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CIRCUIT FOR PRODUCING LOW-VOLTAGE DIFFERENTIAL SIGNALS
Atul V. Ghia

Suresh M. Manon

David P. Schultz

FIELD OF THE INVENTION

This invention relates generally to methods and circuits

for providing high~speed. low-voltage differential signals.

mean
The Telecommunications Industry Association LTIAI

published a standard specifying the electrical characteristics
of low-voltage differential signaling {LVDS} interface

circuits that can be used to interchange binary signals. LVDS

employs low—voltage differential signals to provide high—

speed, low—power data communication. The use of differential

signals allows for cancellation of common—mode noise, and thus
enables data transmission with exceptional speed and noise

immunity. For a detailed description of this LVDS Standard.

see “Electrical Characteristics of Low Voltage Differential

Signaling ILVDS} Interface Circuits," TIA/EIA-Sqé {March

1996}. which is incorporated herein by reference.

Figure 1 [prior art) illustrates an LVDS generator 100

connected to an LVDS receiver 110 via a transmission line 115.

Generator 100 converts a single—ended digital input signal

D_IN on a like—named input terminal into a pair of

complementary LVDS output signals on differential output

terminals TX_A and TX_B. A lUG-ohm termination load RL

separates terminals TX_A and Tx_E. and sets the output

impedance of generator 100 to the level specified in the
above-referenced LVDS Standard.

LVDS receiver 110 accepts the differential input signals

from terminals TX_A and TX_B and converts them to a single—

ended output signal D_OUT. The LVDS Standard specifies the

ELSB‘IEEIEDDUS 1
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properties of LVDS receiver 110. The present application is
directed to differential—signal generators: a comprehensive

discussion of receiver 110 is not included in the present

application.

Figure 2 {prior art} schematically depicts LVDS generator

100 of Figure l. Generator 100 includes a preamplifier 200

connected to a driver stage 205. Preamplifier 200 receives

the single—ended data signal D_IN and produces a pair of

complementary data signals D and D/ {signal names terminating

in 'l' are active low signals}. Unless otherwise specified,

each signal is referred to by the corresponding node

designation depicted in the figures. Thus. for example, the

input terminal and input signal to generator 100 are both

designated D_IN. In each instance, the interpretation of the

node designation as either a signal or a physical element is
clear from the context.

Driver stage 205 includes a PMDS load transistor 20? and

an NMOS load transistor 209. each of which produces a

relatively stable drive current in response to respective bias

voltages PBIAS and NBIAS. Driver stage 205 additionally

includes four drive transistors 211. 213, 215, and 217.

If signal D_IN is a logic one {e.g.. 3.3 volts).

preamplifier 200 produces a logic one on terminal D and a

logic zero (e.g.. zero volts} on terminal D/. The logic one

on terminal D turns on transistors 211 and 21?, causing

current to flow down through transistors 20? and 211, up

though termination load RL. and down through transistors 21?

and 209 to ground {see the series of arrows 219). The current

through termination load RL develops a negative voltage
between output terminals TK_A and TX_B.

Conversely. if signal D_IN is a logic zero, preamplifier

200 produces a logic zero on terminal D and a logic one on
terminal DE. The logic one on terminal DI turns on

transistors 213 and 215, causing current to flow dOwn through
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transistor 207. transistor 215. termination load RL,

transistor 213, and transistor 209 to ground lsee the series

of arrows 221}. The current through termination load RL

develops a positive voltage between output terminals Tx_a and
Tx_B.

Figure 3 {prior art) is a waveform diagram 300 depicting

the signaling sense of the voltages appearing across

termination load RL of Figures 1 and 2. LVDS generator 100

produces a pair of differential output signals on terminals

TXHA and Tx_B. The LVDS Standard requires that the voltage

between terminals TX_A and Tx_E remain in the range of 250 mv

to 450 mv. and that the voltage midway between the two

differential voltages remains at approximately 1.2 volts.

Terminal TX_A is negative with respect to terminal Tx_fl to

represent a binary one and positive with respect to terminal E

to represent a binary zero.

A programmable logic device {PLDJ is a well-known type of

IC that may be programmed by a user (e.g., a circuit designer)

to perform specified logic functions. Most PLDs contain some

type of inputfoutput block (Ion: that can be configured either

to receive external signals or to drive signals off chip. One

type of PLD. the field—programmable gate array {FPGA}.

typically includes an array of configurable logic blocks

{CLBs} that are programmably interconnected to each other and

to the programmable IOBs. Configuration data loaded into

internal configuration memory cells on the FPGA define the

operation of the FPGA by determining how the CLBs.

interconnections, block RAM. and 1035 are configured.

IOBs configured as output circuits typically provide

single—ended logic signals to external devices. As with other

types of circuits. PLDs would benefit from the performance

advantages offered by driving external signals using

differential output signals. There is therefore a need for

loss that can be configured to provide differential output

ZTE/SAMSUNG 1018-0011

|PR2018-00274



ZTE/SAMSUNG 1018-0012 
IPR2018-00274

mummnwmw
15

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

23

39

30

31

32

33

34

X-Tsfl US PATENT

signals. There is also a need for LVDS output circuits that

can be tailored to optimize performance for different loads.

SUMMARY

The present invention addresses the need for

differential—signal output circuits that can be tailored for

use with different loads. In accordance with one embodiment,

one or more driver stages can be added. as necessary, to

provide adequate power for driving a given load. Driver stages

are added by programming one or more programmable elements,

such as memory cells, fuses, and antifuses.

A differential driver in accordance with another

embodiment includes a multi—stage delay element connected to a

number of consecutive driver stages. The delay element

produces two or more pairs of complementary input signals in

response to each input-signal transition. each successive

signal pair being delayed by some amount relative to the

previous signal pair. The pairs of complementary signals are

conveyed to respective driver stages. so that each driver

stage successively responds to the input-signal transition.

The output terminals of the driver stages are connected to one

another and to the output terminals of the differential

driver. The differential driver thus responds to each input-

signal transition with increasingly powerful amplification.

The progressive amplification produces a corresponding

progressive reduction in output resistance, which reduces the

noise normally associated with signal reflection.

Extendable and multi-stage differential amplifiers in

accordance with the invention can be adapted for use in PLDs.

In one embodiment. adjacent pairs of IOBs are each provided

with half of the circuitry required to produce LVDS signals.

Adjacent pairs of rose can therefore be used either

individually to provide single-ended input or output signals

or can be combined to produce differential output signals.

4 A
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This summary does not limit the invention. which is

instead defined by the appended claims.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 {prior art} illustrates an LVDS generator 100
connected to an LVDS receiver 110 via a transmission line 115.

Figure 2 (prior art) schematically depicts LUBE generator

100 of Figure 1.

Figure 3 (prior art} is a waveform diagram 300 depicting

the signaling sense of the voltages appearing across

termination load RL of Figures 1 and 2.

Figure 4 depicts an extensible differential amplifier 400
in accordance with an embodiment of the invention.

Figure 5A is a schematic diagram of predriver 405 of

Figure-4.

Figure 53 is a schematic diagram of driver 415 of Figure

Figure 5C is a schematic diagram of extended driver 410

of Figure 4.

Figure 6 depicts a multi—stage driver 600 in accordance
with another embodiment of the invention.

Figure 7A schematically depicts a predriver 700 in which

a predriver is connected to delay circuit 505 of Figure 5 to

develop three complementary signal pairs.

Figure 1B schematically depicts differential-amplifier

sequences 610 and 615 and termination load 620. all of Figure
6.

Figures 8A and SB schematically depict a programmable

bias-voltage generator 800 in accordance with an embodiment of
the invention.

DETAILED DESCRIPTION

Figure 4 depicts an extensible differential amplifier duo

in accordance with an embodiment of the invention. amplifier

L‘
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400 includes a predriver 405 connected to a pair of driver

stages 410 and 415. The combination of predriver 405 and

driver 415 operates as described above in connection with

Figures 2 and 3 to convert the single-ended input on terminal

D_IN into differential output signals on lines Tx_A and TX_E.

In accordance with the invention. driver 410 can be activated

as needed to provide additional drive power. In one

embodiment. drivers 410 and 415 reside within a pair of

adjacent programmable IUBs {collectively labeled 417: and

lines TX_A and TxfiB connect to the respective input/output

(I/O) pads of the pair. This aspect of the invention is
detailed below.

The program state of a configuration bit 420 determines

whether amplifier 400 is enabled, and the program state of a

second configuration bit 425 determines whether the driver

stage of amplifier 400 is extended to include driver 410. An

exemplary configuration bit is described below in connection
with Figure 8A.

If hit 420 is programmed to provide a logic one on

“enable differential signaling" line ENFDS, then predriver 405

and driver 415 function in a manner similar to that described

above in connection With Figure 2. If desired. the drive

circuitry can be extended to include driver 410 by programming

bit 425 to provide a logic one on “extended differential

signaling" line K_DS. The signals on lines x_os and EN_DS are

logically combined using an AND gate 430 to produce an ~enable
termination load" signal EN_T to driver 415. This signal and

its purpose are described below in connection with Figure SB.

Figure SA is a schematic diagram of an embodiment of

predriver 405 at Figure 4. Predriver 405 includes a pair of
conventional tri—state drivers 500 and 502. A conventional

inverter 504 provides the complement of signal EN_DS.

Amplifier 400 is inactive when signals EN_DS and EN_D5I

are low and high, respectively. These logic levels cause

d]
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tristate drivers 500 and 502 to disconnect input terminal D_IN

from respective tristate output terminals T1 and T2. Signal

EN_DS and its complementary signal EN_DSX also connect

terminals T1 and T2 to respective supply voltages VCCO and

ground by turning on a pair of transistors 505 and 503. Thus.

terminals T1 and T2 do not change in response to changes on

input terminal D_IN when differential signaling is disabled.

In the case where amplifier 400 is implemented using 1035 in a

programmable logic device, amplifier 400 may be disabled to

allow the Ions to perform some other input or output function.

Amplifier 400 is active when signals EN_DS and EN_DS/ are

high and low. respectively. These logic levels cause tristate

drivers 500 and 502 to connect input terminal D_IN to

respective tristate output terminals T1 and T2. Signal EN_Ds

and its complementary signal Eansf also disconnect terminals

T1 and T2 from respective supply voltages VCCO and ground by

turning off transistors 505 and 508. Thus, terminals T1 and T2

change in response to signal D_IN when differential signaling
is enabled.

Tristate output terminals Tl and T2 connect to the

respective input terminals of an inverting predriver 510 and a

non—inverting predriver 512. Predriver 510 includes a pair of

conventional inverters 514 and 516. Inverter 514 produces a

signal D, an inverted and amplified version of the signal on

line Tl; inverter 515 provides a similar signal to a test pin
518. Predriver 512 includes three conventional inverters 520,

522. and 52s. Predriver 512 produces a signal DI. the

complement of signal D. Inverter 524 provides a similar signal
to a test pin 526.

Each inverter within predrivers 510 and 512 is a CMOS

inverter in which the ratios of the PMOS and NMDS transistors

are as specified. These particular ratios were selected so

that signals D and D/ transition simultaneously. or very

nearly so. Different ratios may be appropriate, depending upon

7
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the process used to produce amplifier 400. Adjusting layout

and process parameters to produce synchronized complementary

signals is within the skill of those in the art.

As discussed above in connection with Figure 4. amplifier

400 can be extended to include additional drive circuitry.

which may be needed to drive some loads while remaining in

compliance with the LVDS Standard. Returning to Figure 5A, a

pair of NOR gates 528 and 530 facilitates this extension by

producing a pair of complimentary extended—data signals DX and

DX/ when signal x_osi is a logic zero. indicating the extended
driver is enabled. Extended—data signal Dx is substantially

the same as signal D, and extended data signal ex; is

substantially the same as signal DI. Signals DX and ox: are

conveyed to extended driver 410; the operation of which is
detailed below in connection with Figure 5C.

Figure SB is a schematic diagram of driver 415 of Figure

4. Driver 415 is similar to driver stage 205 of Figure 2.

like—numbered elements being the same. Unlike driver 205,

however, driver 415 includes a programmable termination load

540. Further, load transistors 20? and 209 of Figure 2 are

replaced with pairs of parallel transistors, so that
transistors 211 and 215 connect to VCCO via respective PMOS

transistor 532 and 533. instead of via a single transistor

20?. and transistors 213 and 217 connect to ground via

respective NMUS transistors 534 and 535r instead of via a

single transistor 209.

Employing pairs of load transistors allows driver 415 to

be separated into two similar parts 535 and 538. each

associated with a respective one of terminals TK_A and TX_B.

Such a configuration is convenient, for example. when driver

415 is implemented on a PLD in which terminals Tx_A and TX_B

connect to neighboring 110 pins. Each part 536 and 535 can be

implemented as a portion of the 103 {not shown} associated
with the respective one of terminals Tx_A and Tx_e.

3,
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Termination load 540 can be part of either 103, neither Ioa.

or can be split between the two. In one embodiment. transistor
542 is included in the 103 that includes part 536, and

transistor 543 is included in_the 103 that includes part 5331

Programmable termination load 540 includes a pair of
transistors 542 and 543, the gates of which connect to

terminal EN_T. As shown in Figure 4, the signal EN_T is

controlled through AND gate 430 by configuration hits 420 and

425. Termination load 540 is active {conducting} only when

differential signaling is enabled in the non-extended mode.

This condition is specified when configuration bit 420 is set

to a logic one and configuration bit 425 is set to a logic
zero.

Driver 415 includes a number of terminals that provide

appropriate bias voltages. Terminals Pains and NBIAS provide

respective bias levels establish the gain driver 415. and

common terminals PCOM and NCOM conventionally establish the

high and low voltage levels on output terminals TXwA and Tx_B.
Driver 415 shares the bias and common terminals with extended

driver 410 (gee Figure SCI.
The bias levels PBIAS and NBIAS are important in defining

LVDS signal quality. In one embodiment. NMOS transistors 534

and 535 are biased to operate in saturation to sink a

relatively stable current. whereas PMOS transistors 532 and

533 are biased to operate in a linear region. Operating

transistors 532 and 533 in a linear region reduces-e???—fluw~

smeeeeee the output resistances of those devices, and the

reduced resistance tends to dissipate signal reflections

returning to terminals Tx_a and TX_E. Reduced reflections

translate into reduced noise. and reduced noise allows signals

to be conveyed at higher data rates. Circuits for developing

appropriate bias levels for the circuits of Figures 5A-7E are
discussed below in connection with Figures 8A and SB.

Figure 5C is a schematic diagram of one embodiment of
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extended driver 410 of Figure 4. Extended driver 410 includes

a pair of driver stages 544 and 546 and a programmable

termination load 548. Driver stages 544 and 545 can be

included, for example, in respective adjacent 1035 on a PLD.

Termination lead 548 can be part of either 10B. neither IOB.

or can be split between the two. The various terminals of

Figure 5C are connected to like~named terminals of Figures SA
and 53.

Driver stage 544 includes a PMOS load transistor 550, a

pair of NMDS ditferential-driver transistors 552 and SSé

having their gates connected to respective extended—driver

input signals ox and DXI. a diode-connected PMOS transistor

555. and a PMOS transistor 558 connected as a capacitor

between terminal VCCO and terminal PCOM. Transistors 550, 552.

and 554 combined amplify the extendedrdriver signals DX and

DX/ to produce an amplified output signal on output terminal

TX_A. In one embodiment, transistor 555 is diode-connected

between terminals PCOM and VCCO to establish the appropriate

level for line PCOM. which is common to both drivers 410 and

415. Finally, transistor 558 can be sized or eliminated as
desired to minimize noise on line Peon.

Driver stage 546 is identical to driver stage 544, except

that lines Dx and ox! are connected to the opposite

differential driver transistors. Consequently, the signals on

output terminals TX_A and TX_E are complementary. Driver

stages 544 and 546 thus supplement the drive strength provided

by driver stage 415.

As shown in Figure 4, the extend-differential-signaling

signal X_DS is a logic one when CBIT 425 is programmed.

However, programming CBIT 425 causes AND gate 430 to output a

logic zero. disabling termination load 532 of Figure SB. Thus,

programming CBIT 425 substitutes termination load 543 for

termination load 532. thereby increasing the termination load

resistance to an appropriate level. In one embodiment. the

10

ZTE/SAMSUNG 1018-0018

|PR2018-00274



ZTE/SAMSUNG 1018-0019 
IPR2018-00274

mmummaswuw

HWUNWMMMHMMMNMMHi-‘l-‘l-IHI—‘l—Il-‘y—lp—IthHommqmmthwomm-Jmmawuwo

X- 7" 3 II US PATENT

resistance of termination lead 532 is selected so that the

resulting output signal conforms to the DVDS Standard.

Figure 6 depicts a multi—stage driver 600 in accordance

with another embodiment of the invention. Driver 600 includes

a multi—stage delay circuit 505. a first sequence of

differential amplifiers 610. a second sequence of differential

amplifiers 515. and a termination load 620. For illustrative

purposes. the amplifiers of sequences 610 and 615 are referred

to as "high-side" and "low-side" amplifiers, respectively. In

different embodiments, each amplifier sequence 610 and 6l5 can

be implemented as a portion of the 103 [not shown} associated

with the respective one of terminals TXFA and Tx_B.

Termination load 620 can be part of either 103, neither IDB,

or can be split between the two.

Delay circuit 505 receives a pair of complementary

signals D and D! on a like—named pair of input terminals. A

sequence of delay elements -F conventional buffers 525 in the

depicted example —— provides a first pair of delayed

complementary signals D1 and D1} and a second pair of delayed

complementary signals D2 and D2/.

Sequence 610 includes three differential amplifiers 530.

631, and 632, the output terminals of which connect to one

another and to output terminal Tx_n. The differential input

terminals of each of these high—side amplifiers connect to

respective complementary terminals from delay circuit 505.

That is. the non-inverting {+1 and inverting {—1 terminals of

differential amplifier 630 connect to respective input

terminals D and D/. the non-inverting and inverting terminals

of differential amplifier 631 connect to respective input

terminals D1 and D11, and the non—inverting and inverting

terminals of differential amplifier 632 connect to respective

input terminals D2 and D2/. When the signal on terminal D

transitions from low to high. each of amplifiers 630. 631, and

632 consecutively joins in pulling the voltage level on

11
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terminal Tx_a high as the signal edges on terminals D and Di

propagate through delay circuit 605. Conversely. when the

signal on terminal D transitions from high to low. each of

amplifiers 53D. 63l, and E32 consecutively joins in pulling

the voltage level on terminal Tx_a low.

Sequence 615 includes three differential amplifiers 534.

635. and 636, the output terminals of which connect to one

another and to terminal TX_B. Sequence 615 is similar to

sequence 610, except that the differential input terminals of
the various low-side differential amplifiers are connected to

opposite ones of the complementary signals from delay circuit

605. Thus. when the signal on terminal D transitions from low

to high. each of amplifiers 634, 535, and 636 consecutively

joins in pulling the voltage level on terminal TK_B low as the

signal edges on terminals D and DI propagate through delay

circuit 605, and when the signal on terminal D transitions

from high to low, each of amplifiers 634. E35. and 636

consecutively joins in pulling the voltage level on terminal

TX_E high.

Driver stage 600 is similar to driver stage 415 of

Figures 4 and 5A, except that driver stage 600 progressively
increases the drive strength used to provide amplified signals

across termination load 520, and consequently progressively

reduces the output resistance of driver stage 600.

Progressively reducing the Output resistance of amplifier 600

reduces the amplitude of reflected signals. This effect, in

turn, reduces the noise and increases the useahle data rate of

the LVDS circuitry. while illustrated as having three driver

stages, other embodiments of amplifier 600 include more or

fewer stages. Figure 7A schematically depicts a predriver ion

in which predriver 405, detailed in Figure 5A, is connected to

delay circuit 605 of Figure 6 to develop the three

complementary signal pairs (e.g.. D and D/l of Figure 5. The

various elements of predriver 405 are described above in

12_
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connection with Figure 5A. like-numbed elements being

identical. In one embodiment, each buffer 625 is an instance

of non-inverting delay circuit 512. FigureTB schematically

depicts differential-amplifier sequences 610 and 615 and

termination load 620, all of Figure 6. The differential

amplifiers in sequences 510 and 615 are substantially

identical. except the D and D/ input terminals are reversed.

The following description is limited to a single differential

amplifier {630} for brevity. Differential amplifier 630

includes a PMOS load transistor lofl. an NMOS load transistor

705. and a pair of active transistors 710 and 715 having their

respective gates connected to data inputs D and D/. One

embodiment of amplifier 400 of Figure 4 employs driver stage

600 in place of driver 415 {detailed in Figure SB}. Amplifier

sequence 610 may include a capacitor 725 between PCOM and

VCCO, and amplifier sequence 615 may include a capacitor ?30

connected between NCOM and ground. These capacitors can be

sized to minimize noise. Figures BA and BB schematically

depict a programmable bias—voltage generator 800 in accordance

with an embodiment of the invention. A key 802 in the bottom

right—hand corner of Figure EA shows the relative arrangement

of Figures 8A and SE.

The portion of generator 300 depicted in Figure as may be

divided into three general areas: bias—enable circuitry 804,

NBIAS pull-up circuitry 806, and NBIAS pull-down circuitry

803. As their respective names imply, bias—enable circuitry
804 determines whether bias generator 800 is active, HEIRS

pull-up circuitry 806 can be used to raise the NBIAS voltage

level. and NEIAS pull-down circuitry 808 can be used to reduce

the NBIAS voltage level. The NBIAS pull—up and pull—down

circuitry are programmable to allow users to vary the NBIAS

voltage as desired.

Bias-enable circuitry 804 includes a configuration hit

(CEIT: 310, an inverter 812. a PMOS transistor 314. and, in

13
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Figure BE. a PMOS transistor 815 and a pair of NMDS

transistors 81E and 81?. CEIT 810 is conventional. in one

embodiment including an SRAM configuration memory cell 818
connected to a level-shifter 820. Level-shifter 820 is used

because bias generator 300 is a portion of the output

circuitry of a PLD. and operates at higher voltage [e.g.. 3.3
volts) than the core circuitry te.g.. 1.5 volts} of the PLD:

level-shifter 820 increases the output voltage of SRAM cell

815 to an apprOpriate voltage level. Some embodiments that

employ lower core voltages use thicker gate insulators in the

transistors of the I/o circuitry. The gate insulators of

differing thickness can be formed using a conventional dual—

oxide process. In one embodiment in which the circuits

depicted in Figures SA-BE are part of the output circuitry of

a PLD. each of the depicted devices employs relatively thick

gate insulators.

Generator 800 is activated by programming SRAM cell 818

to include a logic one, thereby causing bias-enable circuitry

804 to output a logic one on line BIAS. This logic one

connects high-supply-voltage line H_SUP to supply voltage VCCO

through transistor 314 and disconnects line PBIAS from VCCO to

enable line PBIAS to carry an appropriate bias voltage. The

inverted signal BIAS! from inverter 812, a logic zero when

active, disconnects lines NEIAS and NGATE from ground. thereby

allowing those lines to carry respective bias voltages. The

logic levels on lines PBIAS and NBIAS are one and zero.

respectively, when SRAM cell 818 is set to logic zero.

NBIAS pull-up circuitry 806 has an input terminal VBG

connected to a conventional band—gap reference. or some other

suitable voltage reference. The voltage level and line VEG
turns on a PMDS transistor 822 that. in combination with

diode—connected transistors 324 and 826. produces bias voltage
levels on lines NGATE and NBIAS. Terminal VBG also connects to

a pair of transmission gates 828 and 830. each consisting of

14
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NMDS and PMOS transistors connected in parallel. The

transmission gates are controlled by configuration bits

similar to CBIT 310. For example. transmission gate 328 can be

turned on by programming CBIT_A to contain a logic one. The

logic one produces a logic one on line A and. via an inverter

834, a logic zero on line AH. Transmission gate 828 passes the

reference voltage on line VEG to the gate of a PMDS transistor

836, thereby reducing the resistance between VCCO and line

NBIAS; consequently. the voltage level on line NBIAS rises.

Transistor 338 can be turned on and both of transmission gate

828 and transistor 836 can be turned off by programming CBITfiA

to contain a logic zero. Transmission gate 330 operates in the
same manner as transmission gate 828. but is controlled by a

different CBIT (CEIT_B] and an associated inverter. One or

both of transmission gates 828 and 830 can be turned on to

raise the voltage level on line NBIAS.

NBIAS pull-down circuitry 808 includes a pair of

programmable pull-down circuits B40 and 842 that can be

programmed independently or collectively to reduce the bias

voltage on terminal NEIAS. Pull-down circuits 84D and 842 work

the same way. so only circuit 340 is described.
Pull-down circuit 840 includes three transistors 844.

846. and 848. The gates of transistors 844 and 846 connect to

terminals C and CI. respectively} from a configuration bit

CBIT_C and an assOciated inverter 349. when CBITgC is

programmed to contain a logic zero. transistors B44 and 348

are turned off. isolating line NBIAS from ground; when CBIT_C

is programmed to contain a logic one, transistors 344 and 848
are turned on and transistor 846 turned off. The reduced

resistance through transistor 84B reduces the voltage on line
NBIAS .

Any change in the bias voltage on line NEIAS results in a

change in voltage on line NGATE via a transistor 850. A
transistor 352 connected between line NBIAS and ground is an

15
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optional capacitor that can be sized or eliminated as desired.

The portion of bias-voltage generator 800 depicted in

Figure BA adjusts the level of NBIAS; the portion depicted in

Figure BB adjusts the level of PBIAS. Referring now to Figure

88, the portion of Figure BB includes PBIAS pull-up circuitry

852 and PBIAS pull-down circuitry 854. P3183 pull-up circuitry

852 operates in the same manner as NBIAS pullsup circuitry 805

of Figure BA to raise the level of the bias voltage on line

PBIAS. A pair of configuration hits CBITLE and CBIT_F and

associated.inverters control circuitry 352. A capacitor 856
can be sized or eliminated as necessary.

PBIAS pull—down circuitry 854 includes a pair of

programmable pull-down circuits 858 and 360 that can be

programmed independently or collectively to reduce the bias

voltage on terminal PBIAS. Pull-down circuits 853 and 860 work

the same way. so only cirCuit 858 is described.

Pull—down circuit 858 includes a transmission gate 862

and a pair of transistors 854 and 366. with CBIT_G programmed

to contain a logic zero, transmission gate 862 is off.

transistor 866 on, and transistor 864 off: with CBIT_G

programmed to contain a logic one, transistor 865 is off, and

transmission gate 862 passes the bias voltage NGATE to the

gate of transistor 864, thereby turning transistor 854 on.

This reduces the voltage level on line PBIAS.

The present invention can be adapted to supply

complementary LVDS signals to more than one LVDS receiver.

For details of one such implementation. see "Multi-Drop LVDS

with Virtex—E FPGAs," XAPP231 [varsion 1.0} by Jon Brunetti

and Brian Von Herzen (9/23/99), which is incorporated herein

by reference.

While the present invention has been described in

connection with specific embodiments; variations of these

embodiments will be obvious to those of ordinary skill in the

art. For example. while described in the context of SEAN-based

16
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FPGAs. the invention can also be applied to other types of

PLUS that employ alternate programming technologies. and some

embodimentS can be used in non—progranu'nable circuits.

Moreover. the present invention can be adapted to convert

typical dual-voltage logic signals to other types of

differential signals. such as those specified in the Low—

voltage. Pseudo-Emitter—Coupled Logic {LVPECLJ standard.

Therefore. the spirit and Scope of the appended claims should

not be limited to the foregoing description.

17
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2 What is claimed is:

3 1. A differential amplifier comprising:

4 a. a first differential—amplifier stage having:

5 i. first and second differential input terminals

5 adapted to receive a differential input signal;
7 and

3 ii. first and second differential output terminals;

9 b. a second differentialvamplifier stage having:

10 i. third and fourth differential input terminals

11 adapted to receive the differential input

12 signal;

13 ii. third and fourth differential output terminals

3 14 connected to the first and second_differential

ii 15 output terminals; and
m 15 iii. an amplifiervenahle terminal; and

E 17 c. a programmable memory cell capable of maintaining a
55 13 programmed state and a deprogrammed state. the

EB 19 memory cell having a memory-cell output terminal

’n 20 connected to the amplifier-enable terminal; '
21 d. wherein the second differential amplifier stage

22 amplifies the input signal when the memory cell is

if 23 in the programmed state and does not amplify the
24 input signal when the memory cell is in the

25 deprogrammed state.
2 6

27 2. The differential amplifier of claim 1, wherein the memory

28 cell stores a voltage representative of a logic one when

29 in the programmed state.
30

31 3. The differential amplifier of claim 1, further comprising

32 a predrivar having:

33 a. a data input terminal adapted to receive an input

34 data signal; and

l 8
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b. first and second complementary output terminals

connected to respective ones of the first and second

differential input terminals.

The differential amplifier of claim 3. wherein the

predriver further comprises:
a. a first tri-state buffer having a first tri—state

input terminal connected to the data input terminal;
b. a second tri-state buffer having a second tri-state

input terminal connected to the data input terminal:

c. an inverter having an inverter input terminal

connected to the data input terminal and an inverter

output terminal connected to the first complementary

output terminal; and

d. a non-inverting delay stage having a delay-stage

input terminal connected to the data input terminal

and a delay—stage output terminal connected to the

second complementary output terminal.

The differential amplifier of claim 4. wherein the

inverter exhibits a first signal propagation delay and

the non-inverting delay stage exhibits a second signal

propagation delay substantially equal to the first signal

propagation delay.

The differential amplifier of claim 1. further comprising

a programmable termination load connected between the

first and second differential output terminals.

The differential amplifier of claim 5, wherein the
termination load includes a termination-load enable

terminal connected to the memory—cell output terminal.

The differential amplifier of claim 5. further comprising

19
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a second termination load connected between the first and

second differential output terminals.

The differential amplifier of claim 8, wherein the second

termination load is programmable.

An amplifier comprising:
a. first and second differential input terminals

adapted to receive first and second complementary

input signals;

a first high-side differential amplifier having:

1. a first high-side differential amplifier input

terminal connected to the first differential

input terminal;

ii. a second high-side differential amplifier input

terminal connected to the second differential

input terminal; and

iii. a first high—side differential—amplifier output
terminal;

a first low-side differential amplifier having a

first low—side differential amplifier input terminal

connected to the first differential input terminal
Ipu-su£1

and a second differential amplifier inputA
terminal connected to the second differential input

terminal;

a delay element having:

i. a first delay-element input terminal connected

to the first differential input terminal and a

first delay-element output terminal. the delay

element adapted to provide a delayed version of

the first complementary input signal on the

first delay-element output terminal; and

ii. a second delay-element input terminal connected

to the second differential input terminal and a

20
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second delay—element output terminal, the delay

element adapted to provide a delayed version of

the second complementary input signal on the

second delayvelement output terminal;

a second high-side differential amplifier having:
i.

ii.

iii.

a third high—side differential amplifier input

terminal connected to the fir5t delay-element

output terminal;

a fourth high—side differential amplifier input
terminal connected to the second delay—element

output terminal; and

a second high—side differential-amplifier

output terminal connected to the first high—

side differential-amplifier output terminal;
and

a second low—side differential amplifier having:
i.

ii.

iii.

a third low—side differential amplifier input

terminal connected to the firSt delay-element

output terminal:

a feurth low-side differential amplifier input

terminal connected to the second delay—element

output terminal: and

a second low-side differential-amplifier output

terminal connected to the first low—side

differential-amplifier output terminal.

ll. The amplifier of claim 10. further comprising a

termination load connected between the first high—side

and first low—side differential—amplifier output
terminals.

12. The amplifier of claim ll, further comprising a

programmable memory cell capable of maintaining a

programmed state and a deprogrammed state, the memory

21
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l3.

l4.

15.

16.

cell having a memory-cell output terminal connected to
the termination load‘

The amplifier of claim 10, further comprising a second

delay element having:

a. a third delay-element input terminal connected to

the first delay-element output terminal of the
first-mentioned delay element;

b. a fourth delay—element input terminal connected to

the second delay~element output terminal of the
first-mentioned delay element;

c. a third delay-element output terminal: and

d. a fourth delay-element output terminal.

The amplifier of claim 13. further comprising a third

low—side differential amplifier and a third high-side

differential amplifier. each having a pair of input

terminals connected to reapective ones of the third and

forth delay-element output terminals.

l$

The amplifier of claim{&aw wherein the third low—side
differential amplifier includes a third low-side

differential—amplifier output terminal connected to the

first low~side differential—amplifier output terminal.

and wherein the third high-side differential amplifier

includes a third high—side differential-amplifier output

terminal connected to the first high—side differential-

amplifier output terminal.

The amplifier of claim 10, wherein the first high-side
differential amplifier comprises:

a- an input transistor having a control terminal

connected to the first high-side differential—

amplifier input terminal, a first input—transistor

22
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current-handling terminal connected to the first

high—side differential-amplifier output terminal.

and a second input—transistor current-handling

terminal; and

a load transistor having a control terminal

connected to a bias voltage. a first load-transistor

current—handling terminal connected to a power

terminal, and a second load—transistor current—

handling terminal connected to the second inputr
transistor current-handling terminal.

The amplifier of claim 16. further comprising a

programmable bias generator adapted to provide the bias

voltage on a bias-generator output terminal connected to
the control terminal of the load transistor.

The amplifier of claim 15. wherein the first high—side
differential amplifier further comprises:
a.

a second input transistor having a second control

terminal connected to the second high—side

differential—amplifier input terminal, a first

input-transistor current—handling terminal connected

to the first high-side differential—amplifier output

terminal. and a second input—transistor current-

handling terminal; and

a second load transistor having a control terminal

connected to a second bias voltage. a first load-

transistor current—handling terminal connected to a

second power terminal, and a second load—transistor

current—handling terminal connected to the second

input-transistor current-handling terminal.

The amplifier of claim 18, further comprising a

programmable bias generator adapted to provide the first-

23
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mentioned bias voltage on a first bias-generator output

terminal and the second bias voltage on a second bias-

generator output terminal.

20. A programmable logic device comprising:
a. a predriver having:

i. a data input terminal adapted to receive an

input data signal: and

ii. complementary first and second predriver output
terminals;

first and second input/output pins adapted to convey

signals from the programmable logic device;

a first programmable output block including a first

differential amplifier. the first differential

amplifier having a first differential-amplifier

input terminal connected to the first predriver

output terminal. a second differential—amplifier

input terminal connected to the second predriver

output terminal, and a first differential—amplifier

output terminal connected to the first inputfoutput

pin: and

a second programmable output block including a

second differential amplifier, the second

differential amplifier having a third differential-

amplifier input terminal connected to the first

predriver output terminal and a fourth differential-

amplifier input terminal connected to the second

predriver output terminal. and a second

differential-amplifier output terminal connected to

the second input/output pin.

21. The programmable logic device of claim 20. wherein the

first pin is adjacent the second pin.

24
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The programmable logic device of claim 20, further

comprising:
a. an enable terminal connected to at least one of the

predriver and the first and second programmable

output blocks; and

b. a programmable memory cell connected to the enable
terminal.

The programmable logic device of claim 20. further

comprising a termination load connected between the first

and second inputfoutput pins.
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CIRCUIT FOR PRODUCING LOW-VOLTAGE DIFFERENTIAL SIGNALS

Atul V. Ghia

Suresh M. Menon

David P. Schultz

ABSTRACT OF THE DISCLOSURE

Described are systems for producing differential logic

signals. These systems can be adapted for use with different

loads by programming one or more programmable elements. One

embodiment includes a series of driver stages. the outputs of

which are connected to one another. The driver stages turn on

successively to provide increasingly powerful differential

amplification. This progressive increase in amplification

produces a corresponding progressive decrease in output

resistance. which reduces the noise associated with signal

reflection. The systems can be incorporated into programmable

IOBs to enable PLDs to provide differential output signals.
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INPUT/OUTPUT BUFFER SUPPORTING
MULTIPLE I/O STANDARDS

CROSS-REFEREN
AI’PIJC 

This application is related to commonly assigned,
currently-filed US. patent application Ser. Nu. (18/837,023,
now US. Pat. No. 5,877,632, [docket X7344 US] invented
by F. Erich Goettiug, Scott 0 Frakc, Venu M, Kondapalli,
and Steven P. Young entitled “I’PGA WI’I‘I I A PLURALITY
OF [/0 VOLTAGE LEVEIS", which is incorporated herein
by reference.

BACKGROUND 01: THE INVENTION
1. li'ield of the Invention
The invention relates to l’ield Programmable Gate Arrays

(FPGAs). More particularly, the invention relates to a con-
ftgurable input/output (I/O) buffer for an FPGA.

2. Description of the Background Art
Existing 1/0 structures for integrated circuits ([Cs) are

typically designed to function according to a specific I/()
standard. There are several dill'erent 1/() standards in use,
and new standards are often introduced These [/0 standards

typically include such factors as output drive strength. 7
receiver type, output driver type, and output signal slew rate.
One such 1/0 standard is the (lTl.+ standard, described in
pages 46 through 50 of the Pentium l’ro Processor data sheet
entitled "PENTIUM PRO PROCESSOR AT 150 MHZ, 165
MHz, 180 MHz and 200 Mhz”, published November 1995
and available from Intel Corporation, 2200 Mission College
Blvd., Santa Clara, Calif. 95052-8119, which are incorpo-
rated herein by reference. (“ Pentium” is a registered trade-
mark owned by Intel Corporation.)

Atypical Input/Output Block (103) in an FPGAsupports
only one [/0 standard. However, FPGAs are often used to
implement “glue logi (logic used to interface between two
or more standard circuits) and therefore often interface with
multiple ICs. It would be desirable for an FPGA to be able
to interface with [C5 that follow two or more ditfcrent I/O
standards.

Additionally, existing [/0 structures are typically
designed to function at a specific supply voltage. For
example, for many years, the majority of commercially
available [Cs were designed to function at a supply voltage
of 5 Volts. However, as the typical gate length decreases
throughout the 1(‘ industry, the typical supply voltage used
in wore and other [Cs is decreasing. Many IC's are now
available that function at 3.3 Volts, and voltages of 2.5 Volts
and below are commonly discussed, Therefore, it would be
desirable for an liPGA to be able to interface with different
[(35 that function at two or more different supply voltages.

It is known in IiPGAdesign to use one voltage for driving
outputs and a different voltage in the interior (core) of the
FPGA. One FPGA having a separate output voltage supply
is the FLEX 10K” ITFGA from Altera Corporation, as
disclosed on pages 54 to 59 of the “FLEX 10K Embedded
Programmable Logic Family Data Sheet" from the Allera
Digtal Library 1996, available from Attera Corporation,
2610 Orchard Parkway, San Jose, Calif. 9513472020, which
are incorporated herein by reference. ("FLEX IUK" is a
trademark anltera Corporation.) In the FLEX 10K device,
output voltage supply pins are provided that can be con,
nected as a group to only one output supply voltage. either
a 3.3—Volt or a 5—Volt power supply. Known FPGAs there-
fore typically provide for a single output supply voltage,
which applies to all configurable I/O buffers on the liPGA.
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Output slew rate is also programmable in known t"t’GAs

including the XCSOOO family of devices front Xilinx, Inc.,
as described on pages 4292 through 47203 of the Xilinx
1996 Data Book entitled “The Programmable Logic Data
Book", available from Xilinx, Inc., 210“ Logic Drive, San
Jose, Calif. 05124, which are incorporated herein by refer,
cncc, (Xilinx, Inc, owner of the copyright, has no objection
to copying these and other pages referenced herein but
otherwise reserves all copyright rights whatsoever.)
However, in such FPO/ks, factors such as output drive
strength, receiver type, and output driver type are not known
to be configurable to meet a particular [/0 standard.

Some [/0 standards require that an input reference voltage
be supplied An input voltage above the input reference
voltage is interpreted as a "high” voltage level; an input
voltage below the input reference voltage is interpreted as a
"low” voltage level. Therefore, the inpttt reference voltage
establishes a "trip point” for interpreting input signals. As far
as is known, no FPGA allows a user to supply an input
reference voltage.

SUMMARY 01" ’I'lIl-J INVENTION
To fully understand the invention, it is llrsl necessary to

define the several voltage levels involved in input/output
butfers according to the several aspects of die invention. The
"core voltage". VCCC, is the supply voltage used for the
interior (nttn-l/O) part of the 1-‘PGA. (In one embodiment,
VCC‘C is also used as the supply voltage for the pulldown
logic in the prcidrivcr and output buffer.) The “input supply
voltage", VCCI, is the supply voltage used for the input
butter. The “output supply voltage", VCCO, is the supply
voltage used for the puttup logic in the output buffer. The
terms VCCC, VCCI, and VCCO are also used to designate
the power supplies supplying the corresponding voltages.
Two or more of these voltages may be connected to each
other; in one embodiment VCCC and VCCI are connected
together and VCCD is separate. The input reference voltage
required by some l/U standards is referenced herein as
VREF.

A first aspect of the invention comprises a configurable
input/output buffer for an FPGA that can be configured to
comply with any of two or more different U0 standards. In
one embodiment of the invention, input signals can be
supplied to the FPGA at a voltage level with a specified
switching point, where the specified switching point (the
input reference voltage) is externally supplied to the IVPGA.
Other factors that vary from one [/0 standard to another are
also configurable.

One input/output buffer according to the invention com-
prises two configurable bulfers, an input butfer and an output
bull’er. The two bulfers may be separately or collectively
configurable. In some embodiments, only the inputbulf'er, or
only the output butl'er, is configurable.

In one embodimcnt, the input buffer can be configured to
_ select a particular l/O standard. The input standard is

selected by configuring an input multiplexer that selects
between three input paths from the pad to an input signal
line: 1) a Schmitt trigger such as is commonly used in
FPGAs; 2) a differential amplifier for low input reference
voltages (voltages below about 0.7 Volts): and 3) a differ,
cntial amplifier for high input reference voltages (voltages
above about (1.7 Volts). A standard input buffer can be Used
instead of a Sebrnitt trigger. The input reference voltage for
the differential amplifier is dependent on the [/0 standard
and is supplied by the user.1n one embodiment, two or more
dill'erential amplifiers in the same configurable input butler
use dilferent input reference voltages.
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In one embodiment, the output buffer can be configured to
select a particular I/O standard. The U0 standard is selected
by providing a series of pullups (pullup devices) and pull,
downs (pulldown devices) on the output pad line (a signal
line connected to the [/0 pad), and by connecting the
appropriate supply voltage to the output supply voltage
(VCCO) pads. One or more pullups and pulldowns are
enabled or disabled by configuration logic, such that the
resulting total pullup and pulldown transistor widths corre-
spond to the values needed In implement a particular UO
standard. According to the invention, for any particular
standard the maximum voltage on a voltage-high output
signal is set by the user by connecting the output voltage
power supply to the desired voltage level.

According to a second aspect of the invention, the NO pad
line is configurably connected to the input reference voltage
line driving the input reference voltage input port
(hereinafter referred to as the “reference input") in the 103,
Therefore. an I/O pad can he used to supply the input
reference voltage.

Accurding to a third aspect of the invention, the reference
input of an [OB is configurably connected in the [OH to any
of two or more available input reference voltages.
Alternatively, the output voltage supply of an ICE is con,
figurahly connected in the IOH to any of two or more ,
available output supply voltages.

According to a fourth aspect of the invention, a single
input reference voltage is applied to each 10B, with the
[OBS grouped into sets. Each set of 1039 has a separate
input reference voltage. In one embodiment, each input
reference voltage is applied to the [OBS or] one half-edge of
the FPGA die. Therefore, on a rectangular die, eight separate
input reference voltages are applied. These input reference
voltages can be connected together outside the lt'I’GA
package, or Within the FPGA package by leads or other
means, or configurahly connected within the t-‘PGA.

According to a fifth aspect of the invention, the [OBS are
grouped into sets and each set ot‘IOBs has a separate output
voltage supply. In one embodiment. each output voltage
supply is applied to the IDES. on one had-edge of. the I-‘PGA
die. Therefore, on a rectangular die, eight separate output
voltage supplies are applied to eight sets of IOBS. In one
embodiment, input reference voltages and output voltage
supplies are each applied to one half-edge of an l-‘PGA die.
'I‘herel'ore, in this embodiment eight separate input reference
voltages and eight separate output voltage supplies are
applied to eight sets of IOBs.

BRIEF DESCRIP’I‘ION OF THE DRAWINGS

The present invention is illustrated by way of example,
and not by way of limitation. in the following figures.

FIG. I shows a schematic representation of an input!
output bullet according to a first aspect of the invention.

FIG. 2. shows a schematic representation of a prior art
pre-dtiver that can be used in the embodiment of FIG. 1.

FIG. 2A shows a state table for the prior art pre-driver ofFIG. 2.
FIG. 3 shows a detailed schematic representation of the

input buffer portion of HG. 1.
FIG. 4 shows a schematic representation of a Schmitt

trigger in the input buffer of FIG. 3.
FIG. 5 shows a schematic representation of an NMOS

differential amplifier in the input buffer of FIG. 3. (An
NMOS differential amplifier is a difl'erential amplifier
wherein the input and VREF are connected to N-channel
transistors.)
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[t G. 6 shows a schematic representation of a I’M()S

dilfcrcntial amplifier in the input butfer of FIG. 3. (A PMOS
differential amplifier is a differential amplifier wherein the
input and VREF are connected to P-channcl transistors.)

1“ G. 1 shows a configurable input buffer according toanother embodiment of the invention in which two difler-
ential amplifiers in the same configurable input butler use
dilfcrcnt input reference voltages.

F G. 8 shows an FPGA [OB in which the I/O pad is
Contigurahly connected to the input reference voltage line
according to a second aspect of the inventinni

[7 G. 9 shows an [DB in which the reference input is
configurably connected to either of two available input
reference voltage lines in accordance with a third aspect of
the invention.

[7 (ii 9Ashnws a structure for cunfigurahly using either of
two output voltage supplies in a single IOU.

l" G. 10 shows an [OH in which the reference input is
configurably connected to eithcr of two available input
reference voltages, and the HO pad is configurably con-
nected to either of two available input reference voltage
lines.

[7 (ii [1 shows a simplified drawing of an Iii-‘GA I/O pad
ring with eight separate input reference voltages and eight
separate output voltage supplies.

 
DEI'AILEI) DESCRIPTION ()I“ THE DRAWINGS

Several embodiments of the invention are described In
the following description. numerous specific details are set
forth in order to provide a more thorough understanding of
the present invention. However, it will be apparent to one
skilled in the art that the present invention may be practiced
without these specific details. In other instances, well-knownfeatures have not been described in detail in order not to
unnecessarily obscure the present invention.
First Mpect of the Invention

FIG. 1 shows an input/output buffer according to a first
aspect of the invention. The input/output hulTer of FIG. 1
comprises: t) predriver 196. driven by output signal line
OUT and enable signal EN and driving signal lines UPB anti
DN; 1) output bull'er 198, driven by signal lines UPI} and
ON and driving pad line 197; 3) pad Hill Coupled to pad line
197'; and 4) input butler I99, driven by pad line 197 and
driving input signal line IN.

to output butler 198, signal Line UPB drives Zeinput
AND-gate 118, which drives PMOS pullnp 108 connected to
pad line 197. (AND-gate 118 may be implemented as a
NAND-galc followed by an inverter.) The second input to
ANDegatc 118 is a configuration bit in configuration
memory cell 128. (Configuration memory cells are repre-
sented in the figures herein by a hnx containing an "X";)
Memory cell 123 can therefore he used to disable pullup 103
when an open-drain output is required. Signal line UPB

. further drives inverter 133 which generates active-high
pullup signal PUP. Signal line DN directly drives NMOS
pulldnwn 109 connected to pad line [97, and further drives
inverter 134 which generates active-low puIIdown signal
PDNB. In one embodiment, inverters 133, 134 are designed
to function as delay elements, ensuring that pullup 103 and
pulldown 109 become active before any other pullups or
pulldnwns in output buffer 198, thereby reducing groundbounce,

Output bufi'cr 198 further comprises four pullups 100,
101, 102, 103. In the embodiment of FIG. 1, pullups 101],
[01, 1‘12, 103, 108 are implemented as PMOS transistors,
but NMOS transistors or resistors can be used. In this
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embodiment, each pullup 100, 101, 102, 103 is driven by a
2-input NAND—gate, 110, 111, 112, 113, respectively. Each
NANDvgatc 110, 111, 112, 11.3 is enabled or disabled by a
configuration hit in one of configuration metuory cells 120,
121, 122, 123, respectively. In this embodiment. when a
Configuration hit in one of configuration memory cells 120.
121. 122. 123. 128 is at a high voltage level. the correspond,
ing pullup is enabled, and pad line 197 is pulled high
whenever pullup signal PUP goes high.

Using the configuration biLs in configuration memory
cells]20,121,122, and 123, one, two, three, or four pullups
arc configurably enabled. (However, a configurably enabled
pullup does not become active tlntil pullup signal PUP goes
high.) When a different [IO standard is needed, the number
of enabled pullups can be changed. A ratio of l:2:4:8 in
pullup widths is found to give a wide range of output drive
capabilities, allowing the formation of total configurable
puliup widths of l, 2, 3, 4, S, (i, 7, 8, 9,10, 11, 12, 13, 14,
and 15 times the width of the narrowest pullup. This total
configurable pullup width (made up of those ofpullups 100,
101. 102. 103 which are configurably enabled) is then added
to the width of pullup 108 to make the total pullup width.
Different types of configuration logic for enabling and
disabling the pullups can be used, such as a separate
configurable enabling gate in series with each pullup. Dif- ,
ferent numbers ofpuliups or pullups of different widths can
be provided. The slew rate of a risingiedgc output signal can
be controlled by controlling the rate at which each pullup
turns on, for example by giving each controlling NAND-
gate or other circuit a different rise or fall time, or by
inserting delay elements into pullup signal PUP so that the
different pullups become active at different times. These and
other modifications fall within the snope of the invention

Output buffer 198 further comprises four pulldowns 104,
105, 106, 10'?I (in addition to pulldown 109) that can pull pad
line 197 to ground voltage level GND. Pulldowns 104, 105,
106, 107 are controlled in this embodiment by 2-input
NOR-gates 114,115, 116, 117', respectively. Each NOR-gate
114, 115, 116, 117 is enabled or disabled by a configUration
bit in one of configuration memory cells 124, 125,126, 127,
respectively. In thisemhodimeut, when a configuration hit in
one of configuration memory cells 124. 125, 126, 127 is at
a low voltage level, the corresponding pulldown is enahJedi
As with the con Iigurable pullups, many modifications can be
applied to the configurable pullrlnwns and these modifica-
tions fall within the scope of the invention.

In this embodiment, all logic on the pullttp side of output
buffer 198 (comprising pullups 100, 101, I02, 103, 108,
NAND-gates 110,111, 112, 113,AND-gate118, and inverter
133) uses output voltage supply VCCO as the positive
voltage supply. All logic on the pulldown side of output
buffer 198 (comprising NOR-gates 114, 115, 116, 117 and
inverter 134) uses the core supply voltage VCCC
(connections to VCC‘C‘ not shown in FIG. 1) as the positive
voltage supply.

In one embodiment, device sizes in output butler 198 are
as follows. A single number indicates a device width in
microns, and two numbers formatted as “pfn” indicate gate
widths in microns of Pichanncl and Niehannel devices,
respectively. in a logic gale. All gate lengths are 0.25
miuons except as otherwise noted, in which case they are
given in microns. The term “Pi-channel” denotes anNichannel transistor. The term “Pichannel” denotes a
Pchannel transistor.

Pullup 100: 40
Pulldown 104: 40
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Pullup 108: 40
I’ullup 101; 80
Pulldown 105: 80
Pulldown 109: 40
Pullup 102‘. 160
l’ulldown 106'. 161)
Inverter 133: 814 (gate length 0.5)
Pullup 103: 3’20
Pulldown 107: 321]
Inverter 134: 814 (gate length 0.5)
NAND-gale 110: 4/4
NOR-gate 114: 4/4
NANDigatc 111: 818
NOR-gate 115: 8,18
NAND-gate 112: I6f16
NORigate 116: 16/16
NAND~gatc 113: 32/32
NOR-gate 117: 32/32

FIG. 1 also shows a simplified schematic drawing of
configurable input buffer 199. Input bufl'cr 199 comprises
input multiplexer 160, which is configured by configuration
bits in configuration memory cells 171. 172 to select the
input path compatible with the desired [/0 standard Mul-
tiplexer 160 passes the signal from the selected input path to
input signal line IN. Input multiplexer 160 has three inputs.
One input to multiplexer 160 is supplied by Schmitt trigger
150. (Submitt triggers are well known to personsof ordinary
skill in the an of input buffer design) When enabled,
Schmitt trigger 150 passes on the signal on pad line 191A
second input to input multiplexer 160 is supplied by diIIer-
ential amplifier 140, which in one embodiment is an NMOS
ditl'ercntial amplifier that compares the voltage level on pad
line 197 to the input reference voltage on reference input
VREF. [fthe voltage level on pad line 197 is higher than the
input reference voltage on reference input VREF, the output
of NMOS differential amplifier 140 is high; otherwise it is
low. NMOS differential amplifier 140 only functions cor»
rectly when the input reference voltage on refenmce input
VREF is above about 0.7 Volts. Therefore, in one embodii
merit NMOS differential amplifier 140 is only configured as
active when following 110 standards that specify an input
reference voltage above about 0.7 Volts. A third input to
input multiplexer 160 is supplied by ditl‘erentiat amplifier
141, which in one embodiment is a PMOS differential
amplifier. to one embodiment, PMOS differential amplifier
141 is only configured as active when following [HO stan-
dards that specify an input reference voltage below about 0.7
Volts. In one embodiment, the configuration logic disables
the unused Schmitt trigger and/or differential amplifieds), to
reduce power consumption. However, this capability is not
an essential part of the inputfoutput buffer of the invention.
The input reference voltage on reference input VRL'I" is
dependent on the I/O standard and is supplied by the user.

In this embodiment, input bufl'er 199 uses input supply
voltage VCCI (not shown in FIG. 1) as the positive voltage
supply.

In one embodiment of the invention, each input/output
buti’er is separately configurable. However, two or more
inputloutput bufl'ers can be grouped such that they are
controlled by the same configntration bits. In another
embodiment of the invention, only a configurable input
buffer may he provided. In yet another embodiment of the
invention, only a configurable output buffer may be pro,vided.

FIG. 2 shows prior an [ire-driver 196 well-known in the
art of output buffer designi Active-high enable signal EN is
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inverted by inverter 201 to generate active-low enable signal
ENB. Active-high enable signal EN and output signal line
OUT drive 27input NANDigate 202, which generates signal
line UPB, Active-low enable signal ENE and output signal
line OUT drive 2-input NOR-gate 203. which generates
signal line DN. Astale-table for input signals OUT, EN and
output signals UPB, DN is shown in FIG. 2A. From FIG.
2A, it is seen that pullups 100, 101, 102, 103, 108 will only
be activated (i.e., signal line UPI-l will only be low) when
both output signal line OUT and enable signal EN are high.
Configurable pulldewns 104, 105, 106, 107 will only be
activated (i.e., signal line DN will only be high) when output
signal line OUT is low and enable signal EN is high.

In this embodiment, all logic on the pullup side 0|.
pre-driver 196 (comprising NAND-gate 202) uses output
voltage supply VCCO (not shown in FIG. 2) as the positive
voltage supply. All logic on the pulldown side of preidriver
196 (comprising NOR-gate 203 and inverter 201) uses the
core supply voltage VCC‘C (not shown in FIG. 2) as the
positive voltage supply.

FIG. 3 shows a more detailed schematic of input butler
199 of FIG. 1. In this embodiment, multiplexer 160 of FIG.
1 is implemented as three transmission gates 360, 361 and
362, each comprising one N-channel transistor and one
P-channel transistor. 'I'ransrnission gate 362, which conlig- ,
ttrably passes the output of NMOS clilIcrential amplifier340
to input signal line IN. is enabled by a configuration bit in
configuration memory cell 172 and its complement signal on
line 330 generated by inverter 375. Transmission gate 361,
which configurably passes the output of PMOS ditfercntial
amplifier 34] to input signal line IN, is enabled by a
configuration bit in configuration memory cell 171 and its
complement signal on signal line 379 generated by inverter
374. Transmission gate 360, which configurably passes the
output of Sehmitt trigger 350 to input signal line IN, is
enabled by the output (signal Line 376) of NGlligate 373 and
its complement signal on signal line 378 generated by
inverter 377. NOR-gate 373 is driven by the configuration
hits in configuration memory cells 171, 172.

In one embodiment, device sizes in the input bufl'er ofFIG. 3 are as follows:

Inverter 3741 U1
Inverter 375: If]
Inverter 377: 1!]
Transmission Gate 360: 37?:
Transmission Gate 361: 3/3
Transmission Gate 362: 3:3
NOR-gate 373: 1/1

FIG. 4 shows a schematic representation of Schmitt
trigger 350 in the input butl’er of FIG. 3. The operation of
Sehmill trigger 350 is not explained herein, as Sehmill
trigger input buffers are notoriously well»known in the art.
One such Sehmill Niger is described in US. Reissue Pat.
No. Re. 34,308, “'I'l'L/CMOS Compatible Input Buffer with
Sehmill Trigger", which is incorporated herein by reference
and title to which is held by the assignee hereof.

However, one feature distinguishes Sehmitt tower 350
from typical Sehmill triggers. and that is the ability to be
enabled and disabled. Schmitl trigger 350 is controlled by
enable signal lines 3’76 and 378 driving N-channel and
Pichanncl transistors, respectively, of transmission gate 405,
by enable signal line 378 driving Nichannel transistor 406.
and by enable signal line 376 driving P—ehannel transistor
407. When the signal on line 376 is high, and the comple-
mentary signal on line 378 is low, Sehmill trigger 350
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functions as a typical Sehmill trigger. When the signal (tn
line 376 is low, and the complementary signal on line 378 is
high, Schmitt trigger 350 is disabled to savc power. When
disabled, Sehmill trigger 350 no longer draws current from
input power supply VCCI regardless of the voltage on padline 197.

In one embodiment, device sizes in the Schmitt trigcr ofFIG. 4 are as follows:

P-channel 401: 20
N-channcl 402: 11
N-channel 403: 9
Transmission Gate 405: 2/2
Nichannel 406: 2
Nichanuel 404: ll
Inverter 420: 12ft:
P—channel 407: 2

FIG. 5 shows a schematic representation of NMOS diff
ferential amplifier 340 in the input bufl'er of FIG. 3. The
operation of NMOS dilferential amplifier 340 is not
explained herein. as NMOS differential amplifiers are noto-
riously well~known in the art. One such NMOS rlitfcrential
amplilier is described in pages 84 through 86 of “Principles
of CMOS VISI Design: A Systems Perspective", Second
Edition, by Neil II. E. Weste and Kamran Eshraghian,
published in 1993 by the AclclisomWesley Publishing
Company, which are incorporated herein by reference.

However, one feature distinguishes NMOS ditlercntial
amplifier 340 from typical NMOS dilTerential amplifiers,
and that is the ability to be enabled and disabled, NMOS
difl'creutial amplifier 340 is controlled by enable signal lines
372 and 380 driving Naehannel and Pchanncl transistors,
respectively, of transmission gate 505, and by enable signal
line 380 driving N-channel transistor 506. When the signal
on line 372 is high, and the complementary signal on line
380 is low, NMOS ditfcrenttal amplifier 340 functions as a
typical NMOS (inferential amplifier. When the signal on line
372 is low, and the complementary signal on line 380 is
high, NMOS differential amplifier 340 is disabled to save
power. When disabled, NMOS (inferential amplifier 340 no
longerdraws current from input power supply VCCI regard-
less of the voltage on pad line 197.

In one embodiment, device sites in the NMOS dillerential
amplifier 01' FIG. 5 are as l'ullows:

PAehannel 532: 18
P-channel 533: [S
P—channel 534'. 2
Transmission Gate 505: 2/2
Nichannel 530: 55
N-ehannel 531: 55
Inverter 520: ill/6
N-channel 506: 2
Nichannel 504: 12

FIG 6 shows a schematic representation of PMOS (til-
lerential amplifier 341 in the input buffer of HG. 3. The
operation of PMOS difi‘erential amplifier 341 is not
explained herein, as PMOS clitferential amplifiers are notoi
riously welliknown in the art. PMOS ditfcrential amplifier
341 behaves the same way as NMOS differential amplifier
340. Comparing FIGS. 5 and 6, it is seen that the two circuits
are mirrorimagesexccpt that ground voltage level GND and
input supply voltage VCCI are reversed and Nichanncl andP-channel transistors are reversed. Transistor widths also
dill'er in the two dillerential amplifiers, because of the
dilferences between N-channel and P-channel devices.
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One feature distinguishes PMOS differential amplifier
341 from typical PMOS ditfercnlial amplifiers, and that is
the ability to be enabled and disabled. PMOS ditfercntial
amplifier 341 is controlled by enable signal lines 371 and
379 driving N-channel and P-channel transistors,
respectively, of transmission gate 605, and by enable signal
line 371 driving P~Channel transistor 606. When the signal
on line 371 is high, and the complementary signal on line
379 is low, PMUS dill‘erential amplifier 341 functions as a
typical PMUS dilferential amplifies When the signal on line
371 is low, and the complementary signal on line 379 is
high, PMOS differential amplifier 341 is disabled to save
power. When disabled, PMOS differential amplifier 341 no
longer draws current from input power supply VCCI regard-
less of the voltage on pad line 197.

In one embodiment, device sizes in the PMOS difi'erential
amplifier of FIG. 6 are as follows:

N—channel 632: 27.5
N-channcl 633: 2215
N-channel 634: 2
Transmission Gate 605: 2/2
P-channel 630: 65
P-Cbanncl 631: 65
Inverter 620: [125/225
Picbannel 606: '7
Pachannel 604: 22.5

 

 

Second Embodiment of the Invention
FIG. 7 shows a configurable input buffer according to a

second embodiment of the invention. The input bufier of
FIG. 7 resembles the input butfer ofFIG. 3, except that two
separate input reference voltages are supplied on input
reference voltage lines VREIVI and VREI-‘Z. NMOS differ-
ential amplifier 340 compares the voltage level on pad line
197 to the input reference voltage on input reference lirte
VREF]. PMOS differential amplifier 34] compares the
voltage level on pad line 197 to the input reference voltage
on input reference line VREIQI
Second Aspect of the Invention

FIG. 3 shows an 103 according to a second aspect ofthe
invention. The lOlI of FIG. 8 comprises [ire—driver 196,
output hutIer 798, pad 180 and input hutt‘er 799. In this
embodiment, 110 pad 180 can either be used to supply input
reference voltage VREF, or as a signal pad. Pad line 197,
which is connected to pad I80, is configurably connected to
an input reference voltage line (which in this embodiment is
the same as reference input VREI‘) through transmission
gate 702. Transmission gate 702 is enabled by a configura-
tion bit in configuration memory cell 703 and its complei
ment generated by inverter 701. The input reference voltage
can go through transmission gate 702 to the input buffer in
this fashion because transmission gate 702 dttes not cause a
drop in voltage level on a signal passing Iherethrough. Input
bufi'er 799 can be made configurable as with input buffer 199
of FIG 1, but a non—configurable buffer can also be used.
Output buffer 798 can be made configurable as with output
buffer 198 of HO. 1, but a non-configurable butler can alsobe user].

This structure can be used to supply the input reference
Voltage from any configurable [0“.
Third Aspect of the Invention

FIG. 9 shows an 103 in which the reference input VREF
is configurably connected to either of two available input
reference voltages. in accordance with a third aspect of the
invention. In this embodiment, multiplexer 802 selects
between two input reference lines VRElil and VREFZ.
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Multiplexer 802 is controlled by a configuration bit stored in
memory cell 801. Multiplexer 1502 supplies reference input
VREF to input buffer 799. In other embodiments, more than
two input reference voltages are available, and 2-inpttt
multiplexer 802 is replaced by a wider multiplexer con-
trolled by more than ttne configuration bit. This and other
modifications fall within the scope of the invention.

Similarly, the output voltage supply of an IOB can be
contigurahly connected in the 108 to any of two or more
available output supply voltages (VCCOs) In one
embodiment, shown in FIG. 9A, each pullup 103 on output
pad line 197 is connected in series with two or more
additional Pichannel transistors 901, 902, each of which is
connected to a different output supply voltage (VCCOI,
VCCOZ), and each of which can he configurably enabled or
disabled by a configuration bit in one of memory cells 911,
912. In one embodiment. two output supply voltages are
available to each [OB in the FPGA, and each 10B can be
independently configured to use either of the two output
supply voltages.FIG. 10 shows an embodiment of the invention that
combines the novel aspects of FIGS 8 and 9. In this
embodiment, lfO pad 180 can be used either: I) ttt supply
one of two input reference voltages to input reference lines
VREFI and VREIVZ; or 2) as an input pad with input buffer
799 using either ofinput reference linesVREFl and VREFZ
to supply the reference input. IJ‘O pad 180 is configurably
connected to input reference lines VRLil-‘l and VREI-Z
through transmission gates 805 and 808, respectively Trans-
mission gate 805 is enabled by a configuration bit in
configuration memory cell 804 and its complement gener-
ated by invener 803. Transmission gate 808 is enabled by a
Configuration bit in configuration memory cell 807 and its
complement generated by inverter 1106. Multiplexer 802, as
described with reference to FIG. 9, programmably selects
between VREF] and VREFZ and generates reference input
VREF. FIG. 10 shows only one of many combinations and
variations that fall within the scope of the invention.
Fourth and Fifth Aspects of the Invention

FIG. 11 shows a simplified drawing of an FPGA [/0 part
ring showing a plurality of lOBs along all four edges. (An
l-‘PGAwill typically have many more 1085 than are shown
in FIG. 11, but only 3210135 are shown 50 as not to obscure
the drawing.) The liI’GA of FIG. 11 has eight sets of IOIls,
with eight separate input reference voltages and eight sepa-
rate output voltage supplies. Therefore, each set of IOBs has
at least one associated input reference voltage pad, and at
least one associated output supply voltage pad. The input
reference voltage pads associated with difierent sets of 1035
are electrically isolated from each other. and the output
supply voltage pads associated with dilIerent sets of 103s
are electrically isolated frttm each other. However, the
ditl'erent input reference voltage pads and/or the dilferent
output supply voltage pads may be connected together

_ external to the FPGA. In one embodiment, there is a set of
one or more output supply voltage pads associated with each
set of 1013s Ltach set of 1013s is cttnnectablc to a different
one of such sets of output supply voltage pads.

In the embodimentof FIG. 11, each edge has two separate
input reference voltage Lines (VREFI and VREFZ, VREF3
and VRLili4, VRL‘l-‘S and VRElifi, VREI77 and Vlllilis) and
two separate output voltage lines (VCCOI and VCCOZ,
VCC03 and VCCD4, VCCOS, and VCCOé, VCCOT and
VCCOS, respectively). Therefore, the FPGA of FIG. 11 can
interface with other 1C5 conforming to up to eight different
I/O standards. The number of separate input rEference
voltages and output voltage supplies can be two, four,
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sixteen, or any other number. This aspect of the invention
can further be applied to [Cs other than FPGAs.
Advantages of the Invention

A configurable input/output butler according to a first
aspect of the present invention offers the advantages of
compatibility with two or more difl‘erent [/0 standards. In
one embodiment, each lfO can be separately configured. In
another embodiment, several I/() are configured as a group.
Therefore. a single I-‘PGA can interface with two or moredilferent 1C5 at the same time that follow two or more
different l/O standards. Since the U0 standard followed by
each input/output buffer can be changed by simply recon-
figuring the FPGA, the resulting liPGA has a flexible input]
output interface that can also adapt with the semiconductor
industry to changes in [ID standards and operating voltage
levels.

Aoonligurable connection of an [/0 pad to one or more
input reference lines allows the [/0 pad to supply the input
reference voltage, in accordance with a second aspect of the
present invention. This aspect of the invention ofl‘ers the
advantages of a flexible pinout assignment in an FPGAA
according to this aspect of the invention, the input reference
voltage can be applied at any configurable U0 pad.

A reference input that is Conligurably connected to any ol‘
two or more input reference voltage lines in accordance with
a third aspect of the invention makes it possible to supply 7
each of several input reference voltages to every inputf
output butfer in the IiPGA

The separation of input reference voltages and/or output
voltage supplies in accordance with fourth and fifth aspects
of the invention allows an FPGA to interface relatively
easily with a plurality of ICS that operate at difl‘erent voltage
levels.

Thus it will be understood that the present invention
provides an input/output interface with many novel aspects
in an FPGA or a portion thereofi

Those havingskill in the relevant arts of the invention will
now perceive various modifications and additions which
may be made as a result ofthe disclosure herein ofprefcrred
embodiments. Accordingly, all such modifications and addi-
tions are deemed to be within the scope of the invention.
which is to be limited only by the appended claims anti their
equivalents.

What is claimed is:
1. Art input/output buffer comprising:
an output bufler configurably driving a pad line; and
an input bufi'cr connected to said pad line and to an input

signal line, said input bulIer having a plurality of input
paths from said pad line to said input signal line,
wherein:
said input bufi‘er comprises means for selecting one of

said plurality of input paths;
said output buffer comprises a plurality of pullups

disposed in parallel between said pad line and 3 line
at a high Voltage level, and a plurality of pulldowns
disposed in parallel between said pad line and a line
at a low voltage level; and

said output butler Further comprises means for selec-
tively enabling and disabling said plurality of pul-
lups and said plurality of putldowns.

2. The 'anut/‘output butfcr of claim 1 wherein said means
for selecting one of said plurality of input paths comprises
a multiplexer controlled by one or more configuration
memory cells.

3. The inputfoutput bu tier of claim 1 wherein said means
for selectively enabling and disabling said plurality of
pullups and said plurality of pulldowns comprises configu-
rat [on logic controlled by nncor more configuration memory
cells
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4. The inputfoutput buffer of claim 1 wherein one of said

plurality of input paths comprises a differential amplifier.
5. The inputfoutput buffer of claim 4 wherein said difi'ere

cutial amplifier comprises an NMOS differential amplifier.
6t 'lhe inputfoutpttt bulTer of Claim 4 wherein said differ-

ential amplifier comprises a PMOS differential amplifiert
T An input/“output buffer comprising:
an input buffer driven by a pad line;
an output buffer driving said pad line, said output butl'er

comprising a plurality of configurable pullups disposed
in parallel between said pad line and a line at a high
voltage level and a plurality of pulldowns disposed in
parallel between said pad line and a line at a low
voltage level; and

means for configLIrably connecting one of a plurality of
supply voltages to said high voltage level.

8‘ An input/output buffer in a field programmable gate
array, the input/output bu El'er comprising:

a configurable input buffer having a plurality of input
paths, said input butler being driven by a pad line;

an output buffer contigurably driving said pad line; and
configuration memory cells for configuring said input

buffer to select one of said plurality of input paths.
9. A configurable input buffer. comprising:
a pad line:
an input signal line;
a plurality of input paths from said pad line to said input

signal line, one such input path comprising a differene
tia] amplifier; and

means for configurably selecting one of said plurality of
input paths.

10.Thc configurable input buffer of claim 9 wherein said
means for selecting one of said plurality of input paths
comprises a multiplexer controlled by one or more configu-
ration memory cells.

11. The configurable input buffer of claim 9 wherein said
means for selecting one of said plurality of input paths
comprises a plurality of transistors controlled by one or
more configuration memory cells.

12. The configurable input buffer of claim 9 wherein said
differential amplifier comprises an NMOS dilferential
amplifier.

13. The configurable input butler of claim 9 wherein said
dilfercntial amplifier comprises a PMOS differential ampli-
lien

14. A configurable output butfer, comprising:
a pad line driver by said output buffer;
a plurality of pullups disposed in parallel between said

pad line and a line at a high voltage level for pulling
Said pad line to said high voltage level;

a plurality of pulldownsdisposed in parallel between said
pad line and a line at a low voltage level [or putting said
pad line to said low voltage level;

means for enabling and disabling selected ones of said
plurality of pullups; and

means for enabling and disabling selected ones of said
plurality of pulldowns.

[5. The configurable output buffer of claim 14 wherein
said means for enabling and disabling selected ones of said
plurality of pullups and said means for enabling and dis,
abling selected ones of said plurality of pttlldowns each
comprise configuration logic controlled by one or more
configuration memory cells.
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16. A field pmgrarnmahle gale array inpulfoulpul block
compatible with a pluralily nl‘ supply vollagc levels. cnm-
prising:

a pad;
an input signal line,
an inpul buli'er having a pluralily nl' inpul pmhs,sai(linpu1

buffer supplying an inpul vollagc In said input signal
lint: in response 10 :1 Millage on said par], said inpul
bull‘cr being configu rainlc lu sclecl one of said plurality

14
01‘ inpul 1)::th based un dala slorcd in one or more
cnnliguraliun memory cells; and

an a] least (me such palh, level selecling means responsive
10 an input reference voltage supplied from outside said
[C for selling a lrip poinl belwecn high and low vollagc
[malls [in mlaling said inpul vullage lo 52] id vullage (In
said padi
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FOREWORD

(This foreword is not part of this Standard]

This Standard was tormulated under the cognizance of TIA Subcommittee TFl-30.2 on
Data Transmission lntertaces.

This Standard specifies low voltage differential signaling (LVDSi generators and
receivers capable of operating at data signaling rates up to 655 Mbitis. devices may be
designed for data signaling rates less than 655 Mbitis. 100 Mbitis for example. when
economically required tor that application.

This Standard was developed in response to a demand from the data communications
community for a general purpose high speed interface standard for use in high
throughput DTE-DCE interfaces.

The voltage levels specified in this Standard were specified such that maximum
flexibility would be provided. while providing a low power. high speed. differential
interface. Generator output characteristics are independent ot power supply. and may
be designed for standard +5 V. +3.3 V or even power supplies as low as +2.5 v.
integrated circuit technology may be BiCMDS. CMOS. or GaAs technology. The low
voltage (330 mV] swing limits power dissipation. while also reducing radiation of EMI
signals. Diflerential signaling provides multiple benefits over single-ended signaling.
notably common mode rejection, and magnetic canceling.

The dc electrical levels are
standard. and will inter-ope
 

  
ta signaling rates.

This Standard includes two anne . both are informative only. Annex A provides
guidelines tor application. addressing data signaling rate and cable length issues.
Annex B provides comparison information with other interface standards. and
references to this Standard.

Ive-Ad]

Rx».
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1 SCOPE

This Standard specifies the electrical characteristics of low voltage differential
signaling interface circuits, normally implemented in integrated circuit technology. that
may be employed when specified for the interchange of binary signals between:

Data Terminal Equipment {DTE} and Data Girwit-Tennlnating Equipment (DOE),

Data Terminal Equipment (DTE) and Data Terminal Equipment (DTE).

or in any point-to-point interconnection of binary signals between equipment.

The interface circuit includes a generator connected by a balanced interconnecting
media to a load consisting of a termination impedance and a receiverts). The interface
configuration is an uncomplicated point-fo-point interface. The electrical
characteristics of the circuit are specified in terms of required voltage. and current
values obtained irom direct measurements of the generator and receiver (load)
components at the interlace points.

The logic iunction of the generator and the receiver is not defined by this Standard. as
it is application dependent. The generators and receivers may be inverting. non-
lnverting. or may include other digital blocks such as paratlelato-serial or serial-to-
parallel converters to boost the data signaling rate on the interchange circuit as
required by the application.

Minimum periormance requirements for the balanced interconnecting media are
furnished. Guidance is given in annex A. A2 with respect to limitations on data
signaling rate imposed by the parameters of the cable length. attenuation, and
crosstalk for individual installations for a typicai cable media interface.

it is intended that this Standard will be referenced by other standards that specify the
complete interface (i.e.. connector. pin assignments. function} for applications where
the electrical characteristics of a low voitage dlflerential signaling intertace circuit is
required. This Standard does not specify other characteristics of the DTE-DCE
interiace (such as signal quality. protocol. bus structure. andior timing) essential for
proper operation across the interface.

When this Standard is referenced by other standards or specifications, it should be
noted that certain options are available. The preparer of those standards and
specifications must determine and specify those optional features that are required for
that application.
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2 NORMATWE REFERENCES

The following Standard contains provisions which. through reference in this text.
constitute provisions of this Standard. At the time of publication. the edition Indicated
was valid. All standards are subiect to revision, and parties to agreements based on
this Standard are encouraged to investigate the poesil'iilitvr oi applying the most recent
edition of the standard indicated below. ANSI and TIA maintain registers at currently
valid national standards published by them.

ANSIITINElA-422—B-1994 Electrical Characteristics of Balanced Voltage Digital
interface Circuits

BIA-485 Standard for Electrical Characteristics at Generators and Receivers for Use
in Balanced Digital Multipcint Systems

ANSWINEIA-612-1993 Electrical Characteristics for an interface at Data Signaling
Rates up to 52 Mbit/s
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3 DEFINITIONS. SYMBOLS AND ABBREVIATIONS

For the purposes Elf this Standard. the ioltowing definitions, symbols and abbreviations
apply:

3.1 Data signaling rate

Data signaling rate. expressed in the units bitrs {bits per second}. is the significant
parameter. It may be different from the equipment's data transfer rate. which employs
the same units. Data signaling rate is defined as titui where tui is the minimum
interval between two significant lnstants.

3.2 DTE

Data Terminal Equipment

3.3 DCE

Data Circuit-Terminating Equipment

3.4 LVDS

Low Voltage Ditterential Signaling

3.5 Star 1')

Star {‘1 - represents the opposite input condition for a parameter. For exampte. the
symbot 0 represents the receiver output state tor one input condition. while 0‘
represents the output state tor the opposite input state.
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4 APPLICABILITY

4.1 General applicability

The provisions of this Standard mayr be applied to the circuits employed at the
interface between equipments where information being conveyed is in the form of
binary signals.

Typical points of applicability for this Standard are depicted in figure 1.

 
Legend:
DTE = Data Terminal Equipment
DOE = Data Circuit-tennination Equipment
(3 = Generator
F! = Receiver

B = Balanced interconnecting media

Figure 1 - Application ot LVDS Interface circuits

The LVDS interface is intended for use where any of the following conditions prevail:

a. The data signaling rate is too great for effective unbalanced (single-
ended) operation.

b. The data signaling rate exceeds the capability of TlNElA-422-B.
Eta-485. or TlNElA-S‘lz balanced (differential) electrical interfaces.

c. The balanced interconnecting media is exposed to extraneous noise
sources that may cause an unwanted voltage up to :I:1 ,y measured
differentially between the signal conductor and circuit common at the
load end of the cable with a 50 n resistor substituted for the generator.

d. It is necessary to minimize electromagnetic emissions and interference
with other signals.

e. inversion of the signals may be required; e.g.. plus MARK to minus
MARK may be obtained by inverting the balanced interconnecting media.
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4.2 Data signaling rate

The LVDS interface circuit will normally be utilized on data and timing. or control
circuits where the data signaling rate is up to a recommended maximum limit at
655 Mbitls. This limit is determined by the generator transition time characteristics, the
media characteristics. and the distance between the generator and the load. Certain
applications may impose a different (lower or higher) limit for the maximum data
signaling rate. This may be accomplished by specifying a diflerent minimum generator
transition time specification. a different percentage of transition time vs. unit interval at
the load. or by a different assumption of the maximum balanced interconnecting media
signal distortion which is length dependent.

The theoretical maximum limit is caiculated at 1.923 Gbitis. and is derived from a
calculation of signal transition time at the load assuming a loss-less balanced
interconnecting media. The recommended signal transition time (tr or ti) at the load
should not exceed 0.5 oi the unit Interval to preserve signal quality. This Standard
specifies that the transition time of the generator into a test load be 260 ps or slower.
Therefore. with the fastest generator transition time. and a loss-less balanced
interconnecting media. and applying the 0.5 restriction. yields a minimum unit interval
of 520 ps or 1.923 Gbitis theoretical maximum data signaling rate. ‘

NOTES

1 - 655 Mbltisfis the maximum data signaling rate for a serial channel. and
employing a parallel bus structure {4. 8. 16. 32. etc. - bus width] can easily
extend the obtainable equivalent bit rate into the Gbilz‘s range.

2 - The recommended maximum data signaling rate is derived from a
calculation oi signal transition time at the load. For example, it a cable media is
selected. a maximum signal rise time degradation is assumed to be 500 ps.
since cables are not loss-less (500 pa represents a typical amount of rise time
distortion on 5 meters oi cable media]. Therelore. allowing a 500 ps
degradation of the signal in the interconnecting cable yields a 760 ps tiastest]
signal at the load. Therelore. with the fastest generator transition time. and a

cable with only 500Jars of signal degradation {transition time). and applying the0.5 restriction. yiel s a minimum unit interval of 1.520 ns or 655 Mbitfs
recommended maximum data signaling rate.

Generators and receivers meeting this Standard need not operate over the entire data
signaling rate range specified. They may be designed to operate over narrower
ranges that satisfy more economically specified applications. for example at lower data
signaling rates. When a generator is limited to a narrower range of data signaling
rates. the transition time oi the generator may be slowed accordingly to limit noise
generation. For example. at 100 Mbiti‘s the generator's transition time should be in the
range of 500 ps to 3 ns (5% to 30% ol the unit interval). and the signal transition time at
the load should not exceed 5 ns (50% oi the unit interval). ..

While a restriction of maximum cable length in not specified. recommendations are
given on how to determine the maximum data signaling rate [or a typical cable media
application (see A2).
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5 ELECTRICAL CHhHACTEHISTICS

The LVDS interface circuit is shown in figure 2. The circuit consists of three parts: the
generator (G). the balanced interconnecting media. and the load. The load is
composed of a termination impedance and a receiverts} (Ft). The receiver may
incorporate the termination impedance lntemal to the Integrated Circuit package. The
electrical characteristics of the generator and receiver are specified in terms of direct
electrical measurements while the balanced interconnecting media is described in
terms of its electrical characteristics.

 ‘———-—.: .
GENERATOR E BALANCED 3 LOAD

: INTERCONNECTING ‘
MEDIA

q—piq—pf
; MEDIA 5 RECEIVER E
ETERMINATION 5

  
Legend:
G : Generator F! = Receiver
A : Generator interface point A' = Receiver interface point
B = Generator interface point B' = Receiver interface point
C = Generator circuit common 6' = Receiver circuit common
ZT = Termination impedance
chd = Common potential difference

Figure 2 - LVDS Interface circuit
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5.1 Generator characteristics

The generator electrical characteristics are specified in accordance with the
measurements illustrated in figures 4 to B and described in 5.1.1 through 5.1.4. The
generator circuit meeting these requirements results in a balanced source that will

produce a differential voltage across a test termination load of 100 n in the range of250 mV to 450 mV.

The signaling sense of the voltages appearing across the termination resistor is
defined in figure 3 as follows:

a. The A terminal of the generator shall be negative with respect to the B
terminal for a binary 1 or OFF state.

b. The A terminal of the generator shall be positive with respect to the B
terminal tor a binary D or CH state.

The logic function of the generator and the receiver is beyond the scope of thisStandard. and therefore is not detined.

 
VB

+1.2 V
‘ I

vs ”pm
A . +250 to

II = 100 9 +400 mV
B

c |VA~VBI ov mitt.)

-250 10
400 mV

Figure 3 - Signaling sense
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5.1.1 Test termination measurements {figure 4)

With a test load of two resistors, 49.9 o 11% each. connected in series between the
generator output terminals, the steady-state magnitude of the diflerential output
voltage {Vt}. shall be greater than or equal to 24? mi! [99.8 n -1% (2.5 mA}] and less
than or equal to 454 mV [99.30 +1% {4.5 rnA)]. For the opposite binary state. the
polarityI of Vt shall be reversed (Vt'). The steady-state magnitude oi the difference
between Vt and Vi' shall be 50 ml or less.

247mV$th|S454mV

24? mVsth‘ls‘Snt mV

th|-|Vt'[$50rnv

The steady-state magnitude of the generator offset voltage (Vosi. measured between
the center point ol the test load and the generator circuit common shall be greater than
or equal to 1.125 V and less than or equal to 1.375 V lor either binary state. The
steady-state magnitude of the ditterenoe of Vos lor one binary state and Vos' lor the
oppoeite binary state shall be 50 mV or less.

1.125 V s V05 5 1.375 V

1.125 V S Vos‘ S 1.375 V

|Vos|-|Vos'|550mv

STEADY STATE
LOGIC INP'IJ'ir

(1 OH 0)  
T ’0' = Measured Paramelm

Figure 4 - Test termination measurements
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5.1.2 Short-circuit measurements (figures 5. and 6)

With the generate? output terminals short-clrcuited to the generator circuit common. the
magnitudes of the currents (Isa and lab} following through each output terminal shall
not exceed 24.0 mA for either binary state (see figure 5}.

Ilsa | 524.0 mm
| let: I s 24.0 no!

STEADY STATE
LOG!) iNPUT

[1 OH El} 
Figure 5 - Short-circuit measurements to clrcult common

With the generator output terminals short-circulted to each other. the magnitude of the
current (isab) following through the output terminals shall not exceed 12.0 mA for
either binary state (see figure 6). ‘

| test: | s 12.0 mil

STEADY STATE
LOGIC tNPUT

{1 on o) 
C

_ ’O' = Measured Parameter

Figure B - Short-circuit measurement;
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51.3 Output signal waveform (figure 7)

During transitions of the generator output between alternating binary states (one-zero-
one-zero, etc}, the ditierential voltage measured across the 99.8 n 11% test load {91.}
and a maximum lumped capacitance test load of 5 pF {CL} connected as shown in
figure 7. shall be such that the voltage monotonically changes between 0.2 and 0.8 oi
V55 and is less than or equal to 0.3 of the unit interval (at the maximum data signaling
rate to be employed up to 200 Mbitl's). Above 200 Mbib's the transition time shall be
greater than orequel to 260 ps and less than or equal to 1.5 ns. Thereafter. the signal
voltage shall not vary more than 120% of the steady-state value {Vrlng}. until the next
binary transition occurs. Edge rates less than 260 be are not recommended to
minimize adverse effects of switching noise. Use is defined as the voltage ditterence
between the two steady-state values of the generator output (Vss = 2|th).
Measurement equipment used for compliance testing shall provide a bandwidth of
1 GHz minimum.

For data signaling rates 5 200 Mbitls ( tut e 5 ns}:
tr 5 0.3 tut, tt 5 0.3 tul

For data signaling rates 2 200 Mbivs ( tut s 5 ns}‘

and s 655 Mbiti‘s (mi 2 1.526 ns}:

260psstrs15ne, MpssttstjneA
I

ALTERNATING

LOGIC INPUT 9 at.(none...)
0
e

Vfing
120% We
0.8Vss 
 

DV Diflerenlial

Figure 7 - Output signal waveform
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5.1.4 Dynamic output signal balance (figure 8)

During transitions—of the generator output between alternating binary slates (one—zero-
one-zero. etc). the resulting imbalance ot the offset voltage (Vos) measured between
the matched 49.9 n 11% test load resistors (FlLJ to circuit common (C) and with a
maximum lumped capacitance test load of 5 pF (CL) connected as shown in figure 8.
Should not vary more than 150 mm: {peak-to-peak}. Measurement equipment used
for compliance testing shall provide a bandwidth cl 1 GHz minimum.

 
 

ALTERNATING
LOGIC INPUT

Figure B - Dynamic output signal balance wavetorm

'I‘l
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5.2 Load characteristics

The load is defined as an impedance between A' and B' and is composed or a
termination impedance and a receiver as shown in figure 2.

The electrical characteristics of a receiver without an internal termination impedance
are specified in terms of measurements illustrated in figures 9. 12 and 13. and
described in 5.2.1 and 5.2.3. Alternatively. the electrical characteristics or a receiver
with an internal termination impedance is specified in terms of measurements
illustrated in figures 10 to 13. and described in 5.2.2 through 5.2.3. A circuit meeting
these requirements results in a diflerential receiver having a high input impedance
(non-terminating receiver]. and a small input threshold between :i: 100 mV.

The media termination is specified in terms or measurements described in 5.2.4 and
5.2.2 for receivers that Integrate the termination impedance.

The total load limit is specified in 5.4.3. and additional guidance is provided in 5.4.1
and 5.4.2 on multiple receiver operation and tailsate operation respectfully.

5.2.1 Receiver input current-voltage measurements (tigure 9}

With the voltage Via (or Vib) ranging from 0 V to +2.4 V while Vib {or Via) is held at
+1.2 V t 50 hill, the resultant input current [is (or lib) shall be no greater than 20 oil in
magnitude. These measurements apply with the receiver's power supply in both
power-on and power-oil conditions.

NOTE 3 - Some integrated circuit manufacturers may impose additional
restrictions that may be required to meet this specification under the power-off
condition.

  
' 9' :Measured Parameter :

Figure 5 - Receiver input current-voltage measurements
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5.2.2 Terminating receiver Input current-voltage measurements and
input Impedance measurements {figures 10 and 11}

With the applied voltage {Vin} and Iorced current (lint listed in table 1 applied to the
corresponding inputs. the resultant differential Input voltage magnitude (Vic!) shall be
between the values listed in table 1. The test circuit is shown In figure 10 and applies
only to ,receivers that provide an internal termination Impedance. These
measurements apply with the receiver's power supply in both power-on and power-oil
conditions.

NOTE 4 - Some integrated circuit manufacturers mayr impose additional
restrictions that may be required to meet this specification under the power-oft
condition.

225mVs|VId|5596mv

Table 1 - Receiver Input current-voltage measurements
for terminating receivers

 

 
 

 
 
 

  
  

  

  
 

 
 

 

Resulting
Forced Switch Flesulting Difierential

Loop Current Position Input Voltage Input Voltage
Vr Range - Vld

 

 

V m

351-

m——
“mm——
m

  

 
‘- 0225100330 W
“mm——
“mmozzstao‘aao m
“mm—m
NOTE 5 - Current into a terminal Is posrtlve. and current out of a terminal is negative.

’0' - Measured Parameter T

Figure 10 - Terminating receiver input current-voltage measurements
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$5

4.0  

3.5

III

II!
In
I! A
I

 
3D

  
 

IID-LoopCurrent-mA
2.5

A
I

III
| VID t - Diflerentlal Input Voltage - mii‘

2.0::I 600

Figure 11 - Terminating receiver Input current vs. input voltage range

The input impedance of the terminating receiver is dominated by the low impedance
dilterential termination impedance (Z?) The resulting input impedance calculated
from the measurements describe in table 1 shall be greater than or equal to 90 n. and
less than or equal to 132 :1 See 524 on media termination, and 5.4.3 on total load
limit.

SOQQZTsISZQ

NOTE 6- The internal termination impedance may be a simple resistor
incorporated into the package. integrated on the die or composed of active
devices on the die. The exact structure or the termination impedance is beyond
the scope of this Standard
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5.2.3 Receiver input sensitivity measurements ttlgure 12)

Over an entire crfmmon mode voltage range of +0.05.) V to +2350 V (referenced to
receiver circuit common). the receiver shall not require a differential input voltage of
more than 1100 mi (threshold) to correctly assume the intended binary state.
Hovarsing the polarity of Vi shall cause the receiver to assume the opposite binary
state. The receiver is required to maintain correct operation-for diflerential input
voltages ranging between 100 mV and 600 mV in magnitude. The maximum voltage
applied to either the A’ or 3' terminals shall not greater than +2.4 V. or be less than D V
with respect to receiver circuit common. The maximum differential input voltage
applied to the receiver Is 2.4 V with no damage occurring to the receiver inputs.

Thresholds 5 1100 ml! {dittorential}

100 mV 5 Valid Differential input Voltage Range 5 600 mv

It V s Valid Input Voltage {to clrcuit common} 5 +2.4 V
4.§ 3(

 
  

 

3%
E s
.5 %
g >-

3%
E:

vcm=<oosovm+2asov ‘5 E
toerDstmrnV — 2 2
Vonneaoovm+a1mv E -forVID-BOOmV
vim ismeasored vw-va 690 my

Figure 12 - Receiver Input sensitivity measurements

Table 2 lists the minimum and maximum operating voltages of the receiver (input
voltage. differential input voltage, and common mode input voltage}. and the test circuit
is shown in figure 13.

NOTE 7 - The logic function of the receiver is not defined by‘this Standard.
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Table 2 - Receiver minimum and maximum operailng voilages

   
 

  
  

 

 
   
 
  

  
  

 
 

 
  

Applied Voltages Resulting Resulting
{Input Voltage - referenced Difierential Common

loycircu'rl common - 0') Input Vollage M33143?
VCM

  
 

  

. +1200 V
m +1200 V

+24% V +2300 +2350 v

To guaraniee
operation
with minimum

VID applied
versus VCM

  

To guarantee
Operation  

 

  

  

 
 

 
with maximum

+2.4oov m—vinappnad
 _——m§iflm- versus VCML300 V

’d = Measured Parameter
Of= Applied Voltage

Mole:
Vern = {Via + vrbyz,
VI! ‘- IVia . Vial

Figure 13 - Receiver input sensitivity lest circuii
w.
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5.2.4 Media termination (tlgures 14 and 15)

All applications shall use a termination impedance. The recommended value is
between 90 c and 132 n. The actual value should be selected to match the media
characteristic impedance {$1096} at the application frequency. The termination
impedance ma)r be integrated onto the receiver integrated circuit. but subject to
meeting the requirements at 5.2.2 instead oi 5.2.1. If the termination impedance is not
integrated into the receiver circuit. then it shall be located at the load end of the
balanced interconnecting media. as close to the receiver input as possible to minimize
the resulting stub length between the ten-ninatlon impedance and the receiver input.

NOTE 3 - Due to the high application frequency. care should be taken in
choosing proper components such as the termination resistor. and in layout of
the printed circuit board. The use of surface mount components is highly
recommended to minimize parasitic inductance. and lead length at the
termination resistor. Wire wound resistors are not recommended.

The value at this external impedance {21] is in the range of 90 n to 132 n. Ideally, the
resistor value is equal to the characteristic impedance of the media or greater in value
to minimize negative signal reflections. The media tenninatlon is shown in figures 14and 15.

 
C

 AB
C

Figure 15 - Point-to-polnt application with internal termination

NOTE 9 - Matching of impedance of the PCB traces. connectors and balanced
interconnect media is highly recommended. Impedance variations along the
entire interconnect path should be minimized since they degrade the signal
path and may cause reflections of the signal.

1?
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5.3 interconnecting media electrical characteristics

The balanced intErconnecting media shall consist of paired metallic conductors in any
configuration which will maintain balanced signal transmission.

NOTE to - The actual media of the cable is not specified and may be: twisted
pair cable. twinax cable (parallel pair}. flat ribbon cable, or PCB traces.

The periorrnance of any balanced interconnecting media used shall be such to
maintain the necessary signal quality for the specific application. If necessary for
system consideration. shielding may be employed (see 3.2}.

Annex A to this Standard provides guidance on perionnance and cable length versus
data signaling rate and cable recommendations tor typical cable applications.

5.3.1 Cable media

The cable media shall conform to the lollowing electrical requirements:

5.3.1.1 Maximum dc loop resistance (DOB):

50 n is the maximum dc loop resistance of the cable. This corresponds to a voitsge
drop at 125 mV assuming minimum generator current oi 2.5 mA.

5.3.1.2 Characteristic impedance:

110 0 +1- 20% from 10 MHz to the application upper frequency limit.

5.3.1.3 Additional parameters

Additional parameters not specified which are application dependent {see Annex A)
are: Maximum Attenuation. Maximum Propagation Delay. Maximum Propagation
Delay Skew. Maximum Near End Crosstalk {NEXT}. and Maximum Far End Crosstalk
(FEXT). Crosstalk. skew. and related pair balance parameters may Impact
applications with multiple signal transmission lines.

5.3.2 PC Board trace media

The electrical requirements at PC Board traces shall also meet the requirements oi
5.3.1.1 to 5.8.1.3. ..

5.3.3 Other media
\.

It may be possible that other media may be employed. the definition and electrical
characteristics of such media is beyond the scope of this Standard.
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5.4 System pagemeters

5.4.1 Multiple receiver operation (llgures 1B and 17)

The generator has the capability to furnish the dc signal necessary to drive multiple
parallel connected receivers (without internal termination). However. the physical
arrangement of the multiple receivers involves consideration of stub line lengths.
location oi the termination resistor. number of receivers. data signaling rate. circuit
common. etc. that may degrade dynamic characteristics oi the signal at the receivers it
not properly implemented. It is recommended that stub lengths oil the main line be as
short as possible. in general. the propagation delay oi the stub. should not exceed
15% oi the signal transition time to prevent reilections and a severe impedance
discontinuity. For applications with receivers without internal termination. the external
termination resistor must be located at the far end (last receiver] of the interconnect.
The actual arrangement must involve consideration oi the aioremeniioned
characteristics tor the specilic application and is therelore beyond the scope of this
Standard. Figures 16 and 17 are provided for guidance only.

 
Figure 16 - Multiple receiver operation - multidrop application

NOTE 11 - lithe coniiguratlon llluslrated in iigure 16 Is employed. only the
receiver at the far end oi the cable may be a terminating receiver.

All receivers located between the generator and the final receiver must be non-
terminating receiverts). Multiple terminating receivers would present a low impedance
load to the generator which would violate the total load limit {see 5.4.3}. and adversely
attenuate the signal.

The configuration shown in iigure 17 is preferred over the multidrop configuration
shown in iigure 16. The configuration shown in figure 1? is composed at two
independent uncomplicated point-to-point applications. At the expense of the second
balanced interconnecting media. and termination impedance. the problem oi stub
lengths is eliminated. along with any impedance discontinuities that mid balanced
interconnecting media connectors. and stubs may present. Signal quality is superior
in an uncomplicated point-to-point configuration over a mullidrop configuration.
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Figure 1? - Uncomplicated polnt-to-polnt application

5.4.2 Failsate operation

Other standards and specifications using the electrical characteristics of the LVDS
intertace circuit may require that specific interchange circuits be made tailsaie to
certain fault conditions. Such iault conditions may include one or more of the
following:

1] generator in power-oft condition
2] receiver not connected with the generator
3} open-circuited lnteroonnecting cable
4} short-clrcuited interconnecting cable
5} input signal to the load remaining within the transition region
(:100 mV} ior an abnormal period of time {application dependent}

When detection oi one or more of the above iault conditions is required by specified
applications. additional provisions are required in the load and the toliowing items
must be determined and specified:

1} which interchange circuits require fault detection
2) what faults must be detected
3] what action must be taken when a fault is detected; the binary state
that the receiver assumes
4} what is done does not violate this Standard .

The method of detection of lault conditions is application dependent and is therefore
not lurther specified as it is beyond the scope of this Standard.

5.4.3 Total load limit

The total load (ZL) including multiple receivers, tailsale provisions. and media
termination shall have a total impedance greater than or equal to 90 n and less or
equal to 132 :2 between its input points A' and 8'. shown in tigure 2. The receiverls)
shall not require a differential input voltage of more than 100 mV in magnitude tor all
receiverts) to assume the intended binary state.

900$ZL$1329
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6 ENVIRONMENTAL CONSTRAINTS

A LVDS interface-circuit conforming to this Standard will perform satistactorily at data
signaling rates up to 655 Mbitls providing that the tollowing operational constraints are
simultaneously satisfied:

a. For cable applications. the cable media meets the recommended
cable characteristics. the cable length is within mat'recommended for the
applicable date signaling rate indicated In annex A. A2 and the cable is
properly terminated. __.-’

b. For PC Board traces. the traces: meets the recommended
characteristics tor the applicable data signaling rate. and the trace is
properly terminated. r

c. The input voltage at the receiver (with respect to receiver circuit
common) is between 0 V and +2.4 V and either input {A‘ or 3'} terminal.
The input voltage is defined to be any uncompensated combinatlon of
generator-receiver common potential diflerenoe. the generator offset
voltage {Vos}. and longitudinally coupled peak noise voltage.

d. Maximum common potential difterence between the receiver circuit
common and the generator circuit common is less than at V.
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7 CIRCUtT PROTECTION

The LVDS interface generator and receiver devices. under either the power-on or
power-oft condition. compiying to this Standard shatl not be damaged under the
following conditions:

a.’ Generator open circuit.

b. Short-circuit across the balanced Interoonnecting media.

c. Short-circuit to common.

NOTE 12 - Some integrated circuit manulacturers may impose
additional restrictions that may be required to meet this specification
under the power-oft condition.
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3 OPTIONAL GHOUNDIHG ARRANGEMENTS

8.1 Signal common (ground)

Proper operation of the LVDS interiace circuits requires the presence ot a signal
common path between the circuit commons oi the equipment at each end of the
interconnection. The signal common interchange lead shall be connected to the
circuit common which shall be connected to protective ground by any one at the
following methods. shown in figures 18 and 19. as required by speciiic application.

The same configuration need not be used at both ends at an interconnection:
however. care should be exercised to prevent establishment of ground loops carrying
high currents.

3.1.1 Configuration ”A" (figure 1B)

The circuit common of the equipment is connected to protective ground. at one point
only. by a 100 Q t20%. resistor with a power dissipation rating oi 0.5 W. An additional
provision may be made [or the resistor to be bypassed with a strap. to connect circuit
common and protective ground directly together when specilic installation conditions
necessitate.

NOTE 13 - Under certain ground iault conditions in configuration “A". high
ground currents may cause the resistor to tail; therefore. a provision shall be
made for inspection and replacement of the resistor.

 
Protective ground or Circuit common or
Frame ground Circuit groLand

Legend:
GWG : Green more ground of power system
50 = Signal common interchange circuit ‘

Figure 1a - Optional grounding arrangements — configuration "A"
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8.1.2 Configuration "B" (tlgure 19)

The circuit common shall be connected directly to protective ground.

SC

  
Protective ground or Cirmlt common or
Frame ground Glrwii ground

Legend:
GWG -= Green wire ground oi power system
SC = Signal common interchange circuit

Figure 19 - Optional_groundlng arrangements - configuration "B"

8.2 Shield ground - cable applicatlons

Some interlace applications may require the use of shielded balanced interconnecting
media [or EM] or other purposes. When employed. the shield shall be connected only
to trame ground at either or both ends depending on the specific application. The
means oi connection of the shield and any associated connector are beyond the
scope of this Standard
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ANNEX A (info'rrnatlve) 

GUIDELINES FOR CABLE APPLICATION

(This annex is not a formal part of the' attached TINEIA Recommended Standard. but is
included for inlermation purposes only.l

A.1 Interconnectlng cable

The lollowing section provides further intorrnation to Section 5.3 and is additional
guidance concerning operational constraints imposed by the cable media parameters
ol length and termination.

Generally. it more than one signal transmission line is required for an inlerlace. twisted
pairs are necessary to balance coupling reactance between individual conductors of
adjacent pairs and thus reduce crosstalk.

A.1.1 Length

The length of the cable separating the generator and the load is based on a maximum
loop resistance ol 50 n. and a corresponding 125 mV loss at the signal.

The tollowing examples given take only the dc effects into account in determining the
maximum cable length. This would pertain to low speed operation only. The as
effects will limit the maximum cable length belore the do resistance for high speed
applications. See A2.

For the lollowing cables gauges. the corresponding maximum length for a 50 mV
signal loss is:

26 AWG 50 meters {164 feet).
24 AWG 150 meters {492 test)

Longer lengths are possible. it the voltage attenuation is allowed to decrease the
minimum generator difierential output voltage to the maximum receiver threshotd
voltage {250 mV to 100 mV) tor a 150 mV voltage attenuation or -?.9 dB. For the
lollowing cables gauges, the corresponding maximum length at a 150 mV signal lossI5:

23 AWG 150 meters (492 feet].
24 AWG 450 meters [1.476 test} ‘1
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A.1.2 Typical cable characteristics

A.1.2.1 Parallel Interface cable

The following characteristics apply to common parallel interlace cable (as used for
TINElA-Sla. and other IIO lnterlace standards) consisting 01 25 twisted pairs
surrounded by an overall shield:

A.t.2.t.1 Parallel cableI physical characteristics

Conductor 28 AWG. 7 strands oi 36 AWG. tinned annealed copper, nominal
diameter 0.33 mm {0.015 inch)

insulation Polyethylene or polypropylene; 0.24 mm (0.010 inch} nominal
wall thickness: 0.36 mm (0.034 inch) outside diameter

Foil Shield 0.051 mm {0.002 inch) nominal thickness aluminurru’polyester
laminated tape helically wrapped around the core

Braid Shield braided 36 AWG, tinned copper with 80% minimum coverage. in
electrical contact with the aluminum surface of the toil shield

Diameter nominal overall cable diameter 9.5 mm (0.375 inch}

A.1.2.1.2 Parallel cable, electrical characteristics

00 Resistance 221 n I km {67.5 9110001th

Mutual Capacitance 43 pFr'm (13 pFllt) at1 kHz

Impedance (characteristic. difierenlial mode} 110 n nominal at 50 MHz

Propagation Delay 4.3 nsfm (1.45 nsr‘fl)

Attenuation 0.28 dEr'rn {0.035 dElJ‘ft} at 50 MHz

Skew (propagation delay) 0.115 nslm (0.035 nsflt}

Maximum Crosstalk [Near End. NEXT] 30 dB at 50 MHz
a
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A.1.2.2 Serial inter-lace cable

The loilowing characteristics apply to a common Category 5 serial interface cable {as
used for TlNElA-422-B. and other 110 intertace standards} consisting of 4 unshielded
twisted pairs surrounded by an overall jacket:

A.1.2.2.1.5erial cable. physical characteristics

Conductor 24 AWG. 7 strands ot 32 AWG. tinned annealed copper,
nominal diameter 0.61 mm (0.024 inch}

Insulation Polyethylene or polypmpylene; 0.10 mm {0.007 inch}
nominal wall thickness; 0.97 mm {0.038 inch) outside diameter

Foil Shield optional

Braid Shield optional

Diameter nominal overall cable diameter 5.6 mm {0.22 inch}

A.1.2.2.2 Serial cable. electrical characteristics

00 Resistance 34.2 m km (25.7 (1)1000 teat}

Mutual Capacitance 48 pFim (14.5 pFii‘t) at 1 RH:

impedance '(characteristic. differential mode) 100 n nominal at 50 MHz

Propagation Delay 4.0 nsz'm {1.46 nsitt) _

Attenuation 0.17 dBr'm (0.051 dam) at 50 MHz

Maximum Crosstalk [Near End. NEXT) 36.8 dB at 50 MHz

A.1.3 Cable termination

The characteristic impedance of twisted pair cable is a function of frequency. wire size
and type as well as the kind oi insulating materials employed. For example. the
characteristic impedance of average 28 AWG, copper conductor. plastic insulated
twisted pair cable. to a 50 MHz sine wave will be on the order ol 110 n.V

The range of 90 n to 132 Q allows for a range at media characteristic impedance to
be specified. The nominal media characteristic impedance is restricted to the range oi
100 n to 120 n to allow for impedance variations within the media. Depending upon
the balanced interconnecting media specified. the termination impedance shOuld be
within 10% of the nominal media characteristic impedance.
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A2 Cable length vs. data signaling rate guidelines

The maximum permissible length of cable separating the generator and the load is a
function of data signaling rate and is influenced by the tolerable signal distortion. the
amount of longitudinally coupled noise and common potential differences introduced
between the generator and the load circuit commons as well as by cable balance.
Increasing the physical separation and the interconnecting cable length between the
generator and the toad interface points increases exposure to common mode noise.
signal distortion. and the sheets of cable imbalance. Accordingly. users are advised to
restrict cable length to a minimum. consistent with the generator to load physical
separation requirements.

To determine the maximum data signaling rate tor a particular cable length the
tollowing calculations r‘ testing is recommended. First, the maximum DCFl oi the cable
length '{loop resistance} should be calculated. then the resulting signal attenuation
should be calculated at the load. The voltage at the load must be greater than the
receiver thresholds at 100 mV. For a conservative design, a maximum attenuation oi
50 mV is recommended. Next eye patterns are recommended to determine the
amount of jitter at the load at the application data signaling rate and comparing that to
system requirements. Typically maximum allowable litters tolerances range from 5%
to 20% depending upon actual system requirements. This testing should be done in
the actual application it possible. or in a test system that models the actual application
as close as possible. Parameters that should be taken in account include: balanced
interconnect media characteristics. termination. protocoi and coding scheme. and
worst case data patterns (pseudo random for example}. The generator ! receiver
manufacturers and also the media manufacturers should provide additional guidance
in predicting data signaling rate versus cable length curves for a particular generator!
receiver and a particular media as this relationship is very dependent upon the actual
characteristics oi the selected devices and media.

When generators are supplying symmetrical signals to clock leads, the period of the
ctock, rather than the unit interval of the clock waveform. shall be used to determine
the maximum cable lengths {e.g.. though the clock rate is twice the data rate. the same
maximum cabie length limits apply).

A.3 Co-dtrectional and contra-directiomtl timing intorn‘latlon

With co-direotional [same direction as data] timing, there are minimal problems with
proper clocking of the data bits since the difference between data and clock edges is
mostly the result of generator and receiver skew and not the transmission line.‘1

With contra~directional timing. the user is advised that generator and receiver skew are
not the only items to be taken into account. The cable delay and skew must also be
considered.

In both cases the clock should transition as close to the center oi the data bit as
possible.
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ANNEX B llntoFmatlve]
__‘__‘___.———-————-————-————-

B-1 Compatibility with other Interface standards

The LVDS interlace circuit is not intended tor direct inter-operation with other interface
electrical characteristics such as TlNElA-422-B, Eta-485. TIMER-612, lTU-T (Formerly
CCITI'} Recommendation v.11. emitter coupled logic {ESL} or PECL,

Under certain conditions. inter-operation with circuits of some oi the above interfaces
may be possible but may require modification in the intenace or within the equipment.
or may require limitations on certain parameters (such as common mode range};
therefore. satislactory operation is not assured. and additional provisions not specified
herein may be required,

5.1.! Generator output levels [figure 3.1)

A generator complying to this Standard features a difierential current source capable
of delivering a loop current in the range of 2.5 mat to 4.5 mA. When loaded with a
100 :1 load. the resulting differential voltage across the resistor will be at least 250 mv
and less than 450 mv {Vt}. The center point is typically +1.2 V (Vest. These voltages
are depicted in figure 8.1.

Any balanced receiver device that guarantees and input range ot at least 0V to +2.4V,
and thresholds of 200 -mV or less may directly Inter-operate with the generator
specified by this Standard and total noise is less than at} Ev,

The balanced receiver specified by this Standard may inter-operate with other
balanced generators specilied by other standards along as the balanced generator
does not violate the maximum receiver input voltage range. and develops a dilferential
voltage oi at least 100 mv. and not greater than 600 mV. Inter—operation with
generators that provide a greater diflerentlal voltage may also be possible with the use

c} an attenuating circuit. The actual arrangement of such circuits is beyond the scope0 this annex.
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SQUAREWAVESWITCHINGINPUT

 
Figure B.1 - Generator output levels
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8.1.2 Compatibility with IEEE 1596.3

This Standard features very similar DC electrical specifications to the IEEE 1596.3
standard titled: SCI-LVDS Low Voltage Differential Signals Specifications and Packet
Encoding. Direct inter-operation should be possible at certain data signaling rates
without the use of intermediate circuitry. This Standard specifies generic electrical
characteristics cl low voltage differential signaling intertace circuits lor general
purpose applications.

3.1.3 Compatibility with other lntertace standards

To determine whether direct inter-operation is possible with other interface standards.
generator output levels and the receiver input specifications must be compared.
Specifically the generator's differential output voltage. and offset voltage must be
within the bounds of the receiver‘s input ranges. Correspondingly. the receiver‘s input
thresholds and the input voltage range must be able to accept the generator's output
levels. if this Is the case. direct inter-operation is possible. It ditierences exists.
additional provisions and or precautions may be required. This may include
modification or additional circuitry Inserted at the interface points or imposing
limitations on certain parameters such as maximum common potential difference. The
exact circuitry required is beyond the scope of this annex.

5.2 Power dissipation of generators

Power dissipation is greatly reduced within the generator circuits compared to other
ditierential standards which specify a voltage mode generator. The current mode
generator can produce less spike current during transitions compared to a voltage
mode generator. As data signaling rate increases. this component becomes more
critical. This alloars for the generator to operate into the 300 MHz region without the
use of special integrated circuit packages or heat sinks. The load signal is specified
between 250 mV and 450 mV typically with a 100 {2 load, with creates a small loop
current of only 2.5 to 4.5 mA compared to the minimum 20 mA loop current tor a
difierential TlNElA-422-B generator. Since the load current component in also
reduced. this allows for highly integrated generator t receiver devices to be offered In
one package or integrated with other VLSI controller integrated circuits.

31

ZTE/SAMSUNG 1018-0117

|PR2018-00274



ZTE/SAMSUNG 1018-0118 
IPR2018-00274

TlNEIA-Bfl

3.3 Related TINEIA standards

TlNEIA-dZZ-B Electrics! Characteristics of Baianced Vottage Digitei interface Circuits

E1A-485 Standatd tor Eiectricat Characterisflcs of Generators and Receivers for use in
Balanced Digitai Muiupoint Systems

TINEIA-612 Eiectrioai Characteristics for an interface at Data Signaling Rates up to 52
Mbit/s

3.4 Other related Intertace standards

IEEE 1596 .3 SCH. VDS Low Voitage Diflerentiai Signeis Specifications and Packet
Encoding

ITU-T (formerly CCITI'} Recommendation v.11 Etectncai characteristics for botanced
doubie-cunent interchange circuits-tor general use with integrated circuit equipment in
the flair! of data communications
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S: XILlem wiflglfiErof-Pprévfss with
KAPPZS‘l [Version 1.0) SeptemherES. 1&99 Applicanen Note: Jan Eannel'iiJ. Brian Von Herzen——-———_—.

 

Summary This application note describes how to use LVDS signaling for highwr‘l'cr-
nuance muiti-drop applicailone with Vines-E FFGAe. Mum-drop LVDS allow:
many receivers to be driven by one Vines-E LVDS driver. Simulation results
indicate that the reference design described here will operate from DC up to
311 Mbfleis. This application nore Includes DC specifications. mlcrasirlp and
iaymn grideilnee. With simple source and dliiereniiel lerrninetlcn, Virlex-E
FPGAs drive multi-drop LUDS directly. replacing costly TTL—LVDS drivers and
receivers, reducing board area and skew fer nigh-periormence applications.
The Vines-E driver actually improves signal lnlegn'iy ever elher LVDS drivers
by absorbing any reflected energy at the source instead cl passing it on dawn
H1eline.Thlelnnavalipn enables 311 Mel‘s sign filing on multl-drnp lines with as
many as 20 LVDS receivers. spanning distances of over tour reel in the refer-
ence design. with high signal integrity and noise immunity.

Introduction LvDs uses dilferenliei signaling to increase noise immunity o~er single-ended
Iechnlques. Mum-drop LVDS allows many receivers he be driven by one
Vines-E LVIJS driven The hue diflereniial LVDS Inpul and curpui capability oi
the Vidal-E FPGA enables this mmidrop application. Vines-E multidrop
LVDS drivers can drive lines with ianauls at 2|] lo 1‘ making Iirllrterr-E LUDS
suitable for a broad variety of nigh-load epplioerione. The timer-E LVDS driver
eliminates costly ‘l'l'L-LV DE translator-e. Enabling lhe direct interlece of logic to
high-speed nillferenliei Signaling. This lnlepretlcn reduces signal skew and
reduces the board area needed to irnplen'renl a highpefimmanoe applioeiion.

Multl~Drop LVDS Figure ‘I shows a typical muiii-drop LVDS applicalion. The a and 5 outputs of
ClI'CUits the LVDS driver on the lanconnecl serially to the Inputs of ins LVDS receivers

along the lenglh at the mmti-dmp lines. A resistor Fly lerrnineles the Ci and U
signals in parallel at the end of the rnulIi-drop lines. Simple microstnp lines
made on standard PC boards wnh ground planes suffice for We eppiicalicn

—_—————.
nfimi [Version I D) Emmet 23. 1599 madllnnm 11%00-‘266-1’7“
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all! mu Dim MT! DITA MT}: W MA
I!“ m: IN: ms III; we mt |HB

Figure 1: T‘ypfmi Hum-Drug: LVDs Appllcnthn

Mlcroslrip Mica-camp is a PCB [printed-aircufl board} trace on the rep or bonom layer a!
Transmission Ins PCB were ground or power plane on Ina nan inner layer. Figure 2 shows
Llnes for Mulli- 1hr: cms-sectlon 01 a micruslrI-p transmission Ilna. The trace widlh {w}.1race
Drop LVDS heightW ground plane (h). lraue thickness m. and me re1ativa dielectricconsianl (Br) 01‘ the PCB determines the micraslrip uharaflerlslic lmpadance

:29). Table 1 summarizes [he characterfslln Impedance of lhn micmatrlp in
FlgUFE 2 for Iyplcal valuas 01w and h an an Fm PCB using 1 ounce nappy.

Alrgtsi .
’j} r-Hw-IWuIn;

 "all”{again/”unity”.
[3mm mm

mun m

Flam 2: Mlcrultrlp Transmiulon Llne Emu-Baum"

———-—-——_
2 maillnlmll lama [Fenian 1.0! Sammy 23. 1995LEGO-2554771!
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Table 1: Mimtrlp Impedance for Typical Valun: at w and I1.
“mm“ Mill Ohm

5 TD
5 59
 

  
Notes.
I; 1.4 mILa :1 ounce copper)
c. a 4.5 urn-w Fm n 11qu Imuanciullooom'la:‘mm-2§.IIM
Immune: orrur - r at:

Trace wldths and heights above the wane are rounded to the nearest r'nil lor
ease of layout and fabricalion. Note the rninroslrip Iransrntssiun Ilne
impedance is napmxirnalely cmstant with Ihe wrh ralio. A wrh ratio at four.
givas approxlmataly 20 = 29 to 30 ohms. A wrh raNo of 1.6. gives
approximately Zg : 51 to 52 ohms. Using the wfh ratio apprm'lmatlon. the
charactelistic lumedanca at a mlcmstrfp with any plane spacing can be
asflmalad.

Figure 3 Is a sample layout at the Vim-E rnulIi-dmp LVDS driver with source
resistors and capacitor on If“! left and the lamination resistor an the right.

 
LVDS_TERM

LVDSJERMX
I

Notes:
I All PCB traces shown are 2% mbrostrlpt
2. Can use higher Impedanue in serlee wlth F43 and Huh.

Ifl' r” (OI-W0

Flame 3: Physical Lam! n'l' Vlrtez-E Mum-Drop LVDS Driver

_—-—
KAPPEM {Va-sum LEI! Santana-.151 2:, was m.lllln:.enlll 3LEW-2554713
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Multi-Drop LVDS
DC Specifications

Driving Multi-Drop
LVDS from
Vlrtex-E Devices

LvDS cutouts typlceiiy drive a r 359 mv voltage stilling (I: ‘ 5). and the
average ol 0 and 5. {G + C5! i2. is sometimes relerrad to as the offset voltage
or common-mode voltage. Wpicel LVDS output common-mode voltage 31.25
V. and is sat by [he LVDS driller. For more iniormelion on rnulti-drop LVDS.
read National Semioonriuctofs application note AN-l 115. incited at l'ltln'fl
wwwnalionaicdrrvaFvAMAN-il 15de Table 2 summarizes the DC
specifications of LVDS.
Table 2: Standard LVDS DC Specification

_IEI-mm
DulputHigh

Voilagoluroandfiaflmawndww 1.38 v
OurputLoonitege fifacmaand v signals 0.90 Vloroanofi

“”3339?“ firearms o andow
to - or. o = High "'V[5- G}. O 1 Low
Ouiuul Carmich- “(amend u signals

Mode Voltage 135 1.3?5 V
[O + a}? 2

Differential input
Voltage Common-mode lupin «N

(o . a}, o = High voltage = Lasv
(i3 - O}. O = Low
incur Bummun- . _

ModaVoihiga m'mlfgg'gu‘fim‘a“ ‘ 025 125 v{o + ti}: 2 '1‘
Figure 4 shows the complete schematic at the Vines-E LVDS line dnirer
driving 20 LVDS receivers in a multlvdroo configuration. The receivers are
either VInex-E receivers or other ofl-liie-sheli LVDS receivers. The LVDS
signal is driven from a Virtex-E LVDS driver on the Ieit. and [a daisy-chainedwith two 29-ohrn transmission lines and stubs to all 20 LVDS receivers at the
OUT[1:2fl]and EDI 1‘20 nodes. Each LVDS receiver tape off the main mulliA
drop liner. every 2.5 inches For a min-drop line length of 50 incline. Each
LVDS receiver tap line has a one Inch maximum stub length with e Eta-ohm
tlensmission line impedance to ground, or a differential impedance of 100
ohms between the two stubs. A It‘ll-ohm lamination resistor Fly is placed
across the LVDS_TERM andmnodes close to the final LVDS
receiver, on the right. Fleaiatora R5 and How attenuate the elgnelecomlng out
oi the Vinex-E LVDS drivers ivlll'l ch = 2.5V and provide a 22-oim'r source
impedance (series lamination] to the 29-ohrn transmission lines The design
cells lore 22-ohrri source impedance because Ilia added load oi the LUBE
receivers brings the 29mm line down to an effective impedance oi 22 ohms
on average. The capacitor (3sz reduces the slew rate from the Virtex-E
LVDS driver. resulting in smaller reflections and less ringing at the receivers.

 

 

 
Morilhmorn Jaime: [teem 1.0} September 23. less16009265va
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wniLTEFIH

  
IJU hoifl tiling-E ormil-1WD! We"!

ra'fil nun-I
Figure 4: Vines-E ZD-Load Matti-Drop LVDS Schematic

why wouid a Zaahm transmission line he tennineted at both ends with 22ohm terminations? The answer iiea In the behavior at transmission tines.
When capacitive receivers and stubs lead down a transmission ilrie. [ha extra
capacitance redmee the effective impedance The receiver: in Figure 4 have
an attentive ieao capacitance at roughly 9 pF. Including receiver capacitance.
trace and stub capacitance. A 9 pF capacitor placed every 2.5 inches on a 29
ohm iina brings the line down to 22 uhms. Theraicia. the reflections are ‘
minimized ii the line is laminated into 22 ohms. For tunher ininnnation an
attractive transmission line impedance see Hmrd W. Johnson. 'HighAspeed
digitai design: a handbook of black menia.‘ 1993. up. 172.174_ The section on
aqueliy—spaced capacitive loads provides the “touring equations:

II 20 = m
where L = inductance! unit length
c = capacitance i unit length
and CL = capacitance at each load
N = nun'ber cl leads
H = tctaj ianglh cl transmission tine
Then ZOE”: = imflfil

Although the transmission line uses iuwer impedance than the typical
impedance found in the specification used in Tebie 2. all the voitege swings
comply with the LVDS standard. This means that any LVDS recehier will work
correctiy on this mum-drop iine. In tact. the iowar impedance results In a wider

—_—————
XAPPZSI [Vela-en in} Suntan-moral i999 mullnuem 5taco-2554779
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trecs. reducing Inductance and akin-eii'ect losses along the multi-drop lines.
The two 29-ohrn single-ended transmission lines can be rntcrostrip. stfiptine.
or the single-ended equivalent of a Bar-ohm twisted pair or similar balanced
differential transmission line. See Appendix A in Xilimt application note
KAFPEEU. 'The LVDS Iii: Stenderd' tor a discussion of transmission lines and
tennlnetiohs used in LVDS.

The multl-clrop Vines-E urns line driver adheres to all the standard ANSWW
Elh-EM LVDS Interface Standard DC input levels as specified in Table 2. The
output common—mode voltage typically eve rages to vmyz. Component value
derivations tor Hg. Flam and (3sz can be found in Appendix B on page 10.
The DC performance of \i'irtex—E LVDS meets or exceeds the ANSIiTINElA-
544 LVDS lntedace Standard specifications shown in Table 2.

The v'lrtes-E mulli-clrbp LVDS lamination in Figure 4 dlitars from other Lv'DS
source terminations in that it actually absorbs reflected energy at the source.
While most LVDS drivers behave like a current source with a high output
impedance. the VirtamE multi-drop LtiDS tine driver behaves like a current
source in parallel with a 22-min resistor. thereby improving the source
termination for reflected signals. The 22-ohm source impedance of the
virtex-E W05 driver absorbs nearly all differential reflections from the
capacitive loads distributed along the mum-drop lines. reducing standing

waves. undarshoot. and ”WWW to other LVUS drivers. Thevoltages at LVDSJEFIM and _ and on the transmission lines
meat or exceed all of the standard LVDS output levels shot-in in Table 2.

Flgure 5 shows the typical step response of Virtex-E mule-drop LVDS drivers
tor the schematic in Figure it. The top graph st'lotvs the singieencled
wavetorms at otnputa t. to. and 20. oonespondlng to receivers at the
beginning. middle. and end at the muttl-drop line. The bottom graph shelve the
differential voltage at five receivers along the mum-drop line tron-I beginning to
end. All voltages are measured at the on-dle diilsrential trout of the receiver.
mt received waveforms show similar characteristics with little undershoet or
overshoot and negligible load reflections.

Figure B shows typical 311 We burst data (or 155.5 MHz clock} response at
\iirtett—E rnuIIi-drop LvDS outputs tor the schematic in Figure 4. SinglaAended
and dinerenh'el wavetern'ta are shown for outputs 1. 10.nnd 20 along the multi-
dlop line. All received waveforms el-totr.I stroller characteristics with little or no
undershoevovarshoot and negligible reflections. Some smoothing or the
weveiorrn oocunr overthe length of the multl-drop line loaded by the receivers.
but the attenuation is minor. Even the last receiver sees nearly 400 mi peait
at the and of the 50 inch line after 1 9 other receivers. The eitcellent
performance of tildes-E multidroo L'v'DS can be attributed to its matched
source impedance and the rise-time-reducing capacitor 05.39 at the source.
The Vines-E mum-drop LtiDS driver is tully oornpatibie with urns receivers
from National Semiconductor and other companies.

________.—————
s W-Iilllllwtfln XAPPaa‘l (version 1.01 accustom as. 1990LEGO-156m!

ZTE/SAMSUNG 1018-0125

|PR2018—00274



ZTE/SAMSUNG 1018-0126 
IPR2018-00274

Vines-E FPGAS amum

 

«mum-

 lefl-OU!§X—"' mun-mu«nu-
 

outAou'rx.—__ ans-mm——— Dunn-DUNE!——
 

 

 
                

mu realm Immma

Figure 5: Typlcal Slap Response cl Vlrm-E Mum-drop LVDS Driven
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Figute 6: Typical 311 Mm Burst Data Hanan-e for Vimn-E Mum-drop LVDS Output for
Schematic In Flgure 4.
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Conclusion

Appendix A:
PCB layout
guidelines for
Virtex—E multl-drop
LVDS

The Vines—E FPGA transmits and receives muIIi-drop LVDS. The maximum
data rate is 311 Mbls or a clock at 155.5 MHz for the -7 \lIrtex-E speed grade.
Virtex-E LVDS drivers provide significant Improvement in signal Integrity over
other oi'i-the-vehell LUBE drivers due to their matched source impedance which
series laminates the transmission lines and minimizes source refleclions.
Reliable data transmission Is possible tor up to so LVDS receivers over
electrical lengths olazs ne [50 inches). limited only by skin efiecl losses In the
PCB trace. Vines-E FPGAs utilizing LVDS eliminate easily ‘I'l'L—LVDS drivers
and LVDS-TTI. receivers. reduce board area. and reduce signal delayI skew.
while reliably translerrlng high-speed date end clocks over long distances
between chips. boards. chassis, and peripherals.

Printed-circuit board layout guidafinas tor the Vines-E mule-drop LVDS circuit
In Figure 4 are as foilows:
ii A rnulIi-lazrer printed-circuit board with controlled transmission line
impedances is required.
2} All transmission lines between LVDS drivers and receivers should be
relerenced to a common ground plane except when routed through a
balanced differential transmission line such as twisted-pair. For misled-pair
and other balanced lines. utilize a grounded shield that connects to the ground
planes at the beginning and ending of the misled-pair cable to allow [or
common-mode return current. It no shield connection is available. take extra
care to use syn-metric and equal-length routing and ensure capacitive load
balancing on the dinerentlel pair to pretrent excessive ocmn'iOn-mode to
dlllerentlel mode conversion. Do not split the ground plane under the signal
path as this will cause large discontinuities lrorrl Increased inductance.
3) The resistors F15 and How should be placed close to the Vines-E outputs for
the \firtes-E rnult|~drop LUDS line driver. Place the parallel termination resistor
Fl-r close to the final LVDS inputs at the tar end or the mold-drop line.
4} The capacitor CsLew should be placed close to resistors Fla and Film
5) Symmetric and equal-length routing should be used of the mum-drop LVDS
signal pair between source and desunations to maximize common-mode
rejection. Home the two LVIIIS signals with minimal spacing between the
traces along the rnuItI-oroo line and the stubs. it the trace spacing is less than
the dielectric thickness to the ground plane. dltierentlal impedance eflects
must be included to detain-tine the effective transmission line impedance since
the trace impedance will be signiilcenlly enacted by the dillerential Impedance
between the two traces. Wider spacing heea smaller effect on the Impedance.

5) \l’lrtell-E provides dedicated LVDS inputiculput pairs for driving and
receiving LVDS. The IOEI registers driven from a single clock provide a
convenient point to synchronize inputs and outputs.

_—__————-————
XAPFQSI the-elem 0i Sapiembet 2%. i999 malllhxooin 9lino-255W?!

ZTE/SAMSUNG 1018-0128

|PR2018-00274



ZTE/SAMSUNG 1018-0129 
IPR2018-00274

Vines-E FPGAs fiertNx———_..—————

Appendix 8:
Component valuederivations for the
Virtex-E multi-drop
LVDS line driver

Relerring to Figure 6. resistors H5 and Raw attenuate the signals ooman out
oi the Vines-E LVDS drivers and provide a matched source impedance {series
tennlnetloni to the transmission lines. Values for H5 and new are determined
by these two constraints. The equivalent source Impedance R50. lnclud lnp the
vines-E driver impedance “Deli-rm mustequei the eiieciive transmission line
Impedance. 22 ohms. Using the dlflarential hall-circuit

[ROW ‘3' null“?- R‘r "H7321.
Flee = (“onward F's) 1” {Howe} = zone: {1)

H3 and Hm are chosen to obtain the desired attenuation of the signal pathhorn the Vines-E driver to the LVDS destinations. The desired signal
attenuation is defined as e.

3 = Vewmell-VDSW ”coo = “How”?! i {Holy/2} + Humvee + “all
[fife-Ir (H112 + Rani]

nearing» Realistic. Illerel'al'e.
cr = VamthVDS) .4 vcco =
“Howl?! i (Howl?) + Humvee 4' “all i 2 (El

Using equations 1 end 2 and solving for Hm and Fla yields:
Fle = lZeEFF 1' 2E! ' RDHIVEH. (5i
Flew =14“ N ‘ 23)] [Humvee + RS} [4)

SUBSHWHHD ZOEFF 1 22 ohms. HDHNER = It] Dhl'l’lfi. Vcw = 2.5V. and
szmnli-VDS) = 330 mil into Eoualjons 2 - it end reuniting to me nearest 1%
value. the values of R5 = Bl .9 ohms and Flow = 53.4 ohms are found. shown
in Figure 4. The typical LVDS voltage swing of 350 mV Is increased to 380 rnV
to cheat akin effect losses at 311 Mbie data rates near the end of me 50-inch
mule-drop lines.

GELEW increases the rise time out oi the VIrtair—E mule-drop driver. Typically.
the till-90% rise time oi LVDS is 500 ps. Using CsLew- the desired rise lime is
increased to appmimeteiy 1 ns. Using the differential haiielrcult equivalentoi
Figure 4. (Flaw -: HOME. CSLEW -> ZGSLEWJ. the driving point impedance For
2035“. is “so if H112 n Fla-d2. The Flc time constant is:

lECsLEwKF'eoI’EJ = Flso CELEW'
By selling I. the RC time constant. equal to the original LVDS 104% rise
time. the new ill-90% rise time will be nearly 1 ns. The value {or (:ng Iscalculated as:

Gsuaw = 1 i’ “so (5}
Substituting 1 = 600 ps and ”so = 22 ohms Into Equation 5 and roundhtg up
to the nearest 10% value. the value of cm = 2? pF is obtained. shown in
Figure 4.

——_——-——fl—_‘0 mxflhxcern wrest Litrsien l a: anaemia. is“
retreats-ma
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ABSTRACT

This application report describes design considerations for low—voltage differential swing
{LVDSJ multidrop connections. The report describes the maximum number oi receivers
possible versus signaling rate. signal quality. line length, output jitter. and common mode
voltage range when mullidrop testing on a single LVDS line driver transmitting to
numerous daisy—chained LVDS receivers.

The LVDS receivers are wired to simulate a wire-wrapped or printed circuit becltplane
environment. The receivers are tesled to monitor system response tor diflerent signaling
rates and a varied number oi receivers. 

1 Introduction

The most commonly used data transmission system. or topology. is imown as the
Point-to-Point application. The term Point-ro-Point is used to describe a
unidirectional system that consists of a single line driver connected to a single line
receiver. that transmits data from pointA to point B using one speakerand one
listener: The term multidrop. defines a topology where one driver transmits data
to more than one receiver. The muitr'drop application is the equivalent of sending
data from point A to point Br. point 52. point 53. etc. since with this application.
one speaker may have a whole room iuil oi listeners.

In data transmission circuits. the output voltage transition time of a line driver is
often the limiting factor in determining a maximum signal rate. This is usually clue
to an output stage not being last enough to provide a decent pulse. however data
rate limitations are also related to noise margin. crosstalk. and radiated and
conducted emissions. Many conventional line drivers have a single-ended output
with along. slow voltage swing of several volts. a signaling rate may be further
constrained by the increase in power dissipation as the signaling rate increases.
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2 Maximum Number of Receivers

Connecting multiple LVDS receivers to a single LVDS driver works well. but at
some point. increasing the number 01' receivers overloads a single driven and the
system fails. The maximum number of receivers possible is examined in the
loliowing discussion with best case and worst case modeling.

2.1 Best Case Analysis

2.1. 1 or: Electrical Models

The reflect that multiple receivers have on a driver is calculated by examining the
output model of an LVDS driver and the input model of an LVDS receiver. The
common mode and differential models shown in figure 1 represent an LVDS bus
censisting of an LVDS driver. the interconnection. and the LVDS receiver.
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Figure 1. Common Mode and Differential LVDS Bus Model

2. 1.2 Driver Analysis

Figure 2 displays an LVDS driver model from Annex C of the TWEIA—644
standard. The model is complex. but useful in developing a simplified dtfierential
line driver model tor the examination of driver reaponsa to output load increases.
For this purpose. the simple model of en SNBSLVD531 line driver is developed
in Figure 3.

2 SLLA054
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HI [3J1 \l' - 3.6 V] H" [3.0 V - 3.6 V]

 
  

Figure 3. Simplified LVDS Driver Mode!

Output ditterentiat drive and common mode ottset models are derived from the
simplified model of Flgure 3 and modeled individually in Figure 4.

Common Mode Dlflerentlel

{'oM ‘ '01 * '02} " 2cm

(Zorn " 2C" H 202 l " 1°C ‘02“ Imam

gm 3m rowan-2w

Figure 4. Common Mode and Diflerentiel Driver Models

Values are assigned to each source and impedance by using data sheet
specifications and IBiS models for the SNBSLVD531 . These values are obtained
from a straight line approximation of the actual IBIS model and are shown in
Figure 5.

was Mumdrop Connections 3
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Figure 5. SNESLVDSS1 Simplified Driver Model

Using the derived values in this model. individual common mode and differential
models are developed in Figure 6.

Common Mode Differential
1—--' 1m:

15mm

 
r" 1:1 rll\l'

Figure 6. SNESLVDSM Common Mode and Diflerential Driver Models

2.1.3 Common Mode Load

The model for the common mode output of the SNGfiLVDSat shows the driver
consists of a smell current source and a 1500 51 load develops a 1.2 Vdc common
mode voltage. The current source is capable of maintaining the 32 Vdc within the
limits at the 800 pA source. but loads beyond this limit will cause the common
mode output to shift.

2.1.4 Differential Load

The nominal driver output is modeled difierentiallv as a 4 mA source with an
output impedance of 1100 5‘1 load: the resulting (nominal) current is 3.66 mA at
the termination resistor, producing a dil'lerential voltage (Vodi of 366 mV across
the inputs of the recaiver. The LVDS standard specifies a minimum differential
voltage of 250 ml, which occurs if the termination resistance decreases to 67 £1
The ditiere ntial model also contains an ofisetvollage modeled as a 25 mV voltage
source resulting from a mismatch of the individual outputs. This mismatch can
cause the output voltage levels to change difierentially by 50 mV as the current
source Varies. The open circuit differential—output voltage of the driver without the
100 o termination resistor will not remain at 4.4 Vdc. but will ramp up to Vcc.

2.1.5 Receiver input Leakage

The SNBSLVDSBZ simplified recatver model in Figure 7 and the common mode
and differential models of the receiver in Figure 3 are developed with the same
derivation technique as the SNSSLVDSM driver.

4! 5LLA054
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Figure ?. Simplified SNEELVD532 Receiver Model

Common Mode Differential

 26 mtr

Figure 8. SNBSLVD532 Common Mode and Differential Driver Models
The receiver for the susswosaz models has an extremely high input

impedance when compared to the 100 Q termination resistor. The common mode
model has very little impact on the overall system when compared to the driver.
The same is true of the differential model which is the equivalent of a 6 pm source
compared to the 4 mA source of the drivers. it would take a large number oi
receivers {over 100} before the effects would interfere with the performance of an
overall system.

2.2 Worst Case Analysis

2.2.? TlA/ElA-Edtl Requirements

Although both devices modeled above meet the requirements of TIA/EtA-Brte.
there are LVDS specifications that need to be addressed.

When the standard was developed. it was specifically intended for lower signaling
rates and point-to-point applications. and LVDS signal edges running in
high-speed applications like multipoint or multidrop were clearly not envisioned.
As a result, parameters that would ultimately be affected by these new
applications are not completely defined in the standard.

Two of these undefined parameters are the common mode currents in an LVDS
driver and receiver. The standard does deline a common mode voltage range via

the ground potential difference voltage (Vgod) of it Vdc. however the maximum
allowable common mode current between a driver and receiveris] is yet to be
defined.

Another parameter that does not lend itself to multlpoint or multidrop applications
is the leakage current out of (or into] each receiver pin. which is modeled for the
SNBSLVDSSE in Figure r as e 3 on current source. The standard states that
leakage current shall not exceed 20 11A. The direction tor the current is not
specified..Theretore the specification is met if one receiver pin has a leakage
current oi —20 MK. and the other pin +20 M.

LVDS Multidrop Connections 5
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NOTE: Current leakage can occur with another manufacturer's
parts it the leiisale configuration of the receiver is based upon
biasing one terminal high and the other terminal low.

Theoretically then. a resulting 4t} pA loop current will now be working against the
dillerential output voltage Wool of the driver. The nominal output of the driver
model is 366 mV {4 mA across an equivalent resistance 01 91.5 n) and the
minimum allowable Vod tor a driver is 247 mV. theretore a 40 M loop current
leaves an operating margin oi approximately 116 mv.

Utilizing this margin. 31 receivers (116 mW3.66 mv per receiver] can be
connected to the driver before dropping below the minimurn Vod; however. any
desired margin lowers this number accordingly. For example. it a 50 mV noise
margin and 50 mV ground potential dlfierence margin are desired. the maximum
number of receivers drops to 5. This condition. modeled with 2|] theoretical LVDS
receivers. is illustrated in Figure 9.

Dlflmmtlal

Figure 9. Spec Compliant 20 Receiver Model

The at) receivers establish a 0.8 mA current working against the ditterential
voltage generated by the driver. The 20 resistors in parallel develop an equivalent
system impedance ol approximately 90 11. which results in a 258 mV difference
voltage across the 100 a termination resistor. leaving little room tor a system
performance margin.

NOTE: The LVDS receiver is theoretical. and the values are used
to demonstrate what could happen based upon the present LVDS
standard. The LVDS committee reviewing the standard should
address these issues.

2.2.2 Tl LVDS Characteristics

Tl LVDS receivers have both inputs pulled up through 300 it!) resistors. Since
both inputs are pulled up internally. the resulting loop current is the difference
between the input leakage currents of each pin. and not the sum oi the two
currents as demonstrated in the example above. where non‘l’l parts are modeled.

Other manutacturers employ a configuration that results in a dilterential loop
current very near the 40 M allowable limit. Although the devices meet the LVDS
specification and work in point-to-point applications. they would not perform well
in the multidrop application with a large number of drops.

6 SLM054
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3 Maximum Signaling Ftate Obstacles

Many lactors come into play when sending digital signals over copper wire at
megabitsper-second rates. Signaling rates and bandwidth have increased
dramatically in the last iew years. and cable and connector manufacturers are
struggling to keep pace with newer and faster silicon. While many oi the factors
affecting maximum signaling rate are nothing new. the problems they pose are
a concern whether the signaling rate is kilobits-per-second or megabytes-
per-second.

3.1 Driver Output Loading

The LVDS line driver converts a single-ended logic signal [LVTTL] to the
difierential output levels and common mode voltage specified in the LVDS
standard. The voltage levels are required to drive the transmission line and
termination resistor at the receiver input. but as transmission line length
increases, so does its effect on the driver. The dc resistance at a CAT5 cable is
specified iTlNElA-ESB-A] not to exceed 9.38 Q1100 meters. which equates to a
decrease of 35 mil in the Vod of an LVDS driver with a 100 m cable. However.
the standard recommends a maximum distance for LVDS transmission of up to
30 m. which places the Vod loss in the range of 10 mV.

Cables also attenuate an ac signal tTiNEIA1~568-A). The permissible
attenuation allowed for a CAT5 cable may be derived with the following equation:

Attenuation {f} = 1.9674? + 0.023 x f + 99%I‘

Where f is the applied lrequency

Another consideration is a cable's characteristic impedance {Zn}. The
TiNElA-644 LVDS specifies the use of 90 I! to 132 :2 transmission lines (other
values magir be used in nonstandard applications). Since the output impedance
of an LVDS driver is significantly greater then In. reflections are created as
signals propagate from the device. creating a trade-cit between driver power
dissipation and output impedance matching oi the driver with the cable.

3.2 Intersymbollnterterence

Maximum signaling rate is aiso aliectad by intersyrnbol interlerence {iSl}. While
this discussion is not restricted to the multidrop application. the affect mayr be
more pronounced in a multldrop system due to the increased capacitive loading
oi multiple receivers on a transmission line. Capacitive loading induced tSI
causes errors that are pattem {or data] dependent. The inlluence of ISI on a
driver's output signal is shown in figures it] and 11.

WES Mullidrop Connections 1’

ZTE/SAMSUNG 1018-0141

|PR2018—00274



ZTE/SAMSUNG 1018-0142 
IPR2018-00274

Maximum Signaling Here Obstacles

LII'Il Line
tJri'm Driver

Inlermntlm Transmission “"9 Information
Source Sink

  

Figure 10. Loading Effects at a Receiver input

Capacitive loading may not be as apparent at lower signaling rates because a
signal has time to make the transition and settle to a steady-state level before the
next transition occurs. At higher signaling rates. as shown in Figure 11. a signal
may not have sufficient time to make a transition detectable by a receiver.
resulting in data errors.

—ItluiI—-
|flp1|fl|1|1|1|0t1|1|1|flIflllili

aJNRZDefa I l I I I
Sampling

htclwklilili {IIIIIIIIIIIIII +Instanl
c) WevnironleDuelo Each

Date‘l’ranellion

I""ldine-«nan: IIIEEL‘ .‘IL
“‘5'” 'i'lllllll ”WA I

a} Line Receiver
Data owner I I I I I I

Figure 11. Data Error Pattern

3.3 Skew in Parallel Buses

The output of a SNEELVDSST driver changes state in about 500 ps. The
intercennec‘tiun to a receiver greater than a few centimeters can be closely
modeled as a resistive load and a time delay. Systems that use multiple LVDS
drivers to form a parallel bus need the same time delay tor ail channels, as
differences will cause a timing skew and possible data errors between channels.
For example. consider a parallel bus system with a 400 Minna signaling rate. a
timing budget of 650 93 for the rising edge. 650 p3 for the falling edge. and 1200

B 81.111054
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p3 for the steady state level. It the propagation delay or the cable is 5 nSlmeter.
a 20 cm difference in cable length between two channels will cause a skew of 1
n3. or 40% of the timing budget. This problem becomes more manageable as
many cable manufacturers now spec multiple twisted pair cables with a maximum
skew between pairs. otten listed as a dliierence in propagation delay between
pairs of conductors per unit length of cable.

3.4 Termination

The transmission line between driver and receiver is terminated at the receiver
input. with a resistance approximately equal to the line's characteristic
impedance. for two reasons. First. an LVDS driver is a current mode device and
the differential voltage is generated at the receiver inputs across this termination
resistor. Secondly. almost all transmission systems require some type of
termination to minimize reflections back into the line. Higher frequency
components {fundamental and harmonic) reflect back to the source it termination
reslstance does notclosely match the characteristic impedance of a transmission
line. While allowable reflection in a system depends upon its design and tolerable
noise margin. matching the nominal characteristic impedance at the cable to
110% of the termination resistor value is generally sufficient. The TlNElA-644
specifies termination within the range oi 90 $1 to 132 n. or a nominal value of 100
9 across the inputs ot an LVDS receiver.

A termination resistor is placed acrossthe inputs ot the last receiver in a multid rop
application. which means that ideally. balanced driver current flows through the
entire transmission line. Although other receivers comment to the line do not
draw signilicant current. the connectors and short lines to each oi the additional
receivers create stubs on the transmission llne. Each ol these stubs is modeled
as a small lumped capacitance attached to the line. creating a mismatch at that
point on a transmission line. It is difficult to maintain the characteristic impedance
of a line after the first stub. and the small mismatch increases with each
successive drop along the line. The overall etiect results in a degraded signal
quality. slower signal transitions. and an increase in lnterrnodulation products. It
is therefore evident that a maximum possible signaling rate decreases as system
noise and signal litter increasas with each additional drop.

3.5 Allowable Jitter

The required quality oi a signal leaving a receiver is utlimateiy dictated by the
quality of the downstream equipment in a system. Signal quality is not a major
concern it the downstream equipment is high-end decoding equipment with error
correction and calibration capabilities. However. if downSiream equipment is low
end. then the quality of the receiver output may need to be extremely clean.

The most common method oi quantifying signal quality is by measuring litter in
the aye-pattem ot a receiver's output. An eye-pattern includes all the effects at
systemic and random distortion and reveals the time during which a signal may
be considered valid. Figuretz portrays a typical eye-pattem with the important
parameters identified.

LVDS Multid'rcp Connections 9
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Figure 12. Typical Eye Pattern

The jitter values obtained irom eye-pattern measurements are often reported as
percent jitter. the percentage oi time that litter takes out of each bit.

Absolute Jitter

Time Unit interval x 100

The time unit interval (Uli is the reciprocai oi the signaling rate. therefore percent
litter represents the portion of Ul during which a logic state should be cansidered
indeterminate.

Percent Jitter =

3.6 External Noise Coupling

One of the benefits of LVDS is the superior noise immunity oi the balanced
differential interface between driver and receivers. This benefit outweighs the tact
that two wires and connector pins are required tor data transmission. The effects
of noisy environments and interference from other equipment are minimized
because transient noise and spikes are coupled onto both conductors at the
receiver input. The receiver responds to the difference in signal levels acrossthe
input and this transience is present on both input conductorsr it is essentially
ignored and has minimal impact on system pertormance. While differential
signaling has this advantage over single-ended signaling. both techniques are
still susceptible to the other external noise sources.

3.? Common Mode Voltage Range

10

Another obstacle of concern is ground potential differential voltage (\igpd). which
occasionally occurs when the driver and receiver are In different locations with
separate power supplies. When the ground reference of the driver's and
receiver's power supplies is not women. a dc otlset between the driver and
receiver may develop. The LVDS standard addresses this problem by requiring
that any do offset stay within a 11 Vdc range. a 3.3 V LVDS system may require
that a dedicated ground line or water-pipe ground he used between the driver‘s
and receiver's power supplies.
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4 Bench Verification

Now that the major obstacles limiting signaling rate have been addressed, the
LVDS multldrop system is examined on the bench.

4.1 The Multldrop Setup

A basic muitidrop system consists of one LVDS driverconnected to mullipie I VDS
receivers. Ti's LVDS evaluation meduie [EVM) is shown in Figure 13.

Mullldmp Land {Bank} n1 LVDS EVM flinch-r!IlIIl|||||||||||||||||||||
.1

 

r
l
i
I
|
|
| 
 

 

5

25 1..E. 

I_—-—-—-—
Tummatlon Register
lnmlIed on Last EV“

Figure 13. Mulfidrop System With TI LVDS Evaluation Modules
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The EVM is Constructed with EMA connectors on one receiver channel. The
remaining channel connections lead to empty solder pads on the edge of the
board. Two—wire terminal posts (Berg Sticks”) are soldered to two 01 the
receiver's edge pads. These posts facilitate the two-wire connection to an
adjacent EVM receiver channel, providing for a daisy-chain of tie-receiver
channels. Figure ‘14 is a closeup of the Berg Sticks installed on one EVM.

 
Figure 14. Berg Sticks Connected to One Receiver Channel on the EVM

The 36 EVMs are bolted together with threaded rod. slid through the banana jack
connectors of each EVM. then titted with flat washers and nuts on both sides of
each EVM. This creates the equally,r spaced multidrop bank of 36 receivers show
in Figure 15. Power (Veg and ground) is then applied to the bank by connecting
a dedicated supply to the metal rods. Thirty-live “(.62 cm {3"} length twisted pair
wires are used as jumpers Irorn one receiver connection to the next. A 100 W
termination resistor is installed between the inputs of the last {farthest} EVM.
Another EVM is set up as the driven mounted and powered separately, from the
load bank of receivers.

Berg Sticks is a trademark ot Berg Etectronics
12 SLLA 054
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Flgure 15. Multidrop Bank at 35 Receivers
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4.2 Equipment Setup

The Tektronix HFS-9003 signal generator in Figure 16 (top shett on the left).
employed as the signal source tor the multidrop system is adjusted as follows:
a Pattern: NFtZ. pseudo-random binary sequence {PRES}
- Input high level: 2.? We

I Input low level: 0.0 Vdc
- Slew rate: 300 ps

The Tektron'tx HFS—QDOS signal generator is capable of generating a
pseudo-random binary sequence (PRES) data pattern at signaling rates up to
630 Mbps‘ with data patterns not repeated in the same sequence for 215—1 {64K}
bits. The setup is monitored with the Tektronix 784D oscilloscope on the right side
of the photo. and powered with the two small Hewlett Packard power supplies on
the bench behind the load bank. One of these supplies the driver. while the other
supplies the load bank. with both set to 3.3 Veto.

 
Figure 16. Test Setup With instrumentation

14 SLMDM

ZTE/SAMSUNG 1018-0148

|PR2018—00274



ZTE/SAMSUNG 1018-0149 
IPR2018-00274

Measurement Results—-————_——_——._._

At high data rates. the influence oi equipment used to measure a signal of
concern should be minimized. therelore probe heads should behave like a
low-capacitance. high-impedance load with high bandwidth. For this test. the
Tektroniir 734D oscilloscope and Teirlronix P624? differential probes are used.
since both scope and probe have a bandwidth oi1 GHz and a capacitive load of
less than 1 pF. For signals in the range ct 40D Mbps and above. an even higher
bandwidth is recommended {as a rule of thumb. the litth harmonic, La 2 GHz.
should be able to be detected), but at this tlme. no taster differential probe headis available.

The emblems associated with the triggering litter are eliminated by using a
separate output channel from the HFS-QUUE. as the trigger source tor the
TDS7BAD oscilloscope.

The transmission cable is a Belden MediaTwist'“ (CATS) cable containing four
unshielded twisted pair (UTP) conductors. The jumpers used to connect each
receiver together are constructed by cutting nine ?.62 cm (3") pieces or
MediaTwist, removing the four pieces of twisted pair from each piece. then
stripping about a hall inch of insulation from both ends of each twisted pair.

5 Measurement Results

Four series of tests will be completed in order to determine the receiver number
vs cable length and the receiver number vs signaling rate:

. Output Jitter vs Signaling at Different Cable Lengths

. Output Jitter From a Single Point-to-Point Fleceiver

I Output Jitter of Varied Load Conditions

I Output Jitter Percent From Every Fourth Load

5.1 Output Jitter From Receiver 36 With Diflerent Cable Lengths

The first series of signal length leps) measurements will be taken between the
driver and the 36"” receiver load bank. The measurements will be performed
using varied lengths ol cable to examine the system response to all 36 at the EVM
receivers.

I Insert the 100 m cable connectors into the driver EVM Berg-Slick connectors.

- Insert the 100 m cable connectors into the llrst driver EVM Berg-Stick
connectors (Receiver 1].

- Record data truth the 36th EVM receiver for each signaling rate leps}
Figure 17.

I Shorten the cable [90 m. 30 m through 1 m] between the driver and the
receiver load bank.

0 Repeat the series oi signal length {Mops} measurements tor each cable
length and record the data.

MedieTwlsl is a trademark oi Belderi Wire and Cable Cemeny.
LVDS Muflldrm Connections 15
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Figure 17. Output Jitter From Receiver 36 With Different Cable Lengths

The results of the tests are presented in Figure 1? and ciearly shew that eutput
jitter i5 proportions! to cable length. but the date tormet Is not in the conventional!
format for percent jitter. In Figure 18 the same date is repletted as percent jitter.

 Du‘lpulJitter1%)Ofnapalmm   
 

20 SD 30 110 Nil 170 am 230 200 m 320 ail)

Slgnliing Bela {lihpll

Figure 15. Output Jitter vs Signaling Rate at Different Gable Lengths
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5.2 Output Jitter From a Single Point-to-Polnt Receiver
The second series oi signal length (Megs) measurements will be taken between
the driver and the 3611'I EVM receiver only. The measurements will be performed
using varied lengths ct cable to examine the system response to the 36"1 EVM
receiver only.

The results of the tests are presented in Figure 18.
1., __ _ . ..

W

40OutputJlt'lilr{'5}
30

20

10

Remove the jumper wires between the 35th and 35th EVM receivers.
Insert the 30 in cable connectors into the driver EVM Berg-Stick connectors.
Insert the 30 m cable connectors into the 361h EVM receiver Berg—Stick
connectors.

Record data from the 35th EVM receiver for each signaling rate (Mops)
Figure 19.
Shorten the cable (10 rd. 3 m. and 1 m) between the driver and the 36‘" EMreceiver.

Repeat the series at signal length (Mops) measurements tor each cable
length and record the data.

 

  
  

 
material ‘I Drop
Emand‘l Drop
1mand10rup

 
scgnellng Rate (Mhpl)

Figure 19. Output Jitter From a Single Polnt-to—Point Receiver

5.3 Output Jitter of Varied Load Conditions
The third series of signal length (Mops) measurements will be taken between the
driver and varied EVM receiver load drops. The measurements will be performed
using varied lengths oi cable to examine the system response to the varied EVM
receiver load drops.

Ftemove the jumper wire between the ninth and tenth EVlvl receivers.
Insert the 30 rn cable connectors into the driver EVM Berg-Stick connectors.
Insert the an m cable connectors into the ninth EVM receiver Berg-Stick
connectors.

LVDS Mentored Connections
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Flecord data from the ninth EVM receiver tor each signaling rate (Mbps)
Figure 20.
Shorten the cable (10 m. 3 rn. and 1 ml between the driver and the ninth EVM
receiver.

Repeat the series of signal length (Mops) measurements for each cable
length and record the date.

Remove the jumper wire between the Him and 19"" EVM receivers.
Insert the 30 or cable connectors into the driver EVM Berg—Stick connectors.
lnsert the 30 m cable connectors into lhe 13th E'v'M receiver Berg-Stick
cormeclors.

Record data from the 15’" EVM receiver for each signaling rate {Mbps}
Figure 21.

Shonen the cable (to m. 3 rn. and 1 m) between the driver and the 18“1 EVM
receiver.

Repeat the series of signal length (Mbps} measurements for each cable
length and record the data.

Remove the jumper w‘rre between the 23”“ and 28‘“ E'v'M receivers.
insert the 30 m cable connectors into the driver EVM Berg-Stick connectors.

Insert the 30 m cable connectors into the 2T'h EVM receiver Berg-Stick
connectors.

Record data from the 2?“" EVM receiver for each signaling rate (Mops)
Figure 22.
Shorten the cable (10 m. 3 rn. and 1 n1] between the driver and the 21”“ EVMrecerirrer.

Flepeat the series of signal length (Mbps) measurements for each cable
length and record the data.

The results oi the tests are presented in Figures 20. 21. and 22.
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Figure 20. Output Jitter of e Nine Receiver Load Bank
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Figure 21. Output Jitter of en Eighteen Receiver Leed Bank
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Figure 22. Output Jitter of a TWenty-Seven Receiver Load Bank

Combine the j‘rtter data test resutts from ail three series of tests {Figures 18
through 22). Examine the effect of an increasing number of loads at a fixed (:3be
length Figures 23 through 25.
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Figure 23. Output Jitter With a 1 rn Cable and a Varied Number of Receivers
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Figure 2d. Output Jitter With a 3 m Cable and a Varied Number of Receivers
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Figure 25. Output Jitter With a 10 m Cable and a Varied Number at ReceJVers
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Figure 26. Output Jitter With a 30 or Cable and a Varied Number of Receivers
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5.4 Percent Output Jitter From Eventr Fourth Load

The fourth series oi signal length {Mops} measurements will be tel-ten first
between the driver and the first EVM receiver only. then lrom every fourth EVM
receiver in the 36 EVM receiver load bank. The measurements will be performed
using a 15.24cm (6") cable. The FIFE-9003 will be adjusted for a signaling rate
of 50 hips. then incremented In so Mps steps to 300 Mps. measuring the output
jitter at each increment.

22

Remove the jumper wires between the first and second EVM receivers.
insert the six-inch cable connectors into the driver EVM Berg-Stick
connectors.

Insen the six—inch cable connectors into the first EVM receiver Berg-Suck
connectors.

Adlust the HFS-9003 signaling rate to 50 Mp5
Ftecord data from the first EVM receiver tor each signaling rate (Mops)
Figure 2?.

Adjust the HFS-QOOS signaling rate in increments at 50 hips. up to 300 hips.
and measure the output fitter at each increment.
Connect the lumper wires between the first and second EVM receivers.
Continue testing every tounh EVM receiver load ln the 36 EVM receiver load
bank.

The results ol the tests are presented in Figure 2?.
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Figure 2?. Percent Output Jitter From Every Fourth Load

6 Conclusion

This report provides basic design guidelines and recommendations for
determining operating margins. distance between the transmitter and the
receivers. and the optimal signaling rates to the number of LVDS receivers.

6.1 Receiver Number vs Cable Length

While the effect of increased cable length is apparent in Figure 18. performance
ct the shorter length cables [30 m] indicates that load number impacts a system
as much as cable length. This is obvious when the multidrop system plots in
Figure 13 are compared with the single point system plots in Figure 19. The point
at which each plot crosses the 20% ]itter line in Figure 20 through Figure 22
clearly demonstrates this increased loading eltect.

Not as obvious in figure 20 through Figure 22 is that the longer cables in these
plots appear to both delay and attenuate reflected signals more than the shorter
cables. It appears that although cable length increases jitter. length seems to
reduce the high and low peaks of the output jitter caused by jumpers and stubs
in the load bank. Figure 23 through Figure 26 display this unexpected
characteristic with a decrease in the dramatic fluctuations of the 1 m and 3 rn

plots. on the to m and 30 m plots. The longer cables effectively smooth out the
minimum and maximum peaking evident in the shorter lengths, however overall
performance at the system still degrades rapidly with increased cable length.
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outputJitter(“H

Figure 2? illustrates the fact that data taken at the test receiver [E‘v'M #36), does
not represent the worst case jitterin the load bank. It appears that the stub lengths
and connectors along the load contribute noise and jitter to the system. but the
fact that the slope is negative between loads 32 and 35 implies that the
termination at the last load attenuates jitter. The positive slope of the tirst tour
toads (except at 200 Mbps) indicates that the cable and driver also attenuate
system iitter generated along the load bank. These ettects are amplified in the
higher signaling rates.
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Figure 23. Percent Output Jitter From Each Multtdrop Load

An examination of possible attenuation by the transmission cable and driver with
a i m cable is recorded in Figure 28 as the output litter from each load. These
results again present a positive slope at the beginning of the load bank and a
negative slope at the and White a gradual noise increase is expected with an
increase in cable length. clearly this extra noise is being generated by the stub
and connectors along the load bank.

it is also apparent that jitter levels shift along the load bank as the signaling rate
is changed. establishing a characteristic wave of the load bank. The number oi
loads and the propagation delays introduced by the cables between receivers
directly influence this wave. which in the test setup are the 162 cm (3") jumpers
between EVMs. Based on these results, measurements ot the propagation delay
are made across the entire toad bank. The fundamental and harmonic slgneling
rates related to this delay are examined.
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A delay of 20.9 ns is measured lrom the output of the first receiver (#1) to the
output at the last receiver (now #35 since the receiver output pins on one oi the
loads was damaged during the previous testi This 20.9 ns delay equates to a
characteristic signaling rate at 4? Mbps {121 ns}. and a third harmonic at 141
Mbps. It a standing wave is being generated along the lead bank, then this wave
should shift along the load bank as the signaling rate is changed.

Increasing the signaling rate in quarter-wave increments at 12 Mbps. the next
series at tests are performed with an initial signaling rate of the third harmonic.
The second test is performed with the signaling rate increased to 155 Mbps. then
increased again to Hi? Mbps. and finally iTQ tribes. The results are plotted with
third order only nominal trend lines in Figure 29. employed to examine the wave
more clearly.

Next, the load bank is reconfigured to approximate the same characteristic wave
using half the number of receivers [#19 —— #36) and doubling the line length
between EVMs from 7.62 cm {3”} to 15.24 cm (6"). using a 1 m cable from the
driver to EVM #19. This should create a load bani: of 15 receivers with a
propagation delay somewhere near the original.

The delay between the output of the first load {#19} and the last load (#36) was
17.2 ns. corresponding to a characteristic rate ol 53 Mbps. As done previously,
the third harmonic with quarter wavelength increases in the signaling rate are now
applied to the driverr with results plotted in Figure 30.

 

  
  
 
1 d 7 1D 13 18 Hi 22 25 2B 31 36

Load

Figure 29. Percent Output Jitter From a 35 Drop 21 ns Load

l. EDS Muflrh'rop Connections
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Figure 30. Output Jitter From an 13-Hecelver 1?.1 ns Load

The wave. generated by reflections irorn connectors and stubs present on each
EVM. shifts along the load bank as a function of the signaling rate. The output
jitter oi the first load wr‘ii not be the worst case. and the output litter from the last
toad may not be the worst case in a system.

A closer examination at another source of jitter is made at the termination resistor,
across the inputs of the last receiver in the load. As expected. the rise and fall
times of the signal are much faster with this tit-receiver toad bank than with the
35-receiver toad bank. To analyze this apparent signal decay more closely. the
short 'i'.62 cm {3"} jumpers are reinstalled across the 35—recelver loads and a
500 0 series resistor is added in series with the bank on a short cable irom the
driver. The 100 O termination resistor is removed to eitectively measure the time
constant of the signal decay.

The HFS-QDOS is adjusted for a 1 Vp-p 1 kHz pulse and applied tothe driver in put.
The decay time oi the signat is measured across the receiver inputs oi the last
load: this decay time divided by the 5000 resistance results in a total vaiue £31640
pF tor the entire bank. This breaks down to just over 18 pF (64085) for each EVM
and jumper, and it increases to 20 pF with the long 15.24 cm (5”) jumpers
installed.

Increased capacitance causes slower rise and tall times. thereiore the time that
edges are within a receiver threshold window increases. With this elfect. jitter at
the input of a receiver is presented tore longer period of time. then the receiver
itself increases this jitter again as e near-linear function of signaling rate
[approximately 1 ps oi jitter per Mbps).
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6.2 Receiver Number vs Signaling Fiate

Guidelines for determining the maximum allowable signaling rate that can be
used with a particular number of receivers can now be established. lthas already
been determined that one load (EVM and jumper) adds approximately 1 ns of
propagation delay and 2t] pF oi capacitance. Therefore. a plot oi propagation
delay (it of loads] versus the signaling rate that results In an output jitter oi 15%
becomes a practical design tool. More propagation delay measurements are
needed to compiete this graph.

The next series of measurements made on a 13-receiver load (#24 through #36)
with 15.24 cm (6") jumpers. yields a propagation delay of 12.3 ns. Based on the
previous results, signaling rates approximately twice the lundarnental period.
result in jitter levels near 15%. signaling rates at 162 Mbps (2 x 11123 ns) and
142.5 Mbps (1.75 x ”21.3 nsi tor the quarter wavelength shift are used with
results plotted in Figure 31.

2|; _' rise" “7 ' _'l-- 142.55 1
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Figure 31. Output Jitter From an iii-Receiver 12.3 ns Load

The 2:: signaling rate yields a peek iitter of 16%. The load bank is increased to
15 receivers and a 14.3 ns load delay is measured. Signaling rates of 140 Mops
{2 x 1114.3 ns).157 Mbps [2.24 x1!14.3 net. and 175 Mbps (2.5 x1l'14.3 ne) will
he used tor this test. The resulting 2.25x quarter-wave shifted rate oi 15? Mbps
nearly reaching the 15% jitter mark is shown in Figure 32.
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Figure 32. Output Jitter From an 15-Fleceiver 14.3 ns Load

Remove Iour jumpers from the mad bank to create an 11-drop. 10.4 :15 load.
When me value of the 2x [2 x 1110.4 119 = 192 Mbps} was recorded, the resulis
were aiready above 15% jitter. Tests were then made with 1.?5x(168 Mbps) and
1.5:: {149Mbpsj ergnaling rates. The results are shown In Figure 33.
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Figure 33. Output Jltler From an 11-Flecelver 10.4 ns Load
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6.3

Tpd_Load(nSec)

Tests are repeated with loads mac. 1 t. B. and 3 receivers. and the measurements
are combined with earlier results tor the plot in Figure 32. The graph confirms
expectations of a linear relationship between propagation delay and a 15% jitter
signaling rate. {This graph could be titled Load Capacitance vs Signaling Hate.)

The data in Figure 34 may be uselul in multidrop system development, it the same
constraints utilized in the test setup are maintained. Stub lengths are 4 cm or less
and the single drop capacitance is approximately 20 pF if the 15.24 cm (6" ) cable
length between loads is used. The transmission cable from the driver to the
receiver bank is t in. however. this can be relaxed up to to m since there is very
little performance difference in cables lrom1 m to to m length {Figures 13 through
22).

i I 15%Jitler
-— 1m-Dutput Elliot-53rd flrfler Trend] ':
 as . _. _ .
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Figure 34. Load Propagation Delay vs Signaling Rate

Receiver Number vs Common Mode Voltage Range

Earlier this report mentions that the common mode output current (loci at an
LVDS receiver is not specified in the LVDS standard. and that as a result the
ground potential difference voltage. {Vgpdt may be ailected as receivers are
added to the output ol a single driver. Testing lor this condition. a third power
supply {Tekronix Model P5230) is added to the test setup for monitoring any
change in Vgpd. The positive lead at the power supply is connected to the ground
of the LVDsal line driver's V00 supply. and the negative lead is connected to the
ground of the load bank's VCC supply. With all jumpers removed lrom the load
bank. the cable lrom the driver is then attached to load #36. a single receiver. The
signaling rate en the HFS—eoos is set to 100 Mbps. and the output of the receiver
is monitored while this common mode voltage is gradually increased.

The test is repeated with the addition of each load until all 36 receivers are
connected to the single driver. then the polarity connections on the P8280 power
supply are reversed and the tests repeated.

LVDS Multidrop Connections
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Figure 35. Receiver Number vs Common Mode Voltage Range
The results presented in Figure 35 confirm that common mode voltage is
impacted by signaling rate. This is due to the gain roll oil of the receiver. and is
documented and reported in several point-to—polnt applications. Also evident in
Figure 35 is the increased common mode loading oi the receivers linearly loading
the 1.2 V common mode voltage source of the driver, as predicted earlier in the
common mode model discussion.

Clearly the common mode voltage range decreases as additional receivers are
added to the output ol 3 single LVDS driver. and as the signaling rate increases.
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Appendix A Glossary

Signaling Flats: tr'T. where T is the time allocated for one data bit. Therefore.
in a transmission system with a 40G Mbps signaling rate. the width oi one data
bit is 2.5 ns. LVDS. as standardized in TWEIA-644. specifies a maximum
signaling rate of 555 Mbps. where one bit has a duration of 1.5267 ns. In practice.
a maximum signaling rate is determined by the qualityoi interconnection between
line drivers and receivers. since transmission line length and line characteristics
ultimately determine the maximum unusable signaling rate. However. the
TlNElA-BM standard deals with the electrical characteristics oi data interchange
only. therefore mechanical specifications. bus structure. protocol. and timing are
left to the reterencing standard.

Data Rate: The number at data bits per second transmitted lrom driver to
receiver. There are nondata bits. such as start bits. slop bits. parity bits. etc.. used
by many systems. but they are not. strictly speaking. actual data bits. It a
transmission system is uniormatted. and only data bits are transmitted. then the
data rate is equal to the signaling rate.

Jitter: The time trame during which the logic state transition of a signal occurs.
The jitter may be given either as an absolute number or as a percentage with
reierence to the time unit interval [Ul]. This Ul or bit length equals the reciprocal
value of the signaling rate. and the time during which a logic state is valid is just
the UI minus the litter. Percent jitter (the jitter time divided by the UI times 100)
is more comm only used and representsthe portion of Ul during which a logic stateshould be considered indeten'ninate.

EyePattern: A useful tool for measuring overall signal quality at the end of a
transmission line. It includes all oi the attests oi systemic and random distortion.
and displays the time during which the signal may be considered valid. A typical
eye-pattern is illustrated in Figure 12 with its significant attributes identified.

Several characteristics at an eye-pattern indicate the signal quality at a
transmission circuit. The height or openingot the eye above or below the receiver
threshold level at the sampling instant is the noise margin of the system. The
spread of the transitions across the receiver thresholds measures the
peak—to-peak jitter of the data signal. The signal rise and fall times can be
measured relative to the 0% and 100% levels provided by the series oi low and
high levels.

LVDS Multidrop Connections

Glossary 
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IMPORTfiN’T NOTICE

Texas instruments and Its subsidiaries (T i) reserve the right to mate. ch shoes to their products or to discontinue
any product orservlce without notice. and advise customers to obtain the latest version oI relevant information
to verity. betore placing orders. that inlonnation being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the lime oi order ecirnowledoement. including those
pertaining to warranty. patent infringement. and limitation of liability.

Tl warrants perionnance of its semiconductor products to the specifications applicable at the time at sale in
accordance with Tl's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to eupponthis warranty. Specific testing at ell parametersot each device is not necessarily
performed. except those mandated by government requirements.
CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY iNVOLVE POTENTIAL RISKS OF
DEATH. PERSONAL iNJLIFIY. 0H SEVERE PROPERTY OF] ENVIRONMENTAL DAMAGE (”CRITICAL
APPLICATIONS}. TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED. AUTHORIZED. 0H
WARRANTED TO BE SUITABLE FOR USE lN LIFE-SUPPORT DEVICES DFI SYSTEMS OR OTHER
CRiTiCAL APPLICATIONS. INCLUSIONOF TI PRODUCTS 1N 5U CH APPLICATIONS IS UNDEHETDOD TO
BE FULLYr AT THE CUSTOMERS FitsK.

in order to minimize risks associated with the customer's applicaflons. adequate design and operating
sateguards must be provided by the wstorner to minimize inherent or procedural hazards.

TI assumes no ilobilityl'or applications assistance or customer product design. TI does not warrant or represent
that any license. either express or Implied, is granted under any potentrigtt. crspgrlrigl'it1 mask worit right. or other
inteileotual property right at Tl covering or relating to any combination. machine. or process in which such
semiconductor products or services might be or ere Used. Tl's publication of inlorrnetion regarding any third
party‘s products or services does not constitute Tl's approval. warranty or endorsement thereof.
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All claims being allowable. PROSECUTION ON THE MERITS IS [OR REMAINS) CLOSED In this application. it not Included
herewith (or previously mailed}. a Notice oi Allowance lP‘TOL-BEJ or other appropriate communication will be mailed In due course. THIS
NOTICE OF ALLOWABILITY is NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MF'EF" 1305.
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Applicationl'Control Number: 093655.168 Page 2

Art Unit: 2319 q
EXAMINER S AMENDMENT

An examiner‘s amendment to the record appears below. Should the changes andfor

additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR

l_312. To ensure consideration of such an amendment. it MUST be submitted no later than the

payment of the issue fee.

Authorization for this examiner‘s amendment was given in a telephone interview wim

Ms. Ede] Young on September 4, 2001.

The application has been amended as follows:

In SPEQIFIQAIION: v,

On page 9. lines 26, “ ’5‘? HQ}! 50????” has been deleted.

IN QLAJLI'IS"
I./

In Claim 10, line 17, the recitation, "high-side“ has been deleted and replaced by —1ow-

side--.

\/

In Claim IS. line I. the number, "13" has been deleted and replaced by --14--.

Reasonsfor Allowance

Claims 1-23 are allowed.

The following is an examiner's statement of reasons for allowance;

No prior art has been found to meet the limitations ofclaims 1-23. The prior art of record

does not teach or fairly suggest a differential amplifier or a programmable logic device which

comprises the Following:
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An: Unit: 2819

With respect to claim 1. in addition to other limitations in the claim. the prior art does not

show two differential—amplifier stages, each having two differential input terminals and two

differential output terminals and the second amplifier stage having an enable terminaL their

interconnections, and a programmable memory cell connected to the enable terminal, wherein

the second differential amplifier stage amplifies the input signal when the memory cell is in the

programmed state and does not mplify the input signal when the memory cell is in the

deprogrammed state. as set forth in the claim.

With respect to claim 10. in addition to other limitations in the claim, die prior art does

not show first high and low side differential amplifiers, second high and low side differential

amplifiers, a delay element, and their interconnections, as set forth in the claim

With reapect to claim 20, in addition to other limitations in the claim, the prior art does

not show a pro-driver having complementary output tuminals. first and second programmable

output blocks, each having a differential amplifier. U0 pins, and their interconnections. as set

forth in the claim.

Any comments considered necessary by applicant must be submitted no later than the

payment of the issue fee and, to avoid processing delays. should preferably accompany the issue

fee. Such submissions should be clearly labeled "Comments on Statement ofReasons for

Allowance."

Conclusion

Any inquiry concerning this communication or earlier communications fi'om the

examiner should be directed to Daniel D. Chang whose telephone number is (703)306-4549
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ApplicationfControl Number: 09555.16?! Page 4
Art Unit: 23 I 9

The examiner can normally be reached between the hours of 6:30 AM to 4:00 PM Monday

through Thursday and every other Friday {first Friday of the biweek).

Any inquiry of in general nature or relating to the status of this application or proceeding

should be directed to the Group receptionist whose telephone number is (703) 308-0956.

Daniel D. Chang
Patent Examiner, An Unit 2819 ,
September 4‘ :00] W37%
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HIGH SPEED BICMOS SWITCHES AND
MULTIPLEXERS

BACKGROUND OF THE. INVENTION

The invention pertains to the field of custom circuits,
and, more particularly, to the field of components and
cells from which field reprogrammable logic circuits
may be constructed and field programmable logic cir-
cuits themselves.

Logic designers have long had the need for custom
logic circuits to implant their designs. In the 1970’s,
this need gave rise to programmable logic arrays, pro-
grammable array logic and programmable read only
memory. Later in the decade, custom circuits were
made by customizing the metal layer of integrated cir-
cuits which had standard cells formed in the layers
below the metal layer. The customized metal layerinterconnected the standard cells in a manner defined
by the customer of the gate array manufacturer.

Gate arrays are only a good choice where the desired
function to be performed by the gate array can be deter-
mined with certainty in advance. However, gate arrays
are not a good choice where the desired function can
change over time with changing requirements. This can
happen when a circuit design is being evaluated and
testing over time reveals the need for changes in the
design. Another shortcoming of . gate arrays was that
they could not perform the function of packet encapsu-
lation and delivery in network settings where packet
construction was subject to a variety of different proto-
cols and where packet headers change as the packets
circulate, for example in token ring networks. This
function has been done in software in the prior art, but
increasing network speeds demands more speed which
requires that this function be done in hardware.

Another application in which fixed gate arrays had
shortcomings in where data flow paths change over
time as a function of changes in the process that is being
emulated by a particular circuit. Thus, a need arose for
more flexibility in custom circuits such that the func-
tions thereof can be changed.

Reprogrammable gate arrays, also called field pro-
grammable gate arrays or FPGAs, were develOped in
response to this need. However, these gate arrays were
implemented in CMOS technology. Although CMOS
has significant advantages such as low power, high
circuit density, good reliability and low cost, CMOS is
not fast enough for very high speed custom circuits
needed in applications such as supercomputers, commu-
nication systems, high speed workstations, networks,
automatic test equipment, parallel processor intercou-
nects and design emulation systems. In very fast appli-
cations such as these, having any MOS device in the
signal path seriously impedes the switching speed and
impairs the performance of the machine. This is because
the resistivity of CMOS and MOS devices is too high,
and this coupled with the junction capacitanca and
other capacitanccs intrinsic to MOS devices causes
delays.

Accordingly, the need has arisen for a much faster
technology that can be substituted for field programma-
ble gate array circuits in extremely high speed applica—thl'lS.

SUMMARY OF THE INVENTION

According to the teachings of the invention. repro—
grummahle logic circuitry is implemented with multi-
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plotter cells using high speed devices such as ECL cir-
cuitry in the data path with CMOS devices doing the
function of steering the high speed signals in the data
path to one or more of the high speed devices. In other
words, the CMOS devices are generally kept out of the
data path and only are used to program the selection of
which input signals are coupled to which outputs
through the high speed devices. In the preferred em-
bodiment, the high speed devices are ECL technology
devicm, but in other embodiments, they may be bipolar
devices or any other high speed technology.

In one embodiment of the invention, a high speed
selector is implemented in differential current mode
logic with CMOS steering transistors to enable the high
speed switching transistors with the CMOS devices out
of the high speed data path. This embodiment uses a
pair of differentially coupled ECL transistors for each
of a plurality of output pairs of high Speed, complemen-
tary data output signals. Each of these pairs of ECL
switching transistors have bases which are coupled to a
shared pair of inpuc for receiving a pair of high Speed,
complem-tary data inputs. Each of these pairs of ECL
switching transistors also shares a common emitter node
coupled selectively to the low voltage supply by a con-stant current source and an NMOS transistor which is
part of the enabling mechanism. This enabling transistor
is out of the high speed data path, and receives a steer-
ing signai which in one state turns the NMOS transistor
and couples the constant current source to the low
voltage supply thereby enabling the switching transis—
tors. The other state of the steering signal turns the
N'MDS transistor off thereby disconnecting the con-
stant current source from the low voltage supply and
disabling the switching transistors. The other part ofthe
enabling mechanism is a PMOS transistor which is cou»
pled to the steering signal and selectively couples the
common emitter node to the high voltage supply. When
the NMOS transistor is on, the PMOS transistor is off
thereby allowing the ECL transistors to operate in dif-
ferential mode. When the NMOS transistor is off, the
PMOS transistor is on and lifts the common emitter
node to the voltage of the high voltage supply thereby
turning the ECL transistors off by reverse biasing their
base-emitter junctions.

In another embodiment of the teachings of the inven-
tion, a multiple—input, single-output multiplexer is dis-
closed. The basic ECL switching cell used in this multi-
plexer is the same except that one differentially coupled
ECL pair is coupled to one pair of high speed data
inputs and the shared pair of high Speed differential
outputs, and is coupled to the high voltage supply
through a pair of pull up resistors. All other dilt'erential
pairs coupled to high speed data input pairs are coupled
to the same shared pair of high speed data outputs and
share the single set of pullup resistors. Each differentialpair of ECL transistors has its own constant current
source and its own enabling circuitry and has a dedi-
cated steering signal coupled to the corresponding en-
abling circuit. The enabling circuitry is identical to the
enabling circuitry described for the selector and works
the same way and has the same attributes.

In another embodiment of the invention a multiple-
input, multiple-output crossbar switch can be imple-
mented using the multiple-input, single-output multi-
plexer described above. In this embodiment, a first se-
ries of high speed data input pairs are coupled to a series
of differentially coupled ECL switches linked together
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to share a common high speed data output pair in the
manner just described for the multiplexer. Another
series of high speed, differentially coupled ECL
switches coupled together so as to share a second high
speed, complementary data output pair which is com-
mon only to this second series of ECL switch pairs as
described above for the multiplexer structure is then
coupled so as to share the same high speed, complemen-
tary data inputs used by the first series of differentially
coupled ECL switches This structure can be repeated
for a large number of series of such multiplexers sharing
the same input signals to extend the number of outputs
in the crossbar switch, the upper limit being more a
function of how much degradation of the switching
speed is tolerable under the circumstances. This switch-
ing speed degradation is a function of the number of
ECL switching pairs which load each high speed data
input.

Another embodiment according to the teachings of
the invention is a high speed emitter follower structure
which can be used in conjunction with the foregoing
structures for level shifting, output buffering, increasing
the output current source or sink capacity or in a stand-
alone mode to implement another form of a cross—bar
switch. In this embodiment, a bipolar transistor such as
an ECL device is coupled as an emitter follower to a
constant current source, The high speed data input is
selectively coupled to the base of the emitter follower
through a PMOS transistor which is part of the enabling
circuitry. The constant current source is coupled to the
low voltage supply selectively through an NMOS tran-
sistor which also is part of the enabling circuitry. An-
other NMOS transistor selectively couples the base of
the emitter follower transistor to the low voltage sup-
ply. Multiple structures or "cells” like the structure just
described can be used, with each such cell being cou-
pled to one high speed data input and one high speed
data output. Each cell receiva two complementary
steering signals which enable or disable it. When the
steering signals are in a state to enable the cell, the first
NMOS transistor coupled to the first steering signal
couples the constant current source to the low voltage
supply, and the second NMOS transistor coupled to the
second steering signal decouples the base of the emitter
follower from the low voltage supply. The PMOS trau-
sistor in the enabling circuitry coupled to the second
steering signal, then couples the high speed data input to
the base of the emitter follower. In the second, comple-
mentary state of the steering signals, the base of the
emitter follower is decoupled from the high speed data
input and coupled to the low voltage supply to reverse
bias the base-emitter junction. Simultaneously, the con—
stant current source is decoupled from the low voltage
supply thereby disabling the emitter follower further.
Multiple such cells coupled to multiple inputs and out-
puts can be used to implement selectors, multiplexers orcrossbar switches.

The structures just described can also be imple-
mented using single ended ECL logic, non-current
mode bipolar logic or other types ofhigh speed technol-
ogies wherein the enabling circuitry that provides field
programmability can be implemented in CMOS or
other switching technologies which, although slower,
can be kept out of the data path. Generally, current
mode logic is preferred for the switching technology
because ofits speed, and CMOS technology is preferred
for the enabling switches because of its small size and
low power consumption. Low power consumption is
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important especially in integrated ECL switching em-
bodiments, because the ECL transistors dissipate large
amounts of power, and this power must be dissipated
which can be a problem for highly dense integrated
structures. If the power is not properly dissipated and
the temperature of the chip kept under control, thermal
runaway problems and temperature compensation
problems become a factor to be dealt with thereby com-
plicating the design and increasing the expense and
complexity thereof. Further, yield for integrated circuit
production decreases when die size is increased which
occurs when either more transistors are added or when
the same number of transistors are implemented in tech~
nologies which are larger per transistor in terms of chip
real estate consumed. Since every ECL pair and every
emitter follower needs two or more enabling transistors,
effectively doubling or tripling the density per switch-
ing function, it is especially useful to implement the
enabling function in CMOS so as to not aggravate the
power dissipation problem. Further, since MOS transis-
tors are smaller than corresponding bipolar transistors,
implementing the enabling function in CMOS uses less
area and allows more switching functions to be put on
the same die or allows the same number of switching
functions to be put on a smaller die. Therefore, the
characteristics of ECL and CMOS technologies are
preferred when the circuits according to the teachings
of the invention are to be fabricated as integrated cir-
cuits.

However, where chip real estate, switching speed or
power consumption are not issues, bipolar or other
switching enabling technology can be used to enable
the switches in the high speed data path. Also, other
typm of architectures or other slower, cheaper, smaller
or otherwise different technologies may be used for the
switches in the high speed data path.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG, 1 is a circuit diagram of the preferred embodi-
ment of multiplexer according to the teachings of theinvention

FIG. 2 is a circuit diagram for a multiple-input, sin-
gle-output multiplexer according to one aspect of the
teachings of the invention.

FIG. 3 is a circuit diagram of another notation for the
multiplexer of FIG. 2 having four inputs and a single
output.

FIG. 4 is a circuit diagram for a crossbar switch
having four inputs and three outputs using the notationof FIG. 3.

FIG. 5 is a circuit diagram of a typical set of high
speed emitter followers for use with the circuits of
FIGS. 1-4 or as a stand-alone, field-programmable
switching array. .

FIG 6 is a circuit diagram of one example of how the
structures of FIGS. 1—4 can be implemented in single
ended ECL technology.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIG. I, there is shown a circuit diagram
for a one-input-two-output multiplexer according to the
teachings of the invention suitable for use in implement-
ing programmable logic circuitry. In the embodiment
shown in FIG. 1, emitter-coupled-logic (ECL) circuitry
is used in the data path, and CMOS circuitry is used for
steering the input signals from the inputs to one or more
of the outputs. In other embodiments, other fast tech-
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nologies may be used in the data path such as bipolar.
Iosephsonjuuction, ballistic effect devices etc. The data
inputs for high speed data are shown at A and A-. These
two inputs are. coupled to two ECL differential pairs
comprised of a first pair of transistors E1 and E2 and a
second pair of transistors E3 and E4, Transistors E1 and
E2 have load resistors R1 and R2, respectively. Transis
tors E3 and EA have load resistors R3 and R4, respec-
tively. The first data input A is coupled to the bases of
ECL transistors E1 and E3. The complementary data
input A- is coupled to the bases of ECL transistors E2
and PA. The collectors of the E1 and E2 pair are cou-
pled to the Y1 and Y1— outputs, respectively. The col-
lectors of the E3 and B4 pair are coupled to the Y2 and
Y2- outputs, respectively, Each of the ECL transistors
is coupled to the high voltage supply rail 10 via a collec-
tor load resistor where R1 is the load resistor for transis-
tor E1 and R4 is the load resistor for E4 etc.

The emitters of transistors E1 and E2 are coupled so
as to share a common constant emitter current regu-
lated by current source transistor C51, and the emitters
of transistors E3 and EA are coupled so as to share a
common constant emitter current regulated by current
source transistor C52. The bases of these two current
source transistors are coupled to a reference voltage
VREF, and the emitters are coupled to the low voltage
supply 12 through emitter feedback resistors 14 and 16
and through NMOS steering transistors N1 and N2.
The gate terminals of transistors N1 and N2 are coupled
to enable signal lines EN1 and EN2, respectively. These
two enable signal lines are also coupled to two PMOS
steering transistors P1 and P2, respectively, which are
coupled between the high voltage supply 10 and the
common emitter nodes 18 and 20.

The operation of the circuit 1 is as follows. The fun»
damental purpose of the circuit is to steer the signals in
the data path on complementary signal lines A and A~
onto one or both of the complementary output signal
pairs YI/Yl- or Y2/Y2» to implement a one-input-two-
output multiplexer. This is done using the EN1 and
EN2 enable or steering signals and the CMOS steering
transistor pairs Nl/Pl and Nz/‘PZ outside the data path.
'Ihose skilled in the art will appreciate that the concept
illustrated in the circuit of FIG, 1 can be extended to
more outputs than two and can be reversed to steer
input signals on one of a plurality of inputs onto a single
output.

Assuming now for illustration that the EN1 enable
signal is active, i,e., high. This causes the steering tran-
sistor N1 to conduct thereby connecting the steering
transistor N1 to the low voltage power supply and
causes the steering transistor P1 to be nonoonductive.
This has the effect of activating the output pair Y1 and
Y1- by enabling the current source 051 to draw the
fixed current represented by arrow 24 out of node 18.
Current source transistor CS! stabilizm the current
flow out of node 24 by virtue of the negative feedback
to the emitter caused by emitter resistor 14 as is well-
known in the art. Because transistor P1 is nouconduc—
tive, the common emitter node 18 is not held at the
voltage of the high voltage supply 10, and the ECL
transistors El and E2 are free to drive the outputs Y1
and Y1- as an ordinary current mode logic buffer/in-
verter under the influence of whatever data signals are
present on the data inputs A and A- as in normal ECL
dilTerential mode operation. Ifthe EN2 steering signal is
not active i.e., low, simultaneously with the active high
state of the EN1 steering signal, the Y2 and Y2— outputs
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6
are deactivated. This results from the fact that the steer-
ing transistor N2 is not conductive thereby disabling the
current source transistor C52 from drawing current
From common emitter node 20. When steering signal
EN2 is low, the PMOS steering transistor P2 is conduc-
tive thereby driving the common emitter node 20 to the
voltage of the high voltage source 1|). This affirma-
tively reverse biases the base-emitter junctions of the
ECL transistors E3 and E4 rather than leaving the
common emitter node 20 floating so as to positively cut
off the E3 and E4 transistors and prevent any signal
leakage from the inputs A and A- to the outputs Y2 andY2.

In some embodiments where this positive cutoff of
the ECL transistors of the pair associated with what-
ever steering signal ENl or EN2 is low, is not necessary
and a floating common emitter node 18 or 20 provide
adequate isolation between the input and output when
the associated current source is not active, the PMOS
transistors PI and P2 can be eliminated.

If the enable signal EN2 is high, the NMOS steering
transistor N2 is conductive and the PMOS steeringtransistor P2 is rendered nonconductive. This has the
effect of activating the two outputs Y2 and Y2- by
connecting the current source transistor C52 to the low
voltage supply thereby causing the transistors E3 and
E4 to drive the outputs Y2 and ‘12- in accordance with
whatever data signals are on the A and A-data inputs.
This is true regardless of whether steering signal EN1 is
simultaneously active high. If EN1 is simultaneously
low when EN2 is high, steering transistor N1 is noncon-
ductive and steering transistor P1 is conductive This
drives common emitter node 18 to the voltage of the
high voltage rail and reverse biases the emitter—base
junctions of the ECL transistors E1 and E2 thereby
isolating the inputs A and A- from the outputs Y1 andY1-.

By controlling which of steering signals EN1 and!or
EN2 are high, it is possible to connect the input signal
pair A, A— to either or both of the output signal pairs
Y1. Y1- or Y2, Y2-. Thus, by control of the states of
signals EN1 and EN2, it is possible to electronically
control the switching of very high speed signals at an
input to any of a plurality of outputs without substan»
tially slowing down the signals even though CMOS
steering transistors are used. Because the resistivity of
the NMOS steering transistors N1 and N2 is much
lower than the resistance of the emitter feedback resis»
tors 14 and 16, the presence of the NMOS transistors N1
and N2 in the path between the emitters ol' the current
source transistors C81 and CS2. to the low voltage rail
dam not appreciably afl'ect the speed ofoperation ofthecircuit.

The structure of FIG. 1 can be extended to more
ECL differential pairs driving more output pairs, but
there is a limit imposed by the loading on the input
signal lines A and A- caused by the junction capaci-
tances of the ECL transistor bases, Also, since the beta
factor of the ECL pairs is not infinite, adding more
ECL pairs causes the base current to exceed accepted
ECL limits of no more than 10—20 bases coupled to one
signal. The preferred limit of the number ofbases which
can be coupled to input signal lines A and A- is from 4
to 8. It is preferable for the load on A and A— signal lines
to not be dependent upon the number of transistors
connected thereto.

Referring to FIG. 2, there is shown a circuit diagram
for a two-input-single—output multiplexer circuit ac-

ZTE/SAMSUNG 1018-0182

|PR2018-00274



ZTE/SAMSUNG 1018-0183 
IPR2018-00274

5,355,035
7

cording to the leechings of the invention. A first ECL
transistor pair ES and E6 share a common emitter node
3|), while a second ECL transistor pair E7 and EB share
a common emitter node 32. Common emitter node 30 is
coupled to a constant current source comprised of tran— 5
sister CS3 and emitter feedback resistor 34. This con-
stant current source is turned off and on by an NMOS
steering transistor N3 which couples the cturent source
to the low voltage supply line 36. The transistor pair ES
and Ed each have a load ralslor, R5 and R6, twpec— l0
tiveiy, which is shared with a second ECL transistor
pair E7 and E8 via a pair of single output lines Y and Y—.
The second transistor pair E7 and E3 share emitter node
32 and share a constant current source comprised oftransistor CS4 and emitter feedback resistor 38. The :5
C84 constant current source is selectively coupled to
the low voltage supply rail 36 by an NMOS steering
transistor N4. As in the case of the embodiment of FIG.
1, two PMOS steering transistors P3 and P4 are used to
positively control the voltage ofcommon emitter nodes to
3D and 32, respectively.

The first ECL transistor pair 135 and E6 is enabled
when the enabling signal ENl is high. This condition
turns the NMOS transistor NJ on and couples the cur-
rent source transistor CSS to the low voltage supply 36. 25
The transistors ES and E6 are coupled to a high voltage
supply line 40 through their respective load resistors R5
and R6. When EN! is high, PMOS transistor P3 is off
which releases the common emitter node 341. Thus,
transistors E5 and E6 are enabled to drive the output 30
lines Y and Y— under the influence of whatever signals
are on the high speed input signal lines A and A-. Note
that if EN! is high, care must be taken to insure that
ENZ is not simultaneously high as this would cause a
conflict in that ECL pair ET and EB would be simulta- 35
neously trying to drive the output lines Y and Y- at the
same time transistors E5 and E6 were trying to drive
the same lines. possibly with conflicting signal levels.
This conflict is avoided if the steering signal EN2 is low
when steering s'gual ENl is high. because a low ENZ 40causes PMOS transistor P!» to be turned on which
drives the shared emitter node 32 to the voltage of the
high voltage supply line 40. This disables E7 and EB by
reverse biasing the emitter-base junctions thereof. Like-
wise, when ENI is low, transistors E5 and E6 are dis- 45
shied in the same way.

In alternative embodiments of the circuit of FIG. 2,
interlock circuitry is employed to prevent both ENI
and ENZ from being active high simultaneously. Also,
in some embodiments, the PMOS transistors P3 and P4 50
can be omitted where leaving the shared emitter node
floating is an acceptable way of disabling the ECL
transistor pairs. The multiple input, single output ar‘
rangemeut ofFlG. 2 can be extended to many different
input pairs driving many difl'erent ECL pairs sharing a 55
single output pair, as will be apparent to those skilled in
the art. If such a circuit were to be implemented as an
integrated circuit, all transistors whose collectors are
connected to the same output line could share the same
collector tub on the integrated circuit die thereby crest; 60
irrg vast savings in layout area. Thus, for example, four
separate input pairs could drive four ECL transistor
pairs sharing a single output pair and a single pair of
load (pull up) rsisrors. The four transistors coupled to
one output line of the output pair would share the same 65
collector tub and likewise for the four transistors cou—
pled to the other output line. At most one of the four
ECL pairs would be enabled by its corresponding steer!

8
ing signal while all other steering signals would be inac-tive.

Such an embodiment is shown symbolically in FIG.
3. In the notation used in FIG. 3, ECL pair E5 and E6
with pull up resistors R5 and R6 and their associated
current sources and M05 steering transistors are repre-
sented by switch 50 while ECL pairs without pullupresistors such as transistors E7 and 58 and their associ-
ated current sources and MOS steering transistors are
represented by switches 52, 54 and 56.

In FIG. 3, the first ECL transistor pair is driven by
high speed signal input lines A and A- in the data path,
while the second ECL transistor pair is driven by high
speed input signal lines B and B—. Both ECL transistor
pairs drive a single pair of shared output signal lines Y
and Y» and share a single pair of pull up resistors.

Referring to FIG. 4. there is shown a symbolic dia-
gram of a four-input—three—output crossbar switch com-
prised of three modules like that shown in FIG. 3 inlet-
connected such that the data inputs of the first module
comprised of switches 58, 60, 62 and 64 also drive the
data inputs from corresponding switches in the other
two modules. Specifically, the A and A- data inputs to
switch 58 are coupled not only to the data inputs of
switch 58, but also to the data inputs of switches 66 and
68 via lines 59 and 61, and the B and B- dam inputs drive
the data inputs of both the switch 60 and the switch 68
and 72 via lines 63 and 65. The C and C- data inputs are
similarly connected so as to drive the data inputs of
switches 62, “and 76 via lines 67 and 69, and the D and
D- data inputs are coupled to drive the data inputs of
switches 64, 78 and 80, For clarity of the figure, the
separate enable inputs of each switch are not shown. but
each switch has an enable input coupled to receive a
steering signal such as the signal ENI in FIGS. 1 or 2.
These steering signals are coupled to the CMOS steer-
ing transistors that control enabling of the ECL transis-
tor pair of each switch in the manner dmribed above
for the circuits of FIGS. 1 and 2.

Operation of the crossbar switch of FIG. 4 is a
straightforward function of activating selecusd ones of
the steering signals. For example, if it is desired to pass
the D and D— signals on to only the W and W— outputs,
the enable signal to switch 64 would be activated and all
other enable signals to all other switches would be inac-
tive. If the D and D- outputs were to be steered to the
X and X- outputs. the enable signal for only switch 78
would be active, and all other enable signals to all other
switches would be inactive.

Any input pair can be coupled to any one or more
output pairs in the architecture of FIG. 4, and two or
more inputs can be coupled to two or more outputs
simultaneously as long as no output is coupled to more
than one input at any particular time. For example, the
Anna! A— inputscanbecoupled to the WandW-and X
and X— inputs simultaneously while the D and D- inputs
are simultaneously coupled to the Y and Y~ inputs.
Many other combinations are also possible as will be
apparent to those skilled in the an.The architecture of the crossbar switch of FIG. 4 can
be extended to larger numbers of input pairs and/or
output pairs.

Simulations of the operation of a 4X4 (four input
pairs and four output pairs) crossbar switch having an
architecture like that of the circuit of FIG. 4 has shown
propagation delays of about i nanosecond. This is much
faster than the propagation delays of such crossbar
switch circuits implemented using CMOS in the data
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path. That is, the time it takes for a change of level on
any output pair to propagate through the circuit and
cause a corresponding change in level on any one or
more selected output pair is 5 nanosecond.

The circuits shown in FIGS. 1 through 4 all use cur- 5
rent mode logic which has a maximum output voltage
swing on the order of 300 millivolts. If the output volt-
age swing is stretched to a value more than 300 milli-
volts, soft saturation or total saturation can occur in the
ECL transistors. This is highly undesirable because 10
saturation or soft saturation of current mode logic
switches substantially decreases the switching speed
thereof. Thus, in the prefefied embodiment, emitter
followers are used as output buffers so as to increase the
permissible output voltage swing. 15

There are other reasons to use emitter followers.
Specifically, emitter followers can be used to shift the
voltage levels so as to drive other logic families, or they
can be used to create higher current source or sink
capacity for driving long lines etc. 20

To provide maximum flexibility, it is desirable to be
able to couple the output of a current mode logic switch
according to the teachings of the invention to any one
or more of a number of emitter follower arrangements,
some of which may have different characteristics such 25
as dilfcrent output voltage levels, logic swing or current
source or sink capacity.

To provide this flexibility, the circuit of FIG. 5 may
be used according to the teachings of the invention. In
the circuit of FIG. 5, a data output line A from the 30
output of a current mode logic switch or any other type
of similar logic switch circuit is coupled via line 5] to
two emitter followers comprised of ECL transistors E9
and E10 which drive output lines F1 and F2. Each of
these emitter follower transistors has an associated cur— 35
rent source and associated CMOS enabling circuitry.
Specifically, transistor E9 drives output line F1 and has
its emitter coupled to a current source transistor CSS
which has an emitter feedback resistor R1 and which
has its base coupled to a constant reference voltage Vref 40as was the case with the current source transistors ofthe
circuits of FIGS. 14. Tile CMOS enabling circuitry for
emitter follower transistor E9 is comprised of NMOStransistors N6 and N7 and PMOS transistor P6. Like~
wise, emitter follower transistor E10 has its emitter 45
coupled to a current source transistor 036 having emit-
ter feedback resistor R8. The base of the current source
transistor CS6 is coupled to the constant reference volt-
age line Vref. The enabling CMOS circuitry for the
current source E10 is comprised of NMOS transistors SCI
N8 and N9 and PMOS transistor PT.

Emitter follower E9 is enabled when the steering
signal EN9 is active high and complementary steering
signal EN9- is active low. This state causes NMOS
transistor N? to be turned on thereby activating the 55
current source transistor CSS by coupling its emitter to
the low voltage supply line 52. Because EN9— is active
low, NMDS transistor N6 is turned off and PMOS
transistor P6 is turned on thereby allowing the base of
transistor E9 to assume whatever voltage high speed :60
input signal A currently has. Note that although a
PMOS transistor P6 is in the high speed signal path. the
load on this transistor is very light comprised of only
one ECL transistor base and one NMOS transistor
drain. This light load does not appreciably slow down 65
signal propagation. It is necessary to use the P6 transis-
tor in the embodiment shown in FIG. 5 because it is
necessary to disconnect the high speed signal A from
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the base oftransistor E9 when the base is coupled to the
low voltage supply 52 so that the high speed data signal
is not loaded down thereby slowing signal propagafion.

To disable emitter follower E9, steering signal EN9 is
driven to its inactive low state and complementary
steering signal ENB- is driven to its inactive high state.
This state causes NMOS transistor N7 to turn off and
NMOS transistor N6 to turn on simultaneously with
PMOS transistor P6 turning off. This causes current
source transistor CSS to be disconnected from the low
voltage supply line 52 and become inactive thereby
disabling the emitter follower transistor E9. Simulta-
neously, the base 54 of N'PN transistor E9 is coupled to
the low voltage supply 52 to reverse bias the base-emit-
ter junction and the base 54 is cut off from the A data
input line 51 by virtue of transistor P6 turning off. By
coupling the base 54 of transistor E9 to the low voltage
supply, the base—emitter junction of NPN transistor is
reverse biased thereby preventing any voltage source
coupled to the F1 output from accidentally turningtransistor E9 on.

Emitter follower E10 works in the same fashion as
emitter follower E9. However, it may have a different
physical geometry or emitter feedback resistor R8 may
have a different value so as to present different voltage
levels on output line F2. Further, emitter follower E10
may be designated so as to be able to source more cur-
rent to output line F2 to drive a long line. Thus, when
steering signal ENlll is active high and steering signal
ENIO is active low, NMOS transistor N9 is on enabling
the current source transistor C56 and NMOS transistor
N8 is off while PMOS transistor P7 is on thereby con-
necting the base 56 of NPN transistor E10 to high speed
data input A. To turn off E10, steering signal ENlll is
made inactive low and steering signal ENID- is made
inactive high.

Note that the architecture of the circuit of FIG. 5
allows the high speed data signal A to drive either out-
put F1 or output F2, or both simultaneously or neither
depending upon the states of the steering signals EM)
and ENIO and their complements.

Another high speed data input, 13, on line 51 is cou-
pled to the base of an NPN emitter follower transistor
E11 which also drives output F2. If love] shifting of the
output swing of output F2 were desired when driven by
input B, emitter follower transistor Ell could be re—
placed by two transistors in series such that two base
emitter drops of approximately 850 millivolts would be
imposed between the high voltage supply line 60 and
the output F2 when the emitter follower E11 is turned
on. Emitter follower E11 and its steering circuitry
works the same way as emitter followers E9 and E10.
Specifically, when steering signal ENll is active high
and its complement ENII- is active low, N'MOS transis-
tor N10 is on and activates current source transistor
CST by coupling the emitter thereof to low voltage
supply line 52. The base of transistor CST is coupled to
the constant reference voltage Vref as are the bases of
current source transistors CSS and C56. Simulta-
neously, NMOS transistor N11 is turned off by the low
state of ENll- and PMOS transistor P8 is turned on
thereby connecting the high speed data input B to the
base of emitter follower transistor E11. This causes the
changes in logic level of high speed data input signal B
to be reflected on output F2 while imposing the buffer-
ing, level shifting and current boosting benefits of the
emitter follower E11 between the high speed data input
signal B and the output signal F2 which follows it.
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Thus, by driving steering signal EN11 active high
and steering signal ENII] inactive low and the comple-
mentary steering signals to their corresponding ac-
tive/inactive states, it is possible to drive output F2 with
input B. Likewise, by driving steering signal EN“) 5
active high and steering signal EN11 inactive low and
the complementary steering signals to their correspond
lug active/inactive states, it is possible to drive output
F2 with input A. It is not permitted to have both steer-
ing signals ENIO and EN11 active high at the same 10
time, although it is permitted to have both inactive low
simultaneously,

Note that the inputs A and B on lines 51 and 53 may
be coupled to any of the outputs showu in FIG. 1—4
such as Y or Y- etc., and note that duplicate emitter 15
follower circuitry may be used to couple to the comple-
mentary outputs. Also, the outputs F1 and F2 may be
coupled to the inputs of the single ended circuit ofFIG.
6 to provide any necessary one We drop (base-emitter
voltage drop) to properly bias that circuit. The number 20
of possible permutations and combinations of the fast
switching circuiLs and emitter follower circuitry that
does not impede the switching speed according to the
teachings of the invention are too numerous to draw
them all, but they will be apparent to those skilled in the 25
art. Any fast switching circuit that uses MOS enabling
circuitry that is substantially removed from the data
path to enable the switch or do a steering function for
the high speed data signals is equivalent to what is
taught herein and intended to be within the scope of the 30
claims appended hereto.

The consequence of use of the architecture of FIG. 5
in conjunction with the architecture of any of FIGS.
1—4 is that the high speed switches of FIGS. 1—4 may be
coupled to any other type of logic family regardless of 35
the logic levels of the logic family to which the high
speed switches are to be coupled. The level of the out-
put signals at outputs F1 and F2 can be raised by raising
the voltage at the high voltage supply line 60 or chang-
ing the values of emitter feedback resisters R7, R8 and 40
R9 and changing the characteristics of the current
source transistors and/or changing the reference volt-
age Vref to alter the level of current flowing through
the emitter feedback resistors. Likewise, output level
voltages can be shifted downward by coupling more 45
emitter follower transistors in series so that all transis-
tors in the chain turn on or off simultaneously with
changes in the input signal levels and so as to impose
their base-emitter voltage drops in series between the
high voltage supply line 60 and the corresponding out— so
put. This level shifting can be done without loss of the
advantage of ECL speeds. This provides great flexibil-
ity to designers. For example, in well-known differen-
tial mode cascade logic, one set of data inputs coupled
to the lower differential pair substituted for the normal 55
current source must be driven between level changes
which are uniformly one base-emitter voltage drOp
(approximately 850 millivolts) below the corresponding
levels of the other set of data inputs coupled to the
upper differential pair. This can be done using the emit— 60
ter follower technology ofFIG. 5, for example by driv-
ing one set of inputs with the F1 output and driving the
other set of inputs coupled to the lower differential pair
with output F2 and substituting a pair of series coupled
emitter followers for single emitter followers E10 and 65E11.

Those skilled in the art will appreciate that the con-
cepts illustrated in FlG. 5 can be extended such that
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input A can drive more emitter followers and more
outputs, and the crossbar switching capabilities of input
A or B being able to drive input F2 can be extended to
more inputs and outputs by modification of the circuit
of FIG. 5. Likewise, the concepts illustrated in FIGS.
1-4 may be extended to more inputs and more outputs
and can be extended to single ended technology. Gener-
ally, differentially coupled current mode logic devices
are preferred. because the logic swing can be reduced
with adequate noise immunity and therefore great
speeds can he achieved. However, where integrated
circuit space is an issue, and the number of transistors is
to be held down, single ended logic can also be used.

For example, a single-ended, fast OR gate employing
the teachings of the invention is shown in FlG. 6. In this
circuit, a differentially coupled pair current mode NPN
transistors 80, a] and 84 are coupled to share a common
node 83. A reference signal Vbb is coupled to the base
of transistor 81, and high speed data input signals A and
B coupled to the bases of transistors 80 and 81 have
logic states which swing both above and below the
level of Win. A constant current source comprised of
transistor 86 and resistor 88 selectively drives the com»
mon node 83 when NMOS transistor 9|] is turned on.
This occurs when steering signal EN]: is active high.
when this occurs, PMOS transistor 82 turns off and
common node 83 is free to seek whatever voltage it
normally assumes when the dilferential pair is enabled.
The transistors 84, 80 and 81 then drive the outputs Y
and Y-. Pullup resistors 92 and 94 couple the outputs to
the high voltage source. The voltage swings of the
signals on inputs A and B can be increased to increase
noise immunity, but the high level of either signal can-
not be higher than one baseemitter voltage drop below
the level of Vh on the 100. Thus, an emitter follower
according to the teachings of FIG. 5 could be used to
drive the A and 8 inputs if necessary to provide the
necessary one base-emitter drop. The concept ofFIG. 6
can be extended to any of the other switches or arrays
shown in FIGS. 1—4 as will be apparent to those skilled
in the art. Further, although NPN bipolar current mode
log-lo technology is used for illustration, PNP bipolar
technology could also be used, and any differentially
coupled circuit could also be single ended. Further,
other high speed switching technologies either now
existing or to he invented in the future could also be
used to implement the teachings of the invention if the
slower enabling/steering logic is kept out of the high
speed data path.

What is claimed is:
1. A high speed switch, comprising:
a pair of data inputs for receiving high speed, comple-

mentary input signals; one or more pairs of high
speed complementary data outputs;

a high voltage supply;
a low voltage supply;
one or more differential pairs of current mode logic

transistors having base terminals coupled to said
data inputs, each pair having a pair of collectors
coupled to said high voltage supply and to one of
mid pairs of high speed complementary data out-
puts, and each pair having emitters coupled to a
common node;

an essentially constant current source corresponding
to each said differential pair of current mode logic
transistors selectively coupling said common node
to said low voltage supply;
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one or more steering signal inputs, each steering sig—

nal input corresponding to one of said differential
pairs of current mode logic transistors, each steer-
ing ngnal input for receiving a steering signal; and

enabling means for selectively coupling said constant 5
current source for each said differential coupled
pair of current mode transistors to said low voltage
supply and for decoupling the common node of
each said differential pair to said high voltage sup-
ply when the corresponding steering signal is in a 10
first state, and for decoupling said constant current
source for each said difi'ereutial coupled pair of
current mode logic transistors from said low volt»
age supply and coupling the common node of each
said differential coupled pair of current mode logic 15
transistors from said high voltage supply when the
corresponding steering signal is in a second state,
thereby allowing any of said differential coupled
pairs of current mode logic transistors to drive the
corresponding pair of high speed data outputs 20
under the influence of the high speed data input

'signals received at said data inputs by control of the
states of said steering signals.

2. The apparatus of claim 1 wherein said enabling
means comprises for each said differential pair of cur- 25
rent mode logic transistors, 21 PMOS transistor coupling
said common node to said high voltage supply, and an
NMOS transistor coupling said current source to said
low voltage supply, each of said NMOS and PMOS
transistors having their gates coupled to said steering 30
signal.

3. A high speed switch comprising:
at least two pairs of high speed data inputs, each pair

for receiving a pair of high speed, complementary
data signals; 35

a pair of outputs for outputting a complementary pair
of high speed output signals;

a high voltage supply;
a low voltage supply;
a pair of shared pullup resistors coupled to said high 40

voltage SUPPlY;
a pair of differential current mode logic transistors,

each having a collector coupled to one of said pair
of pullup resistors and to one ofsaid outputs of said
output pair, and having base terminals each of 45
which is coupled to one of the signal inputs of a
selected pair of said high speed data inputs, and
having a pair of emitter terminals coupled to a
common node;

one or more pairs of difi'erential coupled, current so
mode logo transistors, each having a collector
coupled to one of said outputs of said output pair,
and listing base terminals each of which is coupled
to one of the signal inputs of a selected pair of said
high speed data inputs different from the high 55
speed data input pairs coupled to each other said
differential coupled pair of current mode logic
transistors, ach said differential coupled pair of
current mode logic transistors having a pair of
emitter terminals coupled to a common node; 60

one or more ementially constant current sources,
web for selectively coupling one of said common
nodes to said low voltage supply;

one or more steering signal inputs, each for receiving
a steering signal for controlling the enabled or 65
disabled state of a corresponding one of said differ-
ential coupled pair of current mode logic transis—
tors; and

14
enabling means for selectively coupling said constant

current source for each said differential coupled
pair of current mode transistors to said low voltage
supply and for decoupling the common node of
each said differential pair to said high voltage sup-
ply when the corresponding steering signal is in a
first state, and for decoupling said constant current
source for each said differential coupled pair of
current mode logic transistors from said low volt-
age supply and coupling the common node of each
said differential coupled pair of current mode logic
transistors from said high voltage supply when the
corresponding steering signal is in a second state,
thereby allowing any of said differential coupled
pairs of current mode logic transistors to drive the
corresponding pair of high speed data outputs
under the influence of the high speed data input
signals received at said data inputs by control of the
states of said steering signals.

4. The apparatus of claim 3 wherein said enabling
means comprises for each said differential coupled pair
of current mode logic transistors, a PMOS transistor
coupling said common node to said high voltage supply,
and an NMOS transistor coupling said current source to
said low voltage supply, each ofsaid NMOS and PMOS
transistors having their gates coupled to said steering
signal.

5. A high speed, multiplexer comprising:
switching means including first and second differen-

tial inputs and a plurality of high speed differential
amplifier , each differential amplifier having a
common power return node for selective connec-
tion to a low voltage supply, and each differential
amplifier coupled to receive high speed data signals
from said first and second differential inputs, and
each difi'erential amplifier having a pair ofdifferen-
tial outputs, said switching means for receiving
high speed data signals, and, when enabled, for
coupling said high speed data signals to a selected
output; and

enabling means having an enable input corraponding
to each said differential amplifier including CMOS
switching means corresponding to each said differ-
ential amplifier and coupled to the enable input and
common power return node of the corresponding
differential amplifier, said CMOS switching means
for selective enabling or disabling the corresPond-
ing differential amplifier, said enabling means for
enabling the corresponding differential amplifier
by selective coupling of each said differential am-
plifier means common power return node to said
low voltage supply via the corresponding CMOS
switching means when the corresponding enable
input receives an activated enable signal indicating
the componding differential amplifier is to be
rendered operational thereby differentially ampli-
fying the high speed data signals at said first and
second differential inputs and outputting the data
signals so amplified to the corresponding pair of
differential outputs. and for disabling a differential
amplifier by coupling said common power return
node to a high voltage supply via the correspond-
ing CMDS switching means when the correspond-
ing enable signal is not active.

6. A crossbar switch, comprising:
a first multiplexer having a plurality of data inputs

and a shared data output comprised ofa plurality of
switching devices each of which is coupled to one
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of said plurality of data inputs and each of which
can be individually enabled under the influence of
a corresponding steering signal associated with
that switching device so as to be able to drive said
shared data output in accordance with the data 5
received at the corresponding data input;

one or more other multiplexers each having inputs
coupled to the same plurality of data inputs cou-
pled to said first multiplexer, and each having a
shared data output, and each comprised of a plural- t0
ity of switching devices each of which is coupled
to one of said plurality of data inputs coupled to a
corresponding switching device of said first multi-
plexer, each ofsaid switching devices ofscid one or
more other multiplexers including enabling cir- 15
cuitry coupled to the associated switching device
such that the associated switching device can be
individually enabled under the influence of a corre-
sponding steering signal so as to be able to drive the
corresponding said shared data output in accor- 20
dance with the data received at the componding
data input, such that by proper manipulation ofsaid
steering signals for said first multiplexer and said
one or more other multiplexers, each of the shared
outputs can be driven by any of the data inputs so 25
long as no more than one data input is used to drive
any shared data output at any particular time and
wherein each of said multiplexers is comprised of:

at least two pairs of high speed data inputs, each pair
for receiving a pair of high speed, complementary 30
data signals;

a pair of outputs for outputting a complementary pair
of high speed output signals;

a high voltage supply;
a low voltage supply; 35
a pair of shared pullup resistors coupled to said high

voltage supply;
a pair of differential current mode logic transistors,

each having a collector coupled to one of said pair
of pullup resistors and to one ofsaid outputs of said 4-0
output pair, and having base terminals each of
which is coupled to one of the signal inputs of a

45

50

55

65
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selected pair of said high speed data inputs, and
having a pair of emitter terminals coupled to a
common node;

one or more pairs of different coupled, current mode
logic transistors, each having a collector coupled
to one of said outputs of said output pair, and hav-
ing base terminals each of which is coupled to one
of the signal inputs of a selected pair of said high
speed data inputs different from the high speed data
input pairs coupled to each other said differential
coupled pair ofcurrent mode logic transistors, each
said differential coupled pair of current mode logic
transistors having a pair of emitter terminals cou—
pled to a common node;

one or more essentially constant current sources.
each for selectively coupling one of said common
nodes to said low voltage supply;

one or more steering signal inputs, each for receiving
a steering signal for controlling the enabled or
disabled state of a corresponding one of said differ-
ential coupled pair of current mode logic transis-
tors; and

enabling means for selectively coupling said constant
current source for each said differential coupled
pair of current mode transistors to said low voltage
supply and for decoupling the common node of
each said differential pair to said high voltage sup-
ply when the corresponding steering signal is in a
first state, and for decoupling said constant current
source for each said differential coupled pair of
current mode logic transistors from said low volt-
age supply and coupling the common node of each
said differential coupled pair of current mode logic
transistors from said high voltage supply when the
corresponding steering signal is in a second state,
thereby allowing any of said differential coupled
pairs of current mode logic transistors to drive the
corresponding pair of high speed data outputs
under the influence of the high speed data input
signals received at said data inputs by control of the
states of said steering signals.1' 1‘ t It i
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