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ABSTRACT

This application note will highlight characteristics of Pletronics Low Voltage Differential
Signal (LVDS) frequency control products and provide guidance for proper termination.

This signal type or logic type is significantly different than TTL or CMOS logic and does
require special consideration to utilize the logic properly.

The terms ECL, PECL and LVPECL are reviewed.

The Application Note covers interfacing LVDS to other logic types:
+ LVDS to CML
+ LVDS to HSTL
+ LVDS to LVDS

The importance of this logic is that it provides:
+ Very high frequency operation
* Minimal EMI/RFI due to differential clock signals
* The low impedance differential outputs provide many implementation options.

The application of the Pletronics LV77, LV88 and LV99 LVDS families is reviewed.
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1 INTRODUCTION: PLETRONICS LVDS OUTPUT OSCILLATORS

Hooray for standardization. Unlike its cousins from other logic families, LVDS is standardized.
Standards bodies define LVDS in specification ANSI/TIA/EIA-644A. Logic families such as Low-
Voltage Positive Emitter Coupled Logic (LVPECL) and Current-Mode Logic (CML) are widely used but
neither technology has been standardized by any official standards organization. Implementation of
these logic families is vendor specific so a careful specification review is important.

1.1 HISTORY OF LVDS

National Semiconductor first introduced LVDS as a standard in 1994. National recognized that the
demand for bandwidth was increasing at an exponential rate while users also desired low power
dissipation. The demands exceeded the speed capabilities of RS-422 and RS-485 differential
transmission standards. While Emitter Coupled Logic (ECL or PECL) was available at the time, it can
be difficult to interface with standard logic levels.

Output LVDS PECL 3.3V PECL 2.5V
Vou (Minimum) 1.249V 227V 1.47V
Vo, (Maximum) 1.252V 1.68 V 0.88V

The LVDS levels do not change with supply voltage.
The PECL output levels follow the supply voltage. The values shown are for the nominal supply voltage only.

Input LVDS F;'_E:g/'- F;'_EES/L HSTL CML
Vier O Voy 120V | 200V | 120V 0.75V Vee-0.40V
V5 (Minimum) 200mV | 310mv | 310 mV 400 mV 400 mV
V,,; (Minimum) 1249V | 227V | 147V | Ve +0.2V Vee

V,, (Maximum) 1252V | 168V | 088V | Veer-02V | V-040V

Some of the advantages of LVDS are:
* Lower power than other technologies
+ Output signal that is power supply independent
* Low voltage power supply compatibility
+ Low generation of noise (EMI/RFI)
+ High noise rejection
+ Reliable signal distribution
« Ability to drive longer line lengths than CMOS
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The LVDS output is essentially “H Bridge” type driver. This can be realized with MOS or BJT devices.
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* 3.5mA Ground
i

Ground

The termination is 100 ohms connected between the Out and Out*. The InX nodes are driven from
the internal circuitry. The output states are:

Output Q1 Q2 Q3 Q4 Out Out* Output
Logic 1 Off On On Off +3.5mA | -3.5mA +350 mV

Logic 0 On Off Off On -3.5 mA +3.5mA | -350 mV

1.3 WHAT DIFFERENTIATES THE PLETRONICS LV7, LV8 AND LV9 SERIES CLOCK OSCILLATORS?

Pletronics provides an assortment of LVDS output solutions. These solutions all meet the ANSI/TIA/
ElIA-644 LVDS specification, but differ in the method of achieving the output frequency. The VPU7
VCXO family has the same characteristics as LV9.

Characteristics LVv7 LVvV8 LV9

Crystal Mode Used 3" Overtone Fundamental Fundamental

Frequency Range 80 to 3256MHz 106.25MHz and 10.9MHz to 700MHz
212.5MHz only

Supply Voltage 1.8V, 2.5V and 3.3V 3.3V 3.3V

Multiplication Method none Low Noise PLL with an | Low Noise PLL with an
LC VCO phase locked LC VCO phase locked
to the crystal to the crystal

Process Technology BiCMOS RF SiGe BiCMOS RF SiGe BiCMOS

Phase Noise Inclose phase noise - -

excellent
Jitter Excellent Good Good
Trand Tf Good Good Excellent (very fast)
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2 INTERFACING LVDS OUTPUTS TO OTHER LOGIC INPUTS

From time to time, it may be necessary to support other logic families. Pletronics supplies a wide
assortment of CMOS and LVPECL oscillators. For those applications, it is only necessary to select
the correct device. Basic termination of LVDS is covered along with examples of how to terminate to
other logic types.

Pletronics provides specification compliant LVDS products in 5x7mm (LV77 series) and 3.2x5mm
(LV55 series) Crystal Oscillators (XO) and 5x7mm Voltage Controlled Crystal Oscillators (VCXO)
(VLU7 series). Frequencies are available from 1MHz to 670MHz in commercial (-10 to +700C) or
industrial (-40 to +850C) temperature ranges. Pletronics manufactures LVDS devices with supply
voltages of 3.3y, 2.5v and 1.8v.

Termination of specification compliant LVDS devices is simple. The termination network is a single
100-Ohm resistor across the receiver input. Unlike LVPECL, LVDS receivers have a wide common
mode range so they are effectively power supply agnostic. Devices with power supply voltages of
3.3y, 2.5v and 1.8v interoperate without the need for special termination gymnastics or AC coupling.

AC coupling options are shown but one must then remember there is a low frequency limit that must
be observed. The low frequency limit is set by the capacitor values and associates resistors.

2.1 INTERFACE LVDS 10 LVDS WITH TERMINATION ON THE PCB

A single 100 ohm terminating resistor placed at the end of the signal path is all that is needed. The
end of the path is after the pads to the destination LVDS inputs.

Zo = 50 ohms =
100 ohms =

=
Z0 = 50 ohms
LVDS LVDS

2.2 INTERFACE LVDS 10 LVDS WITH TERMINATION INTERNAL IN THE DESTINATION IC

This is the simplest of all configurations and with the termination internal to the receiving device
results in the best signal integrity. Many of the FPGAs permit this option to be

Zo = 50 ochms
Zo = 50 chms

LvVDS LVvDS
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2.3 INTERFACE LVDS TO LVDS WITH TERMINATION SPLIT AND A CAPACITOR

The designer could split the 100 ohm termination resistor into two 50 ohm resistors, resulting in a
node in the middle of the termination that, if all is balanced, is 1.2V DC. To terminate any unbalanced
noise within the differential transmission line as well as correct for any line length mismatches, a
capacitor (C1) can be placed from this balanced node to ground. A recommended value is 0.01uF
made with X7R dielectric.

50 ohms

— Zo = 50 ohms =

(| Zo =50 ohms |

50 ohms

||| \:" ‘_/ ,Tl v
|

2.4 INTERFACE LVDS TO CML

Pletronics does not supply CML specific devices. Instead, it is possible to connect an LVDS
oscillator directly to CML logic. Since CML inputs incorporate termination resistors and in many
cases the bias voltage the only external components required are the two coupling capacitors (CA)
and optionally two resistors (RA) to set VCM if the internal bias is not set. This example does assume
the CML internal termination is 50 ohms.

—— Zo = 50 ohms | |7
O— Zo = 50 ohms | n—} 8
“LVDS cA' CML
- b
RA S <SS RA
> =
_ 50 (Vee-Vaw) 11
RA = = =
VCM
Veu =020V
Condition RA (ohms)
Internal V., bias None
Vee = 5.0V 1200
Ve = 3.3V 775
Ve = 2.5V 575
Ve = 1.8V 400
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As mentioned earlier, CML is not standardized so vendor-to-vendor differences may and do exist. If

the CML receiver lacks one or both of these, an external resistor network will be required. Consult
the receiver’s data sheet for recommendations.

2.5 INTERFACE LVDS 1O HSTL

The interface to HSTL is more complicated for the DC connection case. This requires matching the
impedances, level shifting the LVDS signal while maintaining the proper bias levels on the LVDS

driver.

V‘E‘

HRA

> RB

— Zo = 50 ohms } ] A\ C

V‘E‘ <
=>RC

“--.RA l

> RB —

LVDS Zo = 50 ohms _} ] vy C HSTL

i‘:Rc

The resistor values must meet these criteria

Vou _  RB+RC
Voec  RA+RB+RC
Veer _ RC

Voe  RA+RB+RC

RA // (RB + RC) = 50 (terminating resistance of LVDS)
Vew=1.2  for LVDS

Veer = 0.75 for HSTL

Solving the equations results in these values.

Ve (V) RA (ohms) | RB (ohms) | RC (ohms)
8.3 140 30 50
25 100 36 60
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2.6 EXAMPLE OF DRIVING 2 LVDS INPUTS WITH NO CLOCK SKEW

The LVDS output is flexible and variations can be used. The requirement and conditions are:

+ LVDS clock needed to drive two LVDS devices

+ The LVDS receivers permitted external terminating resistors

* The should be no clock skew between the two receivers

+ Adding an LVDS buffer and the resulting jitter addition was a concern
* Board space and power was at a premium

The minimum level of the LVDS receivers is such that a somewhat attenuated signal will work
properly. There is no reason that 50 ohm loads are needed on the transmission lines. In this case 75
ohm terminations were chosen. This results in the LVDS signal being attenuated by 25%.

The LVDS clock was placed between the two LVDS receivers, the 150 ohm termination resistors
were placed at the end of each path. Then making the ‘Electrical Path L1' the exact same as
‘Electrical Path L2' solved the required clock skewing be zero.

Electrical Path L1
—] Z0 = 75 ohms S
150 ohms :

— Zo = 75 ohms

LVDS #1

| Electrical Path L2

LVDS — Z0 = /5 ohms -
150 ohms ::
— Z0 = 75 ohms

LVDS #2
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IMPORTANT NOTICE

Pletronics Incorporated (PLE) reserves the right to make corrections, improvements, modifications and other changes
to this product at any time. PLE reserves the right to discontinue any product or service without notice. Customers are
responsible for obtaining the latest relevant information before placing orders and should verify that such information is
current and complete. All products are sold subject to PLE’s terms and conditions of sale supplied at the time of order
acknowledgment.

PLE warrants performance of this product to the specifications applicable at the time of sale in accordance with PLE’s
limited warranty. Testing and other quality control techniques are used to the extent PLE deems necessary to support
this warranty. Except where mandated by specific contractual documents, testing of all parameters of each product is
not necessarily performed.

PLE assumes no liability for application assistance or customer product design. Customers are responsible for their
products and applications using PLE components. To minimize the risks associated with the customer products and
applications, customers should provide adequate design and operating safeguards.

PLE products are not designed, intended, authorized or warranted to be suitable for use in life support applications,
devices or systems or other critical applications that may involve potential risks of death, personal injury or severe
property or environmental damage. Inclusion of PLE products in such applications is understood to be fully at the risk
of the customer. Use of PLE products in such applications requires the written approval of an appropriate PLE officer.
Questions concerning potential risk applications should be directed to PLE.

PLE does not warrant or represent that any license, either express or implied, is granted under any PLE patent right,
copyright, artwork or other intellectual property right relating to any combination, machine or process which PLE product
or services are used. Information published by PLE regarding third-party products or services does not constitute a
license from PLE to use such products or services or a warranty or endorsement thereof. Use of such information may
require a license from a third party under the patents or other intellectual property of the third party, or a license from PLE
under the patents or other intellectual property of PLE.

Reproduction of information in PLE data sheets or web site is permissible only if the reproduction is without alteration
and is accompanied by associated warranties, conditions, limitations and notices. Reproduction of this information with
alteration is an unfair and deceptive business practice. PLE is not responsible or liable for such altered documents.

Resale of PLE products or services with statements different from or beyond the parameters stated by PLE for that
product or service voids all express and implied warranties for the associated PLE product or service and is an unfair or

deceptive business practice. PLE is not responsible for any such statements.

Contacting Pletronics Inc.

Pletronics Inc. Tel: 425-776-1880
19013 36th Ave. West Fax: 425-776-2760
Lynnwood, WA 98036-5761 USA E-mail: ple-sales@pletronics.com

URL: www.pletronics.com
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