are both tied to V¢, con-
figuring the 3Qn outputs to divide by four. But be-
cause 3Q0 is used as the FB input, the 3Qn outputs
operate at the same frequency as the REF input.
The RoboClock PLL, therefore, now operates at
four times the REF frequency. This is the reason
that the FS pinis tied to Vccindicating the selection
of the fastest operating frequency range. The selec-
tion of FS is based not on the operating frequency
of the REF input, but rather on the operating fre-
quency of the VCO. The operating frequency of the
VCO is the same frequency as the 1Qn and 2Qn out-
puts at all times and also the 3Qn and 4Qn outputs
when frequency division is not selected.

The 4Fn function select inputs are both tied to
ground, which configures the 4Qn output for divide
by two mode. Note that this figure looks much the
same as Figure 38 except for the selection of the FS

] ] ] ] ] ] ] ] ] ]
I_,:B er Jlo T e
REF L
FS 1 1 1 1 1 1 1 1 1 1
4F0  4Q0 |—
ait aoi = aomm LT L LU
| 3F0  3Q0 P D DU .
=1 3F1  3Q1 |— 2omHzd . Lo L=,
2F0 2Qo 1 1 1 1 1 1 1 1 1 1
15 281 [— 80MHz
—l1F0 100 |—
L i 141 = somHz
= 1 1 1 1 1 1 1 1 1 1

Figure 39. Frequency Multiplier
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Figure 40. Frequency Divider and Multiplier

input and the selection of the output used as the FB
input.

Frequency Divider and Multiplier

Figure 40 illustrates how RoboClock can be used to
both multiply and divide the REF frequency. Here
the VCO is running at 20MHz. The 4Qn output is
used to divide the PLL frequency by two and the
3Qn outputs are used to divide the PLL frequency
by four. 4Q1 is used as the FB input doubling the
PLL rate.

Multi-Function Clock Driver

RoboClock is truly a multi-function clock driver. It
has the ability to multiply up the REF frequency by

20MHz \_ FB
Vce REF
. — FS
4F0 4Q0 |
4F1 4Q01 |
3FO0 3Q0
3F1 3Q1

2F0 2Q0
2F1 2Q1

1FO 1Q0

‘JE::::1F1 1Q1

REF J

80 MHz
Inverted

OSC| r < 20 MHz
T,

80 MHz
Adj —4ty

— f*
A 80 MHz

Figure 42. Multi-Function Clock Buffer
Application

RoboClock
Z—H|

two or four, divide down the REF frequency by two
or four, perform phase inversion, create phase ad-
justments up to =12 time units, while always provid-
ing very low output skew.

Figure 41 shows RoboClock configured as a multi-
function clock driver. This figure shows how Robo-
clock can simultaneously multiply the REF frequen-
cy by four to a speed of 80 MHz and allow these
high-speed outputs to be phase shifted and inverted.
Figure 42 shows how this configuration can be inte-
grated to perform various system clocking func-
tions.

—
—

L e e e e e ) Inverted
T 2ome

80MHz
'Adjusted —4t

Figure 41. Multi-Function Clock Buffer
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Many other examples exist of the tremendous capa-
bilities of RoboClock. External circuitry, for exam-
ple, can be placed between the RoboClock output
and the FB input. This may be the case when Robo-
Clock is used to drive external buffers, frequency di-
viders, or multipliers. Virtually any delay element
can be placed between a RoboClock output and the
FB input. A few things, however, must be remem-
bered when doing this:

e The FB input must always be function of one of
the RoboClock outputs.

e The other outputs will be referenced to the input
of the external device and the delay may not be
well defined due to the timing characteristics of
the external devices.

e The output edge placement will be dependent on
the function and skew characteristics of the exter-
nal device.

¢ An external divider of no greater than 16 may be
used in the FB path (jitter specifications may be
compromised).

AC Specifications

Many AC Specifications exist for RoboClock. The
following discussion will explain what these specifi-
cations mean to the designer. There are four differ-
ent parts in the RoboClock family. The CY7B991 is
a TTL-output (0 to 3V swing) device and the
CY7B992 is a CMOS output (0 to Vc swing) de-
vice. The CY7B99x—5 is the lowest skew device that
Cypress offers. Its output skew has a typical value
of just 250 ps with a maximum skew of 500 ps while
the CY7B99x—7 has a maximum output skew of
only 750 ps. The following sections will begin with
the relevant datasheet specification. Only the
CY7B99x -5 specifications will be explained, but all
specifications apply directly to the CY7B99x—7 de-
vices except for parameter value. Also, only the
CY7B991-5 device will be explained unless the
CY7B992-5 device has a different specification.

fnom : Operating Clock Frequency in MHz

CY7B99x
Parameter | Description | Min. | Typ. | Max. | Unit
fNoMm FS = LOW 15 30 ns
FS = MID 25 50 ns
FS = HIGH 40 80* ns

* The maximum operating frequency of the 7B992—7 devices is
50 MHz.

This parameter indicates the frequency range rela-
tive to given selections of the FS pin. The three-lev-
el FS input can either be tied to ground (LOW), left
unconnected (MID), or tied to Vcc (HIGH).

The operating frequency these ranges refer to is
based on the operating frequency of the VCO. If a
divide-by-two output is used as the FB input, then
the operating frequency of the VCO is twice that of
the REF input. If a divide-by-four output is used as
the FB input, then the operating frequency of the
VCO is four times that of the REF input. If a non-
divided output is used as the FB input then the selec-
tion of the FS pin can be made based upon the oper-
ating frequency of the REF input.

For example if a divide-by-four output is used as the
FB input then the total possible REF input frequen-
cy range is 3.75 to 20 MHz (%4*15 to %*80 MHz).
And the frequency range of the REF input when the
FS pin is tied to ground, in particular, is 3.75 to 7.50
MHz.

trpwH> tRpwi, REF Pulse Width High and Low

Parameter Min. Typ. Max. Unit
tRPWH 5.0 ns
tRPWL 5.0 ns

The frequency and phase detector uses only the ris-
ing edge of the REF and FB inputs for alignment
purposes. RoboClock, therefore, does not require
a 50/50 duty cycle clock. The trpwx parameter is
measured at the 1.5V level.
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tpp : Propagation Delay, REF Rise to FB Rise

CY7B99x—-5
Parameter Min. Typ. Max. Unit
tpD - 0.5 0.0 +0.5 ns
CY7B99x—-7
Parameter Min. Typ. Max. Unit
tpD - 0.7 0.0 +0.7 ns

Because of the PLL architecture of RoboClock
there is no true propagation delay through the de-
vice as there is in a device such as a 74F244 buffer.
The outputs of RoboClock are independent of the
wave shape or duty cycle of the REF input. The PLL
uses the REF and FB pins to generate the outputs
by aligning these two inputs in both phase and fre-
quency.

This static misalignment (tpp in the datasheet) may
be either positive or negative and is a function of the
REF frequency. The 500 ps specification is to ac-
commodate the normal variation in process, volt-
age, temperature, and frequency. Two parts operat-
ing at the same frequency and similar voltage and
temperature (approximately £100 mV and =10°C)
will never have a tpp variation more than 200 ps
while the total magnitude of either might be 500 ps).
This part-to-part variation appears as tsggws in the
datasheet and is discussed below. While the PLL
aligns the REF and FB pins, some time difference
may exist between the REF and FB pin (See Figure
43).

REF

FB

> < tpp

Figure 43. Propagation Delay

xQ0
tskewpPR - | P>

¢ t'skewpPR

xQ1

Figure 44. Zero-Output Matched Pair Skew

tskew : Output Skew

There are six different parameters specifying output
skew. Each of these parameters relates to different
output configurations and to different output edges.
Each of the following sections will describe the par-
ticular skew parameter with a diagram and include
an example showing when this parameter would be
used to calculate output skew.

tskEWPR © Zero Output Matched-Pair Skew

Parameter Min. Typ. Max. Unit

{SKEWPR 0.1 0.25 ns

This parameter specifies the maximum amount of
skew between two outputs of the same pair (e.g.,
1Q1 and 1Q0) when all output are configured for 0
ty. This specification has a maximum value of 250
ps. Bench characterization, however, indicates that
tskEWwPR is rarely greater than 100 ps. The addition-
al margin is included for tester guard band. The rea-
son that both outputs of the same pair can be so
tightly coupled is that each pair has a dedicated pow-
er and ground pin, that they lie adjacent to each oth-
er allowing them to reinforce each other with cross-
talk effects, and that they are separated from
adjacent outputs by at least two non-switching pins.

Figure 44 shows that skew is measured from the first
output to the last output and that tsgpwpr as well as
all other skew parameters pertains to both edges of
the output waveform. Figure 45 shows the 4Qn out-
put pair loaded with the datasheet load. Although
it may look like one output waveform, both outputs
of the 4Qn pair are displayed. Figure 46 shows the
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CMOS OUTPUTY Rt=50,Vt=2.5,Cl=30,L=0"
4V

""‘\\SOURCE

il / \

i

L
|
LOAD
—1V D=C23-
—27'4ns 5ns/div ET 22.6n

Figure 45. Lumped Load with Datasheet Load

Vv CMOS OUTPUT$ Rt=50,Vi=2.5,Cl= = |
500mV] d |
/di |
EA |
>
. SOURCE |
trig’d 1
) |
] LOAD

Y D=C23—

—2.74ns 500ps/div. ET 2.26ns

Figure 46. tsgkpwpr Measurement

measurement of tsgpwpr With an expanded voltage
and time scale as being only 27 ps.

tskewo - Zero Output Skew

CY7B99x—5
Parameter Min. Typ. Max. Unit
fSKEW0 0.25 0.5 ns
CY7B99x—-7
Parameter Min. Typ. Max. Unit
tSKEWO 0.3 0.7 ns

tskEwo is the maximum skew between the first out-
put edge and the last output edge of all outputs when
all outputs are configured for 0 ty. This specifica-
tion also applies to outputs that are not adjusted
when another output is divided-by-two or divided-
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by-four. Bench data indicates that these skew values
are usually no greater than 350 ps.

For example the skew between any of the outputs in
Figure 33 is no greater than 500 ps. The maximum
skew between the 1Qn and 2Qn outputs in Figure 38
is also 500 ps, even though both the 3Qn and 4Qn
outputs are divided.  This assumes that a
CY7B99x—5 is used to generate these signals.

tskewi © Output Skew (Rise-Rise, Fall-Fall, Same
Class Outputs)

CY7B99x—-5
Parameter Min. Typ. Max. Unit
{SKEW1 0.25 0.5 ns
CY7B99x—-7
Parameter Min. Typ. Max. Unit
{SKEW1 0.3 0.7 ns

tskew1 is specified as the maximum amount of skew
between outputs of the same output class selected
for the same output adjustment without restrictions
on the placement or function of other outputs. For
the purposes of skew specification, there are three
types of output classes:

e Nominal: Outputs that are selected for phase ad-
justment, but not inversion, division, or multi-
plication are of the Nominal output class. This
also includes outputs that are not phase adjusted
when other outputs have a non Oty configuration.

e Divided: This class of outputs includes the 3Qn
and 4Qn outputs that are configured for divide-
by-two or -four mode (3Fn=HH, or LL, and 4Fn
= LL). Even when these outputs are configured
this way and selected as the FB input, the are still
considered to be part of the Divided output class.

e Inverted: This class of outputs includes the 4Qn
outputs configured in the inverted mode of opera-
tion (4Fn = HH). The Inverted output class also
applies to a 4Qn output configured for phase in-
version and used as the FB input.

This parameter, as in the case of tsKkwPR, 0, and 3 ap-
plies not only to rising edge to rising edge output
skew, but also to falling edge to falling edge skew.
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Figure 47. Multi-Function Clock Buffer

Figure 47 illustrates a an example of when to use
tskew1 to calculate output skew. The maximum
skew between the 1Qn and 2Qn outputs, when they
are selected in this case for —4 time unit adjustment,
is no greater than 700 ps. The maximum skew be-
tween the 4Qn and 3Qn when both are selected for
divide —by—two is also 700 ps.

Figure 48 shows a diagram of an output (Adjusted Q)
that has been programmed to occur N time units
(ty) later than another output (Q). The maximum
amount of time between these two outputs will be

torr = N X ty + tskew Eq. 27

and the minimum amount of difference between
these two outputs is

Eq. 28

torr = N X ty — tekew

Where N is difference in the calculated tap delays
between these two outputs. There is no need to add

!Nty Nty <

Adjusted Q ’
tuE >

< p | < lE

Figure 48. Programmable Adjustment Error

twice the tsgrpwi time in order to calculate the mini-
mum and maximum time difference.

For example, the minimum and maximum time be-
tween the 1Qn and 2Qn outputs in a system confi-
gured as in Figure 35 using a CY7B991—5 operating
at 50 MHz would be

1 ) — 5=1.04ns

tDIFF(min) =2 (50*106 X 26 Eq 29

— 0% 1 =
tDIFF(max) - 2 (50*106 X 26) + .5 2.04nS Eq. 30

The time difference between the 3Qn and 4Qn out-
puts (which were not phase adjusted) and the 1Qn
and 2Qn (which were phase adjusted in opposite
directions) would be

1 ) — .5 =.269ns

tDIFF(min) = (m Eq 31

1 ) + .5 =1.269ns

tDIFF(max) = (50 *106 X 26 Eq 32

These equations give the worst-case time value be-
tween outputs skewed by 1 time unit when operating
at 50 MHz. No additional output skew parameters
need to be added. The ordering, including skew, be-
tween two outputs that are phase adjusted, can al-
ways be determined from the functional input selec-
tions. This is shown in the above example where the
minimum time between two output adjusted by one
time unit was determined to be 269 ps.

tskew? - Output Skew (Rise-Fall, Nominal-Inverted,
Divided-Divided)

CY7B99x—-5
Parameter Min. Typ. Max. Unit
tSKEW?2 0.6 1.2 ns
CY7B99x—7
Parameter Min. Typ. Max. Unit
tSKEW?2 1.0 1.5 ns

This skew parameter specifies the amount of output
skew between the rising or falling edge of a Nominal
output and the opposite edge of an Inverted output
as generalized in Figure 49. This parameter also ap-
plies to opposite edge transitions between Divided
outputs.
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For example, in Figure 39, the output skew between
the opposite edge transitions of the the 3Qn and
4Qn outputs selected for divided mode is no greater
than 1.2 ns. The magnitude of this number compen-
sates for the different in the rising and falling edge
rates.

tskews © Output Skew (Rise-Rise, Fall-Fall, Different
Class Outputs)

This output skew parameter specifies the maximum
opposite edge transition difference between differ-
ent class outputs as generalized in Figure 49. In Fig-
ure 39, the maximum difference between the oppo-
site edge transition of the 4Qn or 3Qn outputs and
the 10Qn and 2Qn outputs would be no greater than
1.3 ns

tskews © Device-to-Device Output Skew

This output skew parameter specifies the maximum
same edge transition difference between different
class outputs. In Figure 39, the difference between
the rising edge of the 4Qn or 3Qn outputs that are
configured for divided mode and the rising edge of
the 1Qn and 2Qn outputs will be no greater than
1 ns.

tskEw4 © Output Skew (Rise-Fall, Nominal-Divided,
Divided-Inverted)

CY7B99x—-5
Parameter Min. Typ. Max. Unit
tSKEW4 0.6 1.3 ns
CY7B99x—7
Parameter Min. Typ. Max. Unit
tSKEW4 1.2 1.7 ns
Q
> < > |
Other Q

Figure 49. tsgkpw:2 and tggpws Measurement
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CY7B99x-5 CY7B99x
Parameter Min. Typ. Max. Unit Parameter Min. Typ. Max. Unit
tSKEW3 0.6 1.0 ns tSKEWS 0.2 ns
CY7B99x—7 . . .
- ) Taken by itself, this parameter has very little mean-
Parameter Min. Typ- Max. Unit ing in a system design. It must be used in conjunc-
SKEW3 0.7 12 ns tion with the other output skew parameters dis-

cussed above. This parameter states that the
maximum variation in tpp between two devices op-
erating at the same frequency, temperature, and
voltage will be no greater than 200 ps. This means
that the device to device skew between two outputs
used as the FB input will be no greater than 200 ps
under these circumstances.

Figure 50 (an adapted version of Figure 39) shows
two RoboClock devices configured as in Figure 39
connected in parallel. To calculate the device to de-
vice skew for outputs configured for 0 ty use the
tskewo parameter of each device plus tsggws as in
the following equation:

tskew = Uskewo) T tskewo + Lskews

teew= 0.5+ 0.5+ 0.2 = 1.2ns Eq. 33

This will give the output skew between the 2Qn and
1Qn output skew between devices 1 and 2. To calcu-
late the output skew between the rising edges of the
divided outputs and the 0-phase-adjusted outputs,
use the following equation:

tskew = tSKEV\B(l) + tSKEV\B(Z) + tskevs

toew= 1.0+ 1.0+ 0.2 = 2.2ns Eq. 34

In general, to calculate the skews between two de-
vices, add the relevant skew component from each
device and add 200 ps.

Figure 51 gives a slightly more complicated example
to illustrate how to calculate device-to-device skew.
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Device 3 has been added to the previous example.
The outputs of this device are driving the REF in-
puts of devices 1 and 2. The only additional compo-

[

FB 1
REF
Vce | FS
4F0 4Q0 }—
4F1 4Q1 f—
] 3F0  3Q0
b 3F1 3Q1 —
— 2F0 2Q0 }—
20MHz -1 2F1 2Q1 —
— —{ 1F0  1Q0 |—
= — 1F1 1Q1 p—
REF 2
Vce | FS
4F0 4Q0 }—
4F1  4Q1 |—
1 3FO0 3Q0
] 3F1 3Q1 |—
- 2F0 2Q0 }—
— 2F1 2Q1 —
— 1FO0 1Q0 }—
- — 1F1 1Q1 e
=

Figure 50. Part-to-Part Skew Example

nent to add to the output to output skew for devices
1 and 2 is the output-to-output skew of device 3. The
part-to-part skew between devices 1 and 2 for out-
puts that are left unconfigured (1Qn and 2Qn) is
now

tskew = tSKEV\D(S) + tSKE\M(l) + tSKE\M.(Z) + tskews

tskew= 0.5+ 0.5+ 0.5+ 0.2 = 1.7ns Eq. 35
topcv : Output Duty Cycle Variation
CY7B99x—5
Parameter Min. Typ. Max. Unit
topcv -1.0 0.0 +1.0 ns
CY7B99x—5
Parameter Min. Typ. Max. Unit
topcv -12 0.0 +1.2 ns

This parameter specifies the difference in the out-
put duty cycle from 50%. It is measured at 1.5V.
This parameter indicates, for example, that the out-
puts of the CY7B99x—5 have a worst-case duty cycle
of 42/58, and at 15 MHz the duty cycle is 48.5/51.5
worst case. The AC Characterization section con-
tains data on how the value of this parameter varies
with loading, voltage, and temperature.

toRISEs toraLL : Output Rise and Fall Time

| CY7B991-5
| FB 1
REF Parameter Min. Typ. Max. Unit
l  Fs
4F0 480 L tORISE 0.15 1.0 1.5 ns
| FB 3 ——p 4F1 - 4Q1 t 0.15 1.0 15 ns
emm— REF ] 3F0 3Q0 OFALL
20MHz— Fs ] 3F1 3Q1 — CY7B992-5
—_] Z‘E? 28? — —_] SE? 389 — Parameter Min. Typ. Max. Unit
—i 3F0 3Q0 -1 1F0 1Q0 }—
3 3Q1 = L iR 1l = {ORISE 0.5 2.0 25 ns
— 2||§o 280 - = tOFALL 0.5 2.0 2.5 ns
— 2F1 2Q1 j—
A0 100 |— CY7B991-7
— 1F1 1Q1 —l s Parameter Min. Typ. Max. Unit
| REF 2 tORISE 0.15 1.5 2.5 ns
[ Fs
4F0 4Q0 |— tOFALL 0.15 1.5 2.5 ns
] 4F1 4Q1 e CY7B992—7
] 3FO0 3Q0
] 3F1  3Q1 |— Parameter Min. Typ. Max. Unit
-1 2F0 2Q0 j}—
—J]2F1 2Q1 |— tORISE 0.5 3.0 5.0 ns
—{ 1F0  1Q0 f— t 0.5 3.0 5.0 ns
L iF e OFALL

Figure 51. Devices in Parallel and Serial

The output rise and fall time are measured with dif-
ferent loads for each of the four devices. The
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5V

130

CL = 50pF
(30pF for’—5) :l__ 91

Figure 52. TTL AC Test Load

Vce

100

CL = 50pF
(30pF for ’—5) :l__ 100

Figure 53. CMOS AC Test Load

CY7B991 devices (TTL) are tested with the load
shown in Figure 52. The 1302 over 91Q2 load is the
recommended parallel termination for 50€2 trans-
mission lines. For the —7 devices a 50-pF load is
used to test all AC parameters for the —5 devices a
30-pF load is used. Figure 53 shows the CMOS de-
vice test load (CY7B992).

The TTL and CMOS devices are also measured be-
tween different voltage levels. Figure 54 shows that
the TTL rise and fall time parameters are measured
between 0.8 and 2.0V, and Figure 55 shows that the

3.0V
2.0V 2.0V
Vth = 15V / Vth = 15V
0.8V 0.8V
0.0V
torise ™ [* > 1 toraLL

Figure 54. TTL Output Voltage Levels

Vee
80% 80%
Vin = VCC/2 / Vih = VCC/2
20% 20%
0.0V
torise * [* > % toralL

Figure 55. CMOS Output Voltage Levels

CMOS rise and fall times are measured between
20% and 80% of Vc.

The outputs edge rates of these devices are con-
trolled to about 1 V/ns to minimize the generation
of system noise and transmission line effects. The
AC Characterization section will give examples of
how this parameter varies with loading, voltage, and
temperature.

tpwi, tpwi : Output High and Low Time Devi-
ation from 50%

CY7B991-5
Parameter Min. Typ. Max. Unit
tPWH 2.5 ns
tPWL 3 ns
CY7B992-5
Parameter Min. Typ. Max. Unit
tPWH 3.5 ns
tPWL 3.5 ns
CY7B991-7
Parameter Min. Typ. Max. Unit
tPWH 3 ns
tPwL 35 ns
CY7B992-7
Parameter Min. Typ. Max. Unit
tpwH 5.5 ns
tpwL 5.5 ns

The output pulse width high and low times are speci-
fied as deviations from an ideal 50/50 duty cycle.
tpwi is measured above the 2.0V (80% Vc) for the
TTL (CMOS) devices and tpwr, is measured below
0.8V (20% V) for the TTL (CMOS) devices. The
value of these parameters can be calculated from
the combination of the topcy parameter and the
torise and toparr, parameters. The specifications
can be calculated as follows

Viax — V-

town = 2* topor * | e — TH)+t

PWH OR/OF (VMAX — VMIN OoDCv Eq 36
Vi =V,

towt = 2% togor * [ — - M'N)+t

PWL OR/OF (VMAX — VMIN OoDCV Eq 37
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Where toror represents either the rise time or fall
time of the output since they are equal, V1y repre-
sents the measurement threshold (TTL = 1.5V and
CMOS = V((/2), Vmax represents the maximum
voltage point of rise and fall time measurements and
VMin represents the minimum voltage point for rise
and fall time measurements.

AC Characterization

Included with this application note are output rise
time, output fall time, and output duty cycle varia-
tion versus temperature, voltage, capacitive load-
ing, and termination voltage.

Output Rise Time

As explained previously, output rise time (toRrisSg)
is the maximum amount of time it takes the output
to rise from the 0.8V to the 2.0V level.

Figure 56 shows the variation in output rise time
based on capacitive loading. This graph can be used
to calculate the skew caused by the unequal loading
of outputs.

Figure 57 shows the output rise time versus voltage
over temperature. Within the normal operating
limits of RoboClock (4.5 to 5.5V), the output rise
time varies very little with respect to temperature.
This means that, within a normal board environ-
ment, output rise time will not significantly vary due
to minor variations in temperature or voltage.

Figure 58 shows the output rise time vs. termination
voltage. In the section entitled Transmission Line
Termination the parallel termination Thevenin volt-
age was specified as 2.06V for the CY7B991 —x de-
vices. This figure shows that because output rise

1.5
? _
o 1
E
l_O
o U.3
F

0,

0 20 40 60 80 100

Capacitance (pF)

Figure 56. Rise Time vs. Capacitance

time does not vary with termination voltage, conve-
nient resistor value can be chosen that maintain
Rty = Z within the limits of 1.5V < Vg < 2.5V.

Output Fall Time

Output fall time is the amount of time it takes for the
output to swing from 2.0V to 0.8V.

Figure 59 shows the variation in output fall time with
load capacitance. Figure 60 shows the output fall
time vs. chip voltage at various temperatures. No-
tice that there is almost no variation in output fall
time due to changes in device temperature. Figure
61 shows the output fall time vs. termination
voltage.
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Figure 57. Rise Time vs. Voltage over Temperature
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Figure 58. Rise Time vs. Termination Voltage
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Figure 59. Fall Time vs. Capacitance
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Output Duty Cycle Variation

Output duty cycle variation is the difference in the
output pulse width from the ideal 50%. This param-
eter is measured at the 1.5V level. Characterization
of this parameter was performed by measuring the
output pulse width high. Measurements were taken
at two different REF input cycle times (Tref): 50 ns
and 12 ns.

Figure 62 and Figure 63 show the variation in output
duty cycle due to variations in output capacitance.
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Figure 60. Fall Time vs. Voltage
over Temperature
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Figure 61. Fall Time vs. Termination Voltage
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Figure 62. Pulse Width High vs. Capacitance
trRer = S0ns

These graphs indicate that if the outputs are loaded
according to the datasheet specification, the output
duty cycle will be very near 50%.

Figure 64 and Figure 65 show the output pulse width
high vs. device voltage over temperature. These
graphs indicate that the propagation delay differ-
ence between the rising and falling edge of the out-
puts varies according to frequency. For operation
withinthe £10% V cc and the commercial tempera-
ture range, the output duty cycle specification is
+500 ps.

Figure 66 and Figure 67 show the output pulse width
high vs. termination voltage. Both of these graphs
indicate that with normal variance in termination
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Figure 63. Pulse Width High vs. Capacitance
trer = 12ns

21y s 3 ¥ 3

20.5

20

|

19.5 el

5.0 6.0
Voltage (V)

Figure 64. Pulse Width High vs. Voltage
over Temperature
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voltage the output duty cycle specification remains
within the +500 ps range.

DS MAX

@ 6.5 3
e T=-55 _—
5 Sl?f F—155
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Conclusion

RoboClock provides system designers with a multi-
functional resource that solves most clock distribu-
tion problems. The third-generation PLL architec-
ture based on a distributed phase clock oscillator
allows phase shifting, division, multiplication and
inversion of outputs with over 26,000 possible out-
put configurations. These features combine to offer
compensation for trace-length differences, elimina-
tion of set-up and hold time mismatches, multiplica-
tion of lower-frequency system clocks, division of
system clocks for lower-performance system com-
ponents, and phase inversion for multiphase clock-
ing. All of these benefits are combined with ex-
tremely low skew outputs, low device propagation
delay, and high-frequency operation to provide the
most full-featured device available.
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