LANSDALE

ML145170

PhasetFrequency Detector

PLL Frequency Synthesizer
with Serial Interface

Legacy Device: Motorola/FreescaldviC145170-2

The LansdaleML145170is a singlebchipynthesizecapalte of direct
usagen the MF, HF andVHF bandsA specialarchitecturemakesthis
PLL easyto program. Eithera bitbor byteborientedormatmay be used.
Dueto the patentedBitGrabber? registers,no address/steerinigits are
requiredfor randomacces®f thethreeregisters.Thus,tuning canbe
accomplishediia a 2blyte serialtransferto the 16-bit N register

The device featuredully programmalbe R andN countersanamplifier
atthefin pin, onbchipsuppot of anextemal crystal, a programmatte ref-
erenceoutput,andboth single anddoubdebendeghasedetectorswvith
lineartransferfunctions(no deadzones)A configuration(C) register
allows the patrt to be configuredto meetvariousapplicationsA patented
featureallows the C registerto shutoff unusedoutputs,therely minimiz-
ing noiseandinterference.

In orderto reducelock timesandpreventerroneousdatafrom being
loadedinto the countersa patentedam load featureis included.
Wheneer a new divide ratio is loadedinto the N register boththe N and
R countersarejambloadedvith their respectire valuesandbegin count-
ing down together The phasedetectorsarealsoinitialized during the jam
load.

¥ OperatingvoltageRange:2.7to 5.5V
¥OperatingTemperaturdkangeTa = D40%o +85C
¥ Maximum OperatingFrequeny:

185MHz @ Vin =500mVpp, 4.5V Minimum Suppy
100MHz @ Vin =500mVpp, 3.0V Minimum Suppy

¥ OperatingSuppy Current:
0.6mA @ 3.0V, 30 MHz
1.5mA @ 3.0V, 100MHz
3.0mA @5.0V, 50 MHz
5.8mA @ 5.0V, 185MHz

¥ R CounterDivision Range:1 and5 to 32,767

¥ N CounterDivision Range:40to 65,535

¥ Direct Interfaceto Motorola SPI SerialDataPort

¥ SeeApplicationNotesAN1207/DandAN1671/D

¥ See web site www.lansdale.com for ML 145170 control software

BitGrabber? is atrademarkof Motorola/Feescale
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MC145170P2
MC145170D2
MC145170DT2

ML145170EP
ML145170-5P
ML145170-7P

Note: Lansdale lead free (Pb) product, as it
becomesavailalle, will be identified by a part
number preik change fromML to MLE .

PIN CONNECTIONS

0SCiy [1][° [16] Voo
0SCoy [ 2] [15] 1v
REFou [ 3 [14] 1R
fin ‘I E PDout
Din [ 5 [12] Ves
ENB [ 6| [11] LD
CLK [ 7] [10] fy
Dout E E fR
(Top View)
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ML145170
BLOCK DIAGRAM

LANSDALE Semiconductor , Inc.

0SCiy ——»] .
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0SCoyt < -
15
4-Stage ) )
REF 3 Reference BitGrabber R Register
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Lock Detector 1 D
And Control
CLK —~
Shift
Register . )
D 5 ‘ P?n d BitGrabber C Register > Phase/Frequency 13
in 8 Bits D —
Control 16 > etector A And Control PDout
8 Logic ? A
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POR
14 |
___ 6 Phase/Frequency > 'R
15
ENB > Detector B And Control e 1y
BitGrabber N Register
16 Bits
fy Control 10, fy
Y
fin 4 16-Stage N Counter Pin 16 = Vpp
Pin 12 = Vgg

This device contains 4,800 active transistors.

MAXIMUM RATINGS (Voltages Referenced to Vgg)

Parameter Symbol Value Unit
DC Supply Voltage VDD -0.5t05.5 Vv
DC Input Voltage Vin -0.5to Vpp + 0.5 \
DC Output Voltage Vout -0.5to VDD + 0.5 \
DC Input Current, per Pin lin +10 mA
DC Output Current, per Pin lout +20 mA
DC Supply Current Vpp and Vgg Pins IDD +30 mA
Power Dissipation, per Package Pp 300 mW
Storage Temperature Tstg —65 to 150 iC
Lead Temperature, 1 mm from Case TL 260 iC
for 10 seconds

NOTES: 1. Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the limits in teh Electrical Characteristics

tables or Pin Descriptions section.

This device contains protection circuitry to
guard against damage due to high static
voltages or electric fields. However, pre-
cautions must be taken to avoid applications of
any voltage higher than maximum rated vol-
tages to this high—impedance circuit. For proper
operation, Vi and Vgt should be constrained
to the range Vgg < (Vjn or Vout) SVDD-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g. either Vgg
or Vpp). Unused outputs must be left open.
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg. Tp = —40° to 85°C)

0OSCi, = 1.0 MHz @ 1.0 Vpp;

LD, fg, fy, REFqyt = Inactive and No Connect;
OSCout, !'v, ! R, PDout = No Connect;

Din, ENB, CLK = Vpp or Vgs

Vpp | Guaranteed
Parameter Test Condition Symbol \% Limit Unti
Power Supply Voltage Range Vpp - 27t055 \Y
Maximum Low-Level Input Voltage [Note 1] DC Coupling to fin ViL 2.7 0.54 Vv
(Din, CLK, ENB, fin) 4.5 1.35
55 1.65
Minimum High-Level Input Voltage [Note 1] DC Coupling to fin Vi 2.7 2.16 v
(Din, CLK, ENB, fjn) 4.5 3.15
5.5 3.85
Minimum Hysteresis Voltage (CLK, ENB) Vhys 2.7 0.15 v
5.5 0.20
Maximum Low-Level Output Voltage lout = 20 HA VoL 2.7 0.1 v
(Any Output) 5.5 0.1
Minimum high-Level Output Voltage lout=—20 pA VoH 2.7 2.6 v
(Any Output) 5.5 5.4
Minimum Low-Level output Current Vout=0.3V loL 2.7 0.12 mA
(PDout, REFout, fR, fvi LD, IR, Tv) Vout=0.4V 4.5 0.36
Vout=0.5V 5.5 0.36
Minimum High-Level Output Current Vout=24V loH 2.7 -0.12 mA
(PDout, REFout, frs fw, LD, 'R, 1) Vout=4.1V 4.5 -0.36
Vout=5.0V 5.5 -0.36
Minimum Low-Level Output Current Vout=0.4V loL 4.5 1.6 mA
(Dout)
Maximum High-Level Output Current Vour=4.1V loH 4.5 -1.6 mA
(Dout)
Maximum Input Leakage Current Vin=Vpp or Vss lin 5.5 +1.0 HA
(Din, CLK, ENB, OSCjp)
Maximum Input Current Vin=Vpp or Vss lin 5.5 +150 HA
(fin)
Maximum Output Leakage Current  (PDgyt) | Vin= Vpp oOr Vss. loz 5.5 +100 nA
Output in High-Impedance State
(Dout) 5.5 +5.0 pA
Maximum Quieschent Supply Current Vin = Vpp or Vgs: Outputs Open; Ibp 5.5 100 HA
Excluding fi, Amp Input Current Component
Maximum Operating Supply Current fin = 500 mVpp; lgg - [Note 2] mA

NOTES: 1. When DC coupling to the OSG, pin is used, the pin must be driven rail-to—rail, In this case, OSC,,; should be floated.

2. The nominal values at 3.0 V are 0.6 mA @ 30 MHz, and 1.5 mA @ 100 MHz. The nominal values at 5.0 V are 3.0 mA @ 50 MHz, and 5.8 mA

@ 185 MHz. These are not guaranteed limits.
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AC INTERFACE CHARACTERISTICS (Ta=-40°to 85°C, C = 50 pF, Input t,=t, = 10 ns, unless otherwise noted.)

Figure Vbp Guaranteed
Parameter Symbol No. \ Limit Unit
Serial Data Clock Frequency (Note: Refer to Clock t,, Below) felk 1 2.7 dc to 3.0 MHz
4.5 dc to 4.0
55 dcto 4.0
Maximum Propagation Delay, CLK to Dgt tpLHs tPHL 1,5 2.7 150 ns
4.5 85
5.5 85
Maximum Disable Time, Dg; Active to High Impedance tpLz, tPHZ 2,6 2.7 300 ns
4.5 200
5.5 200
Access Time, Dot High Impedance to Active tpzL tpzH 2,6 2.7 0 to 200 ns
4.5 0to 100
5.5 0to 100
Maximum Output Transition Time, D ot CL =50 pF trLHs tTHL 1,5 2.7 150 ns
4.5 50
5.5 50
CL =200 pF 1,5 2.7 900 ns
4.5 150
5.5 150
Maximum Input Capacitance — Dj,, ENB, CLK Cin - 10 pF
Maximum Output Capacitance — Dqt Cout - 10 pF
TIMING REQUIREMENTS ( Tp = —40° to 85°C, Input t, = tf= 10 ns, unless otherwise noted.)
' Figure Vpp Guaranteed
Parameter Symbol No. \ Limit Unit
Minimum Setup and Hold Times, [, vs CLK tsu» th 3 2.7 55 ns
4.5 40
5.5 40
Minimum Setup, Hold, and Recovery Times, ENB vs CLK tsu, thy trec 4 2.7 135 ns
4.5 100
55 100
Minimum Inactive-High Pulse Width, ENB tw(H) 4 2.7 400 ns
4.5 300
5.5 300
Minimum Pulse Width, CLK tw 1 2.7 166 ns
4.5 125
5.5 125
Maximum Input Rise and Fall Times, CLK tp t 1 2.7 100 us
4.5 100
5.5 100
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Figure 1.
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Figure 3.
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*Includes all probe and fixtures capacitance.
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SWITCHING WAVEFORMS

Figure 2.
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*Includes all probe and fixtures capacitance.
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LOOP SPECIFICATION (Ta=-40°to 85°C)

Figure Vob Guaranteed Range
Parameter Test Condition Symbol No. \Y Min Max Unit
Input Frequency, fi, [Note] Vin # 500 mVpp Sine Wave f 7 2.7 5.0 80 MHz
N Counter Set to Divide Ratio 3.0 5.0 100
Such thatf $2.0 MHz 4.5 25 185
v 5.5 45 185
Input Frequency, OSGCi, Vin # 1.0 Vpp Sine Wave f 8a 2.7 1.0* 22 MHz
Externally Driven with AC—coupled OSCgyt = No Connect 3.0 1.0* 25
Signal R Counter Set to Divide Ratio 4.5 1.0* 30
Such that fg $ 2 MHz 5.5 1.0* 35
Crystal Frequency, OSGCj, and OSC,,; | C1 $ 30 pF fxTAL 9 2.7 2.0 12 MHz
C2 $ 30pF 3.0 2.0 12
Includes Stray Capacitance 4.5 2.0 15
5.5 2.0 15
Output Frequency REF; CL=30pF fout 10, 12 2.7 DC - MHz
4.5 DC 10
5.5 DC 10
Operating Frequency of the f 2.7 DC - MHz
Phase Detectors 4.5 DC 20
5.5 DC 20
Output Pulse Width, ! g, 'y, and LD fr in Phase with fy tw 11,12 2.7 - - ns
C_ =50 pF 4.5 20 100
5.5 16 90
Output Transition Times, CL = 50pF tTLH, 11,12 2.7 - - ns
I'g, 'y, LD, fg, and fy trHL 4.5 - 65
55 - 60
Input Capacitance fin Cin - - - 7.0 pF
0OSCi, - - - 7.0

* IF lower frequency is desired, use wave shaping or higher amplitude sinusoidal signal in AC—coupled case. Also, see Figure 22 for DC coupling
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Figure 7. Test Circuit f

. 100 pF F————
Sine Wave Test
Generator T H fn fv o Point
I
Vi, | ML145170 |
l I
VSS_ Voo _! V+

*Characteristic Impedance

Figure 8.
Figure 8a. Test Circuit, OSC Circuit Externally Driven [Note] Figure 8b. Circuit to Eliminate SelfbOscillation,
OSC Circuit Externally Driven  [Note]
V+
1.0
Sine Wave I_OS; - f_ Test Sine Wave r(;C_ - _f -0 Test
Generator in RI_o Point Generator in | Point

: ML145170 : ML145170 |

0SCou | 0SCoy :

| |

Vss  Vop Vss Vop
p— l_ — — J V+ — —— — V+
No Connect }-{ }—u
Figure 9. Test Circuit, OSC Circuit with Crystal Figure 10. Switching Waveform
_____ |
OSCm |
C1 | |
ML145170
I = | I Test
- I REFout =0 Point REF ot
|osCa |
I c2 L__Vss_ Voo, v
Figure 11. Switching Waveform Figure 12. Test Load Circuit
r— Test Point
| | Output
tw | Device
90% |  Under |
Output ~ 50% Test
P 0 10% l : I *Includes all probe and
= trHL —{ |« trin N L fixture capacitance.

NOTE: Use the circuit of Figure 8b to eliminate selfPoscillation of the OSC j, pin when the ML145170 has power applied with no external signal.
applied at Vj,. (Selfboscillation is not harmful to the ML145170 and does not damage the IC.)
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PIN DESCRIPTIONS

DIGIT AL INT ERFACE PINS
Din
Serial Data Input (Pin 5)

Thebit streambegins with the mostsignificantbit (MSB)
andis shiftedin on thelowbtobhighransitionof CLK. The bit
patten is 1 byte (8 bits) long to accesghe C or configuration
register 2 bytes(16 bits) to accesghe N register or 3 bytes
(24 bits) to accesghe R register Additionally, the R register
canbeaccessewvith a 15bbittransfer(seeTalde 1). An
optionalpatten which resetghe deviceis shavn in Figure 13.
Thevaluesin the C, N, andR registersdo not changeduring
shifting becausehe transferof datato the registersis con-
trolled by ENB.

The bit streamneedseitheraddresshor steeringbits dueto
theinnovative BitGrabberregisters.Therefore all bitsin the
streamareavailalde to be datafor the threeregisters.Random
acces®f ary registeris provided (i.e., theregistersmay be
accesseth ary sequence)Datais retainedin theregisters
over a suppy rangeof 2.7to 5.5V. Theformatsareshavn in
Figuresl13,14,15,and16.

Din typically switchesnear50% of Vpp to maximizenoise
immunity. This input canbedirectly interfacedto CMOS
deviceswith outputsguaranteedo switch nearrailbtobrail.
Wheninterfacingto NMOS or TTL devices,eitheralevel
shifter(MC74HC14A,MC14504B)or pullBupresistorof 1 to
10 kQ mustbe used.Parameterso considemwhensizingthe
resistorareworstbcasép|_ of thedriving device, maximum
toleralle powver consumptionandmaximumdatarate.

Table 1. Register Access
(MSBs are shifted in first, CO, NO, and RO are the LSBs)

Number Accessed Bit
of Clocks Register Nomenclature
91013 See Figure 13 (Reset)
8 C Register C7,C6,C5,E, CO
16 N Register N15, N14, N13,E , NO
15 or 24 R Register R14, R13, R12,E , RO
Other Values $ 32 None
Values > 32 See Figures
2431

CLK
Serial Data Clock Input (Pin 7)

Lowbtobhighransistionon Clock shift bits availalde at Djp,
while highbtobh transitionsshift bits from D gyt. The chip®
16D 1/2bstagshift registeris static,allowing clock ratesdown
to DC in a continuousor intermittentmode.

Fourto eightclock cyclesfollowed by five clock cyclesare
neededo resetthe device; thisis optional.Eight clock cycles
arerequiredto accesghe C register Sixteenclock cyclesare
neededfor the N register Either 15 or 24 cyclescanbe used
to accesgheR register(seeTale 1 andFigures13,14, 15,
and16). For cascadedlevices,seeFigures24 to 31.

CLK typically switchesnear50%of Vpp andhasa
Schmittbtriggerethput buffer. Slow CLK rise andfall times
areallowed. Seethe lastparagaphof Djp for moreinforma-
tion.
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NOTE

To guaranteeproper operationof the powverbonreset
(POR)circuit, the CLK pin mustbeheldatthe potential
of eithertheVssorVpp pin duringpower up. Thatis,
the CLK input shouldnot be floated or toggled while
theVpp pinis rampingfrom O to atleast2.7V. If con-
trol of the CLK pinis not practicalduringpower up, the
initialization sequencshaovn in Figure 13 mustbeused.

ENB
ActiveDLav Enable Input (Pin 6)

This pin is usedto activatethe serialinterfaceto allow the
transferof datato/from the device. WhenENB is in aninactive
high state shifting is inhibited Doyt is forcedto the
highbimpedancstate,andthe port is heldin theinitialized
state.To transferdatato the device, ENB (which muststat
inactive high) is takenlow, a serialtransferis madevia Oy and
CLK, andENB is taken backhigh. The lowbtobhighransition
on ENB transfersdatato the C, N, or R registerdependingpn
the datastreamlengthperTale 1.

Note
Transitionson ENB mustnot be attemptedvhile CLK
is high. This putsthe device out of synchronization
with the microcontroller Resynchronizatioomccurs
whenENB is highandCLK is low.

Thisinputis alsoSchmittbtriggeredndswitchesnear50%
of VDD, therely minimizing the chanceof loadingemroneous
datainto theregisters.Seethelastparagaphof Djn for more
information.

Dout _ _
ThreebStateSerial Data Output (Pin 8)

Datais transfered out of the 16D 1/2Dstagshift register
throughDgyt on the highbtobh transitionof CLK. This out-
putis a No Connectunlessusedin oneof the mannerdis-
cussedelow.

Doyt could befed backto anMCU/MPU to perform a
wrapbarountkestof serialdata.This could be part of a system
checkconductedht power up to testthe integrity of the sys-
tem®processqrPC boardtraces solderjoints, etc.

Finally, Doyt facilitatestroulde shootinga systemandper-
mits cascadinglevices.

REFERENCE PINS

OSCin/OSCout
ReferenceOscillator Input/Output (Pins 1, 2)

Thesepinsform areferenceoscillatorwhenconnectedo
terminalsof anextemal parallelBresonartystal. Frequeng
settingcapacitorof appropriatevaluesasrecommendedtly the
crystal supplierareconnectedrom eachpin to ground(up to a
maximumof 30 pF each,including stray capacitance)An
extemal feedbackresistorof 1.0to 5.0 MQ is connected
directly acrosghe pinsto ensurdinearoperationof the ampli-
fier. Therequiredconnectiongor the component@reshavn in
Figure9.

If desiredanextemal clock sourcecanbe AC coupledto
OSGn. A 0.01uF couplingcapacitoris usedfor measurement
purmposesandis the minimum sizerecommendedor
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applicationsAn extemal feedbackresistorof appraximately
5 MQ is requiredacrosshe OSGp andOSCoyt pinsin the
ACDBcoupledase(seeFigure 8aor altematecircuit 8b).
OSGutis aninternal nodeon the device and shouldnot be
usedto drive any loads(i.e. OSCoyt is unbufered).However,
the bufferedRERytis availalde to drive extemal loads.

The extemal signallevel mustbe atleastl V pbp;the maxi-
mumfrequenciearegivenin the Loop Specifications tale.
Thesemaximumfrequenciesappl for R Counterdivide ratios
asindicatedin thetale. For very smallratios,the maximum
frequeny is limited to the divide ratiotimes2 MHz. (Reason:
the phase/frequencdetectorsarelimited to a maximuminput
frequeny of 2 MHz.)

If anextemal sourceis availade which swingsvirtually
railbtobrai(Vpp toVs9, thenDC couplingcanbe used.In
the DCBcoupledase ho extemal feedbackesistoris needed.
OSGut mustbe a No Connectto avoid loadinganintemal
nodeon the device, asnotedabove. For frequenciebelow 1
MHz, DC couplingmustbe used The R counteris a static
counterandmay be operateddown to DC. However, wave
shapingby a CMOS buffer may berequiredto ensurefastrise
andfall timesinto the OSGp, pin. SeeFigure 22.

Eachrising edgeon the OSGp pin causeghe R counterto
decremenby one.

REFout
ReferenceFrequencyOutput (Pin 3)

This outputis the buffered outputof the crystalbgenerated
referencdrequeng or extemally providedreferencesource.
This outputmay be enalted disabled or scaledvia bits in the
C register(seeFigure 14).

REFRyyt canbe usedto drive a microprocessoclock input,
therely saving a crystal. Upon power up, the onBchip
powerbonDbinitializeircuit forcesRERyyt to the OSGp, divid-
edblb8mode.

RERytis capalte of operationto 10 MHz; seethe Loop
Specifications talle. Therefore divide valuesfor thereference
divider arerestrictedto two or higherfor OSGp, frequencies
abore 10 MHz.

If unusedthe pin shouldbe floatedandshouldbe disabied
via the C registerto minimize dynamicpower consumption
andelectromagnetiinterferencg EMI).

COUNTER OUTPUT PINS

fR
R Counter Output (Pin 9)

This signalis the bufferedoutputof the 15Dstag® counter
frR canbeenalted or disabled via the C register(patented)The
outputis disabed (staticlow logic level) uponpower up. If
unusedthe outputshouldbe left disalled andunconnectedo
minimizeinterferencewith extemal circuitry. .

ThefR signalcanbe usedto verify the R countergxivide
ratio. This ratio extendsfrom 5 to 32,767andis deteminedby
thebinaly valueloadedinto the R register Also, directaccess
to the phasedetectorvia the OSGp pin is allowed by choosing
adivide valueof 1 (seeFigure 15). The maximumfrequeng
which the phasedetectorsoperateis 2 MHz. Therefore the fre-
queng of fr mustnot exceed2 MHz.

When activated, the f R signal appears as normally low and
pulses high. The pulse width is 4.5 cycles of the OSCjp pin sig-

Page 9 of 26

www.lansdale.com

LANSDALE Semiconductor , Inc.

nal, except when adivide ration of 1 is selected. When 1is
selected, the OSCin, signal is buffered and appears at the fR pin.

fv
N Counter Output (Pin 10)

This signalis the bufferedoutputof the 16Dstag®l counter
fyy canbe enalted or disabled via the C register(patented).
The outputis disabled (staticlow logic level) uponpower up.
If unusedthe outputshouldbe left disalled andunconnected
to minimize interferencewith extemal circuitry. .

Thefy signalcanbe usedto verify the N countersilivide
ratio. This ratio extendsfrom 40 to 65,535andis detemined
by the binary valueloadedinto the N register The maximum
frequeny which the phasedetectoroperates 2 MHz.
Thereforethe frequeny of fyy mustnot exceed2 MHz.

Whenactivated the fyy signalappearsasnomally low and
pulseshigh.

LOOP PINS
fin
Frequencylnput (Pin 4)

This pin is afrequeng input from the VCO. This pin feeds
the onBchipamplifier which drivesthe N counter This signal
is nomally sourcedrom an extemal voltageBcontrolledscil-
lator (VCO), andis ACBcouplednto fjn. A 100 pF coupling
capacitoris usedfor measuremermurposesandis the mini-
mum sizerecommendedbr applicationgseeFigure 7). The
frequeny capabilityof this inputis dependenon the suppy
voltageaslistedin the Loop Specifications talde. For small
divide ratios,the maximumfrequeng is limited to the divide
ratiotimes2 MHz. (Reasonthe phase/frequerncdetectorsare
limited to a maximumfrequeng of 2 MHz.)

For signalswhich swing from at leasttheV|_ to V|H levels
listedin the Electrical Characteristicstalde, DC coupling
may be usedAlso, for low frequeng signals,(lessthanthe
minimum frequencieshavn in the Loop Specifications
tade), DC couplingis arequirementThe N counteris a static
counterandmay be operateddown to DC. However, wave
shapingby a CMOS buffer may berequiredto ensurefastrise
andfall timesinto thefjp pin. SeeFigure 22.

Eachrising edgeon thefjn pin causeshe N counterto decre-
mentby 1.

PDout
SingleEEnded Phase/FequencyDetector Output (Pin 13)

Thisis athreebstateutputfor useasaloop error signal
whencombinedwith anextemal lowbpassilter. The detec-
tor@deadzonehasbeeneliminated.Therefore the phase/fre-
gueng detectoris characterizedby a lineartransferfunction.
The operationof the phase/frequerycdetectoris described
belov andis shavn in Figure 17.

POL bit (C7) in the C register= low (seeFigure 14)

Frequenyg of fyy > fR or Phaseof f\y LeadingfR: negative
pulsesfrom highimpedance

Frequeny of f\y < fR or Phaseof f\y LaggingfRr: positve
pulsesfrom highimpedance

Frequeng andPhaseof f\y = fR; essentiall highbimpedance
state;voltageat pin deteminedby loop filter

POL bit (C7) = high
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Frequenyg of fyy > fR or Phaseof f\y LeadingfR: positive
pulsesfrom high impedance

Frequenyg of fyy < fR or Phaseof f\y Laggingfr: negative
pulsesfrom high impedance

LANSDALE Semiconductor , Inc

tially high, ¢y = negative pulses

Frequenyg andPhaseof fyy = fR: ¢y andpr remainessen-
tially high, exceptfor a small minimumtime periodwhenboth
pulselow in phase

Frequeng andPhaseof f\y = fR: essentiall highbimpedance Theseoutputscanbeenalbed disabbed andinterchangedia

state;voltageat pin deteminedby loop filter
This outputcanbe enalted disabbed, andinvertedvia the C

register If desired PDgyt canbeforcedto the highbimpedance

stateby utilization of the disable featurein the C register
(patented).

¢R and ¢y _
DoubleEEnded Phase/FequencyDetector Outputs (Pins 14,

15)

Theseoutputscanbe combinedextemally to generatea loop
error signal.Throughuseof a Motorola patentedechnique,
the detectoileadzonehasbeeneliminated Therefore the
phase/frequernycdetectoris characterizedby a lineartransfer
function.The operationof the phase/frequernycdetectoris
describedbelov andis shavn in Figure 17.

POL bit (C7) in the C register= low (seeFigure 14)

Frequeny of f\y > fR or Phaseof fyy Leadingfr: ¢v = neg-
ative pulses$Rr = essentiajl high

Frequenyg of fyy < fR or Phaseof fyy Laggingfr: ¢v =
essentiail high, R = negative pulses

Frequenyg andPhaseof fyy = fR: ¢vv andpr remainessen-
tially high, exceptfor a smallminimumtime periodwhenboth
pulselow in phase
POL bit (C7) = high
Frequeng of fyy > fR or Phaseof fyy Leadingfr: ¢R = nega-
tive pulsespy = essentiall high
Frequenyg of fyy < fr or Phaseof fyy Laggingfr: ¢R = essen-

the C register(patented)

Lock Detector Output (Pin 11)

This outputis essentiaif ata high level with nhamrow
lowbgoingpulseswhentheloop is locked (fr andfy of the
samephaseandfrequeng). The outputpulseslow whenfy
andfR areout of phaseor differentfrequenciegSeeFigure
17).

This outputcanbe enalbed anddisabled via the C register
(patented)Upon power up, onBchipnitialization circuitry dis-
adesLD to astaticlow logic level to preventa falseOlockO
signal.If unusedLD shouldbe disalded andleft open.

POWER SUPPLY

VbD S
Most Positive Supply Potential (Pin 16)

This pin may rangefrom 2.7to 5.5V with respectoVss

For optimumperformance Vpp shouldbe bypassedo Vss
usinglowbinductanceapacitor(smountedvery closeto the
device. Leadlengthson the capacitor(shouldbe minimized.
(Thevery fastswitching speedof the device causesurrent
spikeson the power leads.)

Vss . o
Most Negative Supply Potential (Pin 12)

This pin is usualy ground.For measuremerpurposesthe
Vsspinis tied to agroundplane.

Figure 13. Reset Sequence

Power
Up

ENB

w77 [ i) 1
/.

! 4 or More Clocks

" 77/

LALALF

l«——— Don'tCares ————»}a«—— Zeroes —| One | Zero |«———— Don'tCares ———»

NOTE: This initialization sequence is usually not necessary because the on—chip power—on reset circuit performs the initialization
function. However, this initialization sequence must be used immediately after power up if control of the CLK pin is not
possible. That is, if CLK (Pin 7) toggles or floats upon power up, use the above sequence to reset the device.

Also, use this sequence if power is momentarily interrupted such that the supply voltage to the device is reduced to below
2.7 V, but not down to at least 1 V (for example, the supply drops down to 2 V). This is necessary because the on—chip
power—on reset is only activated when the supply ramps up from a voltage below approximately 1.0 V.

Page 10 of 26
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C7-POL:

C6-PDA/B:

C5-LDE:

C4-C2, 0SC2-0SCo:

C1-fyE:

CO-fRE:

LANSDALE Semiconductor , Inc.

Figure 14. C Register Access and Format (8 Clock Cycles are Used)

=]
o __[LAFLFLFALRLR

MSB LSB

EL_I

7
c6 [ cs c4a H c3 c2 |) ct Cco

Din C7 a

*At this point, the new byte is transferred to the C register and stored. No other registers
are affected.

Selects the output polarity of the phase/frequency detectors. When set high, this bit inverts
PDgyt and interchanges the ! g funtion with ! \/ as depicted in Figure 17. Also see the phase
detector output pin description for more information. This bit is cleared low at power up.

Selects which phase/frequency detector is to be used. When set high, enables the output of
phase/frequency detector A (PDgt) and disables phase/frequency detector B by forcing ! R
and ! y to the static high state. When cleared low, phase/frequency detector B is enabled (! R
and ! y) and phase/frequency detector A is disabled with PDqt forced to the high-impedance
state. This bit is cleared low at power up.

Enables the lock detector output when set high. When the bit is cleared low, the LD output is
forced to a static low level. This bit is cleared low at power up.

Reference output controls which determine the REF gt characteristics as shown below. Upon
power up, the bits are initialized such that OSC;j;/8 is selected.

Cc4 C3 C2 REFqt Frequency

0 0 0 DC (Static Low)

0 0 1 OSCi

0 1 0 OSCip /2

0 1 1 OSCi/4

1 0 0 OSC;,/8 (POR Default)
1 0 1 OSCi,/16

1 1 0 OSCi, /8

1 1 1 OSCi, /16

Enables the fyy output when set high. When cleared low, the fyy output is forced to a static low
level. The bit is cleared low upon power up.

Enables the fR output when set high. When cleared low, the fR output is forced to a static low
level. The bit is cleared low upon power up.

www.lansdale.com
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Figure 16. N Register Access and Format (16 Clock Cycles Are Used)

ENB _I
CLK |1| |2 |3 |4 |5 6 7 8 |9| |10 |11 |12 13 14 15 16| *

MSB LSB

)
Din / N15E N14 {1 N13 || N12 i N11 N10E NQE N8 N7 E N6 N5 N4 N3 E N2 E N1 E NO

Not Allowed
Not Allowed
Not Allowed
Not Allowed

Not Allowed
Not Allowed
Not Allowed
N Counter = 040
N Counter = O41
N Counter = 042
N Counter = 043

NMNNNNM%OOOO

SKTTETTTIROV

FF E NCounter =065534
F F F NCounter =(65535

Vv L Decimal Equivalent
Hexadecimal Value
*At this point, the two new bytes are transferred to the N register and stored. No other registers are affected. In addition, the N and

R counters are jam—loaded and begin counting down together.

Figure 17. Phase/Frequency Detectors and Lock Detector Output Waveform
fr

Reference -
0SC;, OR [ ] ] 1 M Yo

fy Z Z \ . o
- Y N o I o
o |_ ! : A — Wy
PDout | | | ! | High Impedance
- § L .
! 1 ' 1 ' 1
“ L | l R
T 1 i [
o ¥ o T V
LD |_’ |_| |_| | —vf

Vy = High voltage level
V| = Low voltage level
*At this point, when both fg and fy are in phase, both the sinking and sourcing output FETs are turned on for a very short interval.

NOTE: The PDyyt generates error pulses during out—of—lock conditions. When locked in phase and frequency, the output is high impedance and
the voltage at that pin is determined by the low—pass filter capacitor. PDyyt, ! g and !y are shown with the polarity bit (POL) - low;
see Figure 14 for POL.
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CRYSTAL OSCILLATOR CONSIDERATIONS

Thefollowing optionsmay be consideredo provide arefer-
encefrequeny to LansdalefIMotorola®CMOS frequeny
synthesizers.

Useof a Hybrid Crystal Oscillator

Commercial availae temperatureDcompensatayistal
oscillators(TCXOs) or crystalbcontrolledlataclock oscilla-
torsprovide very stable referencedrequenciesAn oscillator
capalte of CMOSlogic levels at the outputmay bedirector
DC coupledto OSGp. If the oscillatordoesnot have CMOS
logic levels on the outputs,capacitie or AC couplingto
OSGn may be used(seeFigures8aand8b).

For additionalinformationaboutTCXOs, visit freescale.com
on theworld wide weh

Useof the OnbChip Oscillator Cir cuitry

The onbchipamplifier (a digital inverter) alongwith an
appropriatecrystalmay be usedto provide areferencesource
frequeng. A fundamentamodecrystal, parallelresonanat the
desiredoperatingfrequeng, shouldbe connectedasshavn in
Figure 18.

The crystal shouldbe specifed for aloadingcapacitance
(CL) which doesnot exceed20 pF whenusedat the highest
operatingfrequenciedistedin the Loop Specifications tale.
LargerCL valuesarepossilte for lower frequenciesAssuming
R1=0 Q, theshuntload capacitancéC| ) presentedcrosshe

_ CinCout LC.t+C 4 C1x G2
L Cin + Cout a stray * C1 + C2
where
Cin= 5.0 pF (see Figure 19)
Cout= 6.0 pF (see Figure 19)
Ca= 1.0 pF (see Figure 19)
C1and C2 = external capacitors (see Figure 18)
Cstray = the total equivalent external circuit stray

capacitance appearing across the crystal
terminals

crystalcanbe estimatedo be:

The oscillatorcanbe Otrimmed©OnBfrequencby makinga
portion or all of C1 variable. The crystalandassociate@om-
ponentsmustbelocatedascloseaspossilte to the OSGp and
OSGout pinsto minimize distortion, stray capacitancestray
inductanceandstatup stabilizationtime. Circuit stray capaci-
tancecanalsobe handledby addingthe appropriatestray value
to the valuesfor Cijn andCgyt. For this approachthetem
Cstry becomed in the above expressiorfor C|_.

A gooddesignpracticeis to pick a smallvaluefor C1 such
as5 0 10 pF Next, C2is calculatedC1 < C2 resultsin amore
robustcircuit for statbupandis moretolerantof crystal
parameterariations.

Power is dissipatedn the effective seriesresistancef the
crystalRg, in Figure 20. The maximumdrive level speciied by
the crystalmanuficturerrepresentshe maximumstresshat
the crystal canwithstandwithout damageor excessie shift in
operatingfrequeng. R1in Figure 18 limits thedrive level. The

Page 14 of 26
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useof R1is notnecessarin mostcases.

To verify thatthe maximumDC suppy voltagedoesnot
causethe crystalto be overdriven, monitor the outputfrequen-
cy atthe RERyyt pin (OSCoytis notusedbecausdoading
impactsthe oscillator). The frequeng shouldincreasevery
slightly asthe DC suppy voltageis increasedAn overdriven
crystaldecreasem frequeng or becomesunstalte with an
increasdn suppl voltage.The operatingsuppy voltagemust
bereducedor R1 mustbeincreasedn valueif the overdriven
conditionexists. The usershouldnotethatthe oscillator
statbuptime is propotional to the valueof R1.

Throughthe processof suppling crystalsfor usewith CMOS
inverters,mary crystalmanuficturershave developedexpettise
in CMOS oscillatordesignwith crystals.Discussionavith
suchmanuicturerscanprove very helpful (seeTalde 2).

Figure 18. Pierce Crystal Oscillator Circuit

Ct c2
501010 pF I

*May be needed in certain cases. See text.

Figure 19. Parasitic Capacitances of the Amplifier
and Cgtray

Ca

0SCiy © ‘ S>o— ‘

o O0SCyyut

NOTE: Values are supplied by crystal manufacturer
(parallel resonant crystal).
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TechnicalNote TND24 StatekCorp. D. Babin, ODesignin@rystal OscillatorsOachineDesign,
TechnicalNote TND7,StatekCorp. March7, 1985 )
E. Hafner OThePiezoelectricCrystal UnitBDefnitions and D. Babin,OGuidelinefor Crystal OscillatorDesignO,
Methodof Measurement®yoc.IEEE, Vol 57,No. 2, Feh MachineDesign April 25,1985
1969 Seeweb site Lansdale.confior ML145170software.

D. KemperL Rosine,OQuar Crystalsfor Frequenyg
ControlOElectroB&chnolgy, Junel969 )

PJ Ottowitz, A Guideto Crystal SelectionCElectronic
Design,May 1966

Table 2. Partial List of Crystal
Manufacturers

CTS Corp.

United States Crystal Corp.

Crystek Crystal

Statek Corp.

Fox Electronics

NOTE: Lansdale cannot recommend one
supplier over another and in no
way suggests that this is a
complete listing of crystal
manufactuers.
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PHASEDLOCKED LOOPNLOW PASS FILTER DESIGN

(A) PDout VvCo o/ M
R4 n- NR;C

N' n
c T %2 TKiKco
— 1
Fis) = RysC + 1
(B)  PDoy — vco o |/ K Kveo
Ry n- NC(R; +Ry)
Ro N
CI &= 057 (R20+ K!cho)
= F RZSC +1
s)= ———————
() (R1 + Rz)SC +1
Ro
C
© R . / K Kvco
'R ! = NCR
VCO
v " nRoC
R &= —
1 MC33077 or 2
R equivalent
2 (Note 3) Assuming Gain A Is Very Large, Then:
c T - RpsC + 1
= S R1SC
NOTES:

1. For (C), Ry is frequently split into two series resistors; each resistor is equal to R divided by 2. A capacitor C¢ is then placed from
the midpoint to ground to further filter the error pulses. The value of C¢ should be such that the corner frequency of this network
does not significantly affect' .

2. The ! R and ! V outputs swing rail-to—rail. Therefore, the user should be careful not to exceed the common mode input range of
the op amp.

3. For the latest information on MC33077 or equivalent, contact ON Semiconductor.

DEFINITIONS:
N = Total Division Ratio in Feedback Loop
Ki (Phase Detector Gain) = Vpp/ 4( volts per radian for PDgy¢
Ki (Phase Detector Gain) = Vpp/2( volts per radian for !y and ! g

2() fvco

Kyco (VCO Gain) =
Vvco

For a nominal design starting point, the user might consider a damping factor &* 0.7 anda natural loop frequency '  * (2(fr/50) where
fr is the frequency at the phase detector input. Larger' ,, values result in faster loop lock times and, for similar sideband filtering,higher
fr—related VCO sidebands.

RECOMMENDED READING:
Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley—Interscience, 1979.
Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley—Interscience, 1980.
Blanchard, Alain, PhaseBlLocked Loops: Application to Coherent Receiver Design, New York, Wiley—Interscience, 1976.
Egan, William F., Frequency Synthesis by Phase Lock, New York, Wiley—Interscience, 1981
Rohde, Ulrich, L., Digital PLL Frequency Synthesizers Theory and Design, Englewood Cliffs, NJ, Prentice—Hall 1983.
Berlin, Howard M., Design of PhaseBlLocked Loop Circuits with Experiments, Indianapolis, Howard W. Sams and Co. 1978.
Kinley, Harold., The PLL Synthesizer Cookbook, Blue Ridge Summit, PA, Tab Books, 1980.
Seidman, Arthur H., Integrated Circuits Applications Handbook, Chapter 17, pp. 538-586. New York, John Wiley & Sons.
Fadrhons, Jan, “Design and Analyze PLLs on a Programmable Calculator,” EDN. March 5, 1980.
AN535, Phase—Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc.
AR254, Phase—-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic Design,

1987.

AN1207, The MC145170 in Basic HF and VHF Oscillators, Motorola Semiconductor Products, Inc., 1992.
AN1671, MC145170 PSpice Modeling Kit, Motorola Semiconductor Products, Inc., 1998.
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Figure 21. Example Application

> VHF Output

Buffer

VHF VCO

\

Low-pass Filter =

0SGi,
Optional
- | 0%Cou v | Loop Error Signals
T 3 14
V4 — REFqyt o 'n F— (Note 1)
N |13
T S PDoul I
<
a4 12
g Vsl
L 10
Mev =Ii CLK fy =_
<~ Optional —————— Dyyt i |9_
e J
L ‘—L Threshold -
- Detector Integrator
Optional (Note 4)
(Note 5)

NOTES:
The !' g and !y outputs are fed to an external combiner/loop filter. See the Phase—Locked
Loop—Low—Pass Filter Design page for additional information. The ! g and ! y outputs swing
rail-to—rail. Therefore, the user should be careful not to exceed the common mode input range
of the op amp used in the combiner/loop filter.

1.

capacitors.

. For optimum performance, bypass the Vpp pin to Vgg (GND) with one or more low—inductance

. The R counter is programmed for a divide value = OSC;/fR. Typically, fg is the tuning resolution

required for the VCO. Also, the VCO frequency divided by fg = N, where N is the divide value of

the N counter.

. May be an R—C low—pass filter.
. May be a bipolar transistor.

www.lansdale.com
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Figure 22. Low Frequency Operation Using DC Coupling

V+

.
e e

r |

| | |

A1t 1 o5>012—C osc, 08Coy —— No Connect

| | ! |
: MC74HC14A | : ML145170 |
B 3] (4 b | |
= o |
L ———1 | :

7 |
L___VTSS_—_J

NOTE: The signals at Points A and B may be low—frequency sinusoidal
or square waves with slow edge rates or noisy signal edges. At
Points C and D, the signals are cleaned up, have sharp edge
rates, and rail-to—rail signal swings. With signals as described at
Points C and D, the ML145170 is guaranteed to operate down
to a frequency as low as DC.
Refer to the MC74HC14A data sheet for input switching levels
and hysteresis voltage range.
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Figure 23. Input Impedance at f ;, N Series Format (R + jX)
(5.0 MHz to 185 MHz)

b'O
fin (Pin 4)
SOG Package %

o 0] @ @

H ol TR TRt O]
O ol | o] |6 o] [a] [=

1.2

R Tttt 2
STANCE COMPONENT(—Z—;), OR CONDUCTANCE COMPONEN (%)
T '

Frequency Resistance Reactance Capacitance
Marker (MHz) (") (") (pF)
1 5 2390 - 5900 5.39
2 100 39.2 -347 4.58
3 150 25.8 -237 4.48
4 185 42.6 - 180 4.79
Figure 24. Cascading Two ML145170 Devices
r-------"-! -]\ |
: Device #1 Device #2 :
| ML145170 ML145170 |
I T _OK__EWB Dy |
\ i
CMOS o
MCU
< Optional
NOTES:

1. The 33 k" resistor is needed to prevent the Dj, pin from floating. (The Dg pin is a three—state output.)
2. See related Figures 25, 26, and 27.
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Figure 28. Cascading Two Different Device Types

V+
Vep
r—r—---—--"—-""™""""""—"/"/"™" | ___I_ ______ L__ﬂ
| _ Voo | | Voo Vee _ Vpp |
evice evice
| D #1 | | D #2 |
ML145170 Note 2
| | | o Output A |
L on__ow B8 0w | L 0ok BB Ol |
A
CMOS °
MCU
< Optional
NOTES:

1. The 33 k" resistor is needed to prevent the Dj, pin from floating (The Dgyt pin is a three—state output.)
2. This PLL Frequency Synthesizer may be a ML12210, ML12202, etc.,...
3. See related Figures 29, 30, and 31.
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OUTLINE DIMENSIONS

TSSOP 16 = -7P
PLASTIC PACKAGE
CASE 948C-03
(ML145170-7P)
ISSUE B

A

E 16x K REF NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

3
I
[&] 0.200(0.008) ®[T] Y145M, 1982,
H H H H H H H 2. CONTROLLING DIMENSION: MILLIMETER.
16 9

_ 3. DIMENSION A DOES NOT INCLUDE MOLD
) FLASH, PROTRUSIONS OR GATE BURRS.
MOLD FLASH OR GATE BURRS SHALL NOT
EXCEED 0.15 (0.006) PER SIDE.
4. DIMENSION B DOES NOT INCLUDE INTERLEAD
FLASH OR PROTRUSION. INTERLEAD FLASH
L B OR PROTRUSION SHALL NOT EXCEED 0.25
N 1 (0.010) PER SIDE.
. DIMENSION K DOES NOT INCLUDE DAMBAR
IDENTIFICATION PROTRUSION. ALLOWABLE DAMBAR
‘q PROTRUSION SHALL BE 0.08 (0.003) TOTAL
8 _J vy EXCESS OF THE K DIMENSION AT MAXIMUM
MATERIAL CONDITION.
. TERMINAL NUMBERS ARE SHOWN FOR
R REFERENCE ONLY.
. DIMENSIONS A AND B ARE TO BE
DETERMINED AT DATUM PLANE ~U-.

o

=3

~

MILLIMETERS INCHES

X \ ) v L B T & B T
| ¥ -U- —— [ 510 --- | 0200
?LEI ililillillilalillm] \J 7] \ 230 | 450 | 0169 | 0.177
= — =) 1=~ | \ / - 1.20 — 0047
™ 0.100 (0.004) W) L_ 005 | 025 [ 0002 | 0010
L D G (= — H -7 0.45 | 055 | 0018 | 0.022

-T- SEATING 065 BSC 0.026 BSC

0.22 0.23 | 0.009 | 0.010
0.09 | 0.24 | 0.004 | 0.009
009 | 018 | 0.004 | 0.007
016 | 0.32 | 0.006 | 0.013
016 | 0.26 | 0.006 | 0.010
6.30 | 6.50 | 0.248 | 0.256

0 10 0j 10j

=~ |2 |x[S|—|x|o|n|o|o|o|x

J+1—| —
il T

A A.‘
SECTION APA F
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ML145170 LANSDALE Semiconductor , Inc.

OUTLINE DIMENSIONS

P DIP 16 = EP
PLASTIC PACKAGE
CASE 648-08 NOTES:
L-A- | (ML145170EP) 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

homon oo ISSUER 2. CONTROLLING DIMENSION: INCH.

16 9 f 3. DIMENSION L TO CENTER OF LEADS WHEN

D B FORMED PARALLEL.

o + 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.

5. ROUNDED CORNERS OPTIONAL.

|1.r”\.r' L L LG INCHES | MILLIMETERS

MIN MAX MIN | MAX
0.740 | 0.770 | 18.80 | 19.56
0.250 | 0.270 6.35 6.85
0.145 | 0.175 3.69 4.44
0.015 | 0.021 0.39 0.53
0.040 0.70 1.02 1.77

0.100 BSC 2.54 BSC
0.050 BSC 1.27 BSC
0.008 | 0.015 0.21 0.38
0.110 | 0.130 2.80 3.30
0.295 | 0.305 7.50 7.74

0° 10° 0° 10°
0.020 | 0.040 0.51 1.01

—C L—>

st \

[ 0250010 @[ T[A @

mgn—xr—:m-ncnm>|§

SO 16 = -5P
PLASTIC PACKAGE
CASE 751B-05
(ML145170-5P)
< A- > SOG-16
A (|SSUE J) NOTES:
—_A—A—PA—P—A—A—F | ———— 1. DIMENSIONING AND TOLERANCING PER ANSI
HAAAAAAA Yia 1982
16 9 2. CONTROLLING DIMENSION: MILLIMETER.

3. DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

P spL 4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)

PER SIDE.
| €B| 0.25 (0.010) M | B ©| 5. DIMENSION D DOES NOT INGLUDE DAMBAR

D 8 PROTRUSION. ALLOWABLE DAMBAR
H H I-I H H_ H PROTRUSION SHALL BE 0.127 (0.005) TOTAL
B e - IN EXCESS OF THE D DIMENSION AT
G

MAXIMUM MATERIAL CONDITION.

MILLIMETERS INCHES
| DIM[ MIN | MAX | MIN | MAX
9.80 | 10.00 | 0.386 | 0393
380 | 4.00 | 0.150 | 0.157
135 | 1.75 | 0.054 | 0.068
0.35 | 049 | 0.014 | 0.019
0.40 | 1.25 | 0.016 | 0.049
1.07 BSC 0.050 BSC
0.19 | 0.25 | 0.008 | 0.009
0.10 | 0.25 | 0.004 | 0.009
0° 7°[ o°| 7°
580 | 620 | 0229 | 0.044
0.25 | 050 | 0.010 | 0.019

=]

el

| K,—| ¢ ~>“<— R x45°
— S e {%
w IR T

[@]0.250010®]T[B ®[AG]
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Lansdale Semiconductor reserves the right to make changes without further notice to any products herein to improve reliabili-
ty, function or design. Lansdale does not assume any liability arising out of the application or use of any product or circuit
described herein; neither does it convey any license under its patent rights nor the rights of others. Typical Gparameters which
may be provided in Lansdale data sheets and/or specifications can vary in different applications, and actual performance may
vary over time. All operating parameters, including QypicalsOmust be validated for each customer application by the customer’s
technical experts. Lansdale Semiconductor is a registered trademark of Lansdale Semiconductor, Inc.
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