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INTRODUCTION

Insynchronous systemswhere timing and performance of the systemare
dependent on the clock, integrity of the clock signal is important. Thus
information on the characteristics of IDT clock buffers are provided in this
applicationnote. IDT has afamily of low skew clock distribution chips. This
application note discusses both IDT clock buffer characteristics and general
clockdistributionissues. Information on IDT’s phase-lock loop-based clock
distribution chips can be foundin specific datasheets and a separate application
note (AN-155).
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CLOCKBUFFERCHARACTERISTICS

AIlIDT clock buffers have 150to 200mV of hysteresis. Theirinputstructure
is similar to other FCT/FCT-T devices and is shown in figure 1(next page).
5V FCT-T (TTL outputs) clock buffers have a totem pole output structure
consisting of an nchannel pullup transistor and an n-channel pulldown
transistor. 5V FCT (CMOS outputs) clock buffers and 3.3V clock buffers,
however, have a p-channel pullup instead. Figure 2 (next page) shows the
two types of clock buffer output structures.
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Figure 1: IDT Clock Buffer Input Structure

The devices with p-channel pullups have rail-to-rail output voltage
swings, while devices with n-channel pullups have TTL output voltage swings.
This difference is highlighted in a datasheet by typical Vo specifications as
showninthe tables below.
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CMOS Output: FCT805/806, FCT3805, FCT3807

Another difference between the two types of output structures is the
parasitic diode clampto Vcc. 5V FCT-T buffers have no diode clampto Vee,
while 3.3V devices and 5V FCT buffers have the diode.

Static drive specifications in datasheets are often standard values
maintained for compatibility reasons. The output drive characteristics of a
device are usually more accurately represented by typical V/I curves. The
output V/lgraphs for the pullup(logic high) and pulldown(logic low) stages of
IDT clock drivers are showninfigures 3,4,5and 6 (nextpage). The equivalent
outputimpedance of the driver can be obtained from the straightline portion of
the output V/I curves. The FCT LOGIC HIGH, FCT-T LOGIC HIGH, and
CLOCKBUFFER OUTPUT DRIVE tables present output driver information
onvarious IDT clock buffers. Clocklines are oftenrequired to drive long traces
and need sufficient drive capability for this. IDT Clock drivers typically have
strong outputdrivers. Transmission line impedances have been superimposed
onthe outputV/l curvesinfigures 3,4,5and 6 to give anidea of theimpedance
the driver is capable of switching. In addition to the 502 load the graphs also
show the minimum impedance each driver is capable of switching on first
incidence. As more aggressive technologies are introduced speeds and edge
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Figure 2: IDT Clock Buffer Output Structures

FCTLOGICHIGH

Symbol Parameter Test Conditions Min. Typ. Max. Unit
VoH Output HIGH Voltage Vee = Min., Vin = ViH or ViL (VHe = Vee - 0.2V), lon = -15mA VHe Vce - v
FCT-TLOGICHIGH
Symbol Parameter Test Conditions Min. Typ. Max. Unit
VoH Output HIGH Voltage Vce = Min., ViN = ViH or Vi, lod = -15mA 24 3.3 - Vv
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Figure 5: FCT3805/ 3807 Output LOW Figure 6: FCT3805/ 3807 Output HIGH
CLOCKBUFFEROUTPUTDRIVEAND IMPEDANCE
Output Voltage Dymanic Drive (typ.) Static Drive Specs
Device Swing Ron (HIGH) Ron (LOW) looH/ loLp lon/ ToL
FCT805/806 CMOS 25Q 4Q -120/320mA -24/64mA
FCT3805T/806T TIL 25Q 8Q -70/210mA -15/48mA
FCT807T TIL 33Q 8Q -80/175mA -15/48mA
FCT3805 CMOS 12Q 19Q -50/115mA -8/ 24mA
FCT3807 CMOS 12Q 29Q -50/135mA -8/24mA

rates get faster. The CLOCK BUFFER OUTPUT DRIVE table summarizes ~ BUFFERtables. AC parametersforlogic devices are specifiedwithastandard
typical edge rates encountered with IDT clock buffers. These edgeratesare  testload of 50pFin parallelwith 500€2. Inthe case of clock buffers, some devices
measured between 10% and 90% levels into a standard 50pF, 500Q load.  likethe 807 and 3807 are specified with several differentload configurations
Inadditiontothisrise and fall times between 0.8V and 2.0V are also specified  thatinclude pure capacitive loads and transmission line loads. This provides

inthe datasheet. userswithacloserapproximationtothe real life load. AC performance tends
to degrade at higher capacitive loads and this performance penalty can be
ACCHARACTERISTICS estimated using derating factors. Typical derating factors for IDT clock buffers
IDT clock buffers are availableinanumber of differentspeed gradesand '€ - _ _
key parameters are shown in the 5V CLOCK BUFFER and 3.3V CLOCK Propagation delay load derating 2ns/100pF
Output skewload derating 75ps/10pF
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5V CLOCK BUFFER PERFORMANCE

Parameter 805,806 805A,806A | 805BT,806BT | 805CT,806CT 807BT 807CT
tPp 65 58 5 45 38 35
5¢(0) 07 07 07 05 05 025
tsk(p) 1 1 07 06 05 035
tsk(r) 15 15 12 1 1 075

3.3VCLOCK BUFFER PERFORMANCE

CLOCKBUFFEROUTPUT EDGE RATES®

SIGNALINTEGRITY

Noise onaclocklineisharmful because itcanresultinfalse switchingand
datacorruptionin downstream devices. Taking appropriate stepstoreduce
noiseonthe clocklineis critical since it canhave wide ranging effects on systems
ranging from EMI and system malfunction to degradation of performance and
reliability. This section provides some guidelines onimproving clock signal

integrity.

Switching noise

Asinthe case of all high performance logic, akey contributor to noise on
aclockline is simultaneous switching noise or “ground/Vcc bounce”. Every
device has certain inherent switching noise characteristics which can be
compared by means of aground bounce test. Thistestrequires that the effect
of simultaneously switching outputs be measured on a “quiet” or low output.
Thisisnotalways possible, especially inthe case of clock buffers - there may
be no “quiet” output available. In such cases, overshoot and undershoot on
aswitching output can be used as the next best measure of switching noise.
Ve or ground noise is given by,

Ve = Ledi/dt = Le (Cr.d?V/dt?)

where

Le =Vcc or ground lead inductance

CL=Load capacitance

dV =Output voltage swing

dt=rise/falltime

The equation shows that switching noise is dependent on package
inductance, edge rates, output voltage swings and the outputload.

a.Packageinductance
Packages with reduced lead inductances are to be preferred. Usually
smaller packagestendto have lower associated package inductances.

b. Edge rates
Fasteredge rates are usually responsible for generating greater ground
bounce because Vgisinversely proportional to the square of dt. Edge rates

Parameter 3805 3805A 3807 3807A Device Rise Time Fall Time
tPD 5.8 5 48 43 FCT805/806 3ns 1.7ns
tsk(0) 07 07 05 0.35 FCT805T/806T 3.5ns 2.6ns
tsk(P) 1 0.7 0.5 0.35 FCT807T 3ns 1.7ns
tsk(T) 15 12 1 0.75 FCT3805 2.5ns 1.6ns
FCT3807 3.7ns 2.3ns

NOTE:

1. Typical output edge rates between 10% and 90% levels.

CLOCK BUFFER PACKAGEPARASITICS®

Package Inductance L, nH Capacitance Cin/ Cour, pF
PDIP-20 8nH 6pF/8pF
PDIP-24 12nH 6pF/8pF
SOIC-20 5nH 6pF/8pF
SOIC-24 6nH 6pF/8pF
SSOP-20 4nH 6pF/8pF
SSOP-24 4nH 6pF/8pF
QSOP-20 3.5nHY 6pF/8pF
QSOP-24 3.5nHY 6pF/8pF
NOTE:

1. Modeled approximation.

on IDT buffers are given in the CLOCK BUFFER OUTPUT EDGE RATES
table.

c. Outputvoltage swings

Wider outputvoltage swings generate more switching noise(larger dV).
Thus TTL outputs (FCT-T devices) are preferred over CMOS outputs (FCT
devices) for 5V designs.

d.Outputload

The outputload effects two factors inthe above equation - CLand dt. Ve
isdirectly proportional to CL and inversely proportional to dt?. Increasing the
outputload causes both CLand dtto go up. Usually the effect of the increase
indtdominates and the switching noise decreases withincreasingload, butthis
isnotalinear variation and the decrease in switching noise tends to flatten out
atlarge loads. The effect of other parasitics in the equation can also cause
unpredictable effects with increasing capacitive load.
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Transmission Line Reflections

Traceslongerthanfour orfiveinches appear astransmission linestoan
FCT/FCT-T driver. Thisisbecause anoutput edge rate fasterthan two or three
timesthe transmission line delay requires special consideration over asimpler
lumped capacitive load model. Typical microstriptraces have alineimpedance
of 70Q2 which corresponds to aline capacitance of 2pF perinch or adelay of
0.15nsperinch. Typical FCT edge rates lieinthe 2nsrange. Once ithas been
determinedthatthe loadisinfactatransmissionline, the line should be properly
terminatedin order to reduce line reflections. There are two main questions
thatarise:

1) Does the driver have sufficient drive capability to achieve firstincidence
switching at the receiver or the sending end of the line?

This canbe verified by drawing aline with slope corresponding tothe line
impedance fromthe quiescent point (OV, 0mA for logic low and 3.5V, 0mA for
alogic high TTL output) and intersecting the driver's output V/l curve. Thisis
illustrated forthe various IDT clock buffersinfigures 3,4,5and 6. In caseswhere
theline hasloads distributed along its length, theimpedance ofthe line isdriven
down further. The loaded line impedance is given by:

ZL=Zo[Col (Co+ Cu) ]*2

where

Zo - the unloaded line impedance

Z1 -loaded line impedance

Co-theinherentline capacitance per unitlength
CL-the load capacitance per unitlength.

Forexample, a 10inch long 70Q2 line loaded with two distributed loads
of 8pF each presents a lowered effective line impedance of ~52Q. A lower
impedance now requires a stronger driver to drive to the same logic voltage
threshold.

2) Isthe line properly terminated to prevent line reflections and ringing?

The line can be terminated either at the near end or the far end. Series
termination is used at the near end and parallel termination, Thevenin
termination or actermination is usedatthe farend. Near end termination seeks
to match the source end impedance (output driver + series resistor) and
absorbs relections at the near end. Far end termination seeks to match the
termination value tothe lineimpedance preventing any reflections atthe farend.
The advantages and disadvantages ofthe different termination schemes are
discussed in greater detail in a separate IDT application note.

a. Type oftermination

In general, the preferred termination techniques are series or ac
termination. Fortighttiming budgets series termination sometimes poses a
problem by adding to the output skew.

b. Termination values

Series termination - Sum total of driver output impedance and series
resistor should equal the lineimpedance. Assuming aloaded lineimpedance
of 50€, a termination value of 25Q to 332 usually works.

Parallel termination - Termination value should match the line impedance.

Thevenintermination - Equivalent Theveninimpedance should matchthe
lineimpedance. Alsothe voltage at the line termination point should be above
the threshold voltage of the receiver. Terminating with 100Qto Vcc & 100Q
toground matches a50Q2lineimpedance and also maintains avoltage atthe
line termination point of Vcc/2 which is above the receiver input threshold of
2.4V,

AC Termination - Here the value of the termination resistor should match
thelineimpedance and the terminating capacitor value should be suchthatRC
time constant > 3timesthe line delay. Commonly used ac termination values
for a 50Q2 line are 50Q2 and 220pF.

Decoupling

Adequate and proper decoupling is very important. Bypass capacitors
provide the required current surge for transient switching. Some guidelines for
decoupling high speed clock buffers are given below.

1. Useceramic capacitors foreach Ve pin. 0.1mFisagood value to
use here. Onelarge MLC (multilayer ceramic chip capacitor) should
be used per chip for power supply bypassing. These work best for
power supply decoupling on account of their low inductance
characteristics. A10mFto50mF capacitor value is usually suitable
here.

2. Thebypass capacitor should be placed right at the device Vcc pin
where possible and connected to the ground plane onthe other side.
Capacitor, device and trace inductance which together make up the
Vce-ground loop length must be minimized.

3. Pickthe capacitorvalue based onthe device loading. The bypass
cap should be able to supply the required amount of switching
currentatfrequency.

Asanexample consider a case of a clock driverwith 10 outputs each driving
70Qtransmissionlines.

Total current required = 10 x 5V/ 70Q2 = 714mA

So,1=CdV/dt=714mA

Assuming an allowable Vcc droop of 30mV and an output edge rate of 2ns,
minimum required bypass capacitor value

=0.714 x2ns/ 30mV

=0.047mF
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Figure 6: Recommended Decoupling

Forlower values of line impedance, lincreases and therefore a higher
capacitorvalue may be required. Figure 7 shows decoupling schemesfor IDT
clock buffers.

EMI

Thereisastrong correlation between noise and EMI, so all precautions
discussedin previous sections should be reviewed carefully when seeking to
reduce EMI. Inaddition, some simple rules pertaining to board layout can help
in reducing EMI.

Arule ofthumbfor reducing EMIisto ensure that the clock driverislocated
towardsthe center of the PCB rather than at the periphery. The magnetic dipole
moments tendto be higherwhenthe clock traces are located atthe periphery
ofthe board or card worsening the risk of EMI. Burying the clock traces ininner
signal layers sandwiched between ground and Vcc planes is also a good
precaution. For clock signals thatare routed on asurface layer, additional EMI
protection can be achieved by routing groundtraces parallelto and on either
side of the clock trace. Refer to REFERENCES for recommendations on
spacing the vias connecting these ground traces to the ground plane.

Narrow signal traces tend to increase high frequency damping and
reduce capacitive coupling betweentraces. Thus4to8miltraces should be
used for clock signals. Right angles should be avoided as they increase the
trace capacitance and alsointroduce animpedance discontinuity that could
effectsignalintegrity. Crosstalk can contribute to EMI, soensure thatthere are
no clock lines running on long traces parallel to each other. Spacing between
traces should atleast equal the trace width.

Designstoday call for the use of high speed logic families whose faster
edgeratestendtoradiate more highfrequency energy. Itisimportanttherefore
that the board enclosure contain the radiated energy. Shielding plays an
important role in reducing EMI and adequate shielding should be provided
around openingsinthe board enclosure such as cable or wiring outlets, disk
drives, etc.

Ferrites are commonly used to suppress high frequency commonmode
radiation. The impedance of a ferrite varies with frequency, so that at high
frequenciesitbehaves more like aresistor thananinductor. Thus by choosing
aferrite withappropriate impedance characteristics over frequency the ferrite's
resistive losses can be usedto eliminate specific offending frequency radiation.

SUMMARY

This application note seeksto provide designers with information onthe
characteristics of IDT clock buffers and guidelines to reduce noise on the clock
signals. The designer is advised to refer to current IDT datasheets for
specificationsonall IDT clock products.

REFERENCES
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