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FTELD OF THE INVENTION

This invention relates generallY

for providing high-speed, 1ow-voltage

BACKGROT]ND

to methods and circuits
differential signals.

The Telecommunications Industry Association (TIA)

published a standard specifying t.he electrical characteristics

of low-voltage differential signaling (LVDS) interface

circuits thaL can be used to interchange binary signals ' LVDS

employs 1ow-voltage differential signals to provide high-

speed, low-power data communicat'ion' 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 detaited description of this LVDS standard,

see ,,Electrical Characteristics of Low voltage Differential
signaling (LVDS) Interface circuits, " TIA/ElA-644 (March

Lg96), which is incorporated herein by reference'

Figure 1 (prior art) illustrites an LVDS generator 100

connected to an LVDS receiver l-l-0 via a transmission line l-l'5 '

Generator l-00 converts a single-ended digital input signal

D-IN on a tike-named input terminal into a pair of

complementary LVDS output signals on differential output

terminal_s Tx_A and Tx_B. A l-o0-ohm termination 10ad RL

separates terminals TX-A and TX-B, and sets the output

impedance of generator l-00 Lo the level specified in t'he

above-referenced LVDS Standard'

LVDS receiver 110 accepts the differential input. siqnals

from terminals TX-A and. TX-B and Converts them to a single-

ended output signal D-OUT. The LVDS standard specifies the

EL531h5l,aE[us
,-f
'it
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1 properties of LVDS receiver l-l-0. The present application is
2 directed to d.ifferential-signal generators: a comprehensive

3 discussion of receiver 110 is not included in the present

4 application.
5 Figure 2 (prior art) schematically depicts LVDS generator

6 1-00 of Figure 1. Generator L00 includes a preamplifier 200

7 connected to a driver stage 205. Preamplifier 200 receives
g the single-end.ed data signal D-IN and produces a pair of

9 complementary data signals D and D/ (signal names terminating
10 in ,/, are active 1ow signals). Unless otherwise specified,
11 each signal is referred to by the corresponding node

1,2 d.esignation depicted in the figures. Thus, for example, the

13 input terminal and input signal to generator l-00 are both

L4 designated D-fN. In each instance, the interpretation of the

15 node designation as either a signal or a physical element is
L5 clear from the context.
1,j Driver stage 205 includes a PMOS load transistor 207 and

18 an NMOS load transistor 209, each of which produces a

Lg relatively stable drive current in response to respect.ive bias

20 voltages PBIAS and NBIAS. Driver stage 205 additionally
21, includes four drive transistors 2!1, 2L3, 2L5, and 2L7 -

22 If signal D-IN is a logic one (e.9., 3'3 volts),
23 preamplifier 200 produces a logic one on terminal D and a

24 logic zero (e.g. , zero volLs) on terminal D/' The logic one

25 on terminal D turns on transistors 2L1, and 2L7, causing

26 current to flow down through transistors 207 and 2l-l-, up

27 though termination load RL, and down through transistors 2L7

2g and 209 to grround (see the series of arrows 219). The current

29 through termination load RL develops a negative voltage

30 between output terminals TX-A and TX-B'

31 Conversely, if signal D-IN is a logic zero, preamplifier

32 200 produces a logic zero on terminal D and a logic one on

33 terminal D/. The logic one on terminal D/ turns on

34 transistors 2L3 and 215, causing current to flow down through
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1 transistor 207, transistor 21-5, termination load RL,

2 transLstor 2!3, and transistor 209 to ground (see the series
3 of arrows 22L). The current through termination toad RL

4 develops a positive voltage between output terminals TX_A and

5 TX_B.

6 Figure 3 (prior art) is a waveform diagram 300 depicting
7 the signaling sense of the voltages appearing across
8 termination load RL of figures l- and 2. LVDS g'enerator 1-00

9 produces a pair of differential output signals on terminals
10 TX_A and TX_B. The LVDS Standard requires that the voltage
11 between terminals TX-A and TX-B remain in the range of 250 mV

1,2 to 450 mV, and that the voltage midway between the two

13 differential voltages remains at approximately 1.2 volLs.

ii 14 Terminal TX_A is negative with respect to terminal TX_B to
;$ 15 represent a binary one and positive with respect Lo terminal B
li i

tj'l 16 to represent a binary zero.

:i., 17 A programmable logic device (PLD) is a well-knoum tlpe of
;4'

lyi 18 rC that may be programmed by a user (e.q., a circuit designer)
ii+i 19 to perform specified logic functions. Most PLDs contain some
iii

i5 20 t)4>e of input/output block (IOB) that can be configured either
'li:: ^ -.;21 to receive external signals or to drive signals off chip. One

\,fl 22 tlnpe of PLD, the f ield-programmable gate array (FPGA) ,

;:l ,, typically includes an array of configurable logic blocks
24 (Cf,ss) that are programmably interconnected to each other and

25 to the progranunable IOBs. Configuration data loaded into
26 internal configuration memory ce1ls on the FPGA define the
27 operation of the FPGA by determining how the CLBs,

28 interconnections, block RAM, and IOBs are configured.
29 IOBs configured as output circuits ty'pica11y provide
30 single-ended logic signals to external d.evices. As with other
31 t)pes of circuits, PLDs would benefit from the performance

32 advantages offered by driving external signals using
33 differential output signals. There is therefore a need for
34 IOBs that can be configured to provide differential output



ri ii

ts

l-

a

3

4

5

5

7

8

9

10

11

1,2

13

1.4

15

1"6

1,7

18

t9

ZU

21_

')')

)1.

24

?q

26

28

29

30

31

32

33

34

x-784 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 1oads. In accordance with one embodiment,
one or more driver stages can be added, as necessary, to
provide adequate power for driving a given 1oad. Driver stagres
are added by prograrnming one or more proqranunable elements,
such as memory cel1s, 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-sigrnal 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 differenLial driven 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 fOBs are each provided
with half of the circuitry required to produce LVDS signals.
Adjacent pairs of IOBs can therefore be used either
individually to provide single-ended input or output signals
or can be combined to produce differential output signals.

47
4^r
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This summary does not limit the invention,
instead defined by the appended claims.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1 (prior art) illustraLes an LVDS generator 100

connected. t.o an LVDS recei-ver 110 via a transmission line l-1-5.

Figure 2 (prior art) schematically depicts LVDS generator
100 of Figure 1-.

Figure 3 (prior art) is a waveform diagram 300 depicting
the signaling sense of t.he voltages appearing across

termination load RL of rigures 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 5B is a schematic diagram of driver 415 of Figure
4.

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 605 of Fiqure 6 to
develop three complementary signal pairs.

Fiqure 78 schematically depicts differential-amplifier
sequences 610 and 615 and termination load 620, all of Figure
6.

Figures 8A and 8B schematically depict a programmable

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

DETAILED DESCRIPT]ON

Figure 4 depicts
in accordance with an

an extensible differential amplifier 400

embodiment of the invention. Amplifier

!:
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l- 4OO includes a predriver 405 connected to a pair of driver
2 stages 410 and 41-5. The corrbination of predriver 405 and

3 driver 415 operates as described above in connection with
4 Figures 2 and.3 to convert the single-ended input. on terminal

5 D-fN into differential output signals on lines TX-A and TX-!.

6 In accordance wiLh the invention, driver 410 can be activated
7 as needed to provide additional drive power. rn one

g embodiment, drivers 410 and 4l-5 reside within a pair of

9 adjacent programmable IOBs (collectively labeled 41-7) and

10 lines TX-A and TX-g connect to the respective input/output
j.1 (I/O) pad.s of the pair. This aspect of the invention is
12 detailed below.
j_3 The program state of a configuraLion bLt 420 determines

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

15 second configuration bil- 425 determines whether the driver
L6 stage of amplifier 400 is extended to include driver 410. An

L7 exemplary configuration bit is described below in connection

18 with Figure BA.

1,g If bit 420 is programmed to provide a logic one on

20 ,,enable differential signaling" line EN-DS, then pred.river 405

2L and driver 4l-5 function in a manner similar to that described

22 above in connection with Figure 2. If desired, the drive

23 circuitry can be extended to include driver 410 by programming

24 biL 425 to provide a logic one on "extended differential
25 signaling" line X-DS. The signals on lines X-DS and EN-DS are

26 logicatly combined using an AND gat.e 430 to produce an "enable

21 termination load" signal EN-T to drivet 415. This signal and

2g its purpose are described below in connection with Figure 58.

29 Figure 5A is a schematic diagram of an embodiment of

30 predriver 405 of Figure 4. Predriver 405 includes a pair of

3l_ conventional tri-state drivers 500 and 502. A conventional

32 inverter 504 provides the complement of signal EN-DS.

33 amplifier 400 is inactive when signals EN-DS and EN-DS/

34 are low and high, respectively. These logic levels cause

6r:
I
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1 tristate drivers 500 and 502 to disconnect input terminal D_IN

2 from respective tristate output terminals TL and T2. Signal
3 EN-DS and its complementary signal EN-DS/ also connecL

4 terminals T1 and T2 to respective supply voltages VCCO and

5 grround by turning on a pair of transistors 506 and 508. Thus,

6 terminals Ti- and T2 do noL change in response to changes on

7 input terminal D_IN when differential sigrnaling is disabled.
8 In the case where amplifier 400 is implemented using IOBs in a

9 programmable logic device, amplifier 400 may be disabled to
10 a]1ow the IOBs to perform some other input or output function.
L1, Amptifier 400 is active when signals EN-DS and EN-DS/ are

L2 high and low, respectively. These logic levels cause tristate
13 drivers 500 and 502 to connect input terminal D-IN to
1,4 respective Lristate output terminals T1 and T2. Signal EN-DS

15 and its complementary signal EN-DS/ also disconnect terminals
L6 T1 and T2 from respective supply voltages VCCO and ground by

L7 turning off transistors 506 and 508. Thus, terminals T1 and T2

18 change in response to signal D-IN when differenLial signaling
t9 is enabled.
20 tristate output terminals T1 and T2 connect to the

2L respective inpuL terminals of an inverting predriver 510 and a

22 non-inverting predriver 51,2. Predriver 510 includes a pair of
23 conventional- inverters 514 and 516. Inverter 514 produces a

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

25 line T1; inverter 516 provides a similar signal to a test pin
26 5LB. predriver 5L2 includes t.hree conventional inverters 520,

21 522, and 524. Predriver 5L2 produces a signal D/, the

28 complement of signat D. Inverter 524 provides a similar signal
29 to a test Pin 526.

30 Each inverter within predrivers 5l-0 and 512 is a cMos

31 inverLer in which the ratios of the PMOS and NMOS transistors
32 are as specified. These particular ratios were selected so

33 that signals D and D/ transition simultaneously, or very

34 nearly so. Different ratios may be appropriate, depending upon

7t'tr
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l- the process used to produce amplifier 400. Adjusting layout
2 and process parameters to produce synchronized complementary

3 signals is within the skiI1 of Lhose in the art.
4 As d.iscussed above in connection with Fiqure 4, amplifier
5 400 can be extended to include additional drive circuitry,
6 which may be needed to drive some loads while remaining in
7 compliance with the LVDS Standard. Returning to Figure 5A, a
B pair of NOR gates 528 and 530 facilitates this extension by

9 producing a pair of complimentary extended-data signals DX and

10 DXl when signal X-DS/ is a logic zero, indicating the extended

11 driver is enabled. Extend.ed-data signal DX is substantially
12 the same as signal D, and extended data signal DX/ is
13 substantially the same as signal D/. Signals DX and DXl are

L4 conveyed to extended driver 410, the operation of which is
15 detailed below in connection with Figure 5C.

1,6 Figure 58 is a schematic d.iagram of driver 415 of Figure

t] 4. Driver 415 is similar to driver sLage 205 of Figure 2,

18 like-numbered elements being the same. Unlike driver 205,

19 however, driver 415 includes a programmable termination load

20 540. Further, load transistors 207 and 209 of Figure 2 are

2L replaced with pairs of para11e1 transistors, so that
22 transistors 21-L and, 215 connect to VCCO via respective PMOS

23 transistor 532 and 533, instead of via a single transistor
24 207, and transistors 2L3 and. 2L7 connect to ground via
25 respective NMOS transistors 534 and. 535, instead of via a

26 single transistor 209.

27 Employing pairs of load t,ransistors allows driver 41-5 to
2g be separated into two similar parts 536 and 538, each

29 associated with a respective one of terminals TX-A and TX-B.

30 Such a configuration is convenient, for example, when driver
31 4L5 is implemented on a PLD in which terminals TX-A and TX-B

32 connect to neighboring I/O pins. Each part 536 and 538 can be

33 implemented as a portion of the IOB (not shown) associated

34 with the respective one of terminals Tx-A and Tx-B'
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1 Termination load 540 can be part of either IOB, neither IOB,

2 or can be split between the two. In one embod,iment, transistor
3 542 is included in the rOB that includes part 536, and

4 transistor 543 is included in the fOB that. includes part 538.

5 programmable termination load 540 includes a pair of
6 transistors 542 and 543, the gates of which connect to
7 terminal EN-T. As shown in Figrure 4, the signal EN-T is
8 controll-ed through AND gate 430 by configuration bits 420 and

g 425 ' Termination load 540 is acLive (conducting) only when

10 differential signaling is enabled in the non-extended mode.

1,1" This condition is specified when configuration bLt 420 is set

1"2 to a logic one and configuration bit 425 is set to a logic
13 zero.
L4 Driver 415 includes a number of terminals that provide

15 appropriate bias voltages. Terminals PBIAS and NBIAS provide

1-6 respective bias levels esLablish the gain driver 415, and

L7 common terminals PCOM and NCOM conventionally establish the

l-8 higrh and low volt.age levels on output terminals TX-A and TX-B'

B Driver 415 shares the bias and common terminafs with extended

20 driver 410 (See figure 5C).

2t The bias levels PBIAS and. NBIAS are important in defining

22 LVDS signal guality. In one embodiment, NMOS transistors 534

23 and 535 are biased to operate in saturation to sink a

24 relatively stable current, whereas PMOS transistors 532 and

25 533 are biased to operate in a linear region. Operating

26 transistors 532 and 533 in a linear region reduces t3l3@
27 €giiE the output resistances of those devices, and the

28 reduced resistance tends to dissipate signal reflections
29 returning to terminals TX-A and TX-B. Reduced reflections
30 translate into reduced noise, and reduced noise allows signals

3l- to be conveyed at higher dat.a rates. Circuits for developing

32 appropriate bias l-evels for the circuits of Fiqures 5A-7B are

33 discussed below in connection with Figures 8A and 8B.

34 Figure 5C is a schematic d.iagram of one embodiment of



x-784 us PATENT

1 extended driver 410 of Figure 4. Extended driver 4l-0 includes
2 a pair of driver stages 544 and 546 and a programmable

3 termination load 548. Driver stages 544 and 546 can be

4 included, for example, in respective adjacent rOBs on a pLD.

5 Termination load 548 can be part of either IOB, neither IOB,

6 or can be split between the two. The various terminals of
7 Figure 5C are connected to like-named terminals of Figures 5A

8 and 5B.

9 Driver stage 544 includes a PMOS load transistor 550, a

10 pair of NMOS differential-driver transistors 552 and 554

11 having their qates connected to respective extended-driver
1,2 input signals ox and DXl, a diode-connecLed PMOS transistor
l-3 556, and a PMOS transistor 558 connected as a capacitor

i:: 14 between terminal VCCO and terminal PCOM. Transistors 550, 552,

:$ rs and 554 combined amplify the extended-driver signals ox and
it'i
lijl 15 Dx/ to produce an amplified output signal on output terminal
,,.i 1z Tx-A. rn one embodiment, t,ransistor 556 is diode-connected
ii*,i

li1i 18 between terminals PCOM and VCCO to establish the appropriate

,l' t, level for l-ine PCOM, which is conimon to both drivers 410 and

i3 20 41,5. Finally, transistor 558 can be sized or eliminated as
'.i zt desired to minimize noise on line PCoM.
i"J

ii\i ZZ Driver stage 546 is identical to driver stage 544, except

;$ ,, that lines DX and DX/ are connected to Lhe opposite
24 differential driver transistors. Consequently, the signals on

25 outpuL terminals Tx-A and TX-B are complemenLary. Driver
25 stages 544 and 546 thus supplement the drive strength provided
27 by driver stage 415.

28 As shown in Figure 4, the extend-differential-signaling
29 signal X_DS is a logic one when CBIT 425 Ls programmed.

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

31 logic zero, disabling termination load 532 of Figure 58. Thus,

32 programming CBIT 425 substitutes termination load 548 for
33 termination load 532, thereby increasing the termination load
34 resistance to an aBpropriate Ieve1. In one embodiment, the

10
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1 resistance of termination load 532 is selected so that the

2 resulting output signal conforms to the LVDS Standard.

3 Figure 6 depicLs a multi-stage driver 600 in accordance

4 with another embodiment of the invention. Driver 600 includes

5 a mutti-st.age delay circuit 605, a first sequence of

6 differential amplifiers 610, a second sequence of differential
7 amplifiers 6L5, and a termination load 620. For illustrative
g purposes, the amplifiers of sequences 610 and 6l-5 are referred

9 to as "high-side" and "low-side" amplifiers, respectively. In
l-0 dif ferent embod.iments, each amplifier sequence 610 and 6l-5 can

i,L be implemented as a portion of the IOB (not shown) associated

i,2 with the respective one of t.erminals TX-A and TX-B.

13 Termination load 620 can be part of either IOB, neither IOB,

1,4 or can be sPliL between the two.

15 Delay circuit 605 receives a pair of complementary

1,6 sigrnals D and D/ on a like-named pair of input terminals. A

Lt sequence of delay elements conventional buffers 625 in the

18 depicted example -- provides a first pair of delayed

1,g complementary signals D1 and D1l and a second pair of delayed

20 complementary signals D2 and D2/.

2L Sequence 6L0 includes three differential amplifiers 630,

22 63L, and.632, the output. terminals of which connect to one

23 another and to output terminal TX-A. The differential input

24 t.erminals of each of these high-side amplifiers connect to

25 respective complemenLary terminals from delay circuit 605 '

26 That is, the non-inverting (+) and inverting (-) terminals of

27 differential amplifier 630 connect to respective input

2g terminals D and D/, the non-inverting and inverting terminals

29 of differential amplifier 631 connect to respective input'

30 terminals D1 and' DL/, and the non-inverting and inverting
31 terminals of differential amplifl-er 632 connect to respective

32 inpuL terminals O2 and, D2/. When the signal on terminal D

33 transitions from low to high, each of amplifiers 630, 63L, and

34 632 consecutively joins in pulling the voltage level on

l-1
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1 terminal TX-A high as the signal edges on terminals D and D/

2 propagate through delay circuit 605. Conversely, when tkre

3 signal on terminal D transitions from high Lo low, each of
4 amplifiers 630, 631-, and 632 consecutively joins in pulling
5 the voltage leve1 on terminal TX-A 1ow.

G Sequence 615 includes three differential amplifiers 634,

i 635, and 636, the ouLput terminals of which connecL to one

8 another and Lo terminal TX-B. Sequence 6l-5 is similar to
9 sequence 6L0, except that the differential input terminals of

10 the various low-side differential amplifiers are connected to

11 opposite ones of the complementary signals from delay circuit
L2 605. Thus, when the signal on terminal D transitions from low

13 to high, each of amplifiers 634, 635, and 636 consecutively
L4 joins in pulling the voltage 1evel on terminal TX-B low as the

15 signal edges on terminals D and D/ propagate through delay

1,6 circuit 605, and when the signal on terminal D transitions
1,7 from high to low, each of amplifiers 634, 635, and 635

l-8 consecutively joins in pulling the voltage level on terminal

1,9 Tx-B high.
20 Driver stage 600 is similar to driver stage 41-5 of

2L Figures 4 and 5A, except that driver stage 600 progressively

22 increases t.he drive strength used to provide amplified signals

23 across termination load 620, and consequently progressively

24 reduces the output resistance of driver stage 600.

25 progressively reducing the output resistance of amplifier 600

26 reduces the amplitude of reflected signals. this effect, in
27 turn, reduces the noise and increases the useable data rate of

2g the LVDS circuitry. While illustrated as having three driver
29 stages, other embodiments of amptifier 500 include more or

3O fewer stag:es. Figure 7A schematically depicts a predriver 700

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

32 d.elay circuit 605 of Figure 6 to develop the three

33 complementary signal pairs (e.g., D and D/) of Figure 6. The

34 various elements of predriver 405 are described above in

L2
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1 connect.ion with Figure 5A, like-numbed elements being
2 identical. rn one embodiment, each buffer 625 is an instance
3 of non-inverting delay circuit 512. Figure7B schematically
4 depicts differential-amplifier sequences 6l_0 and 6L5 and
5 termination load 620, all of Figure 6. The differential
5 amplifiers in sequences 610 and 615 are substantially
7 identical, except, the D and D/ input terminals are reversed.
8 The following description is limited Lo a single differential
9 amplifier (630) for brevity. Differential amplifier 630

10 includes a PMOS load transistor 700, an NMOS load transistor
1-L 705, and a pair of active transistors 710 and 7l-5 having t.heir
1,2 respective g'ates connected to data inputs o and D/ . One

13 embodimenL of amplifier 400 of Figure 4 employs driver stage
1,4 600 in place of driver 415 (detailed in Figure 58). Amplifier
15 sequence 610 may include a capacitor 725 between PCOM and

L6 VCCO, and amplifier sequence 615 may include a capacitor 730

1-7 connected between NCOM and ground. These capacitors can be

18 sized to minimize noise. Figures BA and BB schematically
1,9 depict a programmable bias-voltage generator 800 in accordance
20 with an embodiment of the invention. A key 802 in the bottom
21, right-hand corner of Figure BA shows the relative arrangement
22 of Figures BA and BB.

23 The portion of generator 800 depicted in Figure BA may be

24 divided into three general areas: bias-enable circuitry 804,

25 NBIAS pul1-up circuitry 806, and NBIAS pull-down circuit.ry
26 808. As their respective names imply, bias-enable circuitry
27 804 determines whether bias generator 800 is active, NBIAS

28 pu11-up circuitry 806 can be used to raise the NBIAS voltage
29 level, and NBIAS pull-down circuitry 808 can be used to reduce

30 the NBIAS voltage level. The NBIAS pu11-up and pul1-down

31 circuitry are programmable to al1ow users to vary the NBfAS

32 voltage as desired.
33 Bias-enable circuitry 804 includes a configuration bit
34 (CBIT) 810, an inverLer 812, a PMOS transistor BL4, and, in

t-3
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1 Figure 88, a PMOS transistor BL5 and a pair of NMOS

2 LransisLors 8l-6 and 817. CB]T 810 is conventional, in one
3 embodiment including an SRAM configuration memory ce1l B1B

4 connected to a level-shifter 820. Level-shifter 820 is used
5 because bias generator 800 is a portion of the output
6 circuitry of a PLD, and operates at higher voltage (e.S., 3.3
7 volts) than the core circuitry (e.9., 1.5 volts) of the pLD:

8 level-shifter 820 increases the output voltage of SRAM ce11

9 816 to an appropriate voltage leve1. Some embodiments that
10 employ lower core voltages use thicker gate insulators in the
11 transistors of the f/O circuitry. The qate insulators of
12 differing thickness can be formed using a conventional dual-
13 oxide process. fn one embodiment in which the circuits
1,4 depicted in Figures 5A-BB are part of the output circuitry of
15 a PLD, each of the depicted devices employs relatively thick
L6 gate insulators.
1,7 Generator 800 is activated by programming SRAM cel-l Bl-B

18 to include a Iogic one, thereby causingr bias-enable circuitry
1-9 804 to output a logic one on line BIAS. This logic one

20 connects high-supply-voltagle line H_SUP to supply voltagre VCCO

21, through transistor 8l-4 and disconnect,s line PBIAS from VCCO to
22 enable line PBIAS to carry an appropriate bias voltage. The

23 inverted signal BIAS/ from inverter 812, a logric zero when

24 active, disconnects lines NBIAS and NGATE from ground, thereby
25 allowing those lines to carry respective bias voltages. The

26 logic levels on lines PBIAS and NBIAS are one and zero,
27 respectively, when SRAM cell B1B is set to logic zero.
28 NBIAS pull-up circuitry 806 has an input terminal VBG

29 connected to a conventional band-gap reference, or some other
30 suitable voltage reference. The voltage 1evel and line VBG

3l- turns on a PMOS transistor 822 that, in combination with
32 diode-connected transistors 824 and 826, produces bias voltage
33 levels on lines NGATE and NBIAS. Terminal VBG also connect.s to
34 a pair of transmission gates 828 and 830, each consisting of

L4
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1- NMOS and PMOS transistors connected in parallel. The

2 transmission gates are controlled by configuration bits
3 similar t,o CBIT 810. For example, transmission gate 828 can be

4 Lurned on by programming CBIT-A to contain a logic one. The

5 logic one produces a logic one on line A and, via an inverter
6 834, a logic zero on line A/. Transmission gate B2B passes the
'7 reference voltage on line VBG to the gate of a PMOS transistor
B 836, thereby reducing the resistance between VCCO and Iine
9 NBIAS; consequently, the voltage level on line NBIAS rises.

10 Transistor B3B can be turned on and both of Lransmission gate

11 828 and transistor 836 can be turned off by programming CBIT-A

t2 to conLain a logic zero. Transmission gate 830 operates in the
13 same manner as transmission gate 828, but is controlled by a
1,4 different CBIT (CBIT-B) and an associated inverter. One or
15 both of transmission gates 828 and 830 can be turned on to
1,6 raise the voltage level on line NBIAS.

l7 NBIAS pu]l-down circuitry 808 includes a pair of
18 programmable pull-down circuits 840 and 842 that can be

L9 prograiluned independently or collectively to reduce the bias
20 voltage on terminal NBIAS. Pull-down circuits 840 and 842 work

2L the same way, so only circuit 840 is described.
22 Pull-down circuit 840 includes Lhree transistors 844,

23 846, and 848. The gates of transistors 844 and 846 connect to
24 terminals C and C/, respectively, from a configuration bit
25 CBIT-C and an associated inverter 849. When CBIT-C is
25 progranuned to contain a logic zeTo, transistors 844 and B4B

2'/ are turned off, isolating line NBIAS from ground; when CBfT-C

28 is programmed to Contain a logic one, transistors 844 and 848

29 are turned on and transistor 846 turned off. The reduced

30 resisLance Lhrough transistor 848 reduces the volLaqe on line
31 NBIAS.

32 Any change in the bias voltage on line NBIAS results in a

33 change in voltage on line NGATE via a transistor 850. A

34 transistor 852 connected between line NBIAS and ground is an

15
,. 1



PATENTx-784 uS

1_ optional capacitor that can be sized or eliminat.ed as desired.

2 The portion of bias-voltage generator 800 depict'ed in

3 Figure 8A adjusts the level of NBIAS; the portion depicted in

4 Figure 8B adjusts the level of PBIAS. Referring now to Figure

5 88, the portion of Figure 88 includes PBIAS pu1l-up circuitry
6 852 and PBIAS pull-down circuitry 854. PBIAS pull-up circuitry
1 852 operates in the same manner as NBIAS pull-up circuitry 806

B of Figure 8A to raise the level of the bias voltage on line

9 PBIAS. A pair of configuration bits CBIT-E and cBIT-F and

10 associated inverters control circuitry 852. A capacitor 856

l-1 can be sized or eliminated as necessary'

L2 PBIAS pull-down circuitry 854 includes a pair of

1,3 proqrammable pull-down circuits 858 and 860 that can be

L4 prografiuned independently or collectively to reduce the bias

15 volt.age on Lerminal PBIAS. Pul1-down circuits 858 and 860 work

L6 Lhe same way, so only circuit 858 is described.

lj pull-down circuit B5B includes a transmission gate 862

18 and a pair of transistors 864 and 866. With CBIT-G programmed

Lg to contain a logic zeTo, transmission gate 862 is off,
20 transistor 866 oR, and transistor 864 off; with (BIT-G

2L programmed to contain a logic one, transistor 866 is off, and

22 transmission gate 862 passes the bias voltage NGATE to the

23 gate of transistor 864, thereby turninq transistor 864 on'

24 This reduces the voltage level on line PBIAS '

25 The present invention can be adapted to supply

26 complementary LVDS signals to more than one LVDS receiver'

27 For details of one such implementation, see 'Multi-Drop LVDS

28 with Virtex-E FPGAs, " XAPP231 (Version 1'0) by Jon Brunetti

29 and Brian Von Herzen (g/23/gg\, which is incorporated herein

30 by reference.
31 While the present invention has been described in
32 connection with specific embodiments, variations of these

33 embodiments will be obvious to those of ordinary skill in the

34 art. For example, while described in the context. of SRAM-based

1,6
,,1
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1 FPGAs, the invention can also be applied to other tlpes of
2 PLDs that employ alternate programming technologies, and some

3 embodiments can be used in non-prograflunable circuits.
4 Moreover, the present invention can be adapted to convert
5 ttpical dual-voltage logic signals to other t)4>es of
6 differential signals, such as those specified in the Low-

7 Voltage, Pseudo-Emitter-Coupled Logic (LVPECL) standard.
8 Therefore, the spirit and scope of Lhe appended claims should

9 not be limited to the foregoing description.

1,".I
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2 What is claimed is:
3 l-. A differential amplifier comprising:
4 a. a first differential-amplifier stage havinq:

i. firsL and second differential input terminafs
adapted to receive a differential input signal;
and

8 ii. first and second differential output terminals;
9 b. a second differential-amplifier stage having:

10 i. third and fourLh differential input terminal-s
11 adapted to receive the differential inpuL
1,2 signal;
13 ii. third and fourth differential output terminals

i$ 14 connected to the first and second differential

;$ 
1s output terminals; and

iji 1-6 iii. an amplifier-enable terminal; and

ffi Li c. a progrrammable memory cell capable of maintaining a

ift 18 programmed state and a deprogrammed state, the
:rri: L9 memory cell having a memory-ceIl outpuL terminal
il

i3 20 connecLed to the amplifier-enable terminal;
:; 21, d. wherein the second differential- amplifier stage

lu ZZ amplifies the input signal when the memory cell is

l1i ,, in the progralnmed state and does not amplifv the

24 input signal when the memory cell is in the
25 deprogrammed staLe.
26

2i 2. The differential amplifier of claim l-, wherein the memory

28 cell stores a voltage representative of a logic one when

29 in t.he programned state.
30

31- 3. The differential amplifier of claim 1, further comprising
32 a predriver having:
33 a. a data input terminal adapted to receive an input
34 data signal; and

1-B

5

6
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1 b. first and second complementary output terminals
2 connected to respective ones of the first and second

3 differential inPut terminals.
4

5 4. The differential amplifier of claim 3, wherein the

6 predriver further comPrises:

7 a. a first tri-state buffer having a first tri-state
8 input terminal connected to the data input terminal;
9 b. a second. tri-st.ate buffer having a second tri-state

10 input Lerminal connected to the data input. termina];
1-L c. an inverter havinq an inverter input terminal
t2 connected to the data input terminal and an inverter
13 output terminal connected to the first complementary

li 14 outPut terminal; and

;fl ,u d. a non-inverting delay stage having a delav-stage

iil 1G input terminal connected to the data input terminal
i'-i tz and a delay-stage output terminal connecLed to the

i;, fe second complementary output terminal.
i*d 19
ii

l3 zo 5. The differential amplifier of claim 4, wherein the
,'ffi

ifi ,, inverter exhibits a first signal propagation delav and

\fr ZZ the non-inverting delay stage exhibits a second signal
i,i" zz propagaLion delay substantially equal to the first signal
ii

24 propagation delaY.
25

26 6. The differential amplifier of claim 1, further comprising

Zt a programmable termination load connected between the

28 first and second differential output terminals.
,o

30 7. The d.ifferential amplifier of claim 6, wherein the

31 termination load includes a termination-Ioad enable

32 terminal connected to the memory-cel1 output terminal.
33

34 8. The d.ifferential amplifier of claim 6, further comprising

t9
.\,
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a second termination load

second differential output

PATENT

connected between the first and

terminals.
1

2

3

4 9.

5

6

7 l_0.

B

9

t-0

1l_

L2

13

1.4

l-5

1"6

1,7

18

19

20

2t
zz

,2

z4

25

26

)'1

28

29

JU

3l-

2.)

33

34

An

a.

The differential amplifier of claim B, wherein the second

termination load is programmable.

amplifier comPrising:
first and second differential input terminals
adapted to receive first and second complementary

input signals;
b. a first high-side differential amplifier having:

i. a firsL high-side differential amplifier input

terminal connected to the first differential
input terminal;

ii. a second high-side differential amplifier input
terminal connecLed to the second differential
input terminal; and

iii. a first high-side differential-amplifier output

terminal;
c. a first low-side differential amplifier having a

first low-side differential amplifier inpuL terminal

connected to the first differential input terminal
low- cilo

and a seconX+i{iie-ii3e differential amplifier input

terminal connected to the second differential input
terminal;

d. 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

elementadapt.edtoprovideadelayedversionof
the first complementary input signal on the

first delay-element output terminal; and

ii. a second delay-etement input terminal connected

to the second differenLial input terminal and a

20

''1i
't!
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I
)

?

4

5

A

7

8

9

10

11

T2

13

t4
15

1.6

1"1

18

t9

20

2L

22

23

24
,)q

26

27 1l- .

28

29

30

31

32 L2.

33

34

second delay-element output terminal, the delay

element adapted to provide a delayed version of

the second complementary input signal on the

second delay-element output terminal;

e. a second high-side differential amplifier having:

i. a third high-side differential amplifier input
uerminal connected to the first delay-element

outPut Lerminal;
ii. a fourth high-side differential amplifier input

terminal connected to the second delay-element

output terminal; and

iii. a second high-side differential-amplifier
output terminal connected to the first high-

side differential-amplifier output terminal ;

and

f. a second low-side differential amplifier having:

i. a third 1ow-side differential amplifier input
Lerminal connected to the first delay-element

outPut terminal;
ij_. a fourth low-side differential amplifier input

terminal connected to the second delay-element

outPut terminal; and

iii. a second low-side differential-amplifier output

Lerminal connected to the first low-side

different.ial-amplifier output terminal'

The amplifier of claim 1-0, further comprising a

termination load connected between the first high-side
and first low-side differential-amplifier output

terminals.

The amplifier of claim l-1, further comprising a

programmable memory cell capable of maintaining a

programmed state and a deprogrammed state, the memory

2L
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1

)

?

4 1"3.

5

6

7

d

9

1U

1-1

12

13

1.4

1s L4.

1b

I1

18

t9

20

21" l-5.

22

23

24

25

)1

28

29

30 L6.

31

32

33

34

ce11 having a memory-cel1 output terminal Connected to

the termination Ioad.

The amplifier of claim l-0, further comprising a second

delay element having:

a. a third delay-elemenL input terminal connected to

thefirstdelay-elementoutputterminalofthe
f irst-mentioned delaY element ;

b. a fourth delay-element input terminal connected to

theseconddelay_elementoutputterminalofthe
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

Lerminals connected to respective ones of the third and

forth d.elay-element output terminals '

tq'
The amplifier of claim l€p, wherein the third low-side

differential amplifier includes a third low-side

d.ifferential-amplifier output terminal connected to the

first low-side differential-amplifier output terminal,

and wherein the t.hird high-side differential amplifier

includes a third high-side d.ifferential-amplifier output

Lerminal connecLed to the first high-side differential-

amplifier outPut terminal.

The amplifier
differential
a. an input

of claim 10, wherein the first high-side
amplifier comPrises:

connected
amplifier

transist.or having a control terminal
to the first high-side differential-
input terminal, a first input-transistor

22
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current-handling terminal connected t.o the first
high-side dif ferential-amplifier output terminal,
and a second input-transistor current-handling
terminal; and

b. 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 input-
transistor current-handling terminal.

The amplifier of claim 16, further comprising a

proqrammable bias generator adapted to provide the bias

voltage on a bias-generator output terminal connected to

Lhe control terminal of the load transistor.

The amplifier of claim l-6, wherein the first high-side

differential amplifier further comprises :

a. a second input transistor having a Second control
terminal connecLed to the second high-side
differential-amplifier input terminal, a first
input.-transistor current-handling terminal connected

to the first high-side differential-amplifier outpuL

terminal, and a second input-transistor current-
handling terminal; and

b. 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'

L9. The amplifier of claim 18, further comprisrng a

programmable bias generator adapted to provide the first-

z3
t!-\
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1 mentioned bias voltage on a first bias-generator output
2 Lerminal and the second bias voltage on a second bias-
3 generator output terminal.
4

5 20. A prog:rammable logic device comprising:
6 a. a predriver having:
1 L. a data input terminal adapLed to receive an

B inPut data siqnal; and

9 ii. complementary first and second predriver output
10 terminals;
11 b. first and second input/output pins adapted to convey

1-2 signals from the programmable logic device;
13 c. a firsL prograrunable outpuL block including a first.

i; 14 differential amplifier, the first differential
:# rs amplifier having a first differential-amplifier
*i 16 input terminal connecLed to the first predriver

iil rz output terminal, a second differential-amplifier
!',it

il'ij 18 input terminal connected to the second predriver

Ii ,, output terminal, and a first differential-amplifier
il1 20 output Lerminal connected to the first input/output

;3 ,, pin; and

ifr 22 d. a second programnable output block including a

i$ ,, second differential amptifier, the second

24 differential amplifier having a third differential-
25 amplifier input terminal connected to the first
zG predriver output terminal and a fourth differential-
27 amplifier input terminal connected to the second

28 predriver output terminal, and a second

29 differential-amplifier output terminal connected to
30 the second input/output Pin.
31

32 2L. The programmable logic device of cl-aim 20, wherein the

33 first pin is adjacent the second pin.
34

r\v1

6r
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1" 22. The programmable logic device of claim 20, further
2 comprising:
3 a. an enable terminal connect.ed to at least one of the
4 predriver and t.he first and second programmable
5 output blocks; and

6 b. a prograrunable memory ce11 connected to the enable
7 terminal-.
d

9 23. The programmable logic device of claim 20, further
10 comprising a termination load connected between the first
11 and second input/output pins.

25
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CIRCUIT FOR PRODUCING LOW-VOLTAGE DIFFERENTIAL SIGNALS

AtuI V. Ghia

Suresh M. Menon

David P. Schultz

ABSTRACT OF THE DISCLOSURE

Described are systems for producing differential logic
sigrnals. These systems can be adapted for use with different
loads by programming one or more prografimable elements. One

embodiment includes a series of driver stages, the outpuLs 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 t.he noise associated with signal
reflection. The systems can be incorporated into programmable

IOBs to enable PLDs to provide differential output signals.

26
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INPUT/OUTPUT BUFFER SUPPORTING 
MULTIPLE 1/0 STANDARDS 

CROSS-REFERENCE TO REL~l'ED 
APPLICATIONS 

This application is related to commonly assigned, 
currently-filed U.S. patent application Ser. No. 08/837,023, 
now U.S. Pat. No. 5,877,632, [docket X-344 US] invented 
by F. Erich Goetting, Scott 0. Frake, Venu M. Kondapalli, 
and Steven P. Young entilled "FPGA WITH A PLU RALITY 
OF 1/0 VOLTAGE LEVELS", which is incorporated herein 
by reference. 

.BACKGROUND OF THE INVENTION 

1. Field of tl1e Invention 
The invention relates to Field Programmable Gate Arrays 

(FPGAs). More particularly, the invention relates to a con­
figurable input/output (I/0) buffer for ao FPGA. 

2. Description of the Background Art 
Existing I/0 structures for integrated circuits (ICs) are 

2 
Output slew rate is also programmable in known FPGAs 

including the XC3000 family of devices from Xilinx, Inc., 
as described on pages 4-292 through 4 -293 of the Xilinx 
.1996 Data Book entitled "The Programmable Logic Data 

5 Book", available from Xilinx, Inc., 2100 Logic Drive, San 
Jose, Calif. 95124, which are incorporated herein by refer­
ence. (Xilinx, lac., owoer of the copyright, bas no objection 
to copying these aod other pages referenced herein but 
otherwise reserves al l copyright rights whatsoever.) 

10 However, in such FPGAs, factors such as output drive 
strength, receiver type, and output driver type are 001 koowo 
to be configurable to meet a particular 1/0 standard. 

Some 1/0 standards require that an input reference voltage 
be supplied. An input voltage above the input reference 

15 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 input reference voltage 
establishes a " trip point" for interpreting input signals. As far 

20 
as is known, no FPGA allows a user to supply an input 
reference vollage. 

typically designed to function according to a specific 1/0 
standard. There are several different l/0 standards in use, 
aod new standards are often introduced. These I/0 standards 
typically include such factors as output drive strength, 

25 
receiver type, output driver type, and output signal slew rate. 
One such 1/0 standard is the GTL+ standard, described in 
pages 46 through 50 of the Pentium Pro Processor data sheet 
entitled "PENTIUM PRO PROCESSOR AT 150 MHz, 166 
MHz, 180 MHz and 200 Mhz", published November 1995 

30 
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.) 

SUMMARY OF THE INVENTION 

To fully understand the invention, it is first neces.sary to 
define the several voltage levels involved in input/output 
buffers according to the several aspects of the invention. The 
"core voltage", VCCC, is the supply voltage used for the 
interior (non-1/0) part of the FPGA. (In one embodiment, 
VCCC is also used as the supply voltage for the puJldowo 
logic in the pre-driver and output buJfer.) The "input supply 
voltage", VCCI, is the supply voltage used for the input 
buJfer. The "output supply voltage", VCCO, is the supply 
voltage used for the pullup logic in the output buffer. The 
terms vccc, veer, and vcco are also used to designate 
the power supplies supplying the corresponcliog voltages. 
Two or more of these voltages may be connected to each 
other; in one embodiment VCCC and VCCI are connected 

A typical Input/Output Block (JOB) in an FPGA supports 35 
only one 1/0 standard. However, FPGAs are often used to 
implement "glue logic" (logic used to interface between two together and VCCO is separate. The input reference voltage 

required by some 1/0 standards is referenced herein as 
VREF. 

or more standard circujts) and therefore oCten interface with 
multiple I Cs. It would be desirable for an FPGA to be able 
to interface with ICs that follow two or more different 1/0 40 
standards. 

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 l/0 standards. In 
one embodiment o( the invention, input signals can be 
supplied to the FPGA at a voltage level with a specified 

Additionall y, existing 1/0 structures are typically 
designed to function at a specific supply voltage. For 
example, for many years, the majority of commercially 
available I Cs were designed to function at a supply voltage 
of 5 Volts. However, as the typical gate length decreases 
throughout the IC industry, the typical supply voltage used 
in FPGAs and other JCs is decreasing. Many !Cs 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 FPGA to be able to interface with &!Jerent 
ICs that function at two or more different supply voltages. 

It is known in FPGA design to use one voltage for driving 
outputs aod a different voltage in the interior (core) of the 
FPGA. One FPGA having a separate output voltage supply 
is the FLEX lOKnt FPGA from Altera Corporation, as 
disclosed on pages 54 to 59 of the "FLEX lOK Embedded 
Programmable Logic Family Data Sheet" from the Altera 
Digital Library 1996, available from Altera Corporation, 
2610 Orchard Parkway, Sao Jose, Calif. 95134-2020, which 
are incorporated herein by reference. ("FLEX lOK" is a 
trademark of Altera Corporation.) In the FLEX lOK device, 
output voltage supply pins are provided that cao 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 1/0 buffers on the FPGA. 

45 switching point, where the specified switching point (the 
input reference voltage) is externally supplied to the FPGA. 
Other factors that vary from one l/0 standard to another are 
also configurable. 

One input/output buffer according to the invention com-
so prises two configurable buffers, an input buffer and an output 

buffer. 1oe two buffers may be separately or collectively 
configurable. In some embodiments, only the input buffer, or 
only the output buffer, is configurable. 

lo one embodiment, the input buJfer can be configured to 
55 select a particular 1/0 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 clifl'ereotial amplifier for low input reference 

60 voltages (voltages below about 0.7 Volts); and 3) a differ­
ential amplifier for bigb input reference voltages (voltages 
above about 0.7 Volts). A standard input buffer can be used 
instead of a Schmitt trigger. The input reference voltage for 
the differential amplifier is dependent on the 1/0 standard 

65 and is supplied by the user. In one embodiment, two or more 
di1fereotial amplifiers io the same configurable input buffer 
use different input reference voltages. 
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In one embodiment, the output buffer can be configured to 
select a particular I/0 standard. The I/0 standard is selected 
by providing a series of pullups (pullup devices) and pull­
downs (pu11down devices) on the output pad line (a signal 
line connected to the 1/0 pad), and by connecting the 5 

appropriate supply voltage to the output supply voltage 
(VCCO) pads. Ooe or more pullups and pulldowos are 
enabled or disabled by coofigtiratioo logic, such that the 
resulting total pu11up and pulldowo transistor widths corre­
spond to the values needed to implement a particular 1/0 10 

standard. According to the invention, for any particular 
standard the maximum voltage oo a voltage-high output 
signal is set by the user by connecting the output voltage 
power supply to the desired voltage level. 

4 
FLG. 6 shows a schematic representation of a PMOS 

differential amplifier io the input buffer of FIG. 3. (APMOS 
differential amplifier is a differential amplifier wherein the 
input and VREF are connected to P-chanoel transistors.) 

FIG. 7 shows a configurable input buffer according to 
another embodiment of the invention in which two differ­
ential amplifiers in the same coo:figurable input buffer use 
different input reference voltages. 

FIG. 8 shows an FPGA IOB in which the 1/0 pad is 
configu.rably connected to the input reference voltage line 
accord.ing to a second aspect of the invention. 

FIG. 9 shows an IOB 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. 

FIG. 9A shows a structure for configurably using either of 
two output voltage supplies in a single IOB. 

FIG. 10 shows an IOB in which the reference input is 

According to a second aspect of the invention, the 1/0 pad 15 

line is configurably connected to the input reference voltage 
line driving the input reference voltage input port 
(hereinafter referred to as the "reference input") io the IOB. 
Therefore, an [/0 pad can be used to supply the input 
reference voltage. 20 coofigurably connected to either of two available input 

reference voltages, and the I/0 pad is coofigurably con­
nected to either of two avai lable input reference voltage 
lines. 

According to a third aspect of the invention, the reference 
input of an IOB is coofigurably connected in the IOB to aoy 
of two or more available input reference voltages. 
Alternatively, the output voltage supply of an !OB is coo­
figurably connected in the IOB to any of two or more 25 

avai lable output supply voltages. 
According to a fourth aspect of the invention, a single 

input reference voltage is applied to each IOB, with the 
IOBs gr~uped ioto sets. Each set of IO_Bs has a sep.arate 

30 input reference voltage. In one embodiment, each input 
reference voltage is applied to the IOBs on one half-edge of 
the FPGAdie. Therefore, on a rectangular die, eight separate 
input reference voltages are applied. These input reference 
voltages can be connected together outs ide the FPGA , 
package, or within the FPGA package by leads or other "5 

means, or configmably connected within the FPGA. 
According to a fifth aspect of the invention, the IOBs are 

grouped into sets aod each set of IOBs bas a separate output 
voltaoe supply. Io one embodiment, each output voltage 

40 
supp~ is applied to the IOBs on one half-edge of the FPGA 
die. Therefore, on a rectangular die, eight separate output 
voltage supplies are applied to eight sets of IOBS. lo one 
embodiment, input reference voltages and output volta~e 
supplies are each applied to ooe half-edge of an FPGA die. 45 
Therefore, in this embodiment eight separate input reference 
voltages and eight separate output voltage supplies are 
applied to eight sets of IOBs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 11 s hows a simplified drawing of an FPGA 1/0 pad 
ring with eight separate input reference voltages aod eight 
separate output voltage supplies. 

DETAILED DESCRIPTION OF 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 ooe 
skilled in the art that the present invention may be practiced 
without these specific details. Jo other instances, well-known 
features have oot been described in detail in order not to 
unnecessarily obscu.re the present invention. 
First Aspect of the Invention 

FIG. 1 shows an input/output buffer according to a first 
aspect of the invention. The input/output buffer of FIG. 1 
comprises: 1) pre-driver 196, driven by output signal line 
OUT aod enable signal EN aod driving signal lines UPB aod 
DN; 2) output buffer 198, driven by signal lines UPB and 
DN and driving pad line 197; 3) pad 180 coupled to pad line 
197; and 4) input buffer 199, driven by pad line 197 and 
driving input signal line IN. 

Io output buJfor 198, signal line UPB drives 2-input 
AND-gate 118, which drives PMOS pull up 108 connected to 
pad line 197. (AND-gate 118 may be implemented as a 
NAND-gate followed by an inverter.) The second input to 

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

FIG. 1 shows a schematic representation of ao input/ 
output bu[er according to a first aspect of the invention. 

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

50 AND-gate 118 is a configuration bit in configuration 
memory cell 128. (Coo:figuratioo memory cells are repre­
sented in the figures herein by a box containing an "x".) 
Memory cell 128 can therefore be used to disable pullup 108 
when ao open-drain output is required. Si.goal line UPB 

FIG. 2A s hows a state table for the prior art pre-driver of 
FIG. 2. 

FIG. 3 shows a detailed schematic representation of the 
input buff.er portion of FIG. 1. 

FIG. 4 shows a schematic representation of a Schmiu 
trigger io 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 differential amplifier 
wherein the input and VREF are connected to N-channel 
transistors.) 

55 further drives inverter 133 which generates active-high 
puJlup signal PUP. Signal line DN directly drives NMOS 
pulldown 109 connected to pad line 197, and further drives 
inverter 134 which generates active-low pulldowo signal 
PDNB. In one embodiment, inverters 133, 134 are designed 

60 to function as delay elements, ensuring that pullup 108 and 
puJldown 109 become active before any other pullups or 
pulldowns in output buffer 198, thereby reducing ground 
bounce. 

Output buffer 198 further comprises four pullups 100, 
65 101, 102, 103. Io the embodiment of FIG. 1, pullups 100, 

101, 102, 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 js driven by a 
2-input NAND-gate, 110, lll, 112, ll3, respectively. Each 
NAND-gate 110, lll, 112, 113 is enabled or disabled by a 
configuration bit in one of configuration memory cells UO, 
121, 122, 123, respectively. In this embodiment, when a 5 

configuration bit in one of configuration memory cells 120, 
Ul, U2, 123, U8 is at a high voltage level, the correspond­
ing pullup is enabled, and pad line 197 is pulled higb 
whenever pullup signal PUP goes high. 

Using the configuration bits in configuration memory 10 

cells 120, 121, 122, and 123, one, two, three, or four pullups 
are configurably enabled. (However, a configurably enabled 
pullup does not become active until pullup signal PUP goes 
high.) When a different 1/0 standard is needed, the number 
of enabled pullups can be changed. A ratio of l:2:4:8 in 15 

pullup widths is found to give a wide range of output drive 
capabilities, allowing the formation of total configurable 
pullup widths of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 
and 1.5 times the width of the narrowest pullup. This total 
configurable pull up width (made up of those of pull ups 100, 20 

101, 102, 103 which are configurably enabled) is then added 
lo the width of pullup 108 to make tbe total pullup width. 
Difterent 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. Di(- 25 

fereot numbers of pull ups or pullups of different widths can 
be provided. The slew rate of a rising-edge output signal can 
be contro lled by controlling the rate at which each pullup 
turns on, for example by giving each controlling NANO­
gate or other circuit a different rise or fall time, or by 30 

inserting delay elements into pullup signal PUP so that the 
different pullups become active at different times. These and 
other modifications fall within the scope of the invention. 

Output buffer 198 further comprises four pulldowns 104, 
105, 106, 107 (in addition to pullclown 109) that can pull pad 35 

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, U7, 40 

respectively. lo this embodiment, when a configuration bit in 
one of configuration memory cells 124, 125, 126, 127 is at 
a low voltage level, the corresponding pulldown is enabled. 
As with the configurable pullups, many modifications can be 
applied to the configurable pulldowns and these modifica- 45 

tioos fall within the scope of the invention. 
In this embodiment, all logic on the pullup s ide of output 

bufter 198 (comprising pullups 100, 101, 102, 103, 108, 
NAND-gates 110,111, 112, 113,AND-gate 118, and inverter 
133) uses output voltage supply VCCO as the positive 50 

voltage supply. All logic on the pulldowo side of output 
buffer 198 (comprising NOR-gates 114, 115, 116, 117 and 
inverter 134) uses the core supply voltage VCCC 
(connections to VCCC not shown in FIG. 1) as the positive 
voltage supply. 55 

lo one embodiment, device sizes io output buffer 198 are 
as follows. A single number indicates a device width in 
microns, and two numbers formatted as "p/n" indicate gate 
widths in microns of P-chanoel and N-chanoel devices, 
respectively, in a logic gate. All gate lengths are 0.25 60 

microns except as otherwise noted, in which case they are 
given in microns. The term "N-channel" denotes an 
N-channel transistor. The term "P-chanoel" denotes a 
P-chanoel transistor. 

Pullup 108: 40 
Pullup 101: 80 
Pulldown 105: 80 
Pulldowo 109: 40 
Pullup 102: 160 
Pulldown 106: 160 

6 

Inverter 133: 8/4 (gate length 0.5) 
Pullup 103: 320 
Pulldown 107: 320 
Inverter 134: 8/4 (gate length 0.5) 
NANO-gate 110: 4/4 
NOR-gate 114: 4/4 
NAND-gate 111: 8/8 
NOR-gate 115: 8/8 
NANO-gate 112: 16/1.6 
NOR-gate 116: 16/16 
NAND-gate 113: 32/32 
NOR-gate 117: 32/32 

FIG. 1 also shows a simplified schematic drawing of 
configurable input buffer 199. Input buffer 199 comprises 
inpui multiplexer 160, which is configured by configuration 
bits in configuration memory cells 171, 172 to select the 
input path compatible with the desired I/0 standard. Mul­
tiplexer 160 passes the signal from tbe selected inpu1 path to 
input signal line lN. Input multiplexer 160 bas three inputs. 
One input to multiplexer 160 is supplied by Schmitt trigger 
150. (Schmitt triggers are well known to persons of ordi nary 
skill in the art of input buff.er design.) When enabled, 
Schmitt trigger 150 passes on the signal on pad line 197. A 
second input to input multiplexer 160 is supplied by differ-
ential amplifier 140, which in one embodiment is an NMOS 
differential amplifier that compares the voltage level on pad 
line 197 to tbe input reference voltage on refereoce input 
VREF. If the 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 fu nctions cor­
rectly when the input reference voltage on reference input 
VREF is above about 0.7 Volts. Therefore, in one embodi­
ment NMOS differential amplifier 140 is only configured as 
active when following l/0 standards that specify an input 
reference voltage above about 0.7 Volts. A third input to 
input multiplexer 160 is supplied by differential amplifier 
141, which in one embodiment is a PMOS differential 
amplifier. In one embodiment, PMOS differential amplifier 
141 is only configured as active when following 1/0 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 amplifier(s), lo 
reduce power consumption. However, this capability is not 
an essential part of the input/output buffer of the invention. 
Tbe input reference voltage on reference input VREF is 
dependent on the 1/0 standard and is supplied by tbe user. 

In this embodiment, input buffer 199 uses input supply 
voltage VCCl (not sbown in FIG. 1) as the positive voltage 
supply. 

In one embodiment of the invention, each inpuVoutput 
buffer is separately configurable. However, two or more 
input/output buffers can be grouped such that they are 
contro lled by tbe same configuration bits. In another 
embodiment of the invention, only a configurable input 
buffer rnay be provided. In yet another embodiment of the 
invention, only a configurable output buffer may be pro-

65 vided. 
Pullup 100: 40 
Pulldown 104: 40 

FIG. 2 shows prior art pre-driver 196 well-known io tbe 
art of output buffer design. 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 2-ioput NAND-gate 202, which generates signal 
line UPB. Active-low enable signal ENB aod output signal 
line OUT drive 2-input NOR-gate 203, which generates 5 

signal line DN. A state-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 UPB will only be low) when 
both output signal line OUT and enable signal EN are high. 10 

Configurable pulldowns 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 Lhe pullup side of 
pre-driver 196 (comprising NANO-gate 202) uses output 15 

voltage supply VCCO (not shown io FIG. 2) as the positive 
voltage supply. All logic oo the pulldowo side of pre-driver 

8 
functions as a typical Schmitt trigger. When the signal on 
line 376 is low, and the complementary signal on line 378 is 
high, Schmill trigger 350 is disabled to save power. When 
disabled, Schmitt trigger 350 no longer draws current from 
input power supply VCCl regardless of the voltage on pad 
line 197. 

Io one embodiment, device sizes iu the Schmitt trigger of 
FIG. 4 are as follows: 

P-chanoel 401: 20 
N-channel 402: 11 
N-channel 403: 9 
Transmission Gate 405: 2/2 
N-chanuel 406: 2 
N-chanoel 404: 11 
Inverter 420: 12/6 
P-channel 407: 2 

196 (comprising NOR-gate 203 aod inverter 201) uses the FIG. 5 shows a schematic representation of NMOS dif-
core supply voltage VCCC (not shown in FIG. 2) as the feren tial amplifier 340 in the input bu.ffer of FIG. 3. The 
positive voltage supply. 20 operation of NMOS differential amplifier 340 is not 

FIG. 3 shows a more detailed schematic of input buffer explained herein, as NMOS differential amplifiers are ooto-
199 of FIG. 1. Io this embodiment, multiplexer 160 of FIG. riously well-known in the art. One such NMOS differential 
1 is implemented as three transmission gates 360, 361 and amplifier is described in pages 84 through 86 of "Principles 
362, each comprising one N-channel transistor and one of CMOS VLSI Design: A Systems Perspective", Second 
P-channel transistor. Transmis.sion gate 362, which config- 25 Edition, by Neil H. E. Weste and Kamran Eshraghian, 
urably passes the output of NM OS differential amplifier 340 published io 1993 by the Addison-Wesley Publishing 
to input signal line IN, is enabled by a configuration bit in Company, which are incorporated herein by reference. 
configuration memory cell 172 and its complement signal on However, one feature distinguishes NMOS differential 
line 380 generated by inverter 375. Transmission gate 361, amplifier 340 from typical NMOS differential amplifiers, 
which coofigurably passes the output of PMOS differential 30 and that is the ability to be enabled and disabled. NMOS 
amplifier 341 to input signal line IN, is enabled by a differential amplifier 340 is controlled by enable signal lines 
configuration bit in configuration memory cell 171 and its 372 and 380 driving N-chanuel and P-chanuel transistors, 
complement signal on signal line 379 generated by inverter respectively, of transmission gate 505, and by enable signal 
374. Transmission gate 360, which configurably passes the line 380 driving N-cbannel transistor 506. When lhe signal 
output of Schmitt trigger 350 to input signal line IN, is 35 on line 372 is high, and the complementary signal ou line 
enabled by the output (signal line 376) of NOR-gate 373 and 380 is low, NMOS differential amplifier 340 functions as a 
its complement signal ou signal line 378 generated by typical NMOS differential amplifier. When the signal on line 
inverter 377. NOR-gate 373 is driven by the configuration 372 is low, and !he complementary signal on line 380 is 
bits in configuration memory cells 171, 172. high, NMOS differential amplifier 340 is disabled to save 

Io one embodiment, device sizes in the input buffer of 40 power. When disabled, NMOS differential amplifier 340 no 
FIG. 3 are as follows: longer draws current from input power supply VCCI regard­

Inverter 374: 1/1 
Inverter 375: 1/1 
Inverter 377: 1/1 
Transmission Gate 360: 3/3 
Transmission Gate 361: 3/3 
Transmission Gate 362: 3/3 
NOR-gate 373: 1/1 

45 

less of the voltage on pad line 197. 
In one embodiment, device sizes in the NMOS differential 

amplifier of fo!G. 5 are as follows: 

P-chanuel 532: 18 
P-channel 533: 18 
P-channel 534: 2 
Transmis.sioo Gate 505: 2/2 

50 N-chanoel 530: 55 
N-chanuel 531: 55 
Inverter 520: 18/6 
N-channel 506: 2 
N-channel 504: 12 

FIG. 4 shows a schematic representation of Schmitt 
!rigger 350 in !he input buffer of FIG. 3. The operation of 
Schmitt !rigger 350 is not explained herein, as Schmill 
trigger input buJfers are notoriously well-kuowo in the art. 
One such Schmitt trigger is described in U.S. Reissue Pat. 55 

No. Re. 34,808, "TfUCMOS Compatible Input Bu.ffer with 
SchmiH Trigger", which is incorporated herein by reference 
and title to which is held by the assignee hereof. 

However, one feature distinguishes Schmitt trigger 350 
from typical Schmitt triggers, and that is the ability to be 60 

enabled and disabled. Schmitt trigger 350 is controlled by 
enable signal lines 376 and 378 driving N-channel and 
P-channel transistors, respectively, of transmission gate 405, 
by enable signal line 378 driving N-chanuel transistor 406, 
and by enable signal line 376 driving P-chaooel transistor 65 

407. When tl1e signal on line 376 is high, and tbe comple­
mentary signal on line 378 is low, Schmill trigger 350 

FIG. 6 shows a schematic representation of PMOS dif­
ferential amplifier 341 in !he input buffer of FIG. 3. The 
operation of PMOS differential arop(jfier 341 is not 
explained herein, as PMOS differential amplifiers are noto­
riously well-known in the art. PMOS differential amplifier 
341 behaves the same way as NMOS differential amplifier 
340. Comparing FIGS. 5 and 6, it is seen that the two circuits 
are mirror images except that ground vollage level GND and 
input supply voltage VCCI are reversed and N-chanuel and 
P-channel transistors are reversed. Transistor widths also 
differ iu the two dill'erential amplifiers, because of !he 
di[erences between N-channel and P-channel devices. 
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One feature distinguishes PM OS differential amplifier 
341 from typical PMOS differential amplifiers, and that is 
the ability to be enabled and disabled. PMOS differential 
amplifier 341 is controlled by enable signal lines 371 and 
379 driving N-cbanoe l and P-channe l transistors, 
respectively, of transmission gate 605, and by enable s ignal 
line 371 driving P-chaonel transistor 606. When the signal 
on line 371 is high, and the complementary signal oo line 
379 is low, PMOS differential amplifier 341 functions as a 
typical PMOS differential amplifier. When the signal on line 
371 is low, and the complementary signaJ on line 379 is 
high, PMOS differential amplifier 341 is disabled to save 
power. Wbeo disabled, PMOS differential amplifier 341 no 
longer draws current from input power supply VCCT regard­
less of the voltage on pad line 197. 

Io one embodiment, device sizes in the PMOS differential 
amplifier of FIG. 6 are as follows: 

N-chaonel 632: 22.5 
N-channel 633: 22.5 
N-cba.noel 634: 2 
Transmission Gate 605: 2/2 
P-cbannel 630: 65 
P-channel 631: 65 
Inverter 620: 1 l.25/22.5 
P-chaooel 606: 2 
P -chanoel 604: 22.5 

10 
Multiplexer 802 is controlled by a configuration bit stored in 
memory cell 801. Multiplexer 802 supplies reference input 
VREF to input buffer 799. In other embodiments, more than 
two input reference voltages are available, and 2-ioput 

5 multiplexer 802 is replaced by a wider multiplexer con­
trolled by more than one configuration bit. This and other 
modifications fall within the scope of the invention. 

Similarly, the output voltage supply of ao IOB can be 
conftgurably connected in the JOB to any of two or more 

10 available output supply vo ltages (VCCOs). In o ne 
embodiment, shown in FIG. 9A, each pullup 103 on output 
pad line 197 is connected in series with two or more 
additional P-channel transistors 901, 902, each of which is 
connected to a di!Ierent output supply voltage (VCCOl , 

15 VCC02), and each of which can be configurably enabled or 
disabled by a configuration bit io one of memory cells 911, 
9U. Io one embodiment, two output supply voltages are 
available to each IOB in the FPGA, and each IOB can be 
independently configured to use either of the two output 

20 supply voltages. 
FIG. 10 shows an embodiment of the invention that 

combines the novel aspects of FIGS . 8 and 9. In this 
embodiment, 1/0 pad 180 can be used either: 1) to supply 
one of two input reference voltages to input reference lines 

25 VREFl and VREF2; or 2) as an input pad with input bufter 
799 using either of input reference lines VREFl and VREF2 
to supply the reference input. I/0 pad 180 is configurably 
connected to input reference lines VREFl and VREF2 

Second Embodiment of the Invention through transmission gates 805 and 808, respectively. Trans-
FIG. 7 shows a configurable input buffer according to a 30 mission gate 805 is enabled by a configuration bit in 

second embodiment of the invention. The input buffer of configuration memory cell 804 and its complement gener-
FIG. 7 resembles the input bulfer of FIG. 3, except that two ated by inverter 803. Transmission gate 808 is enabled by a 
separate input reference voltages are supplied on input configu.ration bit in configu.rat ion memory cell 807 and its 
reference voltage )foes VREFI and VREF2. NMOS differ- complement generated by inverter 806. Mu.ltiplexer 802, as 
ential amplifier 340 compares the voltage level oo pad line 35 described with reference to FIG. 9, programmably selects 
197 to the input reference voltage oo input reference line between VREFI and VREF2 and generates reference input 
VREFl. PMOS differential amplifier 341 compares the VREF. FIG. 10 shows oo.ly one of many combinations and 
voltage level on pad line 197 to the input reference voltage variations that fa.11 within the scope of the invention. 
on input reference line VREF2. Fourth and Fifth Aspects of the Invention 
Second Aspect of the Invention 40 FIG. 11 shows a simplified drawing of an FPGA l/0 pad 

FIG. 8 shows ao IOB according to a second aspect of the ring showing a plurality of IOBs along all four edges. (Ao 
invention. The IOB of FIG. 8 comprises pre-driver 196, F'PGA will typically have many more IOBs than are s hown 
output bufter 798, pad 180 and input bufter 799. In this in FIG. U , but only 32 IOBs are s hown so as not to obscure 
embodiment, 1/0 pad 180 can e ither be used to supply input the drawing.) The FPGA of FIG. 11 has eight sets of 10Bs, 
reference voltage VREF, or as a signal pad. Pad line 197, 45 with eight separate input reference voltages and eight scpa-
which is connected to pad 180, is configurably connected to rate output voltage supplies. Therefore, each set of IOBs has 
an input reference voltage line (which in this embodiment is at least one associated input reference voltage pad, and at 
tbe same as reference input VREF) through transmission least one associated output supply voltage pad. The input 
gate 702. Transmission gate 702 is enabled by a configura- reference voltage pads associated with different sets of IOBs 
tioo bit in configuration memory cell 703 and its comple- 50 arc electrically isolated from each other, and tbc output 
ment generated by inverter 701. The input reference voltage supply voltage pads associated with different sets of IOBs 
can go through transmission gate 702 to the input buffer in are electrically isolated from each other. However, the 
this fashion because traosmis.sion gate 702 does not cause a different input reference voltage pads and/or the di(forent 
drop in voltage level on a signal passing theretb.rough. Input output supply voltage pads may be connected together 
buffer 799 can be made configurable as with input buffer 199 55 external to the FPGA. Io one embodiment, there is a set of 
of FIG. 1, but a non-configurable buffer can also be used. one or more output supply voltage pads associated with eacb 
Output buffer 798 can be made configurable as with output set of I0Bs. Each set of 10Bs is connectable to a different 
bufter 198 of FIG. 1, but a non-configurable buffer can also one of such sets of output supply voltage pads. 
be used. in the embodiment of FIG. 11, each edge bas two separate 

This structure can be used to supply the input reference 60 input reference voltage lines (VREFl and VREF2, VREF3 
voltage Crom any configurable IOB. and VREF4, VREF5 and VREF6, VREF7 and VREF8) and 
Third A<;pect of the Invention two separate output voltage lines (VCCOl and YCC02 , 

FIG. 9 shows an IOB in which the reference input VREF VCC03 and VCC04, VCC05, and VCC06, VCC07 and 
is configurably connected to either of two available input VCC08, respectively). Therefore, the FPGA of FIG. 11 can 
reference voltages, in accordance with a third aspect of the 65 interface with other ICs conforming to up to eight different 
invention. In this embodiment, multiplexer 802 selecLs 1/0 s tandards. Tbe number of separate input reference 
between two input reforence lines VREFl and VREF2. voltages aod output voltage s upplies can be two, four, 
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sixteen, or any other number. This aspect of the invention 
can further be applied to ICs other than FPGAs. 
Advantages of the Invention 

A configurable input/output buffer according to a first 
aspect of the present invention offers the advantages of 5 
compatibility with two or more different I/0 standards. In 
one embodiment, each 1/0 can be separately configured. Io 
another embodiment, several VO are configured as a group. 
Therefore, a single FPGA can interface with two or more 
different ICs at the same time that follow two or more 

10 
different I/0 standards. Since the 1/0 standard followed by 
each input/output bu.ffer can be changed by simply recon­
figuring the FPGA, the resulting FPGA has a flexible input/ 
output interface that can also adapt with the semiconductor 
industry to changes in 1/0 standards and operating voltage 
levels. 15 

A configurable connection of an 1/0 pad to one or more 
input reference lines allows the I/0 pad to supply the input 
reference voltage, in accordance with a second aspect of the 
present invention. This aspect of the invention offers the 
advantages of a flexible pinout assignment in an FPGA. 20 
according to this aspect of the invention, the input reference 
voltage can be applied at any configurable 1/0 pad. 

A reference input lhal is configurably connected to any of 
two or more input reference voltage lines in accordance with 
a third aspect of the invention makes it possible lo supply 25 
each of several input reference voltages to every input/ 
output buffer in the FPGA. 

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 

30 easi ly with a plurality of ICs that operate at di[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 thereof. 

Those having skill in the relevant arts o( the invention will 35 
now perceive various modifications and additions which 
may be made as a result of the disclosure herein of preferred 
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 and their 40 

equivalents. 
Whal is claimed is: 
1. An input/output bu.ffer comprising: 
an output buffer configurably driving a pad line; and 
an input buffer connected to said pad line and to an input 45 

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

said plurality of input paths; 50 

said output buffer comprises a plurality of 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 55 

said output buffer further comprises means for selec­
tively enabling and disabling said plurality of pul· 
!ups and said plurality of pulldowns. 

2. The input/output buffer of claim 1 wherein said means 
for selecting one of said plurality of input paths comprises 60 

a multiplexer controlled by one or more configuration 
memory cells. 

3. The input/output buffer of claim 1 wherein said means 
for selectively enabling and disabling said plurality of 
pullups and said plurality of pulldowns comprises configu- 65 

ration logic controlled by one or more configuration memory 
cells. 

12 
4. The input/output buffer of claim 1 wherein one of said 

plurality of input paths comprises a differential amplifier. 
5. The input/output buffer of claim 4 wherein said differ­

ential amplifier comprises an NMOS differential amplifier. 
6. 'Jae input/output buffer of claim 4 wherein said differ-

ential amplifier comprises a PMOS di1Ierential amplifier. 
7. An input/output buffer comprising: 

an input bulier driven by a pad line; 

an output bu.ffer driving said pad line, said output buffer 
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 configurably connecting one of a plurality o f 
supply voltages to said high vollage level. 

8. Ao input/output buffer in a field programmable gate 
array, the input/output buffer comprising: 

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

an output buffer configurably driving said pad line; and 

configuration memory cells for configuring said input 
buffer to select one of said plurality of input patl1s. 

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 differen­
tial amplifier; and 

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

10. The 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. 1l1e 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 differential 
amplifier. 

13. The configurable input buffer of claim 9 wherein said 
di[erential amplifier comprises a PMOS differential ampli­
fier. 

14. A configurable output buffer, comprising: 

a pad line driver by said output buffer; 

a plurality of puilups 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 pulldowns disposed in parallel between said 
pad line and a line al a low voltage level for pulling 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. 

15. '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 pulldowns each 
comprise configuration logic controlled by one or more 
configuration memory cells. 
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16. A field programmable gate array input/output block 
compatible with a plurality of supply voltage levels, com­
prising: 

a pad; 

an input signal line; 
an input buffer having a plurality of input paths, said input 

buffer supplying an input voltage to said input sigual 
line in response to a voltage on said pad, said input 
buffer being configurable to select one of said plurality 

5 

14 
of input paths based on data stored in one or more 
configuration memory cells; and 

on at least one such path, level selecting means responsive 
to an input reference voltage supplied from outside said 
IC for setting a trip point between high and low voltage 
levels for relating said input voltage to said voltage on 
said pad. 

* * * * * 
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FOREWORD

(This foreword is not part of this Standard)

This Standard was formulated under the cognizance of TIA Subcommittee TR-30.2 on
Data Transmission lnterfaces.

This Standard specifies low voltage differential signaling (LVDS) generators and
receivers capable of operating at data signaling r4eg up tq 

-695.. 
MbiVs, devices may be

designed foi data signaling rates less than 655 MbiUs, 100 MbiUs for example, when
economically required for that application.

This Standard was developed in response to a demand from the data communications
community lor 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, ditferential
interface. Generator ouput characteristics are independent of power supply, and may
be designed for standard +5 V, +3.3 V or even power supplies as low as +2.5 V.
lntegrated circuit technology may be B|CMOS, CMOS, or GaAs technology. The low
voltage (330 mV) swing limits power dissipation, while also reducing radiation of EMI
signals. Ditferential signaling provides multiple benefits over single-ended signaling,
notably common mode rejection, and magnetic canceling.

The dc electrical levels are ctrical levels described
standard, and will interoper ta signaling rates.

This Standard includes two anneWSoth ate informative
guidelines for application, addressing data signaling rate
Annex B provides comparison information with other
references to this Standard.

only. Annex A provides
and cable length issues.
interface standards, and

'rL*d
in the IEEE 1596.3 G.-s,-

tfl f,r,l"l
Gee o*- |
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1 SCOPE

This Standard specifies the electrical characteristics of low voltage dilferential
signaling interfacd circuits, normally implemented in integrated circuit technology, that
miy Oeimployed when specified for the interchange of binary signals between:

Data Terminal Equipment (DTE) and Data Ciicuit-Terminating Equipment (DCE),

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 teimination impedance and a receive(s).. The interface
configuration is an uncomplicated-. point-to-point interface. The electrical
chara-cteristics of the circuit are specified in terms of required voltage, and current
values obtained from direct measurements ol the generator and receiver (load)
components at the interface points.

The logic function of the generator and the receiver is not defined by this Standard, as
it is a[plrcation dependent. The generators and receivers.may be inverting,. 1on-
invertih!, or may include other Oigitat blocks such as parallel-to-serial or serial-to-
parallel-convert6rs to boost the data signaling rate on the interchange circuit as
required by the application

Minimum performance requirements for the balanced interconnecting media are
furnished.' Guidance is given in annex A, A.2 with respect to limitations on dala
signaling rate imposed by the parameters of the cable.leng-th, attenuation, and
crosstalk-for individual installations for a typical 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 blectrical charaiteristics of a low voltag-e differential signaling interface circuit is
required. This Slandard does not specify other characteristics of the DTE-DCE
int6rface (such as signal quality, protocol, bus structure, and/or timing) essential for
proper operalion across the interface. '

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

The following Stlndard contains provisions which, through reference..in this text,
constitute prdvisions of this Standard. At tttq time of publication, the edition indicated
was valid.' All standards are subject to revision, and parties to agreements based on

this Standard are encouragd to investigate the possibility of applying the most recent
edition sf the standard indicated below. ANSI and TIA maintain registers of currently
valid national standards published by them.

ANSI/TIA/EiA-422-B-1994 Etectricat Characteristics of Balanced Vottage Digitat
lnterfae Circu'rts

EfA485 Standard for Etectriat Characteristie of Generators and Receivers for Use
in Balanced Digital Multipint Sysfems

ANSlfflA/ElA-612-1993 Etectricat Characteristix for an lnterface at Data Signaling
Bates up to 52 Mbit/s
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3DEFINITIONS,SYMBOLSANDABBREVTATIONS

For the purposes6t tnis Standard, the following definitions, symbols and abbreviations

apply:

3.1 Data signallng rate

Data signaling rate, expressed in the units bius (bits per second), is the significant

p"rirli"rl rt-,,.,"y-6" ifttJrint from the.equipment'. dfl3 transfer rate, which employs

the same units. D;; ridriing rate is deiined as 1/tui where tui is the minimum

interval between two significant instants'

3.2 DTE

Data Terminal EquiPment

3.3 DCE

Data Circuit-Terminating Equipment

3.4 LVDS

Low Voltage Differential Signaling

3.5 Star (t)

Star (') - represents the opposite input condition for a parameter' Fo.r. examplg' tlg
symbol e representi tne'ieceiver output state. for one input condition, while Q'
i6presents th6 output state for the opposite input state.
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4 APPLICABILITY

4.1 General applicability

The provisions of this Standard may 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 appticability for this Standard are depicted in figure 1.

Legend:
DTE = Data Terminal Equipment
DCE = Data Circuit-termination Equipment
G = Generator
R = Receiver
B = Balanced interconnecting media

Figure 1 - Application of LVDS interface clrcuits

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 TIA/E|A-422-8,
EIA-485, or TIA/ElA-61 2 balanced (ditferential) electrical interfaces.

c. The balanced interconnecting media is exposed to extraneous noise
sources that may cause an unwanted voltage up to t1 V measured
differentially between the signal conductor and circuit conimon at the
load end of the cable with a 50 O resistor substituted for the generator.

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

e. tnversion of the signals may be required; e.g., plus MARK to minus
MARK may be obtained by inverting the balanced interconnecting media.

E
D
T

D"
c
E

v
B

B
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4.2 Data signaling rate

The LVDS interflce circuit will normally be utilized on data and timing, or control
circuits where the data signaling rate is up to a recommended maximum limit of

eSS MOiyr. This limit is determined by the generator transition time characteristics, the

mJOiiif,aracteristics, and the distance between the generator and the load. Certain

ipplications may imilose a different.(lower or higher) limit for the maximum data
ii'g-naling rate. This riray be accorplished by spectfying a different minimum generator

trinsiiio"n time specificaiion, a different percentage of transition time vs. unit interval at

it 
" 

folO, or by d different assumption of the maximum balanced interconnecting media

signal distortion which is lengith dependent.

The theoretical maximum limit is calculated at 1.923 GbiUs, and is derived from a
cilculation of signal transition time at the load assuming a loss-le-ss balanced
int"iionn"cting m-edia. The recommended signal transition time (tr ortf),at the load

should not exceed 0.5 of the unit interval to preserve signal quality. This Standard
sp"iitiei that the transition time of the generator into. a test load b.e 26p ps or slower.
iheietiie, with the fastest generatoi transition time, and a loss-less balanced
interconne'cting media, and ap-plying the 0.5 restriction, yields a minimum unit interval
ot SZO pj oi r.-ge3 Gbiiis theorbticat-maximum data signaling rate.

NOTES
1 - 655 MbiUs,is the maximum data signaling rate for a serial channel, and

employing a pirallel bus structure (4, 9, 19, 32, etc. - bus width) can easily
extbnd th6 obiainable equivalent bit rate into the GbiUs range.

2 - The recommended maximum data signaling rate is- derived from a
calculation of signal transition time at the load.- For example, if a cable media is

selected, a maiimum signal rise time degradation is assumed to be 500.ps'
since cables are not loss--less (500 ps repiesents a typical amount of rise time
distortion on 5 meters of cable meOia;. Therefore, allowing a 500 p9
-egradation of the signal in the interconnecting cable yields a.760 ps (fastest)

iig";af at the load. T-herefore, with the fastest-generator transition time, and a
calbte with only 500 ps of signal degradation (transition !iqe), and applyirc ll',.e
0.5 restriction, yietds a minimum unit interval of 1.520 ns or 655 MbiVs

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 de.signed to operate.over narrower
ia-ngei t"hat iatisfy inord economically 

-speciiied 
applications, for example.at lower data

sig;afing iates. 'Wnen a generator'is'limited to a narrower rangq of data signaling
i"i"i, th"e transition time dt tne generator may be slowed accordingly to limit noise
g"nei"iion- For example, at 100 [,tOiVs the gerierator's transition time should be in the
iange of 500 ps to 3 ni (SZ to 307o of the unit interval), and the signal transition time at

theload should not exceed 5 ns (50% of the unit interval). \

.While a restriction of maximum cable length in not specified, recommendations are
giren on how to determine the maximum d-ata signaling rate for a typical cable media
application (see A.2).
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5 ELECTRICAL CHARACTERISTICS

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
iomposed of 

'a termination impedance and a receiver(s) (R.)._. Th.e receiver may
incoiporate the termination impedance intemal to the lntegrated.Circuit packagg. ..The
electiical characleristics of thd generator and receiver are specified in terms of direct
etectrical measurements while-the balanced interconnecting media is described in
terms of ils electrical characteristics.

GENERATOR

Legend:
G = Generator
A = Generator interface point
B = Generator interface point
C = Generator circuit common
ZT = Termination impedance

LOAD

RECEIVER

R = Receiver
A'= Receiver interface point
B'= Receiver interface point
C'= Receiver circuit common

BAI,ANCED
:RCONNEC

MEDIA

Vcpd = Common potential difference

Figure 2 - LVDS interface circuit

INTERCONNECTING
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5.1 Generator characteristics

The generator dlectrical characteristics are specified in accordance with the
measurements illustrated in figures 4 to 8 and described in 5.1.1 through 5.1.4. The
generator circuit meeting these requirements results in a balanced source that will
plojugg a differential voltage across a test termination load of 100 O in the range of
250 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 for a binary 0 or ON state.

The logic function of the generator and the receiver is beyond
Standard, and therefore is not defined.

scope of this

+1.2 V
typical

+250 to
+400 mV

0v (Diff.)

-250 to
-400 mV

l"--P zr=1ooJ^ 
-

lr,4g
y[c I vA-vB I

Figure 3 - Signaling sense

the

1

oFf
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5.1.1 Test termlnation measurements (figure 4)

With a test load of two resislors, 49.9 O t1olo €sch, connected in series between the
generato_r..outpu.! terminals, the steady-ft.ate^ .[agnitude of the differential output
voltage (Vt), shall be grealer than or eqqat to 2!7 m! [99.8 o -1o/" (z.s mA)t and 6ss
than or egy?l t9 454 mV [99.8f)- !1% L4.5 mA)l: For the opposite binary-state, the
polarity of Vt shall be reversed (Vt'). The steady-state magnitude of the ditference
between Vt and Vt'shall be 50 mV or less.

247mYslVt!<454mV
247mY<lVt. l<454mV

lVtl-lVt'l<50mV
The steady-state magnitude ol the generator offset voltage (Vos), measured between
the center point of 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 for either binary state. The
steady-state magnitude of the difference of Vos for one binary state and Vos' for the
opposite binary state shall be 50 mV or less.

1.125 V < Vos < 1.375 V
1.125V<Vos'<1.375V
lVosl-lVos'l<50mV

STEADY STATE
LOGIC INPUT

(1 OR 0)

Figure 4 - Test termination measurements
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5.1.2 Short-circuit measurements (flgures 5, and 6)

With the generatol output terminals short+ircuited to the generator circuit common, the
magnitudes of the currents (lsa and lsb) following through each output terminal shall
not exceed 24.0 mA for either binary state (see figure 5).

I lsa I < 24.0 mA
I lsb | < 24.0 mA

STEADY STATE
LOGIC INPUT

(1 OR 0)

Figure 5 - Short-circuil measurements to clrcult common

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

I lsab | < 12.0 mA

STEADY STATE
LOGIC INPUT

(1 OR 0)

.d = Measured Parameter

Short-circuit measur"r"ntlFigure
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5.1.3 Output signal waveform (flgure 7)

During transitionslt tfre generator ouput between alternating binary states (one-zero-
one-zero, etc.), the differential voltage measured across the gg.8 Cl t1% test load (RL)
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 of
Vss and is less than or equ?L!o q,9 9t th9 unit interval(at me maximum data signaling
rate to be employed up to 200 MbiUs). Above 2fi) MbiUs the transition time shail G
greater than or.equal to 260 ps and_ less than or equal to 1.5 ns. Thereafter, the signal
voltage shall not vary more than t20% of the steady-state value (Vring), until the next
binary transition occurs. Edge rates less than 260 ps are not recommended to
minimize adverse effects of switching noise. Vss is defined as the voltage difference
between the two steady-state values of the generator output (Vss = 2lVtl).
Measurement equipment used for compliance testing shall provide a bandwidth of
1 GHz minimum.

For data signaling rates < 200 MbiUs ( tui > 5 ns):

tr < 0.3 tul, tl < 0.3 tul
For data signaling rates > 200 MbiUs ( tui < 5 ns) .

and < 655 MbiUs:(tui > '1.526 ns):

260 ps S tr < 1.5 ns, 260 ps < tf < 1.5 ns

ALTERNATING
LOGIC INPUT

(1,0,1,0,...)

Differential

Figure 7 - Output signal wavelorm

r0

-r 
/"1-1 08vss

u;'l I \
/-rq
ii\
i il
ii

t207" Vss

0.8Vss

G- rui ---+i
:

tt-vr IJ4 .2Vss

iltr <-



5.1.4 Dynamic output signal balance (flgure 8)

During transitions-bf the generator output between alternating.binary states (one-zero-
one-z6ro, etc.), the resutting imbalance of the offset voltage (Vos) measured between
the matched 49.9 {l t1o/o test load resistors (RL) 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 rnore than 150 mvpp (peak-to.-peak). Measurement equipment used
for compliance testing shall provide a bandwidth of 1 GHz minimum.

TtAJEIA.644

150 mVp-p

ALTERNATING
LOGIC INPUT

(1 ,0,1,0,...)

t

.\
Figure 8 - Dynamic output Signal balance waveform

11



TrA/ElA-644

5.2 Load characterlstlcs

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

The electricat characteristics of a receiver without an internal termination impe-dance

are Jpecitied in terms of measurements illustrated in.figures.9, L2 and 13, and
OesciGO in 5.2.1 and 5.2.3. Altematively, the electrical characteristics of a receiver
witfr an internal termination impedance is specified in terms of measurements
iliustrated in figures 10 to 13, and described in 5.2.2 through 5r?.9. A circuit meeting

tfrese requirerients results in a differential receiver having a high input impedance

inon-te*iinating receiver), and a small input threshold between t 100 mV'

The media termination is specified in terms of measurements described in 5.2.4 and
5.2.21or 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 mu1ple rebeiver operation and failsafe operation respectfully.

5.2.1 Receiver inpuf current-voltage measurements (figure 9)

With the vottage Via (or Vib) ranging from .O Y tq..*.2.4 V_ while Vib (or V!a) is held at
+t.2 V t 50 mV, the rbsuttarit input Current lia (or lib) shall be.no greater than 20 4A il
magnituOe. These measurembnts apply with the receiver's power supply in both
power-on and power-off conditions.

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

condition.

llial<20pA
llibl<20pA

Figure 9 - Receiver input current-voltage measurements

12
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5.2.2 Terminating receiver lnput current-voltage measurements and
tnput imp;dance meas[rements (tigures 10 and 11)

With the applied voltage (Vin) and forced current (lin) listed in table 1 ap.plied to the

.oir"iporilhg inputs, ine'resirltant differential inpu.t voltage magnitude.(Vid) shall..be

Gt*e6n the Vdu'es li;ted in table 1. The test circuit is shown in figure 10 and QpPlies
;;ir-6,receivers that provide. an internal termination impedance. These

meisur6inents apply with t'he receiver's power supply in both power-on and power-off

conditions.

NOTE 4 - Some integrated circuit manufacturqlg Tay impose additional

restrictions that may bdrequired to meet this specification under the power-otf

condition' 
22s mY < | vtd | < 596 mv

Table 1 - Receiver input current-voltage measurements
for termlnatlng receivers

Figure 10 . Terminating receiver input current-voltage measurements

13

Applied
Voltage

Vin
N)

Forced
Loop Cunent

lin
(mA)

Switch
Position
s1 -s2

Resulting
lnput Voltage

Vr
(v)

Hesulttng
Differential

lnput Voltage
Range - Vid

(mV)

2.4 {25 A'- B' 2.070 to 2.175 +225 to +330

2.4 :-4.5,; A'- B' 1.806 to 1.995 +405 to +596

2.4 - 2.5 B'- A' 2.070 to 2.175 -225 to -330

2.4 - 4.5 B'. A' 1.806 to 1.995 -405 to -596

0 - 2.5 A'. B' 0.225 to 0.33U -225 to -33U

0 - 4.5 A'. B' 0.405 to 0.594 -405 to -596

0 - 2.5 ts'- A' 0.225 to 0.330 +225 to +33o

0 - 4.5 B'-A' 0.405 to 0.594 +405 to +596

urrent inlo a current out of a

A'o
A'

S1

-->
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o 100 200 300 400 500 600

I VID | - Dlflerentlal lnput Voltage ' mV

Flgure 11 - Terminating receiver input current vs. input voltage range

The input impedance of the terminating receiver is dominated pY the low impedance
differeirtial tdrmination impedance (ZT). The resulting input impedance calculated
from the measurements ddscribe in table 1 shall be greater than or equal to 90 O, and
less than or equal to 132 O. See 5.2.4 on media termination, and 5.4.3 on total load
limit.

90 r) < zf < 132 cl

NOTE 6 - The internal termination impedance may be a simple resistor
incorporated into the package, integrated on the .die, or. composed of active
deviies on the die. The exaCt structure of the termination inpedance is beyond
the scope of this Standard.

4.5

4.0

E

: 3.s
tr
E

=o
CL

8 3.0

a

o

2.5

2.O

/ 7
7

90rl

/ 7""

7/

14
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5.2.3 Receiver input sensltlvlty measurements (figure 12)

Over an entire co-rnmon mode voltage range of +0.050 V to +2.350,V (referenced to
receiver circuit common), the receiver shall not require a ditferential input voltage of
moie inin rt00 mV (ihreshold) to correctly assume the intended binary .s.tate.
Reversing the polarity bt Vi sndt cause the receiver to ass.ume,the p.pPosite.binary
state. T"he reieiver-is required to maintain correct operation'for differential input
,oftroes ranoino between 100 mV and 600 mV in magnitude. The maximum voltage
appilEO to eitier-the A'or B'terminals shall not.greaterihan +2.4 V, or be less than 0 V
wiin respect to receiver circuit common. The maximum .ditferential.input voltage
applied tb tne receiver is 2.4 V with no damage occurring to the receiver inputs.

Thresholds s 1100 mv (dlfferentlal)

100 mV < Valid Dlfferential lnput Voltage Range < 600 mV

O V < Valid lnput Voltage (to circuit common) s +2-4 V

" "'r+600 mV

Figure 12 - Receiver input sensitivity measurements

Table 2 lists the minimum and maximum operating voltages of the receiver (1npqt

,JGg., 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 Uylnis Standard.

o
a,o6
=o

=ct

=c
c)L
C'
:=o

15

t)
ED

E
co
e
C}ao
E
=E.E

l=
Vcm = +0.050 V to +2.350 V I
lor VID = l(Xl mV :
Vcm = +0.300 V to +2.100 V
lor VID = 600 mV
Vi (V) is measured VA" VB'
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Table 2 - Receiver mlnlmum and maxlmum operatlng voltages

Applied Voltages
(lnput Voltage - referenced' 

io circuit common - C')

Resulting
Differential

lnput Voltage

vtD

Resulting
Common

Mode lnput
Voltage

VCM

Reason
of Test

Via vib

+1.250 V +1.150 V +100 mV +1.200 v To guarantee
operation
with minimum
VID applied
versus VCM
ranoe

+1.150 V +1.250 V -100 mv +1.200 V

+2.400 V +2.300 v +100 mV +2.350 V

+2.300 v +2.400 V -100 mv +2.350 V
+0.100 V OV +100 mV +0.050 v

OV +0.100 v -100 mv +0.050 V

+1.500 v +0.900 V +600 mV +1.200 v To guarantee
bperation
with maximum
VID applied
versus VCM
ranoe

+o.g(ru v +1.500 V -600 mv +1.200 V

+2.400 V +1.8fi) V +600 mv +2.100 V

+1.800 v +2.400 V -600 mV +2.100 V
+0.600 V OV +600 mv +0.300 V

OV +0.600 V -600 mV +0.300 v

a
D = Measured Parameter

Ot= APPlied Voltase

Note:
Vcm=(Via+Vib[2,
Vd =lVa-Vbl

sensitivity test circuitFigure 13 - Receiver inPut

16
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5.2.4 Media termlnatlon (tlgures 14 and 15)

All applications Shall use a termination .impedanc.e.. The recommended value is
betwi6n gO O anO igZ cr. The actual vatue should be selected to match the media
characteristic impedance (+10%) at the application freqqency. .The termination
impedance may 

'be integrated _onto the recejver .!-ntegrated circuit, but. subject to
m6eting the reqlrirements of 5.2.2 instead of 5.2.1. lf the termination impedance is not
integraied into'the receiver circuit, then it shall be located at the load end of the
bala'nced interconnecting media, as close to the receiver input as possible to minimize
the resulting stub length-betrreen the termination impedance and the receiver input.

NOTE I - Due to the high application frequency, care should be taken in
choosing proper components such as the termination resistor, and in !ay.o.ut 9f
the prinied iircuit bdard. The use of surface mount co.mponents.is highly
recommended to minimize parasitic inductance, and lead length of the
termination resistor. Wire wound resistors are not recommended.

The value of this external impedance (ZD is in the range of 90 A to 132 O. ldeally, the
resistor value is equal to the characteristic impedance of.the. media or greater in value
to minimize negative signal reflections. The media termination is shown in figures 14

and 15.

Figure 14 - Point-to-polnt application with external termination

Figure 15 - Point-to-point application wlth internal termination

NOTE 9 - Matching of impedance of the PCB traces, connectors and balanced
interconnect medii is hi!h[ recommended. lmpedance variations along the
entire interconnect path-snbuld be minimized since they degrade the signal
path and may cause reflections of the signal.

t7
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5.3 lnterconnectlng medla electrlcal characterlstlcs

The balanced intjiconnecting media shall consist of paired metallic conductors in any

;ffiid;iion *nicn will mainlain balanced signal transmission.

NOTE 10 - The actual media ol the cable is not specified_and may be: twisted
pair&Op, twinax cable (parallelpair), flat ribbon cable, or PGB traces'

The performancs of any. balanced. interconnecting. media used shall be such to
maintain the neceslary iignat quality for the specific apPlication. lf necessary for

;Gt# 
"o*ideration, 

snieUing may be employed (see 8'2)'

Annex A to this standard provides guidance on performance and cable length versus

a;i;fi;ting raie and cabb recommendations for typical cable applications-

5.3.1 Cable media

The cable media shall conform to the following electrical requirements:

5.3.1.1 Maximum dc loop reslstance (DCR):

SO o is the maximum dc loop resistance of the cable. This corresponds to a voltage

O.p oi iiS ,V assuming minimum generator cunent of 2.5 mA.

5.3.1.2 Characteristic impedance:

11O O +l- 2O/ofrom 10 MHz to the application upper frequency limit.

5.3.1.3 Addltional Parameters

Additional parameters not specified which are application dependent (see Annex A)

are: Maximum n-ttenuatiori, Maximum Propagition DellY,.Maximum-Propagatio.n
O"l"V 5f"*, f.,faximum f.ieai enO Crosstalk (itlF-f.D,.and Maximum Far End Crosstalk

iffXfi. Ctossiiit, skew, and related i.air balance parameters may impact

ipptications with multiple signal transmission lines'

5.3.2 PC Board trace media

The electrical requirements of PC Board traces shall also meet the requirements of

5.3.1.1 to 5.3.1.3.

5.3.3 Other media
rl,

It may be possibte tnhi other media T?y Oe employed, the definition and electrical
chara'cterisiics of such media is beyond the scope of this Standard.

18
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5.4 System palameters

5.4.1 Multiple recelver operation (figures 16 and 17)

The generator has the capabilry !o furnish the dc s1On?l necessary to drive multiple

oiraiTet connected receivbrs (without internal termination). However, the physical

iirangement of the multiple receivers involves consideration of stub line lengths,
focati6n of the termination resistor, number of receivers, data signaling rate, circuit
c-ommon, etc., that may degrade dynamic characleristics of the sig^1at at the receivers if
not properly implemenieO. 

-tt 
is recommended that stub lengths off the main line be as

shoh a's p6ssi6te. ln general, the propagation de1ay..of the stub, should not exceed
15% of the signal transition time to prevent .reflections and a severe impedance
discontinuity. For applications with receivers without internal termination, the extemal
termination'resistor'rirust be located at the far end (last receiver) of the interconnect.
The aclual arrangement must involve consideration of the aforementioned
characteristics for t6e specific application and is therefore beyond the scope of this
standard. Figures 16 and 17 are provided for guidance only.

Figure 16 - Multiple receiver operation ' multidrop application

NOTE 11 - lf the configuration illustrated in figure 16 is employed, only the
receiver at the far end ofthe cable may be a terminating receiver.

All receivers located between the generator and the final receiver must be non-
terminating receiver(s). Multiple terminating receivers.w.gu]d.presgn-t 9. low impedanc.e

load to thjgeneratoi i^rnicn would violate tlie total load limit (see 5.4.3), and adversely

attenuate the signal.

The configuration shown in figure 17 is preferred over the multidrop configuration
shown in"figure 16. The configuration'shourn.in figure. 17 is_composed of two
independent-uncomplicated point-Io-point applications. 

-At 
the expdtrse of.the second

balanced interconnbcting niedia, and terrirination impedance, the problem of stub
ftngtni is eiiminated, ai6ng with any impedance discontinuities that mid balanced
inte-rconnecting media connEctors, and stubs may present.. .Signat quality.is superior
in an uncompli'cated point-to-point configuration over a multidrop configuration.

19



TtA/ElA-644

Figure 17 - Uncompllcated polnt-to-polnt appllcatlon

5.4.2 Failsale operation

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

1) generator in power-off condition
2i ieceiver not connected with the generator
3) open-circuited interconnecting cable
4) short-circuited interconnecting cable
5) input signal to the load remaining within the transition region
(1100 mV) for an abnormal period of time (application dependent)

When detection of one or more of the above fault conditions is required by specified
applications, additional provisions are required in the load and the fotlowing 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 fault conditions is application dependent and is therefore
not further specified as it is beyond the scope of this Standard.

5.4.3 Total load limit

The total load (ZL) including multiple reqeivers, failsafe provisions, and media
termination shall have a total impedance greater than or equal to'90 O and less or
equal to 132 O between its input points A'and B', shown in figure 2. The receiver(s)
shall not require a differential input voltage of more than 100 mV in magnitude for all
receiver(s) to assume the intended binary stale.

90!:l<zL<132c)
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6 ENVIRONMENTAL CONSTRAINTS

A LVDS interfacelircuit conforming to this Standard will perform satisfactorily.at data

Lignating rites ,p io osi Moiys pro-vioing that the following operational constraints are

simultaneouslY satisfied :

a. For cable applications, the cable media mee.ts the recommended

cable cnaraJteiilli.r, in" caOte length is within llrat]ecommended for the

$plfibb Oita iigniting rate indicated in anqdx A, A.2 and the cable is
properlY terminated /
b. For PC Board traces, the traceJ meets the recommended

characteririi.Jior in" applicable data $gnaling rate, and the trace is
properly terminated-

c. The input voltage at the receiver (ryith.respect. to receiver circuit

cbmmtnl is Uetwee} 0 V and +2.4 Y arid,either input. (A or B'). terminal-

The inout vottaqe ls defined to be any uncompensated combination of

;;;";i;-i"iJii"t common potential-difference, the generator offset

;;tdg; inoiy, anO tongitudinaity coupled peak noise voltage.

d. Maximum common potential ditference between the receiver circuit

cormon and the generitor circuit common is less than t1 V.
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7 CIRCUIT PROTECTION

The LVDS interface generator and receiver devices, under. either the power-on or

p;;";;ff corioition, Eorptving to this Standard shal! not be damaged under the

following conditions:

a:' Generator oPen circuit-

b. short-circuit across the balanced interconnecting media.

c. Short-circuit to common.

NOTE 12 - some integrated circuit manufacturers. may irpose
additional restrictions that may be required to meel this specification
under the Powerotf condition.
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8 OPTIONAL GROUNDING ARRANGEMENTS

8.1 Slgnal corimon (ground)

proper operation of the LVDS in^terface circuits requires the presence of a signal

;;"i;il'p;tn oetreen t[" circuit commons of the eqYipfqfl at each end of the

interconnection. inJ signal cofimon interchange lead shall be connected to the

circuit common wtricfr sf,dl be connected .t9 protective g.round 9y any.one of the

i;i6;.g ,etnJo.,';ilfi in figures 18 and 19, as required by specitic appticarion.

The same configuration need not be used at both ends of an interconnection;

h;;"rei,;"i" rri*ro'ue eieicised to prevent establishment of ground loops carrying

high currents.

8.1.1 Gonfiguration "A" (figure 18)

The circuit common of the equipment is connected to protective ground, at one. point

*t, by;i00 o 1j1oii",'ii"iiil"lritn 3 pgwgr dissipati_on rating of 0.5 W. An additional

plii'riri6, ,ii oe;;a; f;; iG resistoi to be .bypisseo with a strap.to connect circuit

common ano prot"clirl gidno directly togeth6i when specific installation conditions

necessitate.

NOTE 13 - Under certain ground fault conditions in configuration "A", high

ground .rr"ii.-ii"i ri*ie the resistor to fait; therefore, a provision shall be

iiade for inspection ind replacement of the resistor.

Protective ground or
Frame ground

Circuit @mmon or
Circuit ground

Legend:
CWC = Green wire ground of power system

SC : Signal commoh interchange circuit \

Figure 18 - OpSOnal grounding arrangements ' configuration "A"
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8.1.2 Gonliguratlon "8" (flgure 19)

The circuit common shall be connected directly to protective ground'

Protec{ive ground or Circuit oommon or

Frame ground Circuil ground

Leoend:
eWG = Green wire ground of power.syslgm

" 5C= Signat common interchange circuit

Figure 19 - optiOnal- grounding arrangements - conflguration "B"

8.2 Shield ground - cable applicatlons

some interface apprications may require the use oJ shielded balanced interconnecting

media for EMr 
", 

;",rffiilrp.;# . Wil Jmpioyg,o, the shierd shail be connected onlv

to trame ground ;i';irff;;-o-1n."nor o"ri"noing on the specific appricarion. The

means of connejio-n'oi'tnl rni"to "nlinv 
ass5ciated connector are beyond the

scope of this Standard-
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ANNEX A (inlormatlve)

GUIDELINES FOR CABLE APPLICATION
(-Ihis annex is not a formal part of thdattached TIA/EIA Recommended Standard, but is
included for information purposes only.)

A.1 lnterconnecting cabte

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

Generally, if more than one signaltransmission line is required for an interface, twisted
pairs are necessary to balance coupling reactance between individual conductors of
adjacent pairs and thus reduce crosstalk.

A.1.1 Length

The lengrth of the cable separating the generator and the load is based on a maximum
loop resistance of 50 C), and a corresponding 125 mV loss of the signal.

The following examples given take only the dc effects into account in deteimining the
maximum cable length. This would pertain to low speed operation only. The ac
effects will limit the maximum cable length before the dc resistance for high speed
applications. See A.2.

For the following cables gauges, thg corresponding maximum length for a 50 mV
signal loss is:

28 AWG 50 meters (164 feet),
24 AWG 150 meters (492 feet)

Longer lengths are possible, if the voltage attenuation is allowed to decrease the
minimum generator differential output voltage to the maximum receiver threshold
voltage (250 mV to 100 mV) for a 150 mV voltage attenuation or -7.9 dB. For the
following cables gauges, the corresponding maximum length at a 150 mV signal loss
is:

28 AWG
24 AWG

150 meters (492 feet),
450 meters (1,476 feet)
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A.1.2 Typical cable characterlstics

A.1.2.1 Parallel interlace cable

The following characteristics apply-to common parallel interface cable (as used for

iiA/iiA:6la; ;na onei l/o ihiehace standards) consistins of 25 twisted pairs

sunounded bY an overall shield:

A.l.2.l.lParallelcable,physlcalcharacterlstlcs

Conductor 2g AWG,7 strands of 36 AWG, tinned annealed copper, nominal
diameter 0.38 mm (0.015 inch)

lnsulation Polyelhylene or p9!YPropy-!e191 p'2i. mm (q'01-0 inch) nominal
watitniimess: 0.86 mm (O.Og+ inch) outside diameter

Foir shierd 
l;gil"[T,,:#rr."?s,[',iffir1lnf[1?T.f,'JTs:r*,vester

Braid Shierd 
:[3:1;g?:*U3'Ji][if,"':ffi,',x,:ll,,1t',T#'s;1l,tiffHl3fl"'''.

Diameter nominal overall cable diameter 9.5 mm (0'375 inch)

A.'1.2.1.2 Parallel cable, electrical characteristlcs

DC Resistance 221O / km (67'5 ry1000 feet)

Mutual Capacitance 4i! pF/m (13 pF/ft) at 1 kHz

lmpedance (characteristic, differential mode) 110 O nominal at 50 MHz

Propagation Delay 4.8 ns/m (1.46 ns/ft)

Attenuation 0.28 dB/m (0.085 dB/ft) at 50 MHz

Skew (propagation delay) 0'115 ns/m (0'035 ns/ft)

Maximum Crosstalk (Near End, NEXT) 30 dB at 50 MHz
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A.1,2.2 Serial interface cable

The following chJracteristics apply to a common Categoy. S serr.a].inlerface ca.bJe. (aq

,ieo ioi il,NeA-qzz-a,-and oiher l/o interface standards) consisting of 4 unshielded

twistea pairs surrounded by an overalliacket:

A.1.2.2.1,Serial cable, physical characteristics

Conductor

lnsulation

Foil Shield

lmpedance

Propagation DelaY

Attenuation

Braid Shield oPtional

Diameter nominal overall cable diameter 5.6 mm (0.22 inch)

A.1.2.2.2 Serial cable, electrical characteristics

DC Resistance W.2o t km (25.7 0/1000 feet)

Mutual Capacitance 48 pF/m (14'5 pF/ft) at 1 kHz

24 AWG, 7 strands of 32 AWG, tinned annealed copper,
nominal diameter 0.61 mm (0.024 inch)

Polvethvlene or polypropylene; 0.18 mm (0'007 inch)
noririnalwall thiikn6is; O.SZ mm (0.038 inch) outside diameter

optional

. (characteristic, differential mode) 100 C) nominal at 50 MHz

4.8 ns/m (1.46 ns/ft)

0.17 dB/m (0.051 dB/ft) at 50 MHz

Maximum crosstalk (Near End, NEXT) 36.8 dB at 50 ltHz

A.1.3 Cable termination

The characteristic impedance of twisted pair cable is a function of freSuency, wire size

il; iyp" iJ wef f "Jtf" fi"d of insulating. materials employed. For example, the

characteristic impJdance of average 28 AWG, coppqr condyclol,-plastic insulated

M[i;;'p;ir-.aore, to a 50 MHz sine wave will be on the order of 110 o.
\

The range of g0 cr to 132 rr allows for a range of media characteristic impeda::: 
lo,b;;&fi.o. ln" nominal media characteristic impedance is restricted to the range ot

100 o to 120 o to af fow ior impedance variations within the media. Dependlng .uPgn
the balanced interci'nni"ting il;dt ipecified, the termination impedance should be

within 10% of the nominat media characteristic impedance.
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A.2 Cable length vs. data signallng rate guldellnes

The maximum permissible length of cable separating the generator and the load is a
function of datd signaling rate and is influenced by the tolerable signal distortion, the
amount of longitudinally coupled noise and common potential ditferences introduced
between the generator and the load circuit commons as well as by cable balance.
lncreasing the physical separation and the intorconnecting cable lengrth between the
generatoi and the load interface pOinlg increases exposure to common mode noise,
iignal distortion, and the effects 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 for a particular cable length the
following calculations / testing is recommended. First, the maximum DCR of the cable
length (1oop 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 of 100 mV. For a conservative design, a maximum attenuation of
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 jitters tolerances range from 5%
to 20o/o depending upon actual system requirements. This testing should be done in
the actual application if 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, protocol and coding scheme, and
worst case data pattbrns (pseudo random for example). The generalor I receiver
manufacturers and also the media manufacturers should provide additional guidance
in predicting data signaling rate versus cable lengrth curves for a particular generator /
receiver and a particular media as this relationship is very dependent upon the actual
characteristics of the selected devices and media

When generalors are supplying symmetrical signals to clock leads, the period of the
clock, rather than the unit interval of the clock waveform, shall be used to determine
the maximum cable lengrths (e.9., though the clock rate is twice the data rate, the same
maximum cable length limits apply).

A.3 Co-directional and contra-directional timing information

With co-directional (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.

With contra-directionaltiming, 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.

ln both cases the clock should transition as close to the center of the data bit as
possible.
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ANNEX B (infoimatlve)

8.1 Compatibility wlth other lnterlace standards

The LVDS interface circuit is not intended for direct interoperation with other interface
electrical characteristics such as TIA/E|A422-B., EIA-48-5,TlA/ElA-612, ITU-T (Formerly

CCifU Recommendation V.11, emitter coupled logic (ECL) or PECL.

Under certain conditions, inter-operation with circuits of some of the.above interfaces
miy be possible but may requird modification in the interface or within the equipment,

or iniy ?equire limitatiohs dn certain parameters. (such as common mode ran.ge);

tnerei6re, s'itisfactory operation is not assured, and additional provisions not specified
herein may be required.

B.1.1 Generator output levels (figure 8.1)

A generator complying to this Standard features a differential current source cap.able

of ietiveiing a tilop c"urrent in the range of 2.5 mA. to 4.5 mA. When loaded with a
100 o loadltne reiirtting differential voliage agross. the resistor will be at least 250 mV

and less thin a50 mV p9. The center point is typically +1.2 V (Vos). These voltages

are depicted in figure 8.1.

Any balanced receiver device thal guarantees and input range of at least 0V to +2.4V,

ani thresholds of 200.mV or leis may directly inter-operate with the generator

specified by this Standard and total noise is less tnan s.$pY',

The balanced receiver specified by this Standard may inter-operate with other

balanced generators specified by other standards along as the. balanced generator

Ooei not ri"iotate tnl maximum reieiver input voltage rang-e, and develops a differential

,oftigJ-ot at ieast 100 mV, and not dJe.atel than 600 mV. lnter-operation with

g.n"i.toir that provide a greater ditferentialvoltage-may. also be possible with the use

6r an ittenuatinf circuit. The actual arrangement of such circuits is beyond the scope

of this annex.

-.9!
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Figure B.1 ' Generator output levels
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8.1.2 Compatibility with IEEE 1596.3

This Standard feltures very similar DG electrical specifications to the IEEE 1596.3
standard titled: SCI-LVDS Low Voltage Differential Signals Specifications and Packet
Encoding. Direct inter-operation should be pos_sible.at.cedain-.data signaling rates
without the use of intermediate circuitry. This Standard specifies generic electrical
characteristics of low voltage differentia! signaling interface circuits for general
purpose applications.

8.1.3 Compatlbitity with other interface 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 tfre generator's differential output voltage, and. otfset voltage must be
whhin 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. lf this is the case, direct inter-operation is possible. lf differences 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.

8.2 Power dissipation ol generators

Power dissipation is greatly reduced within the generator circuits compared to other
differential 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 c,omponent becomes more
critical. This allows 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 C) load, with creates a small loop
current of only 2.5 to 4.5 mA compared to the minimum 20 mA loop current for a
differential TlfuElA-422-B generator. Since the load current component in also
reduced, this allows for highly integrated generator / receiver devices to be offered in
one package or integrated with other VLSI controller integrated circuits.
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B.3 Related TIA/EIA standards

TINEIA-4zz-e ethrical Characterisfics of Bataned Voltage Digitat lnterface Circuits

ElA4gs stadard tor Hectriat characleristie of Generatorc and Heeivers for use in

Bal anc.ed D ig ital Mu ltipoi nt Systems

TtA/ElA-61 2 Etectricat characteristics for an lnterfae at Data Signaling Rates up to 52
MbiUs

B.4 Other related interlace standards

|EEE 1596.3 SCI-LVDS Low Voltage Differential signals specifications and Packet

Encoding

ITU-T (formerly cclTT) Recornm.endation v.11 Electrial characteristics for balanced

diubld-curreni interchinge circuits'for generat use with integrated circuit equipment in

the fietd of data communications
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f xllNr Multi-Drop LVDS with
Virtex-E FPGAs

XAPP231 (Version 1.0) September23, 1999 Application Note: Jon Brunetti & Brian Von Herzen

Summary

lntroduction

Multi-Drop LVDS
Circuits

This application note describes how to use LVDS signaling for high-perior-
mance multi-drop applications with Virtex-E FPGAs. Multi-drop LVDS allows
many receivers to be driven by one Virtex-E LVDS driver. Simulation results
indicate that the reference design described here will operate from DC up to
311 Mbit#s. This application note includes DC specifications, microstrip and
layout guidelines. With simple source and differential termination, Virtex-E
FPGAs drive multi-drop LVDS directly, replacing costly TTL-LVDS drivers and
receivers, reducing board area and skew for high-performance applications.
The Virtex-E driver actually improves signal integrity over other LVDS drivers
by absorbing any reflected energy at the source instead of passing it on down
the line. This innovation enables 311 Mb/s signaling on multi-drop lines with as
many as 20 LVDS receivers, spanning distances of over four feet in the refer-
ence design, with high signal integrity and noise immunity.

LVDS uses differential signaling to increase noise immunity over single-ended
techniques. Multi-drop LVDS allows many receivers to be driven by one
Virtex-E LVDS driver. The true differential LVDS input and output capability of
the Virtex-E FPGA enables this multi-drop application. Virtex-E multi-drop
LVDS drivers can drive lines with fanouts of 20 to 1, making Virtex-E LVDS
suitable for a broad variety of high-load applications. The Virtex-E LVDS driver
eliminates costly TTL-LVDS translators, enabling the direct interface of logic to
high-speed differential signaling. This integration reduces signal skew and
reduces the board area needed to implement a high-performance application.

Figure 1 shows a typical multi-drop LVDS application. The Q and O outputs of
the LVDS driver on the left connect serially to the inputs of the LVDS receivers
along the length of the multi-drop lines. A resistor R1 terminates the Q and O
signals in parallel at the end of the multi-drop lines. Simple microstrip lines
made on standard PC boards with ground planes suffice for this application.

XAPP231 (Version 1.0) September 23, 1999 www.xillnx.com
1-AOO-255-7778
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Multi.drop
LVOS
Driver

DATA DATA DATA DATA DATA DATA DATA
tNl tN2 tN3 tN4 tNs tN6 tN7

OATA
tN8

x231 _03_Og 1 399

Microstrip
Transmission
Lines for Multi-
Drop LVDS

Figure 1: Typical Multi-Drop LVDS Application

Microstrip is a PCB (printed-circuit board) trace on the top or bottom layer of
the PCB over a ground or power plane on the next inner layer. Figure 2 shows
the cross-section of a microstrip transmission line. The trace width (w), trace
height above ground plane (h), trace thickness (t), and the relative dielectric
constant (er) of the PCB determines the microstrip characteristic impedance
(Ze). Iable 1 summarizes the characteristic impedance of the microstrip in
Figure 2 for typical values of w and h on an FR4 PCB using 1 ounce copper.

Airer=1
tl l+w+l

PCB i= 4.5
Dielectric

r
h

l_
Ground Plane

x23 i 
-01 _092099

Figure 2: Microstrip Transmission Line Cross-Section

www.xilinx.com
1 -800.255-7778
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Table 1: Microstrlp lmpedance for Typical Values of w and h.

Trace Width (w)
Mlls

Height Above Plane (h)
Mils

lmpedance (Z,o)

Ohms
4 5 70

6 5 59

8 5 51

't6 10 52
't6 5 34

20 5 29

40 10 30

40 5 17

Notes:
t = 1.4 mils (1 ounc6 coppe0
er = 4.5 (typical FB4 at high frequencies)
1000 mils = I inch = 25.4 mm
lmpedence ar@t = t?o/o

Trace widths and heights above the plane are rounded to the nearest mil for
ease of layout and fabrication. Note the microstrip transmission line
impedance is approximately constant with the w/h ratio. A w/h ratio of four,
gives approximalely Zo = 29 to 30 ohms. A w/h ratio of 1.6, gives

approximately Zo = 51 to 52 ohms. Using the w/h ratio approximation, the
characteristic impedance of a microstrip with any plane spacing can be
estimated.

Figure 3 is a sample layout of the Virtex-E multi-drop LVDS driver with source
resistors and capacitor on the left, and the termination resistor on the right.

LVDS-TERM

LVDS-TERMX

Notes:
1 . All PCB traces shown arc 29Q microstrip.
2. Can use higher impedance in series with Rs and R6;y

x231-02-091399

Figure 3: Physical Layout of Virtex-E Multi'Drop LVDS Driver

XAPP231 (Version 1.0) September 23, 1999 www,xilinx.com
1-800-255-7778
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Multi-Drop LVDS
DC Specifications

Driving Multi-Drop
LVDS from
Virtex-E Devices

LVDS outputs typically drive a + 350 mV voltage swing (Q - O), and the
average of Q and d, (O + 6) /2, is sometimes referred to as the offset voltage
or common-mode voltage. Typical LVDS output common-mode voltage is 1 .25

V and is set by the LVDS driver. For more information on multi-drop LVDS,
read National Semiconductor's application note AN-1 1 15, located at http;//
www.national.com/an/AN/AN-l 1'lS.pdf. Table 2 summarizes the DC
specifications of LVDS.

Table 2: Standad LVDS DC Speclflcations

Figure 4 shows the complete schematic of the Virtex-E LVDS line driver
driving 20 LVDS receivers in a multi-drop configuration. The receivers are
either Virtex-E receivers or other off-the-shelf LVDS receivers. The LVDS
signal is driven from a Virtex-E LVDS driver on the left, and is daisy-chained
with two 29-ohm transmission lines and stubs to all 20 LVDS receivers at the
OUT[1:20] and 6UTTil6i nodes. Each LVDS receiver taps off the main multi-
drop lines every 2.5 inches for a multi-drop line length of 50 inches. Each
LVDS receiver tap line has a one inch maximum stub length with a 50-ohm
transmission line impedance to ground, or a differential impedance of 100

ohms between the two stubs. A 44-ohm termination resistor B1 is placed

across the LVDS-TERM anO NDf,JEFfi'nodes close to the final LVDS

receiver, on the right. Resistors Rg and Bply attenuate the signals coming out
of the Virtex-E LVDS drivers with V669 = 2.5V and provide a 22-ohm source
impedance (series termination) to the 29-ohm transmission lines. The design
calls for a 22-ohm source impedance because the added load of the LVDS

receivers brings the 29-ohm line down to an effective impedance of 22 ohms
on average. The capacitor Cg6yl reduces the slew rate from the Virtex-E
LVDS driver, resulting in smaller reflections and less ringing at the receivers.

DC Parameter Condltlons Min Tvp Max Units
Output High

r'oltaqe for Q and e 1r across Q and Q signak 't.38 1.6

Cutput LowVoltage
for Q and 8

iT across Q and Q signals
0.90 1.03

Differential Output
Voltage

(o-O),4=Hish
1d-Q1,Q=Low

11 across Q and O signals
2s0 350 450 mV

Output Common-
Mode Voltage

(a+OY2

11 acrosS Q and Q signals
1.125 1.25 1.375

Difierential lnput
Voltage

(a-61,Q=nign
(O-Q),Q=tow

Common-mode input
voltage = 1.25V

100 350
mV

lnput Common-
Mode Voltage

(o+OY2

Ditferential input voltage =
t 350 mV

0.25 1.25 2.25

wwuxilinx,com
1-800-255-7778
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All Stubs: +
zo = soo
1'mu (155 ps)

Up to 20 Virtex-E or
other LVDS Beceivers

Figure 4: virtex-E 2o-Load Multi-Drop LVDS schematic 
\231 M os2oee

Why would a 29-ohm transmission line be terminated at both ends with 22

ohm terminations? The answer lies in the behavior of transmission lines.

When capacitive receivers and stubs load down a transmission line, the extra

capacitance reduces the effective impedance. The receivers in Figure 4 have

an effective load capacitance of roughly 9 pF, including receiver capacitance,
trace and stub capacitance. A 9 pF capacitor placed every 2.5 inches on a 29

ohm line brings the line down to 22 ohms. Therefore, the reflections are

minimized if the line is terminated into 22 ohms. For further information on

effective transmission line impedance, see Howard W. Johnson, "High'speed

digital design: a handbook of black magic," 1993, pp. 172-174. The section on

equally-spaced capacitive loads provides the following equations:

lf Zo = \if,rei

where L = inductance / unit length

C = capacitance / unit length

and C1 = capacitance of each load

N = number of loads

H = total length of transmission line

Then ZsEpp = i[7ie+NreLtr]
Although the transmission line uses lower impedance than the typical

impedance found in the specification used in Table 2, all the voltage swings

comply with the LVDS standard. This means that any LVDS receiver will work
correctly on this multi-drop line. ln fact, the lower impedance results in a wider

MPP231 (Version 1.0) September 23, 1999 www.xlllnx.com
1-800-255-7778
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trace, reducing inductance and skin-effect losses along the multi-drop lines.

The two 2g-olrm single-ended transmission lines can be microstrip, stripline'

or the single-ended 6quivalent of a 58-ohm twisted pair or similar balanced

differential transmission line. see Appendix A in Xilinx application note

xAPP23o, ',The LVDS l/O Standard" for a discussion of transmission lines and

terminations used in LVDS.

The multi-drop Virtex-E LVDS line driver adheres to all the standard ANSlfflA/

EIA-644 LVD$ lnterface Standard DC input levels as specified in Table 2' The

output common'mode voltage typically averages to.Vs69/2' Component value

der'lvations for Rs, Rpqv, and Cs1E1y can be found in Appendix B on page 1O'

The DC pertormincJot Virtex-e LVOS meets or exceeds the ANSI/TIA/ElA-

644 LVDS lnterface Standard specifications shown in fade 2'

The Virtex-E multi-drop LVDS termination in Figure 4 differs from other LVDS

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 Virtex-E multi-drop LVDS line driver behaves like a current

source in parallel with a 22-ohm resistor, thereby improving the source

termination for reflected signals. The 22-ohm source lmpedance of the

Virtex-E LVDS driver absorbs nearly all differential reflections from the

capacitive loads distributed along the multi-drop lines, reducing standing

waves, undershoot, and noise levels compared to other LVDS drivers. The

voltages at LVDS_TERM and WDSJEFIM and on the transmission lines

,""ior exceed all of the standard LVDS output levels shown in Table 2.

Figure 5 shows the typical step response of Virtex-E multi-drop LVDS drivers

foithe schematic in Figure 4. The top graph shows the single'ended

waveformsatoutputsl,l0,and20,correspondingtoreceiversatthe
beginning, middle, and end of the multi-drop line. The bottom graph shows the

difierentiil voltage at five receivers along the multi-drop line from beginning to

end. All voltages are measured at the on-die differential input of the receiver.

All received waveforms show similar characteristics with little undershoot or

overshoot and negligible load reflections.

Figure 6 shows typical 31'l Mb/s burst data (or 155.5 MHz clock) response of

Vi"rtex-E multi-drop LVDS outputs for the schematic in Figure 4. single-ended

and differential waveforms are shown for outputs 1, 10, and 20 along the multi'

drop line. All received waveforms show similar characteristics with little or no

undershooVovershoot and negligible reflections' Some smoothing of the

waveform occurs over the length of the multi-drop line loaded by the receivers,

but the attenuation is minor. Even the last receiver sees nearly 400 mV peak

attheendofthesoinchlineafterlgotherreceivers.Theexcellent
performance of virtex-E multi-drop LVDS can be attributed to its matched

source impedance and the rise-time-reducing capacitor c36y7 at the source.

The Virtex-E multi-drop LVDS driver is fully compatible with LVDs receivers

from National Semiconductor and other companies'

www.xlllnx.com
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Conclusion

Appendix A:
PCB layout
guidelines for
Virtex-E multi-droP
LVDS

The Virtex-E FPGA transmits and receives multi-drop LVDS. The maximum

data rate is 31 1 Mb/s or a clock of 155.5 MHz for the -7 Virtex-E speed grade.

Virtex-E LVDS drivers provide significant improvement in signal integrity over

other otf-the-shelf LVDS drivers due to their matched source impedance which

series terminates the transmission lines and minimizes source reflections.

Reliable data transmission is possible for up to 20 LVDS receivers over

electrical lengths of 8.25 ns (50 inches), limited only by skin effect loss_es in the

PCB trace. virtex-E FPGAs utilizing LVDS eliminate costly TTL-LVDS drivers

and LVDS-TTL receivers, reduce board area, and reduce signal delay skew,

while reliably transferring high-speed data and clocks over long distances

between chips, boards, chassis, and peripherals'

Printed-circuit board layout guidelines for the Virtex-E multi-drop LVDS circuit

in Figure 4 are as follows:

1) A multi-layer printed-circuit board with controlled transmission line

impedances is required.

2) All transmission lines between LVDS drivers and receivers should be

referenced to a common ground plane except when routed through a

balanced differential transmission line such as twisted-pair. For twisted-pair

and other balanced lines, utilize a grounded shield that connects to the ground

planes at the beginning and ending of the twisted-pair cable to allow for

common-mode return current. lf no shield connection is available, take extra

care to use symmetric and equal-length routing and ensure capacitive load

balancing on the differential pair to prevent excessive common'mode to

differential mode conversion. Do not split the ground plane under the signal

path as this will cause large discontinuities from increased inductance'

3) The resistors Rg and R91y should be placed close to the Virtex-E outputs for

the Virtex-E multi-drop LVDS line driver. Place the parallel termination resistor

R1 close to the final LVDS inputs at the far end of the multi-drop line'

4) The capacitor Cslsvu should be placed close to resistors Rg and R91v'

5) symmetric and equal-length routing should be used of the multi-drop LVDS

signal pair between source and destinations to maximize common'mode

rejection. Route the two LVDS signals with minimal spacing between the

traces along the multi-drop line and the stubs. lf the trace spacing is less than

the dielectric thickness to the ground plane, differential impedance effects

must be included to determine the effective transmission line impedance since

the trace impedance will be significantly affected by the differential impedance

between the two traces. wider spacing has a smaller effect on the impedance.

6) Virtex-E provides dedicated LVDS inpuVoutput pairs for driving and

receiving LVDS. The IOB registers driven from a single clock provide a

convenient point to synchronize inputs and outputs.

XAPP231 (Version 1 .0) September 23' 1 999 www.xilinx.com
1-800-255-7778
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Appendix B:
Component value
derivations for the
Virtex-E multi-droP
LVDS line driver

Referring to Figure 4, resistors Rg and Fl91y attenuate the signals coming out

of the Virtex-E LVDS drivers and provide a matched source impedance (series

termination) to the transmission lines. values for B3 and R61y are determined

by these two constraints. The equivalent source impedance REq, including the

Virtex-E driver impedance RoRrven, must equal the etfective transmission line

impedance, 22 ohms. Using the differential half-circuit:

(Rotv', Repy/2, H1 ->Rrlzl'

Reo = (Ronrves+ Rs) // (RDtv/2) =ZoeFF (1)

Rs and Rgsy are chosen to obtain the desired attenuation of the signal path

from the Virtex-E driver to the LVDS destinations. The desired signal

attenuation is defined as cr.

cr = Vswrruo(LVDS) /V6s6 = (Rotv/2) / (RDtv/z) + Bppsygp + Rs)l

lRr/z1 (Rrlz + Reo)l

Art2l (Ri2+ REo) = 1/2, therefore,

cx = Vsyylp6(LVDS) / V66e =

[(RDlvi2) I (A1tvlz)+RontvER+ Rs)]/2 (2)

Using equations 1 and 2 and solving for Rply and Rs yields:

Rs = (Z6Epp / 2cr) - RspsyEp (3)

Rely = [4cr i (1 ' 2a)] [RpslyEs + Rs] (4)

Substituting ZoEFF= 22 ohms, RontveR = 10 ohms, Vcco = 2'5V and

V.*,NG(LVDS) = gAO mV into Equations 2 - 4 and rounding to the nearest 170

va-rirJ, tne values of Rs = 61 .9 ohms and Rotv = 63'4 ohms are found, shown

in Figure a. The typical LVDS voltage swing of 350 mV is increased to 380 mV

to offset skin effect losses at 31 1 Mb/s data rates near the end of the So'inch

multi-drop lines.

CslEyy increases the rise time out of the Virtex-E multi-drop driver. Typically'

tfri-iO-S07" rise time of LVDS is 500 ps. Using Cs..Vv, the desired rise time is

increased to approximately 1 ns. Using the differential haltcircuit equivalent of

Figure 4, (Rorv -, Rpsy/2, CSLE\,', 2Csrcw), the driving point impedance for

2Osuw is Flgq // Rl2 = REd2. The RC time constant is:

(2C5LEWXREq/2) = Reo Csrcw.

By setting t, the RC time constant, equal to the original LVDS 10-90% rise

time, the new 10-90o/o rise time will be nearly 1 ns. The value for Cgsvv is

calculated as:

CsLEW=t/REq (5)

Substituting t = 500 ps and Flsq = 22 ohms into Equation 5 and rounding up

to the nearest 10% value' the value of cgrcu/ = 27 9F is obtained' shown in

Figure 4.
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LV DS M u lti d ro P Co n necti o n s

Ellion Cole, P,E.

ABSTRACT

This application report describes design considerations for low-voltage differential swing

(LVDS) multidrop .onn".iionr. The rJport describes the maximum number of receivers

io..i[i" u"rrus signati;g iaie, signar quality, tine length, output jitter, and common mode

voltage range when ,"rttiOrop iesting 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 backplane

environment. The receivers are tested to monitor system response for different signaling

rates and a varied number of receivers'

lntroduction
The most commonly used data transmission system, or topology, is known as the

point-to-Pomt appiication. The lerm Point-to-Point is used to describe a

unidirectionar-svi1b, that consists of a single line driverconnected to a single line

receiver, that transmits data trom point A7o point B using one speakera.nd one

tistener.Trre term multidrop,defines a topology where one driver transmits data

tomorethanonereceiver.Themultidrop'applicationistheequivalentofsending
data from point nto point 81, point 82, poinit AS, etc., since with this application'

one speaker may have a whole room full of listeners'

lndatatransmissioncircuits,theoutputVoltagetransitiontimeofalinedriveris
often the rimiiinglactor in oetermining a maximum signal rate. This is usually due

to an output staie not being fast enolgn to provide a decentpulse, however data

rate limitations are also related to n-oise margin, crosstalk, and radiated and

conducted emissions. Many conventional line drivers have a single-ended output

with a tong, slo; r;ltr$ .*ing o{ several volts, a signaling rate may.be further

constrained nV tn" incrlase 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 of receivers overloads a single driver, and the

system fails. The maximum number of receivers possible is examined in the

following discussion with best case and worst case modeling.

2.1 Best Case Analysis

2.1.1 DC Electrical Models

The effect 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

consisting of an LVDS driver, the interconnection, and the LVDS receiver.

Termination

+
rocL(RP1L-RP2L)

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 TlfuElA-644
standard. The model is complex, but useful in developing a simplified differential
line driver model for the examination of driver response to output load increases.
For this purpose, the simple model of an SN65LVDS31 line driver is developed
in Figure 3.

SLUO54
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+v (3.0 V - 3.6 v) +V (3.0 V - 3.6 V)

Voa

Voe

Figure 2. Differential Line Driver Model

Figure 3. Simplified LVDS Driver Model

Output differential drive and common mode offset models are derived from the

simplified model of Figure 3 and modeled individually in Figure 4.

Common Mode Differential

(r.r-ror+ro.) xz",
(rc,,a * zo, llz6z) lg2 + lg2

<-- 1oc

ZgMi+7.$ ll Zg2

Figure 4. Gommon Mode and Differential Driver Models

Values are assigned to each Source and impedance by using data Sheet

specifications ana lBtS models for the SN65LVDS31. These values are obtained

tlom a straight line approximation of the actual lBlS model and are shown in

Figure 5.

LVDS Multidrop Connections
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Figure 5. SN65LVDS31 Simplified Driver Model

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

Common Mode

<-- 10c
Differential

Figure 6. SN65LVDS31 Common Mode and Differential Driver Models

2.1.3 Common Mode Load

The model for the common mode output of the SN65LVDS31 shows the driver
consists of a smallcurrent source and a 1500 O load develops a 1.2 Vdc common
mode voltage. The current source is capable of maintaining the 1 .2 Vdc within the
limits of 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 differentially as a 4 mA source with an

output impedance of 1100 Q load;the resulting (nominal) current is 3.66 mA at
the termination resistor, producing a differentialvoltage (Vod)of 366 mV across
the inputs of the receiver. The LVDS standard specifies a minimum differential
voltage of 250 mV, which occurs if the termination resistance decreases to 67 fl.
The differential model also contains an offset voltage 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 differentially 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 lnput Leakage

The SN65LVDS32 simplified receiver model in Figure 7 and the common mode
and differential models of the receiver in Figure 8 are developed with the Same

derivation technique as the SN65LVD531 driver.

SLLAO54



Maximum Number of Receivers

Figure 7. Simplified SN65LVDS32 Receiver Model

Common Mode Dirterential

Figure 8. SN65LVDS32 Common Mode and Differential Driver Models

The receiver for the SN65LVDS32 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 pA source
compared to the 4 mA source of the drivers. lt would take a large number of
receivers (over 100) before the effects would interfere with the performance of an
overall system.

2.2 Worst Case Analysis

2.2.1 TINEIA-644Requirements
Although both devices modeled above meet the requirements of TIA/E|A-644,
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 reiult, 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 define a common mode voltage range via
the ground potential difference voltage (Vgpd) of +1 Vdc, howeverthe maximum
allowable common mode current between a driver and receive(s) is yet to be
defined.

Another parameter that does not lend itself to multipoint or multidrop applications
is the leakage current out of (or into) each receiver pin, which is modeled for the
SN65LVDS32 in Figure 7 as a 3 nA current source. The standard states that
leakage current shall not exceed 20 1tA. The direction for the current is not
specified..Therefore the specification is met if one receiver pin has a leakage
current oI -20 pA, and the other pin +20 gA.

LV DS Muhidrop Con nections
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NOTE: Current leakage can occur with another manufacturer's
parts if the failsafe configuration of the receiver is based upon
biasing one terminal high and the other terminal low.

Theoretically then, a resulting 40 pA loopcurrentwill now be working against the
differential output voltage (Vod) of the driver. The nominal output of the driver
model is 366 mV (4 mA across an equivalent resistance of 91.5 Q) and the
minimum allowable Vod for a driver is 247 mV therefore a 40 pA loop current
leaves an operating margin of approximately 116 mV.

Utilizing this margin,31 receivers (116 mV/3.66 mV per receiver) can be
connected to the driver before dropping below the minimum Vod; however, any
desired margin lowers this number accordingly. For example, if a 50 mV noise
margin and 50 mV ground potentialdifference margin are desired, the maximum
number of receivers drops to 5. This condition, modeled with 20 theoretical LVDS
receivers, is illustrated in Figure 9.

Differenlial

0.8 mA

t liooo {rooo { sorc (}

Figure 9. Spec Compliant 20 Receiver Model

The 20 receivers establish a 0.8 mA current working against the differential
voltage generated by the driver. The 20 resistors in parallel develop an equivalent
system impedance of approximately 90 Q, which results in a 2BB mV difierence
voltage across the 100 Q termination resistor, leaving little room for 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 kO resistors. Since
both inputs are pulled up internally, the resulting loop current is lhe difference
between the input leakage currents of each pin, and not the sum of the two
currents as demonstrated in the example above, where nonTl parts are modeled.

Other manufacturers employ a configuration that results in a differenlial loop
current very near the 40 pA 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.

SLLAOs4
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3 Maximum Signaling Rate Obstacles
Many factors come into play when sending digital signals over copper wire at
megabits-per-second rates. Signaling rates and bandwidth have increased
dramatically in the last few years, and cable and connector manufacturers are
struggling to keep pace with newer and faster silicon. While many of 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
differential 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 of a CATS cable is

specified (T|A/E|A-568-A) not to exceed 9.38 Cy100 meters, which equates to a
decrease of 35 mV in the Vod of an LVDS driver with a 100 m cable. However,
the standard recommends a maximum distance for LVDS transmission ol up to
30 m, which places the Vod loss in the range of 10 mV.

Cables also attenuate an ac signal (TIA/ElA1-568-4). The permissible

attenuation allowed for a CATS cable may be derived with the following equation;

Attenuation (/) : 1 .967 l7 + 0.023 x .f + qP
lf

Where f is the applied frequency

Another consideration is a cable's characteristic impedance (Zo). The
TlfuElA-644 LVDS specifies the use of 90 A to 132 O transmission lines (other
values may be used in nonstandard applications). Since the output impedance
of an LVDS driver is significantly greater than Zo, reflections are created as
signals propagate from the device, creating a trade-off between driver power

dissipation and output impedance matching of the driver with the cable.

3.2 lntersymbo! lnterference

Maximum signaling rate is also affected by intersymbolinterference (lSl). While
this discussion is not restricted to the multidrop application, the effect may be
more pronounced in a multidrop system due to the increased capacitive loading
of multiple receivers on a transmission line. Capacitive loading induced lSl
causes errors that are pattern (or data) dependent. The influence of lSl on a
driver's output signal is shown in Figures 10 and 11 .

LV DS Multid rop Con nections
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Figure 10. Loading Effects at a Receiver lnput

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.

-+l ta h-
t 0t 1 tOt 1 t 1 t1 tOt'l 1 11 110
rrrrtrtttlt

Figure 11. Data Error Pattern
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Skew in Parallel Buses

The output of a SN65LVDS31 driver changes state in about 500 ps. The
interconnection 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 for all channels, as
differences will cause a timing skew and possible data errors between channels.
For example, consider a parallel bus system with a 400 Mbps signaling rate, a
timing budget of 650 pS for the rising edge, 650 pS for the falling edge, and 1200
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3.4

pS for the steady state level. lf the propagation delay of the cable is 5 nS/meter,

a 20 cm difterence in cable length between two channels will cause a skew of 1

nS, 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, often listed as a difference in propagation delay between
pairs of conductors per unit length of cable.

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 backto the source if termination
resistance does not closely 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 of the cable to
1-1O% of the termination resistor value is generally sufficient. The TIA/E|A-644
specifies termination within the range of 90 A to 132 C), or a nominal value of 100

C) across the inputs of an LVDS receiver.

A termination resistor is placed across the inputs of the last receiver in a multidrop

application, which means that ideally, balanced driver current flows through the

entire transmission line. Although other receivers connected to the line do not

draw significant current, the connectors and short lines to each of the additional
receivers create sfubs on the transmission line. Each of these stubs is modeled
as a small lumped capacitance attached to the line, creating a mismatch at that
point on a transmission line. lt is difficultto 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 effect results in a degraded signal
quality, slower signal transitions, and an increase in intermodulation products. lt
is therefore evident that a maximum possible signaling rate decreases as system

noise and signaljitter increases with each additional drop.

Allowable Jitter

The required quality of a signal leaving a receiver is ultimately dictated by the
quality of the downstream equipment in a system. Signal quality is not a major
concern if the downstream equipment is high-end decoding equipment with error

correction and calibration capabilities. However, if downstream equipment is low

end, then the quality of the receiver output may need to be extremely clean.

The most common method of quantifying signal quality is by measuring jitter in
the eye-pattern of a receiver's output. An eye-pattern includes all the effects of

systemic and random distortion and reveals the time during which a signal may

be considered valid. Figurel2 portrays a typical eye-pattern with the important
parameters identif ied.

LVDS Multid rop Connections
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Figure 12. Typical Eye Pattern

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

percent Jitter : =lbs?l,ut-?,Ji,ttQr ,, x 100
ltme untt lnrcrval

The time unit interval (Ul) is the reciprocal of the signaling rate, therefore percent
jitter represents the portion of Ul during which a logic state should be considered
indeterminate.

External Noise Coupling

One of the benefits of LVDS is the superior noise immunity of the balanced
differential interface between driver and receivers. This benefit outweighs the fact
that two wires and connector pins are required for 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 lothe difference in signal levels across the
input and this transience is present on both input conductors, it is essentially
ignored and has minimal impact on system performance. While differential
signaling has this advantage over single-ended signaling, both techniques are
still susceptible to the other external noise sources.

Common Mode Voltage Range

Another obstacle of concern is ground potentialdifferentialvoltage (Vgpd), 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 common, a dc offset between the driver and
receiver may develop. The LVDS standard addresses this problem by requiring
that any dc offset stay within a +1 Vdc range, a 3.3 V LVDS system may require
that a dedicated ground line or watenpipe ground be used between the driver's
and receiver's power supplies.

SLLAOS4
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Bench Verilication

4.1

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

The Multidrop Setup

A basic multidrop system consists of one LVDS driverconnected to multiple I VDS
receivers. Tl's LVDS evaluation module (EVM)is shown in Figure 13.

Multldrop Load (Bank) ol LVDS EVM Recelvers
r----- ----1

Output
LVDS
Transmitter

LVDS
Recelver LVDS

Receiver

Output

LVDS EVM Termlnatlon
lnstalled on Last EVM
Only

Figure 13. Multidrop System With Tl LVDS Evaluation Modules

LV DS Multidrop Connections

ooo t
orr!

LVDS
Receiver
#1

LVDS EVMS
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Bench Verification

:{ "l:

The EVM is constructed with SMA 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 SticksrM) are soldered to two of the

ia."irtr'. edge pads. These posts facilitate the two-wire connection to an

aOJacent EVtfr receiver channel, providing lor a daisy;chain of 36-receiver

cnannets. 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, t-hen fitted with flat washers and nuts on both sides of

each EVM. This creates the equally spaced multidrop bank of 36 receivers shown

ln rigur. 15. Power (V66 and ground) is then applied to the bank by connecting

a delicated supply to tX; metal rods. Thirty-five 7,62 cm (3") length twisted pair

wires are useO is jumpers from one receiver connection to the next' A 100 W

termination resistor is installed between the inputs of the last (farthesO EVM'

Another EVM is set up as the driver, mounted and powered separately, from the

load bankof receivers.

Berg Sticks is a trademark ol Berg Electronics
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Bench Veification

Figure 15. Multidrop Bank of 36 Receivers
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Bench Verification

4.2 Equipment SetuP

The Tektronix HFS-9003 signal generator in Figure 16 (top shelf on the left),

employed as the signal source for the multidrop system is adjusted as follows:

o Pattern: NRZ, pseudo-random binary sequence (PRBS)

. lnput high level: 2.7 Ydc

o lnput low level: 0.0 Vdc

r Slew rate: 800 ps

The Tektronix HFS-9003 signal generator is capable of generating a
pseudo-random binary sequence (PBBS) data pattern at signaling lqles up to
bSO tltbps, with data pitterns not repeated in the same sequence for 2'16-1 (64K)

bits. The setup is monitored with the Tektronix 7B4D 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 Vdc.

Figure 16. Test Setup With lnstrumentation
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Measurement Besu/ls

At high data rates, the influence of equipment used to measure a signal of
concern should be minimized, therefore probe heads should behave like a
low-capacitance, high-impedance load with high bandwidth. For this test, the
Tektronix 7B4D oscilloscope and Tektronix P6247 differential probes are used,
since both scope and probe have a bandwidth of 1 GHz and a capacitive load of
less than 1 pF. For signals in the range of 400 Mbps and above, an even higher
bandwidth is recommended (as a rule of thumb, the fifth harmonic, i.e.2 GHz,
should be able to be detected), but at this time, no faster differential probe head
is available.

The problems associated with the triggering jitter are eliminated by using a
separate output channel from the HFS-9003, as the trigger source for the
TD5784D oscilloscope.

The transmission cable is a Belden MediaTwistrM (CATS) cable containing four
unshielded twisted pair (UTP) conductors. The jumpers used to connect each
receiver together are constructed by cutting nine 7,62 cm (3") pieces of
MediaTwist, removing the four pieces of twisted pair from each piece, then
stripping about a half inch of insulation from both ends of each twisted pair.

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:

o Output Jitter vs Signaling at Different Cable Lengths

o Output Jitter From a Single Point-to-Point Receiver

o Output Jitter of Varied Load Conditions

o Output Jitter Percent From Every Fourth Load

5.1 Output Jitter From Receiver 36 With Different Cable Lengths

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

o lnsert the 100 m cable connectors into the driver EVM Berg-Stick connectors.

o lnsert the 100 m cable connectors into the first driver EVM Berg-Stick
connectors (Receiver 1 ).

o Record data from the 36th EVM receiver for each signaling rate (Mbps)
Figure 17.

o Shorten the cable (90 m, B0 m through 1 m) between the driver and the
receiver load bank.

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

MediaTwist is a trademark of Belden Wire and Cable Company.

LVD S Multid rop 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 17 and clearly show that output
jitter is proportional to cable length, but the data format is not in lhe conventional
format for percent jitter. ln Figure 1B the same data is replotted as percent jitter.
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Figure 18. Output Jitter vs Signaling Rate at Ditferent Cable Lengths
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5.2 Output Jitter From a Single Point-to-Point Receiver

The second series of signal length (Mbps) measurements will be taken between

tne OriveianO tn" gAn EVU reciirdr onty. The measurements will be performed

using varied lengths of cable to examine the system response to the 36th EVM

receiver onlY.

o Remove the jumper wires between the 35th and 36th EVM receivers'

. lnsert the 30 m cable connectors into the driver EVM Berg'Stick connectors.

o lnsert the 30 m cable connectors into the 36th EVM receiver Berg-Stick

connectors.
o Record data from the 36th EVM receiver for each signaling rate (Mbps)

Figure 19'
o Shorten the cable (10 m, 3 m, and 1 m) between the driver and the 36th EVM

receiver.
o Repeat the series of signal length (Mbps) measurements for each cable

length and record the data'

The results of the tests are presented in Figure 18'

EEPEEEHRHRHRH
Signaling Rate (MbPs)

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

5.3 Output Jitter of Varied Load Conditions

The third series of signal length (Mbps) measurements will be taken between the

driver and varied EVII receivLr load drops. The measurements will be performed

using varied lengths of cable to examine the system response to the varied EVM

receiver load droPs.
r Remove the jumper wire between the ninth and tenth EVM receivers'

o lnsert the 30 m cable connectors into the driver EVM Berg-Stick connectors'

o lnsert the 30 m cable connectors into the ninth EVM receiver Berg-Stick

connectors.
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Measurement Resu/ts

18

o Record data from the ninth EVM receiver for each signaling rate (Mbps)

Figure 20.
o Shorten the cable (10 m, 3 m, and 1 m) between the driver and the ninth EVM

receiver.

o Repeat the series of signal length (Mbps) measurements for each cable

length and record the data.

. Flemove the jumper wire between the 18th and 19th EVM receivers.

o lnsert the 30 m cable connectors into the driver EVM Berg-stick connectors.

o lnsert the 30 m cable connectors into the 18th EVM receiver Berg-Stick

connectors.
o Record data from the 18th EVM receiver for each signaling rate (Mbps)

Figure 21.

r Shorten the cable (10 m, 3 m, and 1 m) between the driver and the 18th EVM

receiver.

r Repeat the series of signal length (Mbps) measurements for each cable

length and record the data.

o Remove the jumper wire between the 27th and 28th EVM receivers.

o lnsert the 30 m cable connectors into the driver EVM Berg-Stick connectors.

o lnsert the 30 m cable connectors into the 27th EVM receiver Berg-Stick

connectors.
o Record data from the 27th EVM receiver for each signaling rate (Mbps)

Figure 22.

o Shorlen the cable (10 m, 3 m, and 1 m) between the driver and the 27th EVM

receiver.
. Repeat the series of signal length (Mbps) measurements for each cable

length and record the data.

The results of the tests are presented in Figures 20,21, and 22'
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Figure 21. Output Jitter of an Eighteen Receiver Load Bank
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Measurement Results
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Figure 23. Output Jitter With a 1 m Cable and a Varied Number of Receivers
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Figure 24. Output Jitter With a 3 m Gable and a Varied Number of Receivers
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Figure 26. Output Jitter With a 30 m Cable and a Varied Number of Receivers

5.4 Percent Output Jitter From Every Fourth Load

The fourth series ol signal length (Mbps) measurements will be taken first
between the driver and the first EVM receiver only, then from every fourth EVM

receiver in the 36 EVM receiver load bank. The measurements will be performed

using a 15,24cm (6") cable. The HFS-9003 will be adjusted for a signaling rate

of 50 Mps, then incremented in 50 Mps steps to 300 Mps, measuring the output
jitter at each increment.
o Remove the jumper wires between the first and second EVM receivers.

o lnsert the six-inch cable connectors into the driver EVM Berg-Stick
connectors.

o lnsert the six-inch cable connectors into the first EVM receiver Berg-Stick
connectors.

o Adjust the HFS-9003 signaling rate to 50 Mps

o Record data from the first EVM receiver for each signaling rate (Mbps)
Figure 27.

o Adjust the HFS-9003 signaling rate in increments of 50 Mps, up to 300 Mps,
and measure the output jitter at each increment'

o Connect the jumper wires between the first and second EVM receivers.

r Continue testing every fourth EVM receiver load in the 36 EVM receiver load
bank.

The results of the tests are presented in Figure 27'
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Figure 27. 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

of 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 18 are compared with the single point system plots in Figure 19. The point

at which each plot crosses lhe 20/o jitter line in Figure 20 through Figure 22

clearly demonstrates this increased loading effect'

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. lt appears that although cable length increases jitter, length seems to

reduce the high and low peaks of the output jitter caused by iumpers and stubs

in the load bank. Figure 23 through Figure 26 display this unexpected

characteristic with a decrease in the dramatic lluctuations of the 1 m and 3 m
plots, on the 10 m and 30 m plots. The longer cables effectively smooth out the

minimum and maximum peaking evident in the shorter lengths, however overall
performance of the system still degrades rapidly with increased cable length.
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Conclusion

Figure 27 illustrates the fact that data taken at the last receiver (EVM #36), does
not represent the worst case jitter in the load bank. lt 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 36 implies that the
termination at the last load attenuates jitter. The positive slope of the first four
loads (except at 200 Mbps) indicates that the cable and driver also attenuate
system jitter generated along the load bank. These effects are amplified in the
higher signaling rates.

1 3 5 7 9 11 13 15 
"a.r"n, 

21 23 25 27 29 31 33 35

Figure 28. Percent Output Jitter From Each Multidrop Load

An examination of possible attenuation by the transmission cable and driver with
a 1 m cable is recorded in Figure 28 as the output jitter from each load. These
results again present a positive slope at the beginning of the load bank and a
negative slope at the end. While 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 of
loads and the propagation delays introduced by the cables between receivers
directly influence this wave, which in the test setup are the7,62 cm (3")jumpers
between EVMs. Based on these results, measurements of the propagation delay
are made across the entire load bank. The fundamental and harmonic signaling
rates related to this delay are examined.
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Conclusion

A delay of 20.9 ns is measured from the output of the first receiver (#1)to the
output of the last receiver (now #35 since the receiver output pins on one of the
loads was damaged during the previous test). This 20.9 ns delay equates to a
characteristic signaling rate of 47 Mbps (1i21 ns), and a third harmonic of 141
Mbps. lf a standing wave is being generated along the load bank, then this wave
should shift along the load bank as the signaling rate is changed.

lncreasing the signaling rate in quarter-wave increments of 12 Mbps, the next
series of 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 167 Mbps, and finally 179 Mbps. The results are plotted with
third order poly nominaltrend 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 trom7,62 cm (3") lo 15,24 cm (6"), using a 1 m cable from the
driver to EVM #19. This should create a load bank of 18 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 of 58 Mbps. As done previously,
the third harmonic with quarter wavelength increases in the signaling rate are now
applied to the driver, with results plotted in Figure 30.
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Figure 29. Percent Output Jitter From a 35 Drop 21 ns Load
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Figure30.outputJitterFromanlE.ReceiverlT.lnsLoad

The wave, generated by reflections from connectors and Stubs present on each

EVM, shifiJalong the load bank as a function of the signaling rate' The output

jitter of the first liad willnot be the worst case, and the output jitter from the last

load may not be the worst case in a system.

A closer examination of 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 18-receiver load bank than with the

36-receiver toid Oant<. To analyze this apparent signal decay more closely, the

Short 7,62 cm (3") jumpers are reinstalled across the 3S-receiver loads and a

500 O series resistor is added in series with the bank on a short cable from the

driver. The 100 O termination resistor is removed to effectively measure the time

constant of the signal decaY'

The HFS-9003 is adjusted for a 1 vp-p 1 kHz pulse and applied to the driver input.

The decay time of the signal is measured across the receiver inputs of the last

load;this decay time divided by the 5OO O resistance results in a total value of 640

pF for the entirl bank. This breaks down to just over 1 8 pF (640/35) for each EVM

and jumper, and it increases to 20 pF with the long 15,24 cm (6") jumpers

installed.

lncreased capacitance causes slower rise and fall times, therefore the time that

edges are wiihin a receiver threshold window increases. With this effect, jitter at

the"input of a receiver is presented for a longer period of time, then the receiver

itself increases this jitter again aS a near-linear function of Signaling rate

(approximately 1 ps of jitter per Mbps)'
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Conclusion

6.2 Receiver Number vs Signaling Rate

Guidelines for determining the maximum allowable signaling rate that can be

useO witn a particutar num6er of receivers can now be established. lt has already

been determined that one load (EVM and jumper) adds approximately 1 ns of

propug"i;n o.r"y and 20 pF of capacitance. Therefore, a plot of propagation

delay (# ot toaosf versus the signaling rate that results in an output jitter of 15%

Oecomes a praciical design tool. More propagation delay measurements are

needed to comPlete this graPh'

The next series of measurements made on a 13-receiver load (#24 through #36)

with 1s,2a c, (ot,) iumpers, yietds a propagation delay of 12.3 ns. Based on the

previous resulis, signaling rates approximately-twice the fundamental period'

result in jitter tereL"near TSU", signating rates of 162 Mbps (2 x 1112'3 ns) and

142.5 Mh; (1.75 x 1121.3 nil t6rthe quarterwavelength shift are used with

results Plotted in Figure 31'
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Figure3l.outputJitterFroman.l3-Receiverl2.3nsLoad

The 2x signaling rate yields a peak jitter of 16%. The load bank is increased to

1 5 receivers and a t 4.'3 ns load delay is measured' signaling rates of 140 Mbps

(ix1t1a3ns), 157 Mbps (2.2a x1li4::9ns), and 175 Mb.p.s (2;5x1114'3 ns)will

be used for this test. The resulting 2.25x quarter-wave shifted rate of 157 Mbps

nearty reaching the 15% jitter mark is shown in Figure 32'
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Figure 32. Output Jitter From an ls-Receiver 14.3 ns Load

Bemove four jumpers from the load bank to create an 11-drop, 10.4 ns load.

When the value of the 2x (2 x 1/10.4 0s = 192 Mbps) was recorded, the results
were already above 15% jitter. Tests were then made wilh 1 .75x (168 Mbps) and
/.5x (149Mbps) signaling rates. The results are shown in Figure 33.
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Conclusion

Tests are repeated with loads Of 30, 11 , 6, and 3 receivers, and the measurements

are combined with earlier results for 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 Rate')

The data in Figure 34 may be usefulin multidrop systemdevelo.pment, if the same

constraints utiiized in thetest 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

tengtn betrieen t6aOs is used. The transmission cable from the driver to the

rec;iver bank is 1 m, however, this can be relaxed up to 10 m since there is very

iiitte pertormance difference in cables f rom 1 m to 10 m length (Figures 18 through

22\.

Signaling Rate (MB/sec)

Figure 34. Load Propagation Delay vs Signaling Rate

6.3 Receiver Number vs Common Mode Voltage Range

Earlier this report mentions that the common mode output current (loc) of an

LVDS receiver is not Specified in the LVDS standard, and that as a result the

ground potential difference voltage, (Vgpd) may be affected as receivers are

added to the output of a single dliver. Testing for this condition, a third power

supply (Tekronix Model PS2-80) is added to the test setup for monitoring any

cnih{e in Vgpd. The positive lead of the power supply is connected to the ground

of the LVDSS1 tine driver's Vg6 supply, and the negative lead is connected to the

ground of the load bank's vtt suppty. with all jumpers removed from the load

5ank, the cable f rom the drive-r-is then-attached to load #36, a single receiver. The

signaling rate on the HFS-9003 is set to 100 Mbps, and the output of the receiver

ishonit6red 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 ti're single driver, then the polarity connections on the PS280 power

supply are reversed and the tests repeated.

(,
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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

impacteO Oy lignafing rate. T[is is due to the gain roll off of the receiver, and is

documente'O aiO rep6rted in several point-to-foint applications. Also evident in

Figure 35 is the increased common m6de toading of 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 of a single LvDS driver, and as the signaling rate increases.
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Glossary

Appendix A Glossary

Signaling Rate: 1ff, where T is the time allocated for one data bit. Therefore,
in a transmission system with a 400 Mbps signaling rate, the width of one data
bit is 2.5 ns. LVDS, as standardized in TIA/E|A-644, specifies a maximum
signaling rate of 655 Mbps, where one bit has a durationot 1.5267 ns. ln practice,
a maximum signaling rate is determined by the quality of interconnection between
line drivers and receivers, since transmission line length and line characteristics
ultimately determine the maximum unusable signaling rate. However, the
TINEIA-644 standard deals with the electricalcharacteristics of data interchange
only, therefore mechanicalspecifications, bus structure, protocol, and timing are
left to the referencing standard.

Data Bate: The number of data bits per second transmitted from driver to
receiver. There are nondata bits, such as start bits, stop bits, parity bits, etc., used
by many systems, but they are not, strictly speaking, actual data bits. lf a
transmission system is unformatted, and only data bits are transmitted, then the
data rate is equalto the signaling rate.

Jitter: The time frame during which the logic state transition of a signaloccurs.
The jitter may be given either as an absolute number or as a percentage with
reference 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 Ul minus the jitter. Percent jitter (the jitter time divided by the Ul times 100)
is more commonly used and representsthe portion of Ul during which a logic state
should be considered indeterminate.

Eye-Pattern: A useful toolfor measuring overall signal quality at the end of a
transmission line. lt includes all of the effects of systemic and random distortion,
and displays the time during which the signal may be considered vatid. A typical
eye-pattern is illustrated in Figure 12 with its significant attributes identified.

Several characteristics of an eye-pattern indicate the signal quality of a
transmission circuit. The height or opening of 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 of low and
high levels.

LV D S Multid rop Connections A-1
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1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the

payment of the issue fee.
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The application has been amended as follows:

IN SPECIFICATION: \./
On page 9, lines 26,"??? HOW SO??????" has been deleted.

IN CLAIMS:
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In Claim 10, line 17 , the recitation, "high-side" has been deleted and replaced by --low-

side*.

In Claim 15, line 1, the numb 
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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

progtammed state and does not amplify 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, the 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 respect to claim 20, in addition to other limitations in the claim, the prior art does

not show a pre-driver having complementary output terminals, first and second programmable

output blocks, each having a differential amplifier, I/O 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 of Reasons for

Allowance."

Conclusion

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Daniel D. Changwhose telephone number is (703)306-4549.
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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 bi-week).

Any inquiry of a 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, Art Unit 2819
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[57] ABSTRACT 

A high speed switching technology suitable for imple­
menting field programmable gate arrays using current 
mode logic in the high speed data path, and CMOS 
steering logic outside the high speed data path to enable 
the high speed switching logic and to implement multi­
plexer, selector and crossbar switch functions. High 
speed emitter follower logic compatible with the high 
speed switching logic for level shifting, buffering, and 
providing more current sink or source capacity is also 
disclosed. 
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IDGH SPEED BICMOS SWITCHES AND 
MULTIPLEXERS 

2 
plexer 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 

BACKGROUND OF THE INVENTION 5 words, the CMOS devices are generally kept out of the 
The invention pertains to the field of custom circuits, data path and only are used to program the selection of 

and, more particularly, to the field of components and which input signals are coupled to which outputs 
cells from which field reprogrammable logic circuits through the high speed devices. In the preferred em-
may be constructed and field programmable logic cir- bodiment, the high speed devices are ECL technology 
cuits themselves. 10 devices, but in other embodiments, they may be bipolar 

Logic designers have long had the need for custom devices or any other high speed technology. 
logic circuits to implement their designs. In the 1970's, In one embodiment of the invention, a high speed 
this need gave rise to programmable logic arrays, pro- selector is implemented in differential current mode 
grammable array logic and programmable read only logic with CMOS steering transistors to enable the high 
memory. Later in the decade, custom circuits were 15 speed switching transistors with the CMOS devices out 
made by customizing the metal layer of integrated cir- of the high speed data path. This embodiment uses a 
cuits which had standard cells formed in the layers pair of differentially coupled ECL transistors for each 
~elow the metal layer. The cust?mized metal layer of a plurality of output pairs of high speed, complemen-
mterconnected the standard cells m a manner defined tary data output signals. Each of these pairs of ECL 
by the customer of the gate array_manufacturer. . 20 switching transistors have bases which are coupled to a 

Ga~ arrays are only a good choice where the desired shared pair of inputs for receiving a pair of high speed, 
fu~ct1on ~o be pe1:1'o~ed by the gate array can be deter- complementary data inputs. Each of these pairs of ECL 
mmed with certainty m advance. Ho~ever, gat: arrays switching transistors also shares a common emitter node 
are not a goo~ cho~ce wher7 the de~ired funcno~ can 

25 
coupled selectively to the low voltage supply by a con-

change over tune ~ 1th_ chan~g_req~ements. This can stant current source and an NMOS transistor which is 
happen when. a crrcuit design is bemg evaluate? and part of the enabling mechanism. This enabling transistor 
tes~ng over tune reveals ~e need for changes m the is out of the high speed data path, and receives a steer-
design. Another shortcommg 0 1:,gate arrays was that ing signal which in one state turns the NMOS transistor 
they could not perform the function of packet encapsu-
lation and delivery in network settings where packet 30 and couples the constant c~ent sour~e ~o the lo_w 
construction was subject to a variety of different proto- ;oltage supply thereby enabling ~e sw_itching trans1s-
cols and where packet headers change as the packets ors. The ot~er state of the ste~rmg s1~al turns the 
circulate, for example in token ring networks. nus NMOS transistor off thereby d1sconnectmg the con-
function has been done in software in the prior art, but s:ant ~urrent so:urc: from t~e low voltage supply and 
increasing network speeds demands more speed which 35 disab~g the swi~c~g transistors. ~e other part_ of the 
requires that this function be done in hardware. enabling mech~sm ~ a PMOS transi~tor which IS cou-

Another application in which fixed gate arrays had pied to the ~teermg signal an~ selecnvely couples the 
shortcomings in where data flow paths change over common efilltter ~ode ~o the high voltage supply. 'YJ1en 
time as a function of changes in the process that is being the NMOS tr~s1stor IS on, the ~MOS transistor_ 1s ~ff 
emulated by a particular circuit. Thus, a need arose for 40 there~y allowmg the ECL transistors to_ oper~te m d1f-
more flexibility in custom circuits such that the func- ferennal mode. When the NMOS transistor 1s off, the 
tions thereof can be changed. PMOS transistor is on and lifts the common emitter 

Reprogrammable gate arrays, also called field pro- node to the voltage of the high voltage supply thereby 
grammable gate arrays or FPGAs, were developed in turning !he ~CL t_ransistors off by reverse biasing their 
response to this need. However, these gate arrays were 45 base-e1D1tter Junctions. 
implemented in CMOS technology. Although CMOS In another embodiment of the teachings of the inven-
has significant advantages such as low power, high tion, a multiple-input, single-output multiplexer is dis-
circuit density, good reliability and low cost, CMOS is closed. The basic ECL switching cell used in this multi-
not fast enough for very high speed custom circuits plexer is the same except that one differentially coupled 
needed in applications such as supercomputers, commu- so ECL pair is coupled to one pair of high speed data 
nication systems, high speed workstations, networks, inputs and the shared pair of high speed differential 
automatic test equipment, parallel processor intercon- outputs, and is coupled to the high voltage supply 
nects and design emulation systems. In very fast appli- through a pair of pull up resistors. All other differential 
cations such as these, having any MOS device in the pairs coupled to high speed data input pairs are coupled 
signal path seriously impedes the switching speed and 55 to the same shared pair of high speed data outputs and 
impairs the performance of the machine. nus is because share the single set of pullup resistors. Each dilferential 
the resistivity of CMOS and MOS devices is too high, pair of ECL transistors has its own constant current 
and this coupled with the junction capacitances and source and its own enabling circuitry and has a dedi-
other capacitances intrinsic to MOS devices causes cated steering signal coupled to the corresponding en-
delays. 60 abling circuit The enabling circuitry is identical to the 

Accordingly, the need has arisen for a much faster enabling circuitry described for the selector and works 
technology that can be substituted for field programma- the same way and has the same attributes. 
ble gate array circuits in extremely high speed applica- In another embodiment of the invention a multiple-
tions. input, multiple-output crossbar switch can be imple-

SUMMARY OF THE INVENTION 

According to the teachings of the invention, repro­
grammable logic circuitry is implemented with multi-

65 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 important especially in integrated ECL switching em-
manner just described for the multiplexer. Another bodiments, because the ECL transistors dissipate large 
series of high speed, differentially coupled ECL amounts of power, and this power must be dissipated 
switches coupled together so as to share a second high which can be a problem for highly dense integrated 
speed, complementary data output pair which is com- 5 structures. If the power is not properly dissipated and 
mon only to this second series of ECL switch pairs as the temperature of the chip kept under control, thermal 
described above for the multiplexer structure is then runaway problems and temperature compensation 
coupled so as to share the same high speed, complemen- problems become a factor to be dealt with thereby com-
tary data inputs used by the first series of differentially plicating the design and increasing the expense and 
coupled ECL switches. This structure can be repeated 10 complexity thereof. Further, yield for integrated circuit 
for a large number of series of such multiplexers sharing production decreases when die size is increased which 
the same input signals to extend the number of outputs occurs when either more transistors are added or when 
in the crossbar switch, the upper limit being more a the same number of transistors are implemented in tech-
function of how much degradation of the switching nologies which are larger per transistor in terms of chip 
speed is tolerable under the circumstances. This switch- 15 real estate consumed. Since every ECL pair and every 
ing speed degradation is a function of the number of emitter follower needs two or more enabling transistors, 
ECL switching pairs which load each high speed data effectively doubling or tripling the density per switch-
input. ing function, it is especially useful to implement the 

Another embodiment according to the teachings of enabling function in CMOS so as to not aggravate the 
the invention is a high speed emitter follower structure 20 power dissipation problem. Further, since MOS transis-
which can be used in conjunction with the foregoing tors are smaller than corresponding bipolar transistors, 
structures for level shifting, output buffering, increasing implementing the enabling function in CMOS uses less 
the output current source or sink capacity or in a stand- area and allows more switching functions to be put on 
alone mode to implement another form of a cross-bar the same die or allows the same number of switching 
switch. In this embodiment, a bipolar transistor such as 25 functions to be put on a smaller die. Therefore, the 
an ECL device is coupled as an emitter follower to a characteristics of ECL and CMOS technologies are 
constant current source. The high speed data input is preferred when the circuits according to the teachings 
selectively coupled to the base of the emitter follower of the invention are to be fabricated as integrated cir-
through a PM OS transistor which is part of the enabling cuits. 
circuitry. The constant current source is coupled to the 30 However, where chip real estate, switching speed or 
low voltage supply selectively through an NMOS tran- power consumption are not issues, bipolar or other 
sistor which also is part of the enabling circuitry. An- switching enabling technology can be used to enable 
other NMOS transistor selectively couples the base of the switches in the high speed data path. Also, other 
the emitter follower transistor to the low voltage sup- types of architectures or other slower, cheaper, smaller 
ply. Multiple structures or "cells" like the structure just 35 or otherwise different technologies may be used for the 
described can be used, with each such cell being cou- switches in the high speed data path. 
pled to one high speed data input and one high speed 
data output. Each cell receives two complementary BRIEF DESCRIPTION OF THE DRAWINGS 

steering signals which enable or disable it. When the FIG. 1 is a circuit diagram of the preferred embodi­
steering signals are in a state to enable the cell, the first 40 ment of multiplexer according to the teachings of the 
NMOS transistor coupled to the first steering signal invention. 
couples the constant current source to the low voltage FIG. 2 is a circuit diagram for a multiple-input, sin-
supply, and the second NMOS transistor coupled to the gle-output multiplexer according to one aspect of the 
second steering signal decouples the base of the emitter teachings of the invention. 
follower from the low voltage supply. The PMOS tran- 45 FIG. 3 is a circuit diagram of another notation for the 
sistor in the enabling circuitry coupled to the second multiplexer of FIG. 2 having four inputs and a single 
steering signal, then couples the high speed data input to output 
the base of the emitter follower. In the second, comple- FIG. 4 is a circuit diagram for a crossbar switch 
mentary state of the steering signals, the base of the having four inputs and three outputs using the notation 
emitter follower is decoupled from the high speed data 50 of FIG. 3. 
input and coupled to the low voltage supply to reverse FIG. 5 is a circuit diagram of a typical set of high 
bias the base-emitter junction. Simultaneously, the con- speed emitter followers for use with the circuits of 
stant current source is decoupled from the low voltage FIGS. 1-4 or as a stand-alone, field-programmable 
supply thereby disabling the emitter follower further. switching array. 
Multiple such cells coupled to multiple inputs and out- 55 FIG. 6 is a circuit diagram of one example of how the 
puts can be used to implement selectors, multiplexers or structures of FIGS. 1-4 can be implemented in single 
crossbar switches. ended ECL technology. 

The structures just described can also be imple-
mented using single ended ECL logic, non-current DETAILED DESCRIPTION OF THE 
mode bipolar logic or other types of high speed techriol- 60 PREFERRED EMBODIMENT 
ogies wherein the enabling circuitry that provides field Referring to FIG. 1, there is shown a circuit diagram 
programmability can be implemented in CMOS or for a one-input-two-output multiplexer according to the 
other switching technologies which, although slower, teachings of the invention suitable for use in implement-
can be kept out of the data path. Generally, current ing programmable logic circuitry. In the embodiment 
mode logic is preferred for the switching technology 65 shown in FIG. 1, emitter-coupled-logic (ECL) circuitry 
because of its speed, and CMOS technology is preferred is used in the data path, and CMOS circuitry is used for 
for the enabling switches because of its small size and steering the input signals from the inputs to one or more 
low power consumption. Low power consumption is of the outputs. In other embodiments, other fast tech-
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nologies may be used in the data path such as bipolar, are deactivated. This results from the fact that the steer-
Josephson junction, ballistic effect devices etc. The data ing transistor N2 is not conductive thereby disabling the 
inputs for high speed data are shown at A and A-. These current source transistor CS2 from drawing current 
two inputs are coupled to two ECL differential pairs from common emitter node 20. When steering signal 
comprised of a first pair of transistors El and E2 and a 5 EN2 is low, the PMOS steering transistor P2 is conduc-
second pair of transistors E3 and E4. Transistors El and tive thereby driving the common emitter node 20 to the 
E2 have load resistors Rl and R2, respectively. Transis- voltage of the high voltage source 10. This affirma-
tors E3 and E4 have load resistors R3 and R4, respec- tively reverse biases the base-emitter junctions of the 
tively. The first data input A is coupled to the bases of ECL transistors E3 and E4 rather than leaving the 
ECL transistors El and E3. The complementary data 10 common emitter node 20 floating so as to positively cut 
input A- is coupled to the bases of ECL transistors E2 off the E3 and E4 transistors and prevent any signal 
and FA. The collectors of the El and E2 pair are cou- leakage from the inputs A and A- to the outputs Y2 and 
pled to the Yl and Yl- outputs, respectively. The col- Y2. 
lectors of the E3 and E4 pair are coupled to the Y2 and In some embodiments where this positive cutoff of 
Y2- outputs, respectively. Each of the ECL transistors 15 the ECL transistors of the pair associated with what-
is coupled to the high voltage supply rail 10 via a collec- ever steering signal ENl or EN2 is low, is not necessary 
tor load resistor where Rt is the load resistor for transis- and a floating common emitter node 18 or 20 provide 
tor El and R4 is the load resistor for E4 etc. adequate isolation between the input and output when 

The emitters of transistors El and E2 are coupled so the associated current source is not active, the PMOS 
as to share a common constant emitter current regu- 20 transistors Pl and P2 can be eliminated. 
lated by current source transistor CS1, and the emitters If the enable signal EN2 is high, the NMOS steering 
of transistors E3 and E4 are coupled so as to share a transistor N2 is conductive and the PMOS steering 
common constant emitter current regulated by current transistor P2 is rendered nonconductive. This has the 
source transistor CS2. The bases of these two current effect of activating the two outputs Y2 and Y2- by 
source transistors are coupled to a reference voltage 25 connecting the current source transistor CS2 to the low 
VREF, and the emitters are coupled to the low voltage voltage supply thereby causing the transistors E3 and 
supply 12 through emitter feedback resistors 14 and 16 E4 to drive the outputs Y2 and Y2- in accordance with 
and through NMOS steering transistors Nl and N2. whatever data signals are on the A and A-data inputs. 
The gate terminals of transistors Nl and N2 are coupled This is true regardless of whether steering signal ENl is 
to enable signal lines ENI and EN2, respectively. These 30 simultaneously active high. If EN1 is simultaneously 
two enable signal lines are also coupled to two PMOS low when EN2 is high, steering transistor Nl is noncon-
steering transistors Pl and P2, respectively, which are ductive and steering transistor Pl is conductive. This 
coupled between the high voltage supply 10 and the drives common emitter node 18 to the voltage of the 
common emitter nodes 18 and 20. high voltage rail and reverse biases the emitter-base 

The operation of the circuit 1 is as follows. The fun. 35 junctions of the ECL transistors El and E2 thereby 
damental purpose of the circuit is to steer the signals in isolating the inputs A and A- from the outputs Yl and 
the data path on complementary signal lines A and A- Yl-. 
onto one or both of the complementary output signal By controlling which of steering signals ENl and/or 
pairs Yl/Yl- or Y2/Y2- to implement a one-input-two- EN2 are high, it is possible to connect the input signal 
output multiplexer. This is done using the ENl and 40 pair A, A- to either or both of the output signal pairs 
EN2 enable or steering signals and the CMOS steering Yl, Yl- or Y2, Y2-. Thus, by control of the states of 
transistor pairs Nl/Pl and N2/P2 outside the data path. signals ENl and EN2, it is possible to electronically 
Those skilled in the art will appreciate that the concept control the switching of very high speed signals at an 
illustrated in the circuit of FIG. 1 can be extended to input to any of a plurality of outputs without substan-
more outputs than two and can be reversed to steer 45 tially slowing down the signals even though CMOS 
input signals on one of a plurality of inputs onto a single steering transistors are used. Because the resistivity of 
output. the NMOS steering transistors Nl and N2 is much 

Assuming now for illustration that the ENI enable lower than the resistance of the emitter feedback resis-
signal is active, i.e., high. This causes the steering tran- tors 14 and 16, the presence of the NMOS transistors Nl 
sistor Nl to conduct thereby connecting the steering 50 and N2 in the path between the emitters of the current 
transistor Nl to the low voltage power supply and source transistors CSl and CS2 to the low voltage rail 
causes the steering transistor Pl to be nonconductive. does not appreciably affect the speed of operation of the 
This has the effect of activating the output pair Yl and circuit. 
Y1- by enabling the current source CSl to draw the The structure of FIG. 1 can be extended to more 
fixed current represented by arrow 24 out of node 18. 55 ECL differential pairs driving more output pairs, but 
Current source transistor CSl stabilizes the current there is a limit imposed by the loading on the input 
flow out of node 24 by virtue of the negative feedback signal lines A and A- caused by the junction capaci-
to the emitter caused by emitter resistor 14 as is well- tances of the ECL transistor bases. Also, since the beta 
known in the art. Because transistor Pl is nonconduc- factor of the ECL pairs is not infinite, adding more 
tive, the common emitter node 18 is not held at the 60 ECL pairs causes the base current to exceed accepted 
voltage of the high voltage supply 10, and the ECL ECL limits ofno more than 10-20 bases coupled to one 
transistors El and E2 are free to drive the outputs Yl signal. Thepreferredlimitofthenumberofbaseswhich 
and Yl- as an ordinary current mode logic buffer/in- can be coupled to input signal lines A and A- is from 4 
verter under the influence of whatever data signals are to 8. It is preferable for the load on A and A- signal lines 
present on the data inputs A and A- as in normal ECL 65 to not be dependent upon the number of transistors 
differential mode operation. If the EN2 steering signal is connected thereto. 
not active, i.e., low, simultaneously with the active high Referring to FIG. 2, there is shown a circuit diagram 
state of the ENI steering signal, the Y2 and Y2- outputs for a two-input-single-output multiplexer circuit ac-
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cording to the teachings of the invention. A first ECL ing signal while all other steering signals would be inac-
transistor pair ES and E6 share a common emitter node tive. 
30, while a second ECL transistor pair E7 and E8 share Such an embodiment is shown symbolically in FIG. 
a common emitter node 32. Common emitter node 30 is 3. In the notation used in FIG. 3, ECL pair ES and E6 
coupled to a constant current source comprised of tran- 5 with pull up resistors RS and R6 and their associated 
sistor CS3 and emitter feedback resistor 34. This con- current sources and MOS steering transistors are repre-
stant current source is turned off and on by an NMOS sented by switch SO while ECL pairs without pullup 
steering transistor N3 which couples the current source resistors such as transistors E7 and E8 and their associ-
to the low voltage supply line 36. The transistor pair ES ated current sources and MOS steering transistors are 
and E6 each have a load resistor, RS and R6, respec- 10 represented by switches 52, 54 and 56. 
tively, which is shared with a second ECL transistor In FIG. 3, the first ECL transistor pair is driven by 
pair E7 and E8 via a pair of single output lines Y and Y-. high speed signal input lines A and A- in the data path, 
The second transistor pair E7 and E8 share emitter node while the second ECL transistor pair is driven by high 
32 and share a constant current source comprised of speed input signal lines B and B-. Both ECL transistor 
transistor CS4 and emitter feedback resistor 38. The 15 pairs drive a single pair of shared output signal lines Y 
CS4 constant current source is selectively coupled to and Y- and share a single pair of pull up resistors. 
the low voltage supply rail 36 by an NMOS steering Referring to FIG. 4, there is shown a symbolic dia-
transistor N4. As in the case of the embodiment of FIG. gram of a four-input-three-output crossbar switch com-
1, two PMOS steering transistors P3 and P4 are used to prised of three modules like that shown in FIG. 3 inter-
positively control the voltage of common emitter nodes 20 connected such that the data inputs of the first module 
30 and 32, respectively. comprised of switches 58, 60, 62 and 64 also drive the 

The first ECL transistor pair ES and E6 is enabled data inputs from corresponding switches in the other 
when the enabling signal ENl is high. This condition two modules. Specifically, the A and A- data inputs to 
turns the NMOS transistor N3 on and couples the cur- switch 58 are coupled not only to the data inputs of 
rent source transistor CS3 to the low voltage supply 36. 25 switch 58, but also to the data inputs of switches 66 and 
The transistors ES and E6 are coupled to a high voltage 68 via lines 59 and 61, and the B and B- data inputs drive 
supply line 40 through their respective load resistors RS the data inputs of both the switch 60 and the switch 68 
and R6. When ENl is high, PMOS transistor P3 is off and 72 via lines 63 and 65. The C and C- data inputs are 
which releases the common emitter node 30. Thus, similarly connected so as to drive the data inputs of 
transistors ES and E6 are enabled to drive the output 30 switches 62, 74 and 76 via lines 67 and 69, and the D and 
lines Y and Y- under the influence of whatever signals D- data inputs are coupled to drive the data inputs of 
are on the high speed input signal lines A and A-. Note switches 64, 78 and 80. For clarity of the figure, the 
that if ENl is high, care must be taken to insure that separate enable inputs of each switch are not shown, but 
EN2 is not simultaneously high as this would cause a each switch has an enable input coupled to receive a 
conflict in that ECL pair E7 and E8 would be simulta- 35 steering signal such as the signal ENl in FIGS. 1 or 2. 
neously trying to drive the output lines Y and Y- at the These steering signals are coupled to the CMOS steer-
same time transistors ES and E6 were trying to drive ing transistors that control enabling of the ECL transis-
the same lines, possibly with conflicting signal levels. tor pair of each switch in the manner described above 
This conflict is avoided if the steering signal EN2 is low for the circuits of FIGS. 1 and 2. 
when steering signal ENl is high, because a low EN2 40 Operation of the crossbar switch of FIG. 4 is a 
causes PMOS transistor P4 to be turned on which straightforward function of activating selected ones of 
drives the shared emitter node 32 to the voltage of the the steering signals. For example, if it is desired to pass 
high voltage supply line 40. This disables E7 and E8 by the D and D- signals on to only the Wand W- outputs, 
reverse biasing the emitter-base junctions thereof. Like- the enable signal to switch 64 would be activated and all 
wise, when ENl is low, transistors ES and E6 are dis- 45 other enable signals to all other switches would be inac-
abled in the same way. tive. If the D and D- outputs were to be steered to the 

In alternative embodiments of the circuit of FIG. 2, X and X- outputs, the enable signal for only switch 78 
interlock circuitry is employed to prevent both ENI would be active, and all other enable signals to all other 
and EN2 from being active high simultaneously. Also, switches would be inactive. 
in some embodiments, the PMOS transistors P3 and P4 50 Any input pai.r can be coupled to any one or more 
can be omitted where leaving the shared emitter node output pairs in the architecture of FIG. 4, and two or 
floating is an acceptable way of disabling the ECL more inputs can be coupled to two or more outputs 
transistor pairs. The multiple input, single output ar- simultaneously as long as no output is coupled to more 
rangement of FIG. 2 can be extended to many different than one input at any particular time. For example, the 
input pairs driving many different ECL pairs sharing a 55 A and A- inputs can be coupled to the Wand W- and X 
single output pair, as will be apparent to those skilled in and X- inputs simultaneously while the D and D- inputs 
the art. If such a circuit were to be implemented as an are simultaneously coupled to the Y and Y- inputs. 
integrated circuit, all transistors whose collectors are Many other combinations are also possible as will be 
connected to the same output line could share the same apparent to those skilled in the art. 
collector tub on the integrated circuit die thereby creat- 60 The architecture of the crossbar switch of FIG. 4 can 
ing vast savings in layout area. Thus, for example, four be extended to larger numbers of input pairs and/or 
separate input pairs could drive four ECL transistor output pairs. 
pairs sharing a single output pair and a single pair of Simulations of the operation of a 4 X 4 (four input 
load (pull up) resistors. The four transistors coupled to pairs and four output pairs) crossbar switch having an 
one output line of the output pair would share the same 65 architecture like that of the circuit of FIG. 4 has shown 
collector tub and likewise for the four transistors cou- propagation delays of about ! nanosecond. This is much 
pied to the other output line. At most one of the four faster than the propagation delays of such crossbar 
ECL pairs would be enabled by its corresponding steer- switch circuits implemented using CMOS in the data 



9 
5,355,035 

10 
path. That is, the time it takes for a change of level on the base of transistor E9 when the base is coupled to the 
any output pair to propagate through the circuit and low voltage supply 52 so that the high speed data signal 
cause a corresponding change in level on any one or is not loaded down thereby slowing signal propagation. 
more selected output pair is l nanosecond. To disable emitter follower E9, steering signal EN9 is 

The circuits shown in FIGS. 1 through 4 all use cur- 5 driven to its inactive low state and complementary 
rent mode logic which has a maximum output voltage steering signal EN9- is driven to its inactive high state. 
swing on the order of 300 millivolts. If the output volt- This state causes NMOS transistor N7 to turn off and 
age swing is stretched to a value more than 300 milli- NMOS transistor N6 to turn on simultaneously with 
volts, soft saturation or total saturation can occur in the PMOS transistor P6 turning off. This causes current 
ECL transistors. This is highly undesirable because IO source transistor CSS to be disconnected from the low 
saturation or soft saturation of current mode logic voltage supply line 52 and become inactive thereby 
switches substantially decreases the switching speed disabling the emitter follower transistor E9. Simulta-
thereof. Thus, in the preferred embodiment, emitter neously, the base 54 of NPN transistor E9 is coupled to 
followers are used as output buffers so as to increase the the low voltage supply 52 to reverse bias the base-emit-
permissible output voltage swing. 15 ter junction and the base 54 is cut off from the A data 

There are other reasons to use emitter followers. input line 51 by virtue of transistor P6 turning off. By 
Specifically, emitter followers can be used to shift the coupling the base 54 of transistor E9 to the low voltage 
voltage levels so as to drive other logic families, or they supply, the base-emitter junction of NPN transistor is 
can be used to create higher current source or sink reverse biased thereby preventing any voltage source 
capacity for driving long lines etc. 20 coupled to the Fl output from accidentally turning 

To provide maximum flexibility, it is desirable to be transistor E9 on. 
able to couple the output of a current mode logic switch Emitter follower ElO works in the same fashion as 
according to the teachings of the invention to any one emitter follower E9. However, it may have a different 
or more of a number of emitter follower arrangements, physical geometry or emitter feedback resistor RS may 
some of which may have different characteristics such 25 have a different value so as to present different voltage 
as different output voltage levels, logic swing or current levels on output line F2. Further, emitter follower E10 
source or sink capacity. may be designated so as to be able to source more cur-

To provide this flexibility, the circuit of FIG. 5 may rent to output line F2 to drive a long line. Thus, when 
be used according to the teachings of the invention. In steering signal EN10 is active high and steering signal 
the circuit of FIG. 5, a data output line A from the 30 EN10 is active low, NMOS transistor N9 is on enabling 
output of a current mode logic switch or any other type the current source transistor CS6 and NMOS transistor 
of similar logic switch circuit is coupled via line 51 to NS is off while PMOS transistor P7 is on thereby con-
two emitter followers comprised of ECL transistors E9 necting the base 56 of NPN transistor ElO to high speed 
and ElO which drive output lines Fl and F2. Each of data input A. To tum off E10, steering signal EN10 is 
these emitter follower transistors has an associated cur- 35 made inactive low and steering signal EN10- is made 
rent source and associated CMOS enabling circuitry. inactive high. 
Specifically, transistor E9 drives output line Fl and has Note that the architecture of the circuit of FIG. 5 
its emitter coupled to a current source transistor CS5 allows the high speed data signal A to drive either out-
which has an emitter feedback resistor R 7 and which put Fl or output F2, or both simultaneously or neither 
has its base coupled to a constant reference voltage Vref 40 depending upon the states of the steering signals EN9 
as was the case with the current source transistors of the and EN10 and their complements. 
circuits of FIGS. 1~. Tile CMOS enabling circuitry for Another high speed data input, B, on line 51 is cou-
emitter follower transistor E9 is comprised of NMOS pied to the base of an NPN emitter follower transistor 
transistors N6 and N7 and PMOS transistor P6. Like- E11 which also drives output F2. If level shifting of the 
wise, emitter follower transistor ElO has its emitter 45 output swing of output F2 were desired when driven by 
coupled to a current source transistor CS6 having emit- input B, emitter follower transistor Ell could be re-
ter feedback resistor RS. The base of the current source placed by two transistors in series such that two base 
transistor CS6 is coupled to the constant reference volt- emitter drops of approximately 850 millivolts would be 
age line Vref. The enabling CMOS circuitry for the imposed between the high voltage supply line 60 and 
current source ElO is comprised of NMOS transistors 50 the output F2 when the emitter follower Ell is turned 
NS and N9 and PMOS transistor P7. on. Emitter follower E11 and its steering circuitry 

Emitter follower E9 is enabled when the steering works the same way as emitter followers E9 and ElO. 
signal EN9 is active high and complementary steering Specifically, when steering signal EN11 is active high 
signal EN9- is active low. This state causes NMOS and its complement EN11- is active low, NMOS transis-
transistor N7 to be turned on thereby activating the 55 tor N10 is on and activates current source transistor 
current source transistor CS5 by coupling its emitter to CS7 by coupling the emitter thereof to low voltage 
the low voltage supply line 52. Because EN9- is active supply line 52. The base of transistor CS7 is coupled to 
low, NMOS transistor N6 is turned off and PMOS the constant reference voltage Vref as are the bases of 
transistor P6 is turned on thereby allowing the base of current source transistors CS5 and CS6. Simulta-
transistor E9 to assume whatever voltage high speed ro neously, NMOS transistor N11 is turned off by the low 
input signal A currently has. Note that although a state of EN11- and PMOS transistor PS is turned on 
PMOS transistor P6 is in the high speed signal path, the thereby connecting the high speed data input B to the 
load on this transistor is very light comprised of only base ·of emitter follower transistor Ell. This causes the 
one ECL transistor base and one NMOS transistor changes in logic level of high speed data input signal B 
drain. This light load does not appreciably slow down 65 to be reflected on output F2 while imposing the buffer-
signal propagation. It is necessary to use the P6 transis- ing, level shifting and current boosting benefits of the 
tor in the embodiment shown in FIG. 5 because it is emitter follower Ell between the high speed data input 
necessary to disconnect the high speed signal A from signal B and the output signal F2 which follows it. 
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· Thus, by driving steering signal ENtl active high input A can drive more emitter followers and more 

and steering signal EN10 inactive low and the comple- outputs, and the crossbar switching capabilities of input 
mentary steering signals to their corresponding ac- A or B being able to drive input F2 can be extended to 
tive/inactive states, it is possible to drive output F2 with more inputs and outputs by modification of the circuit 
input B. Likewise, by driving steering signal ENlO 5 of FIG. 5. Likewise, the concepts illustrated in FIGS. 
active high and steering signal ENll inactive low and 1--4 may be extended to more inputs and more outputs 
the complementary steering signals to their correspond- and can be extended to single ended technology. Gener-
ing active/inactive states, it is possible to drive output ally, differentially coupled current mode logic devices 
F2 with input A. It is not permitted to have both steer- are preferred, because the logic swing can be reduced 
ing signals ENlO and ENll active high at the same 10 with adequate noise immunity and therefore great 
time, although it is permitted to have both inactive low speeds can be achieved. However, where integrated 
simultaneously. circuit space is an issue, and the number of transistors is 

Note that the inputs A and B on lines 51 and 53 may to be held down, single ended logic can also be used. 
be coupled to any of the outputs shown in FIG. 1--4 For example, a single-ended, fast OR gate employing 
such as Y or Y- etc., and note that duplicate emitter 15 the teachings of the invention is shown in FIG. 6. In this 
follower circuitry may be used to couple to the comple- circuit, a differentially coupled pair current mode NPN 
mentary outputs. Also, the outputs Fl and F2 may be transistors 80, 81 and 84 are coupled to share a common 
coupled to the inputs of the single ended circuit of FIG. node 83. A reference signal Vbb is coupled to the base 
6 to provide any necessary one Vbe drop (base-emitter of transistor 81, and high speed data input signals A and 
voltage drop) to properly bias that circuit. The number 20 B coupled to the bases of transistors 80 and 81 have 
of possible permutations and combinations of the fast logic states which swing both above and below the 
switching circuits and emitter follower circuitry that level of Vbb. A constant current source comprised of 
does not impede the switching speed according to the transistor 86 and resistor 88 selectively drives the com-
teachings of the invention are too numerous to draw mon node 83 when NMOS transistor 9o is turned on. 
them all, but they will be apparent to those skilled in the 25 
art. Any fast switching circuit that uses MOS enabling This occurs when steering signal EN12 is active high. 
circuitry that is substantially removed from the data When this occurs,. PMOS transistor 82 turns off an? 
path to enable the switch or do a steering function for common node 83 is free to ~eek w~atev~r . voltage it 
the high speed data signals is equivalent to what is normally ~ssumes when the differenti~ pair 1s enabled. 
taught herein and intended to be within the scope of the 30 The tranststors 84? 80 and 81 then dnve the outputs Y 
claims appended hereto. and Y_·. Pullup resistors 92 and 94 couple th7 outputs to 

The consequence of use of the architecture of FIG. 5 t?e high ".oltage source. The v~ltage swmg~ of the 
in conjunction with the architecture of any of FIGS. st~al~ on m?uts A and B. can be mcr~ed t? mcrease 
1--4 is that the high speed switches of FIGS. 1--4 may be noISe llll:111umty, but the high l~vel of either signal can-
coupled to any other type of logic family regardless of 35 not be higher than one base-enutter volta~e drop below 
the logic levels of the logic family to which the high the lev~l of Vh on the. 100. Thus, an ermtter follower 
speed switches are to be coupled. The level of the out- ac?ording to the tea?hings .of FIG. 5 could be ~ed to 
put signals at outputs Fl and F2 can be raised by raising dnve the A and B mputs tf necessary to provide the 
the voltage at the high voltage supply line 60 or chang- necessary one base-emitter drop. The co!1cept of FIG. 6 
ing the values of emitter feedback resisters R7, R8 and 40 can be ~xtended to any o~ the other switches or ar~ays 
R9 and changing the characteristics of the current shown m FIGS. 1--4 as will be apparent to those skilled 
source transistors and/ or changing the reference volt- in the art. Further, although NPN bipolar current mode 
age Vref to alter the level of current flowing through logic technology is used for illustration, PNP bipolar 
the emitter feedback resisters. Likewise, output level technolog~ c~uld also be used, :md any differentially 
voltages can be shifted downward by coupling more 45 coupled crrcwt could also be smgle ended. Further, 
emitter follower transistors in series so that all transis- other high speed switching technologies either now 
tors in the chain tum on or off simultaneously with existing or to be invented in the future could also be 
changes in the input signal levels and so as to impose used to implement the teachings of the invention if the 
their base-emitter voltage drops in series between the slower enabling/steering logic is kept out of the high 
high voltage supply line 60 and the corresponding out- 50 speed data path. 
put. This level shifting can be done without loss of the What is claimed is: 
advantage of ECL speeds. This provides great flexibil- 1. A high speed switch, comprising: 
ity to designers. For example, in well-known differen- a pair of data inputs for receiving high speed, comple-
tial mode cascade logic, one set of data inputs coupled mentary input signals; one or more pairs of high 
to the lower differential pair substituted for the normal 55 speed complementary data outputs; 
current source must be driven between level changes a high voltage supply; 
which are uniformly one base-emitter voltage drop a low voltage supply; 
(approximately 850 millivolts) below the corresponding one or more differential pairs of current mode logic 
levels of the other set of data inputs coupled to the transistors having base terminals coupled to said 
upper differential pair. This can be done using the emit- 60 data inputs, each pair having a pair of collectors 
ter follower technology of FIG. 5, for example by driv- coupled to said high voltage supply and to one of 
ing one set of inputs with the Fl output and driving the said pairs of high speed complementary data out-
other set of inputs coupled to the lower differential pair puts, and each pair having emitters coupled to a 
with output F2 and substituting a pair of series coupled common node; 
emitter followers for single emitter followers ElO and 65 an essentially constant current source corresponding 
EU. to each said differential pair of current mode logic 

Those skilled in the art will appreciate that the con- transistors selectively coupling said common node 
cepts illustrated in FIG. 5 can be extended such that 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 signal input for receiving a steering signal; and 

enabling means for selectively coupling said constant s 
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 JO 
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 JS 
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- 2S 
rent 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 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; 3S 

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 of said outputs of said 
output pair, and having base terminals each of 4S 
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 differential coupled, current so 
mode logic transistors, each having a collector 
coupled to one of said outputs of said output pair, 
and having 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, each said differential coupled pair of 
current mode logic transistors having a pair of 
emitter terminals coupled to a common node; 60 

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 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 of said 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 
amplifiers, 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 differential amplifier having a pair of differen­
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 corresponding 
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 corresponding 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 CMOS 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 of a 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- 10 
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 of said switching devices of said 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 corresponding 
data input, such that by proper manipulation of said 
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 of said outputs of said 40 
output pair, and having base terminals each of 
which is coupled to one of the signal inputs of a 

45 

50 

55 

60 

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 of current 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. 

* * * * * 
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(57) ABSTRACT 

Tbe invention is an improved bank select read only memory 
in which the bit lines and virtual ground lines are precharged 
to ground instead of being precharged to an internal low 
supply voltage. Both of the two virtual ground lines are 
selected for the selected bit and both selected virtual ground 
lines are driven to ground during the precharge phase. At the 
top of the memory array, a ll virtual ground lines in the 
memory array are precbarged to ground during the precbarge 
phase. Next, during the sensing phase, the operation of the 
two virtual ground lines for the selected bit is changed to 
selectively hold one virtual ground line at g round and switch 
the second virtual ground line to a positive voltage. All bit 
lines are precharged to ground during the precharge phase. 
lo the following sensing phase, the selected bit line is driven 
positive by the selected memory core FET if it is pro­
grammed with a low tbreshold voltage. If the selected 
memory core FET is programmed with a high threshold 
voltage, the bit line remains floating at the ground level, or 
it may be beld at ground by means of the second virtual 
ground line, which is held at grou.nd, and by low threshold 
core FETs, adjacent to the selected core FET, which are 
connected to the selected word line. The total diffusion 
capacitance on a virtual ground line is minimized when the 
memory cells connected to the line are programmed with 
more logic zeros than logic ones. 

9 Claims, 12 Drawing Sheets 
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Virtual Ground and Bit Line Decoder DRIVER CIRCUIT FOR ADDRESSING CORE 
MEMORY AND A METHOD FOR THE SAME 

RELXfED APPLICATIONS 

A design for a virtual ground and bit line decoder is 
described in the copeoding parent application in connection 
with FIGS. 18-20 (N387). Another design for a virtual 

5 ground and bit line decoder is shown io copending applica­
tion N05.l-D in connection wich FIGS. 1-2. 

This is a divisional of application Ser. No. 08/487,841 
filed oo Jun. 7, 1995, U.S. Pat. No. 5,594,696, which is a 
continuation in part of application Ser. No. 07/912,112 
entitled VLSI Memory with Increased Memory Access 
Speed, Increased Memory Cell Density and Decreased Para­
sitic Capacitance, filed on Jul. 9, 1992, which issued as U.S. 
Pat. No. 5,241,497, and which in turn is a file wrapper 
continuation of application Ser. No. 07 /538,185 filed on Jun. 
14, 1990, and now abandoned. This application is also a 
continuation in part of application Ser. No. 08/016,811, 
entitled Improvements in a Very Large Scale Integrated 15 

Planar Read Only Memory, filed on Feb. l l, 1993, which 
issued as U.S. Pat. No. 5,459,693. Each of the foregoing 
referenced parent applications are explicitly incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

10 

20 

A previous interlock method was used in the CMOS 4 
Megabyte ROM circuit. A schematic diagram of a previous 
interlock method is presented in FIG. 8. 

The designs in tbe parent application both sbow 
approaches to decoding virtual ground lines and bit lines in 
a ROM. These previous decoder circuits are similar to the 
present decoder circuit, but the methods of decod.ing are 
different as will be described below. 

The interlock metbod shown in FIG. 8 is an example of 
a previous interlock method. The present interlock met bod is 
an improvement of this design. 

BRIEF SUMMARY OF THE INVENTION 

Grounded Memory Core Design and Metbodology 
Tbe memory core design oftbe invention is diagrammati­

cally shown in tbe chip layout depiction of FIG. 1 and in the 
corresponding schematic of FIG. 2. The operation of tbe bit The invention relates to the field of semiconductor memo­

ries and in particular to memory cores for read only memo­
ries (ROM, EPROM) or flash memories (EEPROM). 
Specifically, the invention relates to improvements in a 
method of precharging a memory core, sensing of the data 
lines in a memory core, aod address decoding of the memory 
core. 

25 lines and virtual ground lines of the circuit of the invention 
as shown in FIGS. 1 and 2 is very different from that 
described in the copending parent of this application. Tbe 
operation of the polysilicoo word lines, WLl-WLn, or the 
polysilicon select lines BS, CA, and CB are the same as 

2. Description of the Prior Art 
Grounded Memory Core Design and Methodology 
Architectures for very large scale integrated (VLSI) 

30 described in the parent, which is expressly incorporated 
herein by reference, and tberefore will not be described in a 
detail greater than necessary to provide contextual support in 
this specification. 

ROMs using virtual ground lines and diffusion bits lines to 
access banks of core cells are well known Descriptions of 35 
such architectures can be found in Okada, et.al. "18 Mb 
ROM Design Using Bank Select Architecture," Integrated 
Circuits Group, Sharp Corp. However, such architectures are 
subject to several limitations and drawbacks as a discussed 
in the parent applications of this application and as are 40 

implicitly further detailed in the brief summary below 
wherein the improvements of the invention of the prior art 
and over the an of the parent application are explained. 

Differential Sense Amplifier 
Although not prior art, the parent application shows a 

sense amplifier approach using a current mirror. A schematic 
drawing of this previous sense amplifier is presented in FIG. 

45 

21 of the parent, which is reproduced here as FIG. 5, since 
many of the improvements of the invention are best under-

50 
stood in comparison to the design in the parent application. 

Both approaches use the same clocking signals and have 
the same timing. Also, both approaches amplify voltage 
differences of about 0.15 volts. The previous design ampli­
fies voltages that are close to 2.0 volts with differences of 55 
about 0.15 volts. 

The current mirror approach used in the previous design 
loads the differential amplifier output nodes with an unbal­
anced capacitive load. Tbis unbalanced load favors one side 
of the latch over the other side of the latch. IL would be 60 

possible to add capacitance to the previous design to bal­
anced the nodes, but extra capacitance slows the latch and 
reduces the transient response of the latcb. 

There are at least five separate improvements in operation 
for the invention. First, the bit lines aod virtual ground lines 
are al l precba.rged to ground instead of being precharged to 
an internal low supply voltage of about 2 volts. In the parent 
application, the internal low voltage supply or precharge 
voltage is referred to as VPC. Tbe VPC voltage is not 
required for the invention. 

Second, the operation of the virtual ground lines in the 
parent was to first precbarge all virtual ground lines to VPC, 
then select one of the two virtual ground lines for the 
selected bit and switch it from VPC to ground .. The second 
virtual ground line for the selected bit remained floating at 
the VPC voltage level. 

lo the invention, both of the two virtual ground lines arc 
selected for the selected bit and botb selected virtual ground 
lines are driven to ground during the precharge phase. At the 
top of tbe memory array, all virtual ground lines in the 
memory array are precbarged to ground during the precharge 
phase. Next, during the sensing pbase, tbe operation of the 
two virtual ground lines for the selected bit is changed to 
selectively hold one virtual ground line at ground and switch 
the second virtual ground line to a positive voltage. This is 
accomplished by means of a modified virtual ground line 
decoder and driver which are new with the invention. 

Third, the operation of the bit lines in the prior art is to 
precharge all bit lines to VPC, and the tben tbe selected bit 
line is discharged coward ground if the selected memory core 
FET is programmed with a low threshold voltage. If the 
selected memory core FET is programmed witb a higb 
threshold voltage, the bit line remains floating at the VPC Because of the small difference in voltages being sensed, 

small imbalances in the previous design of tbe differential 
ampljfier may have a large enough effect to cause the 
differential amplifier to fa ll into !he wrong state. 

65 voltage level. 
In the invention, all bit lines are precharged to ground 

during the precharge phase. In the following sensing phase, 
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the selected bit line is driven positive by the selected 
memory core FET if it is programmed with a low threshold 
voltage. If the selected memory core FET is programmed 
with a high threshold voltage, the bit line remains floating at 
the ground level, or it may be held at ground by means of the 
second virtual ground line, which is held at ground, and low 
threshold core FETs, adjacent to the selected core FET, 
which are connected to the selected word line. 

Fourth, a core FET programmed with a low threshold 
voltage is used to define a logic zero at the ROM output, and 
a core FET programmed with a high threshold voltage is 
used lo define a logic one at the ROM output. By these 
definitions, the total diffusion capacitance on a virtual 
ground line is minimized when the memory cells connected 

4 
for negative noise vo ltage capacitively coupled lO the bit line 
from the core precharge clocks turning off. 

In the designs described in the parent application refer­
enced above, the bit Line may remain floating at the VPC 

5 voltage level du.ring the core sensing time, if the selected 
core FET is programmed with a high threshold voltage. To 
supply the selected memory core sector junction leakage 
curreot, and to supply charge to compensate for negative 
noise capacitively coupled to the bit line, a circuit, such as 

10 the one shown in FIG. 4 of the parent application is 
necessary. 

This type of circuit 1s not needed in the invention. 

to the line are programmed witl1 more logic zeros than logic 15 

ones. The definitions lake advantage of the fact that a core 
FET programmed with a low threshold voltage, a logic zero, 
bas a significantly lower diffusion junction capacitance. 
Also, the definitions take advantage of the [act that unused 
code space in a ROM code pallern is usually filled with logic 20 

zeros, and that some ROM code patterns, like a font code for 
generating alphanumeric characters, have more logic zeros 
than logic ones in the total code pattern. 

Elimination of this circuit provides a significant improve­
ment in the sensing performance of the invention. The 
circuit provides a small pull-up current to the selected bit 
line to compensate for both negative capacitively coupled 
noise and core junction leakage to the grounded memory 
substrate. When a selected memory cell switches the bit line 
toward ground, the memory cell must also switch the sruaJI 
pu.11-up current to ground. The "bit-low" switching time and 
voltage level is achieved more easily in the invention than in 
prior types of designs for ROMS using this type of circuit. 

Third, a ROM utilizing the invention can operate with a 
VOD supply voltage of 3 volts because the memory core is 
precharged 10 ground. Prior designs of ROMS with a 
memory core prechargecl to a low supply voltage, such as 

Fifth, the memory core as illustrated in FIG. 2 is not the 
only core circuit wbich can be used in the grounded core 25 

operating mode defined by the current invention. Other 
memory core designs which are compatible with the fol­
lowing circuit functions can be used, sucb as: 

VPC which is about 2 volts, require an operating VDD 
supply voltage more than 1.5 volts greater than VPC for 
operation of the precharge clocks, polysihcon word lines, 

1) a voltage sensing or current sense amplifier; 
2) a virtual ground line decoder circujt which selects both 

virtual ground lines VGLl and VGL2 associated with 
the selected main bit line bit line; 

3) a virtual g round line driver circuit to drive botb of the 
two selected metal virtual ground lines, and if a pre­
charge phase is used, botb of the two selected metal 
virtual ground lines are driven to precharge ground 
level, then, during the sensing phase, one of the two 
metal virtual ground lines is held at ground and the 
other of the two metal virtual ground lines is switched 
to a voltage source; and 

4) If a precharge phase is used, a precharge circuit is used 
to drive all metal virtual ground lines and metal bit Lines 
to ground du.ring the precharge phase. During the 
sensing phase, the precbarge circuit is turned off. 

Changing the operation of the memory core from the 
protocol described in the above referenced parent applica­
tion to that of the invention provides significant advantages. 
First, the low voltage supply, VPC, is eliminated. Some 
ROMS, having 8 megabits or more, may have a standby 
current specification of 100 microamperes maximum from 
the VDD supply vo ltage. Prior arl technology of maintaining 
an 8 megabit memory core at the VPC voltage during 
standby is impractical clue to the junction leakage current 
drawn by the memory core arrays in the ROM. 

Using a memory core precha.rged to ground eliminates 
VPC and resolves the standby junction leakage current 
problem. Using a memory core without a precharge phase 
and with current sensing as defined by the invention elimi­
nates VPC and resolves the standby junction leakage current 
problem. 

Second, in the invention the selected bit line is driven 
positive by the selected memory core FET if it is pro­
grammed with a low th.reshold voltage. The current from the 
selected core FET supplies the current to charge the bit line 
capacitance. Ir also s upplies the selected memory core sector 
junction leakage current and supplies charge to compensate 

30 and polysilicon sector select lines in the memory core. 
Fourth, a ROM utilizing the current invention can pre­

charge the memory core to ground, the precharge voltage 
level, in significantly less lime than required for ROMS with 
the memory core precharged 10 a low supply voltage, such 

35 as VPC, which is about 2 volts. The current invention 
utilizes an NFET with a grounded source for switching the 
memory core virtual ground lines and main bit lines to 
g round. This NFET has the foll VDD voltage applied from 
the gate terminal to tbe source terminal during the entire 

40 precharge time. The prior designs utilize an NFET in a 
source follower configuration for switching the memory 
core virtual ground lines and main bit lines lo a low voltage 
such as VPC. With this configuration, the voltage applied 
from the gate terminal to the source terminal, which is 

45 connected to VPC, decreases during the precharge time. This 
increases the required precharge time, and requires an oper­
ating VDD supply voltage more than 1..5 volts greater than 
VPC for minimizing the precharge time Lo VPC. 

The invention is an improvement in a memory having a 
50 memory core with a plurality of memory cells and a prede­

termined memory core substrate voltage. The memory cells 
are accessed at least in part by selection of corresponding bit 
lines and virtual ground lines coupled thereto. Tbe improve­
ment comprises precharging circuitry for precharging the 

55 virtual ground lines and bit lines in the memory core 10 the 
memory core substrate voltage. Virtual ground line and bit 
line decoder and precharging circuitry precharges previously 
selected virtual ground lines and bit lines in the memory core 
to ground. Virtual ground line driver circuitry first drives 

60 both selected virtual ground lines to ground during a pre­
charge phase and then selectively drives o ne virtual ground 
line to ground and the second virtual ground line lo a 
positive voltage level. Memory core junction leakage cur­
rent from the virtual ground lines and bit lines in the memory 

65 core is reduced to zero when the memory core is prechargecl 
to the memory core substrate voltage. The need for an 
internal low voltage supply for a precharge level is elimi-
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nated. VDD standby current and operating voltage level 
required for the memory is significantly reduced. 

The time required to precharge the memory core to the 
precharged voltage level at the beginning of a memory read 
cycle is significantly reduced. The precharging circuitry, 5 

virtual ground line and bit line decoder and precharging 
circuitry, virtual ground line driver circuitry and the memory 
core provide the main bit line with bit-low level and bit-high 
level voltages which are negligibly alfected by capacitively 
coupled negative noise voltages or by memory core junction 10 

leakage currents to the memory core substrate. The pre­
charging circuitry, virtual ground line and bit line decoder 
and precharging circuitry, virtual ground line driver 
circuitry, and the memory core provide a positive current to 
the main bit line for providing a positive voltage defined as 15 

a logic zero level or bit-high level and a precharged zero 
voltage level io the main bit line for a logic one or bit-low 
level. 

1be improvement further comprises bit l.ine voltage sens­
ing circuitry to sense bit-low level and bit-high level volt- 20 

ages on the main bit line at high speed with a bit-high 
voltage level of at least 150 millivolts and with a bit-low 
Level of approximately zero volts. 

Each memory cell comprises a core FET The core FET of 
at least one of the memory cells is programmed with a low 25 

threshold voltage defining a logic zero output. The precharg­
ing circuitry, virtual ground line and bit line decoder and 
prechargiog circuitry, virtual ground line driver circuitry, 
and the memory core for minimizing tota l diffusion capaci­
tance on the virtual ground line coupled to the memory cells 30 

when the memory cells are programmed with more logic 
zeros than logic ones, and for reducing capacitance associ­
ated with the core FET programmed with a low threshold 
voltage due to minimized total diffusion capacitance. 

The virtual ground line and bit line decoder and precharg- 35 

ing circuitry precharges previously selected virtual ground 
lines and bit lines in the memory core to approximately zero 
voltage. 

1be invention is also an improvement in a method of 
operation of a memory having a memory core with a 40 

plurality of memory cells and a predetermined memory core 
substrate voltage. The memory cells are accessed at least in 
part by selection of corresponding bit lines and two associ­
ated virtual ground lines coupled thereto from a plurality of 
bit lines and associated virtual ground lines in the memory. 45 

The improvement comprises the steps of precharging the 
virtual ground lines and bit lines in the memory core to the 
memory core substrate voltage. A pair of the virtual ground 
lines is selected in the memory. Both selected virtual ground 
lines arc driven to ground during a precharge phase. One of 50 

the selected virtual ground line is selectively driven to 
ground and the other one of the selected virtual ground line 
to a positive voltage level. 

Differential Sense Amplifier 
The parent application shows a similar sense amplifier 55 

approach using a current mirror instead of a cross coupled 
current source. A schematic drawing of this previous sense 
amplifier is presented in FIG. 21 of the parent, which is 
reproduced here as FIG. 5, since many of the improvements 
of the invention arc best understood in comparison to the 60 

design in the parent application. 
Both approaches use the same clocking signals and have 

the same timing. Also, both approaches amplify voltage 
differences of about 0.15 volts. The previous design ampli­
fies voltages that are close to 2.0 volts with differences of 65 

about 0.15 volts. The present design amplifies voltages that 
are close to ground with differences of about 0.15 volts. The 

6 
use of voltage level shifters, a cross coupled current source 
and inverters is unique to the present design. 

The present sense amplifier design amplifies voltage 
differences of signals that are about 0.15 volts. The previous 
sense amplifier design amplifies voltage differences of sig­
nals that are about 2.0 volts. 

The idea of using a cross coupled current source instead 
of a current mirror is not limited to the present design. This 
idea will work equally well in the previous sense amplifier 
and may be used without the voltage level shiCting circuitry. 

The current mirror approach used in the previous design 
loads the differential amplifier output nodes with an unbal­
anced capacitive load. This unbalanced load favors one side 
of the latch over the other side of the latch. The cross 
coupled current source approach loads the clilferential ampli­
fier with a balanced load. It would be possible to acid 
capacitance to the previous design to balanced the nodes, but 
extra capacitance would slow the latch and reduce the 
transient response of the latch. 

The voltage level shifters in the present design are impor­
tant because they allow the differential amplifier to sense 
signals that are close to ground with a voltage difference of 
about 0.15 volts. The voltage level shifters also shift the 
signals to a voltage that increases the gain of the differential 
amplifier. lo the previous design, the differential amplifier 
was limited to amplifying signals that were at the internal 
precharge voltage of the memory core, i.e. about 2.0 volts. 
By level shifting inputs to the differential amplifier from 
zero volts to about 2.2 volts, the differences of these level 
shifted signals can now be amplified with a conventional 
differential amplifier. 

It is important to note that the 1Lsc of level shifters is not 
limited to only sense amplifiers. FIG. 7 shows a timing 
circuit that employs voltage level shifting circuits and a 
differential amplifier. 

It is very desirable to have a symmetric design in a 
differential amplifier. 

The cross coupled current source approach is symmetric 
while the current mirror approach is not. Because of the 
small difference in voltages being sensed, small imbalances 
in the differential amplifier may have a large enough effect 
to cause the difJ'erential amplifier to fall into the wrong state. 
The idea of using symmetry to improve the balance of the 
sense amplifier extends beyond the design to the layout of 
the design. A symmetric and balanced layout may sense 
smaller voltage differences and operate faster than would 
otherwise be possible. 

The cros.s coupled current source approach can provide 
more gain than the current mirror approach. The gain of the 
cross coupled current source is controlled by four FETs. 

The present design uses two inverters to block half level 
signals from being outputted until the sense amplifier data 
has been latched. By blocking half level outputs of the 
differential amplifier, a race condition is eliminated and 
output enable signal, OE may switch sooner than would 
otherwise be possible. 

The invention is an improvement in a detection circuit 
having an input signal which is sensed. The improvement 
comprises a level shifting circuit for receiving the input 
signal and for shifting the voltage of the input signal to a 
predetermined level to output a voltage shifted level of the 
input signal. The predetem1ined level is within an operative 
range of detection of the detection circuit. 

The input signal sensed by the level shifting circuit bas a 
voltage close to ground. The detection circuit in the opera­
tive range is capable of distinguishing signal level differ­
ences at least as small as about 0.15 volts so that input 
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signals al least as lillle as about 0.15 volts above ground are 
reliably sensed. 

The level shifting circujt shifts the voltage of tbe input 
signal to the predetermined level within a wide range of 
selected voltages including the operative range of tbe detec- 5 
tion circuit. The predetermined level is where the detection 
circuit has the roost gain, speed and accuracy. 

The detection circuit comprises a differential amplifier 
having two differential outputs and the detection circu_it 
comprises a pair of cross coupled current sources to provide 

10 matched current sources to tbe differential amplifier. The 
pair of current sources are symmetric, balanced, have the 
same capacitive loadiog and the same impedance. The pair 
of cross coupled current sources initially provide two equal 
current sources, but become unmatched based on the output 
of the differential amplifier. The differential amplifier 15 

includes circuitry for providing positive feedback from the 
outputs to tbe pair of current sources to increase the gain and 
speed of the differential amplifier. 

The pair of current sou.recs bave two cross coupled FETs 
and the gain of the cross coupled current source is control led 20 

primarily by the two cross coupled FETs. A range of gains 
is provided to the differential amplifier by varying the 
width-to-length ratio of the two cross coupled FETs. The 
pair of current sources further comprise two FETs connected 
in parallel Lo the cross coupled FETs. Tbe gain of the 25 

differential amplifier also is further controlled by varying the 
width-to-length ratio of tbe two parallel coupled FETs. 

8 
method is inherently faster and uses less siljcon die area 
because fewer gates are used. 

lo comparison to the previous NMOS ROM patent and 
the CMOS virtual ground and bit line decoder, the present 
decoder is designed for use witb a memory core that is 
precharged to ground. The previous decoder was designed 
for use with a memory core that is precharged to a low 
voltage of about 2 volts. In the present design an additional 
decode is done by means of the SELV lines. Because this 
additional decode is done by means of the SELV lines, the 
present decoder uses fewer FETs and less area than would 
otherwise be possible. 

Crowbar currents may be very large in inverters and logic 
gates with large FE1s. When CMOS inverters and logic 
gates switch, there is a period of time where both the PMOS 
and the NMOS FETs are partially turned on. Tbe current that 
flows through these FETs is called a "crowbar current". 
Crowbar current is normally not significant but can become 
very significant wben large FE1s are used. 1l1is interlock 
method avoids these crowbar currents. 

Tbe invention is an improvement in a method for decod­
ing a plurality of virtual ground lines and bit lines in a 
memory comprising the steps of driving all virtual ground 
lines in the memory core low. 1wo virtual ground lines in a 
memory core are multiplexed by bolding a selected first 
virtual ground line low and keeping a selected second virtual 
ground line low for memory core discharge, and by driving 
the selected second virtual ground line high for core evalu­
ation. The core is then read or evaluated. All unselected 

The improvement further comprises two inverters to 
block half-level outputs of the diITerential amplifier u.ntil 
both outputs of the detection circuit have been latched. 30 virtual ground lines are kept floating during the step of 

evaluating the core. Tbe second virtual ground line is then 
switched low for memory core discharge in preparation for 
subsequent core evaluation. 

The invention is also an improvement in a method of 
detecting an input signal level the improvement comprising 
tbe steps of receiving the input signal, and shifting the 
vollage of the input signal to a voltage shifted output level. 
The voltage shifted output level is within an predetermined 35 

operative range of detection of a detection circuit. Tbe 
voltage shifted output level is detected to distinguish the 
signal level of the input signal level. 

Virtual Ground and Bit Line Decoder 
The design described in tbe copending application, 40 

M387-D for the virtual ground and bit line decoder, and the 
present virtual ground and bit line decoder both multiplex a 
selected main bit line, mBL. The previous NMOS ROM 
decoder selects one virtual ground line and drives this line 
to ground. All other virtual ground lines are precharged to an 45 

internal low supply voltage of about 2 volts. Tbe present 
design selects two virtual ground lines. These two lines are 
initially driven low. During the read cycle, one of the lines 
is driven high and the other line remains driven low. The 
virtual ground line that is driven bigb is determined by an 50 

address, AY[4). 

The improvement further comprising the step of precharg­
iog a BIT line to ground prior to the step of evaluating the 
core. Tbe BIT line is selectively coupled lo tbe bit lines in 
the memory. 

The invention is also a decoder for producing two 
memory multiplexing signals, SELVO and SELVl, capable 
of driving a large capacitive memory load. Tbe decoder 
comprises decode circuitry for selectively decoding an 
address signal to drive one of the two memory multiplexing 
signals, SELVO and SELVl, high and the other low. Drive 
circuitry generates tbe two memory multiplexing signals, 
SELVO and SELVl, in response to the decode circuitry. Tbe 
drive circujtry is tristated. 

The drive circuitry is comprised of a pair of two large 
FP:Js coupled in series. The memory multiplexing signals, 
SELVO and SELVl , are derived respectively from the cou­
pling between one of the pair of the two large FETs. Tbe 
drive circuitry comprises circuitry for turning each one of 
the two large FET.s off before turning on the other one of the 
two large FETs in each of the pairs of FE'ls, so that one of 
the FETs of each pair will always be off when the other one 
of the pair of FETs is on. 

Tbe memory mulliplex:ing signals, SELVO and SELVl, 
have a voltage level set by a decoder supply voltage, VSEL. 
Tbe memory multiplexing signals, SELVO and SELVl, bave 
the highest voltage level in tbe memory core. Voltage levels 
of the memory multiplexing signals, SELVO and SELVl, are 
set at a level low enougb to avoid memory breakdowns in 
the memory core. 

Like the NMOS decoder described in copending applica­
tion Ser. No. 08/016,811, entitled Improvements in a Very 
Large Scale Integrated Planar Read Only Memory, the 
CMOS virtual ground and bit line decoder multiplexes a 55 

selected main bit line and one virtual ground line. The 
CMOS decoder provides a better precharge than the NMOS 
decoder. ln the CMOS design, PCO is an input to the 
addresses YDL[0-7) and YDU[0-7). When PCO is high 
during core precharge, all the addresses YDL[0-7) and 60 

YDU[0-7) are bigh, all FETs in the decode are turned on, 
and all the virtual ground line and bit lines are precharged. 
This addfrional precbarging technique is not used in tbe 
present design although this technique is compatible with 
the present design. 

The invention is also an improved method of precharging 
a memory core having a plurality of virtual ground lines and 

65 main bit lines comprising the steps of prechargiog all of the 
virtual ground lines and main bit lines in the memory core 
to ground before the core is read through a precharge block 

In comparison to the prior designs, the improved interlock 
method provides the same function with fewer gates. This 
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Two selected virtuaJ ground lines are driven to ground 
before the core is read through precharge paths through the 
memory core independent of the prccharge block. 

The invention is still further a driver circuit for avoiding 
crowbar currents comprising two large FETs coupled in 
series. An output signal is derived from the coupling 
between the two large FETs. Circuitry is provided to turn 
each one of the two large FETs off before turning on the 
other one of the two large FETs, so that one of the FETs will 
always be off when the other one of the FETs is on. 

The invention can be better visualized by turning to the 
following drawings, wherein like elements are referenced by 
like numerals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of a chip layout of a memory core 
operated according to the invention. 

FIG. 2 is a schematic of the memory core shown in FIG. 
1. 

10 
CA, Column Select A, is a polysilicon line extending 

across the full width of a sector. It is the gate terminal of core 
FETs which connect specific diffusion bit lines in the block 
to each other. CB, Column Select B, is a polysilicon line 

5 extending acros.s the fuJI width of a sector. ll is the gate 
terminal of core FETs which connect specific diffusion bit 
lines in the block to each other. BL is a diffusion line in the 
block, or sector, which is the drain or source terminal for 
four columns of core FETs and four column select FETs 

10 controlled by CA or CB. The bit line signal from one of the 
sectors in the memory array is coupled to a metal bit line by 
block select BS. BL may refer to the diffusion or metal line. 
The metal bit line may be referred to as mBL, or main bit 
line. 

15 WL, Word Line, is a polysilicoo line extending across the 
full width of a sector. ll is the gate terminal of one row of 
programmable core FETs in the sector. BS, Block Select, is 
sometimes defined as Baok Select and is a polysilicon line 

FIG. 3 is a timing diagram showing the waveforms of the 20 

control signals used to drive the memory core of FIGS. 1 and 

extend.ing acros.s the fuJl width of a sector. H is the gate 
terminaJ of the core FETs which connect a diffusion bit line 
in a block to the metal bit line, or main bit line mBL. 

2. VGL, Virtual Ground Line, is a diffusion bit line io the 
FIG. 4 is a table of main bit line voltage values depending 

on the programmed states of memory cells in a row coupled 
to tbe main bit line. 

2
5 

block of memory cells shown in FIG. 2. There are two 
diffusion bit lines which connect to the drain or source 
terminals for two columns of core F.ETs and for two column 
select FETs controlled by CA. Each of the two diffusion FIG. 5 is a schematic of a sense amplifier used in the 

parent application. 
FIG. 6 is a schematic of the sense amplifier of the 

invention. 
FIG. 7 is a schematic of a timing circuit that employs 

voltage level shifting circuits and a differential amplifier. 
FIG. 8 is a schematic drawing of a previous interlock 

method to avoid crowbar current. 
FIG. 9 is a schematic of the virtual ground and bit line 

decoder circuit of the invention. 
FIG. 10 is a schematic drawing of the interlock method to 

avoid crowbar current. 
FIGS. 11a and b are a timing diagrams of the relevant 

decoder signals. 
FIG. 12 is a timing diagram showing the function of the 

interlock method. 

lines is connected to one of two metal buses which are also 
connected to corresponding diffusion lines in each block 
within a column of blocks in the memory array. Each of 

30 these two metal lines is defined as a virtual ground line. 
The array of cells includes a plurality of metal virtual 

ground tines 10, main bit lines 12, polysilicon word lines 
14(1)-{n), and polysilicon select lines 16. Each of polysili-

35 coo word lines 14(i), and polysilicon select lines 16 extend 
through each row of blocks of memory cells, or sector. Each 
of metal virtual ground lines 10 and main bit lines 12 extend 
through each column of blocks of memory cells. The metal 
lines run straight as, shown in FIG. l, for an optimum layout 

40 
design. The design comprises of a plurality of contacts 18 
connecting metal virtual ground lines 10 and main bit lines 
12 to corresponding ones of contacts 18 at each the end of 
each the blocks. 

The various embodiments of the invention can now be 
understood by turning to the following detailed description. 45 

A decoder circuit selects a column of the blocks and 
couples a virtual ground line driver to the selected pair of 
metal virtual ground lines 10 aod a sense amplifier to a main 
bit line 12 in the selected column of blocks. During the 
precharge phase, these circuits drive both of the two selected 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Grounded Memory Core Design and Methodology metal virtual ground lines 10 to ground, then, during the 
Consider now in detail the operation of the invention in a 50 sensing phase, one of two metal virtual ground lines 10 is 

memory core schematically shown in FIG. 2, and with the held at ground and the other of the Lwo metal virtual ground 
use of a vollage sensing sense amplifier circuit, modified lines is switcbed to a voltage source. 
virtual ground Line decoder and driver which are described Each block has a first and a second end. The virtual 
below. The invention incorporates a memory circuit having ground line contacts 18 are disposed solely at one encl of the 
an array of addressable memory cells organized into blocks 55 block with main bit line contact 18 disposed solely at the 
of memory cells. Ooe block of cells is shown io FlG. 2. A opposite end of the block. A second block of memory cells 
block is a segment of the core which is repeated in rows and identical in architecture to the first block of memory cells is 
columns to form the memory array. Io the invention, a block laid out with mirror symmetry relative to an imaginary line 
is defined as shown in FIG. 2. There are four columns of perpendicular to the virtual ground lines and disposed at one 
memory cells in a block. The word lines, CA, CB, and BS 60 end of the first block of memory cells. Contacts 18 with main 
select one cell in the block to be connected to the metal bit bit line 12 and virtual ground lines 10 to the first block of 
line, or main bit line. A sector of memory is defined as a row memory cells are used in common with the mirror syrn-
of blocks placed across the memory core or array which metrical second block of memory cells. 
have common word lines and BS, CA, and CB lines. The The plurality of memory cells 22 in the block is logically 
sector is repeated in n rows to form the complete memory 65 organized in columns. The columns of memory cells 22 are 
core or memory array. A ROM can be partitioned into one coupled together by diffusion bit lines 20, which cell 22 in 
or more memory cores. this case is comprised of a single FET. Each column has two 
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correspoadiog diffusioa bit lines 20 disposed along the 
length of tbe block of memory cells 22. Memory cells 22 are 
arraoged and configured into four columns with the ceoter 
bit diffusion line 20' shared by the secood and third columns 
of memory cells 22. Two virtual grouad lines 10 are sym- 5 
metrically disposed relative to the center diffusion bit line 
20'. A first circuit 24 controlled by CA is disposed at one encl 
of each block for selectively coupling the two diffusioa bit 
lines 20 for the first column of memory cells together and 
two diffusion bit lines 20 for the fourth column of memory 

10 cells together. A secood circuit 26 controlled by CB is 
disposed at the opposite encl of each block for selectively 
coupliog the center bit diffusioa line 20' \vith the two 
adjacent bit diffusion lines 20. 

As a result of the location of first and second circuits 24 
15 

and 26, the length of the circuit path of a sigoal read from 
any one of the addressed memory cells through bit diffusion 
Lines 20 does not exceed io aggregate substantially more 
than one length of the memory block. Parasitic capacitaace 
is avoided, memory access speed is increased, and the 

20 
capacity for memory cell density is increased. 

1be general structural architecture of the memory core 
now having been reviewed, consider the detailed description 
of operatioa of the grounded memory core of the invention. 
As shown in the schematic in FIG. 2, main bit line 12 is 25 
coupled through core FETs 28 to a ceotcr bit line 20'. Two 
memory cells 22, for example particularly denoted by ref­
erence oumeral 22(2), are coupled in series with each other 
in the memory core to form a pair. Other pairs of core FETs 
22 are coupled in parallel betweeo ceotcr line 20' to the outer 30 
diffusion bit lines 20 which are connected to virtual grouod 
lines 10. 1be gates of memory cells 22 like cells 22(2) are 
coupled to respective word lines 14(1) through 14(n). Col­
umn select core FETs 26 are coupled io parallel with N 
memory cells on each side of center bit line 20'. Column 35 
select core FE'Js 24 are coupled io parallel with N memory 
cells which are connected to outer di[-usion bit liaes 20. 

12 
column select signal, CA, is switched to a logic high level 
in order to select memory cells 22 in the second and third 
columns immediately adjacent to a maio bit line 12 sbowo 
in the middle of the schematic in FIG. 2. Column select 
signal, CA, turns on traosistors 24 to short each outer pair of 
diffusion bit lines 20 together in a pairwise fashioo. Outer-
most diffusion bit lines 20 are coonected to virtual grouod 
lioes 10, VGLl and VGL2. 

When column select signal, CB, is switched to a logic 
high level, it shorts the innermost diffusion bit lines 20 to 
center bit line 20' through transistors 26. Tbis will select the 
first and fourth columns in the array o( FlG. 2. 

In other words, signal CA will select the secoad aad third 
columas, while column select signal CB, will select the first 
aocl fourth columns, the columns being ordered and num­
bered from left to rigbt io the array of FIG. 2. For proper 
addressiag, only one of these two signals, CA or CB, is 
logically high at the same time. 

All left block cells, deootcd by dotted outline 34, are 
selected by switching the left virtual grouod line 10 in FIG. 
2 to a positive voltage level and holdiag the opposing or 
right virtual ground line 10 io FIG. 2 to the precharged 
ground level. Io such an instance, the cells within block 34, 
as opposed to the symmetrically disposed block of memory 
cells 36, are read out while those in block 36 are not. 

For the grounded memory core, the positive voltage level 
oo a virtual grouod line 10 is approximately two volts in 
amplitude at the end of the sensiog phase. A bit-high level 
oo the main bit line 12 is a positive voltage of approximately 
150 millivolts in amplitude at the cod of the sensing phase. 
A bit-line-low level is the precharge level of ground, or zero 
volts. 

In order to select, for example, cell 22(2), block select 
signal, BS, line 16, goes to a logical high selecting the block 
shown in FIG. 2. See FIG. 3 for the signal wave forms for 
the example of selectiog cell 22(2). The interval between Tl 
aod T2 is the prccharge cycle, between T2 and T3 the core 
evaluatioa cycle, and after T3 the core reset cycle. Signal 
BS, oa line 16, is coupled to t11e gates of two transistors 28. 
When switched high as shown oo line 38 io FIG. 3, BS 

Bit liaes 20 and 20' in FIG. 2, are n-type diffusion wires 
while main bit line 12 and virtual ground lines 10 arc metal 
wires of aluminum. Referring to FIG. 1, word lines 14(1) 
through l4(o) aod the column select sigaal lioes 16, CA, CB, 
and BS, are polysilicon wires. The metallic contacts 18 are 
denoted by the squares containing an X. Regions 30 denote 
ion-implanted regions. Threshold voltages in ion-implanted 
regions 30 exceeds the supply voltage so that core FETs 
disposed in regions 30 are not turned on even if the gate 
voltage goes to a logic h.igh. 

40 couples maio bit line 12 to center bit line 20' of the cell 
matrix block. Column select signal, CA, is a logical high as 
shown on liae 40 ia FIG. 3, aocl column select line, CB, is 
a logical low, thereby selectiog the second aad third col­
umns. The leftmost virtual ground lioc 10 in FIG. 2, VGLl, 

45 goes after time T2 to a positive voltage as shown in FIG. 3. 

Metal contacts 18 cooaecting the diffusion wiriag to main 

Rightmost virtual ground line 10 in FIG. 2, VGL2, is held at 
the prechargecl ground level thereby selecting the secoocl 
column of cells and deselectiag the third column of cells. 
Word line 14(1) switches to a logical high as sbowo oo lioe bit line 12, and metal contacts 18 connecting the diffusion 

wiring to virtual ground lines 10 are positioned at opposite 
eods of the memory cell blocks as best depicted in FIG. 1. 
Therefore, the resistance of the diffusioo wiriag elements 
from main bit line contact 18 to a virtual ground line cool act 

50 44 of FIG. 3 with each of the remaining word lines 14(2) to 
14(n) to a logical low thereby reading cell 22(2) as shown on 
lioe 46 of FIG. 3. 

18 remains constant regardless of the position of selected 
memory cell 22(2), because the resistance corresponds to the 55 

distance between metal contacts 18 for main bit line 12 and 
virtual grou.nd lines 10. The memory layout is designed so 
that the memory cell blocks are mirror symmetrical about 
line 32 with respect to transverse or borizontal wires or lioes 
(not shown) conoectiog contacts 18. As a result, the number 60 

of contacts 18 in the array is reduced by fifty percent as 
compared to conventional layout. As a further consequence, 
the capacitance and junction leakage current parasitics due 

Assume the selected core FET22(2), is programmed with 
a low threshold voltage. The curreot transmission path 
through the block of memory cells begins with the leftmost 
virtual grouad line 10 and ends \vitb the maio bit line 12, or 
mBL The current flows from leftmost line 10 to the left 
outermost diffusion line 20 in FIG. 2. See line 42 of FIG. 3 
for the voltage wave form oo VGLl, or lioc 10. With core 
FET 24 cootrolled by CA, the current flows through FET 24 
to the left ionermost dift'usion bit liae 20. The current flows 
along left innermost line 20 to the drain of the selected core 
FET22(2) aod through core FET22(2) to center diffusion bit 
line 20'. The curreot theo flows through the two parallel core to main bit line contacts 18 is reduced by fifty percent, 

thereby increasing switching speeds. 
Consider the operation of the grounded memory core \vith 

a voltage sensing sense amplifier. Referring to FIG. 2, a 

65 FETs 28 to the main bit line 12, or mBL The approximate 
voltage wave form on line 12, mBL, is shown oo line 46 in 
FIG. 3. 



5,812,461 
13 

The magnitude of the resultant voltage on the main bit line 
14 

time, or sensing time, does not provide time for main bit line 
U to charge to a higher voltage level. For example, for 
combination 4 in FIG. 4, the typical voltage on the main bit 
line U is 200 millivolts with VGLl being about two volts. 

U varies significantly, and is largely dependent upon the 
programmed threshold voltages of core FETs 22(1), 22(3) 
and 22(4) in the same row of the core as the selected cell 
22(2) in FIG. 2. These FETs have gates connected to WLl, 
line 14(1), and may also be turned on when FET 22(2) is 
selected. FIG. 4 shows the maximum voltage on the main bit 
line 12 as a function of the programmed threshold voltages 

5 The ROM which uses the invention incorporates a sense 
amplifier which can detect a 150 millivolt bit-high level. 

Now assume the selected core FET 22(2) is programmed 
with a high threshold voltage which is greater than the 
voltage applied to WLl. The only curreol flowing through of core FETs 22(1) through 22(4). There are eight combi­

nations for the programmed threshold voltages of the three 
core FETs 22(1) through 22(4) as shown in FIG. 4. The right 
band column shows the maximum main bit line voltage as 

10 FET 22(2) is a very low sub-threshold current which is 
negligible for bit line sensing. The current path from VGLl 
to center bit line 20' is then open, which allows the center bit 
line 20' and main bit line U to remain a precbarged ground a fraction of the virtual ground line voltage VGLL VGU, 

line 10, and diffusion line 20 are switched to ground by 
means of a virtual ground line decoder and driver circuit 15 

shown in FIGS. 9 and 10. 

First consider the effect on the main bit line voltage level 
of core FET 22(1) having a low threshold voltage. The low 
threshold voltage is denoted as C in FIG. 4. Now there is a 
second current path from VGLI to the drain of the selected 20 

core rET 22(2). The second path is along the outermost left 
diffusion line 20 through core FET 22(1) . Since the resis­
tance of both left diffusion lines 20 are equal, the resistance 
from the VGU line 10 to the drain of selected core FET 
22(2) is reduced to one-half t11e resistance of a single path. 25 

As a result, the voltage on mBL, line U , increases. Referring 
to FIG. 4, a comparison of combination 8 to combination 4, 
or combination 7 to combination 3, shows bow much the 
programmed state of core FET 22(1) affects the maximum 
voltage on bit !foe 12. 30 

The programmed threshold voltage of core FET 22(3) has 
the most pronounced effect on the main bit line voltage. If 
core FET 22(3) bas a high threshold voltage, the current in 
FET 22(3) is approximately zero. There are no direct current 
paths from the center bit line 20' to ground, and the maxi- 35 

mum main bit line voltage is equal to the voltage on VGLl, 
approximately two volts for the illustrated embodiment. 

If core FET 22(3) is programmed with a low thresbolcl 
voltage, a direct current path exists from the center diffusion 

40 
bit line 20' to VG!.2, line 10, by means of core FET 22(3), 
innermost right bit line 20, core FET 24, outermost right 
diffusion line 20, lo line 10, VGU. The resistance in this 
path from line 20' to VG!.2 can be approximately equal to 
the resistance in the path from bit line 20' to VGLl resulting 

45 
in the voltage on line 20' being approximately one-ha I[ of the 
voltage applied to VGLl. 

If both core FETs 22(3) and 22(4) are programmed to a 
low threshold voltage, the current from the source terminal 
of FET 22(3) can flow along innermost right bit line 20 and 50 

outermost right diffusion line 20 which reduces the resis­
tance from the source terminal of FET 22(3) to VG!.2, line 
10, to one-half. The effect of the programmed threshold 
voltage of FET 22( 4) on the main bit line 12 can be seen by 
comparing combinations 3 and 4 or combinations 7 aocl 8 of 55 
Fro. 4. 

voltage level, a bit-low level. 
Further assume that both selected core FET22(2) and core 

FET 22(3) are programmed with a high threshold voltage. 
Center bit line 20' is not coupled to either the inoermost left 
or right bit lines 20 so it is floating at the precharged ground 
voltage, a bit-low level. The voltage on floating bit line 20', 
or main bit line 12, can be affected by junction leakage 
currents or capacitively coupled noise voltages. Only noise 
voltages or juoction leakage currents, which can shift the 
floating main bit line positive, cao adversely affect the sense 
amplifier's reading of a bit-low level. For this reason, core 
junction leakage current to the grounded substrate does not 
affect the bit line which is floating at ground. Also, capaci-
tively coupled negative noise voltages from the turning off 
of the memory core prechargc clocks docs not adversely 
affect the bit-low voltage level of zero volts. 

Further, for a bit-high level which is a small positive 
voltage on the bit line, the negative noise voltages and the 
core junction leakage currents from the diffusion bit lines to 
substrate have negligible effect. This is because the selected 
core FET 22(2), with a programmed low threshold voltage, 
supplies a current to center bit line 20' which is orders of 
magnitude greater than the combined negative noise current 
and the core junction leakage from diffusion bit line 20'. 

in summary, the memory core as defined in FIG. 2 can be 
used in the grounded core operating mode defined by the 
current invention wit11: 

a) a voltage sensing sense amplifier; 
b) a virtual g round line decoder circuit which selects both 

virtual ground lines 10, VGLl and VG!.2; 
c) a virtual ground line driver circuit to drive both of the 

two selected metal virtual ground lines. During the 
precharge phase, both of the two selected metal virtual 
ground lines are driven to ground, then, during the 
sensing phase, one of the two metal virtual ground lines 
is held at ground and the other of the two metal virtual 
ground lines is switched to a voltage source; and 

d) a precharge circuit to drive all metal virtual ground 
lines and metal bit lines to ground during the precharge 
phase. During the sensing phase, the prccbarge circuit 
is turned off. 

Consider now the operation of the grounded memory core 
with a current sensing sense amplifier. The memory core 
shown in FIG. 2 can be used with other types of sense 
amplifiers than voltage sensing as described above. For 

The lowest voltage on main bit line 12, for a bit-high level 
occurs when core FET 22(1) is a high threshold voltage, and 
both core FETs 22(3) and 22( 4) arc low threshold voltages. 
This is shown by combination 4 in FIG. 4. For this case, the 
main bit line 12 vollage is a maximum of about 38% of the 
voltage on VGl2. The maximum voltages shown in FIG. 4 
are the levels which cou Id be reached if the core FET 22(2) 
is allowed a long time to charge the bit line capacitaoce to 
a maximum value. For the invention, the main bit line 12 
peak voltage, for a bit-high level, is about 25% of the levels 
shown in FIG. 4. 111is is because the typical core evaluation 

60 example, a current sensing amplifier can be used. This type 
of sense amplifier supplies a sensing current through a bit 
line decoder to the main bit line 12. 

The operation of the word lines and column select lines is 
the same as described above. The operation of the virtual 

65 ground lines is essentially reversed from that described 
above for a voltage sensing amplifier. This is due to the fact 
that the selected core PET must switch the sens ing current 
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lO ground, if the selected core FET is programmed with a 
low threshold voltage. If the selected core FET is pro­
grammed with a high threshold voltage, the sensing current 
must be allowed to charge the selected main bit line to a 
positive voltage by opening the sensing current path to 5 

ground. 
lo order lo select, for example, cell 22(2), block select 

signal, BS, line 16, goes to a logical high thereby selecting 
the block shown in FIG. 2. Signal BS, on line 16, is coupled 
to the gates of the two transiswrs 28. When switched high, 10 

BS couples main bit line 12 lo a center bit line 20' of the cell 
matrix block. Column select signal, CA, is a logical high, 
and column select line, CB, is a logical low thereby selecting 
the second and third columns. Left virtual ground line 10, 
VGLl, is switched to ground. Right virtual ground line 10, 15 

VGL2, could be allowed to float at the precharged ground 
level, or, for the preferred embodiment, it is driven to a small 
positive voltage having an amplitude which will minimize 
any current flowing in unselected core fo'E]s 22(3) and 22( 4), 
thereby allowing the sensing current to more rapidly charge 20 

the main bit line to improve memory speed. The virtual 
ground lines VGLl and VGL2 have thus selected the second 
column of cells and have deselected the third column of 
cells. Word line 14(1) switches to a logical high with each 
of the remaining word lines 14(2) 10 14(n) to a logical low 25 

thereby reading cell 22(2). 
Assume the selected core FET 22(2) is programmed with 

a low threshold voltage. The sensing current transmission 
path through the block of memory cells begins with the main 
bit line 12, mBL, and ends with left virtual ground line 10. 30 

With core FETs 28 controlled by BS, the sensing current 
flows from the main bit line 12 through FETs 28 to diffusion 
bit line 20'. The current then flows along line 20' to the drain 
of the selected core FET 22(2) and through core FET 22(2) 
to the left innermost diffusion bit line 20. With core FET 24 35 

controlled by CA, which is switched to a logical high, the 
current flows along left innermost line 20, through FET 24, 
and to le(t outermost diffusion bit line 20 which is connected 
to virtual ground line VGLl. As a result of the sensing 
current flowing through the low resistance path, the voltage 40 

on mBL, line 12, is held lo the a low level. This bit line 
voltage is defined herein as the bit-low level voltage. 

The magnitude of the resistance in the sensing current 
path from lhe main bit line 12 to the Je(l virtual ground line 
10 varies significantly, depending upon the programmed 45 

threshold voltage of core FET 22(1) in FIG. 2. This FET bas 
the gate connected to WLl, line 14(1), and may also be 
turned on when FET 22(2) is selected. 

Consider the effect, on the bit-low voltage level, of core 
FET 22(1) having a low threshold voltage. Now there is a 50 

second current path from VGLl to the drain of the selected 
core rET 22(2). The second path is along the outermost left 
difflLSion line 20 through core FET 22(1). Since the resis­
tance of innermost and outermost left diffusion lines 20 are 
equal the resistance from the VGLl line 10 to the drain of 55 

selected core FET22(2) is reduced to one-halftbe resistance 
of a single palh. As a result of !he sensing current flowing 
through the low resistance paths, the bit line low voltage, on 
mBL, line 12, is held to the lowest level for any combination 
of programmed threshold voltages of the core FETs shown 60 

in FIG. 2. 

16 
center bit line 20' and the main bit line 12 to be charged by 
the sensing current to a higher voltage level herein defined 
as a bit-high level voltage. 

The programmed threshold voltage of core FET 22(3), 
FIG. 2, bas an ef[ect on the main bit line voltage for a short 
time after the sensing current is switched to the main bit line 
12. If core FET 22(3) has a high threshold voltage, the 
current in FET 22(3) is approximately zero. There are no 
direct current paths from the center bit line 20' to VGL2, line 
114. Tbe sensing current can therefore charge diffusion bit 
line 20' to the sensing voltage level, a bit-low level or a 
bit-high level, in less time. 

If core FET 22(3) is programmed with a low threshold 
voltage, an undesirable current path exists from the center 
diffusion bit line 20' to VGL2, line 10, by means of core FET 
22(3), innermost right bit line 20, core FET 24, outermost 
right diffusion line 20, to line 10, VGL2. The resistance in 
this path from line 20' lO VGL2 can be approximately equal 
to the resistance in the path from line 20' to VGU. lfVGL2 
were floating at the precharged ground voltage level, 
approximately one-half of the sensing current would flow in 
this undesirable path for a significantly long time until the 
virtual ground line VGL2 was charged to a small positive 
voltage. The diffusion junction capacitance on the virtual 
ground line VGL2 is very high, since it is connected to all 
the memory cell blocks, typically 16, 32, or 64, in a column 
of the memory array. Because of the high capacitance on the 
virtual ground lines, the current sensing time is significantly 
long if, for this example, VGL2 is initially floating at the 
ground voltage level. 

The current invention solves the problem of high capaci­
tance virtual ground lines by using a virtual ground line 
decoder circu.it which selects both virtual ground lines, 
VGLl and VGL2, and a virtual ground line driver circuit 
which selectively drives one virtual ground line, VGLl , lo 
ground and the second virtual ground line, VGL2, to a small 
positive voltage having an amplitude, approximately equal 
to the bit-low level voltage, which will minimize the unde­
sirable current flowing in unselected core FET 22(3), 
thereby allowing the sensing current to more rapidly charge 
the main bit line to improve memory speed. 

The voltage on the main bit line 12, mBL, is only slightly 
affected by junction leakage currents or capacitively coupled 
noise voltages. Capacitively coupled negative noise voltages 
or junction leakage currents which can shift the main bit line 
negatively can adversely affect the current sensing sense 
amplifier's reading of a bit-high level. The magnitude of the 
sensing current is typically much higher than these currents. 
For this reason, core junction leakage current to the 
grounded substrate and capacitively coupled negative noise 
voltages from the turning off of the memory core precbarge 
clocks have little effect on lhe bit-high level voltage. 

Io summary, the memory core as defined in FIG. 2 can be 
used in the grounded core operating mode with: 

a) a current sensing sense amplifier; 
b) a virtual ground line decoder circuit which selects both 

virtual ground lines VGLl and VGL2; and 
c) a virtual ground line driver circuit which selectively 

drives one virtual ground line to ground and the second 
virtual ground line to a small positive voltage level 
approximately equal to the bit line low level defined 
herein. 

Differential Sease Amplifier 
Now assume the selected core FET 22(2) is programmed 

with a high threshold voltage which is greater than the 
voltage applied to WLL The only current flowing through 
FET 22(2) is a very low sub-threshold current which is 
negl igib.le for bit line sensing. The sensing current patl1 from 
center bit line 20' to VGL:1 is then open, which allows the 

A circuit which differentially amplifies voltages that are 
65 close to ground with differences of about 0.15 volts uses 

voltage level shifters, a cross coupled current source and 
inverters to provide increased speed, accuracy, and gain. 
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Symmetric cross coupled current sources are used in a 
differential amplifier to provide tbe differential amplifier 
with a balanced load. A symmetric and balanced layout 
senses smaller voltage dilierences and operates faster than 
would otherwise be possible. Tbe gain of the cross coupled 5 
current source is controlled by four FETs. 

Voltage level sbifters at the input to tbe differential 
amplifier allow the differential amplifier to sense signals that 
are close to ground with a voltage difference of about 0.15 
volts. The voltage level sbifters also sbift tbe signals to a 

10 voltage that increases tbe gain of tbe differential amplifier. 
Two inverters block balf level signals from being output­

ted until tbe sense amplifier data bas been latched. By 
blocking balf level outputs of tbe differential amplifier, a 
race condition is eliminated and output enable signal, OE, 
may then switch sooner than would otherwise be possible. 15 

Consider first the architecture of the sense amplifier of 
FIG. 6. Referring to FIG. 6, DMYHI and DMYLO are 
connected to gates of FET 50 and 52 respectively. DMYLO 
is a dummy bit line in the ROM core with ROM cells 
programmed to prevent DMYLO from charging during a 20 
read cycle. DMYLO is precbargcd to ground. DMYLO bas 
coupled noise voltages that are similar to those of a BIT line 
and the DMYHl line. It is used as a low voltage reference 
for all the sense amplifier circuits and the TRIG circuit. 
DMYHI is similar to DMYLO except the ROM cells on 25 
DMYHI are programmed to charge DMYHI from ground to 
a voltage level o( about 0.15 voHs. DMY}I ( is used as a BIT 
high voltage reference. 131T is the signal that carries the 
information from the memory core to the sense amplifier. 
Each BIT signal goes to a sense amplifier circuit. ROMs 

30 
typically bave more ll1an one BIT and sense amplifier. 
ROMs with 8 or 16 BIT lines are common. 

DMYHI serves as a BIT bigb voltage reference and 
DMYLO serves as a BIT low voltage reference. Because 
FETs 50 and 52 are connected in parallel the effective 

35 
reference voltage is a level between tbe DMYLO and 
OMYHI levels . BIT is connected to the gates of both FETs 
54 and 56. 

18 
cycle, the precharge clocks, PCl and PC2, are either high 
from the encl of the previous cycle, or they arc switched high 
to precharge the ROM to ground. PCl is a precharge clock 
signal. PCl precharges to ground all the virtual ground and 
bit lines in the core before and af1er core evaluation. PC2 is 
a prechargc clock signal and prechargcs to ground BIT, 
DMYLO and DMYHI before and after memory core evalu­
a1ion. 

The lime duration of the precharge is controlled by two 
circuits in the ROM called DCOK and OWDN (not shown). 
BIT is precharged to ground by PC2 switcbing high. 
DMYLO a.nd OMYHI are also precharged to g round by PC2 
sv.ritching high. 

Referring to FIG. 6, FET 72 is turned on by PC2. Since 
FETs 74 and 76 are turned on by SUN, nodes SLQ and 
NSLQ are equalized to the same voltage level while PC2 is 
high by means of FET.5 72-76. SLQ and NSLQ are the 
outputs of the differential amplifier comprised of FETs 
66-76 in FIG. 6 and are both input to and output of the latch 
circuit comprised of FETs 94-102. After tbe latching 
operation, SLQ and NSLQ are VOD/GND level signals 
representing the latched data. SLQ and NSLQ are inverted 
by inverters 86 and 88 to produce XQ and NXQ. XQ and 
NXQ connec1 to the output driver circuitry. 

SUN is high during memory core precharge to ground 
and while sensing the BIT, DMYLO and DMYH I inputs. 
When the data is latched by SLCH, SLIN switches low to 
disconnect the memory core and decode from the sense 
amplifier circuit. SLCH is a signal which is low du.ring 
memory core precbarge lo ground and sensing, and is 
switched high to latch the data defined by the voltage levels 
on node SLQ and NSLQ at the start of the latch operation. 

As long as the PC2 clock is high, output nodes SLQ and 
NSLQ remain at the equalized voltage level and do not 
respond lo inputs BIT, OMYLO and OMYHI. PC2 is held 
high until the inputs BIT, DMYLO, aod DMYHI arc free of 
noise and/or have reached the appropriate voltage levels for 
sensing. By this means, outputs SLQ and NSLQ are preset 
to equal voltage levels from which they can respond quickly 
to the input signals. 

Consider now the sensing the ROM core. Upon comple-
tion of the ROM core precharging, PCl and PC2 are 
sequentially switched low. Address decoding is completed 
during the precharge phase to select (1) the sector of the 
ROM core to be sensed, (2) !be word line within the sector, 

The sense amplifier bas two level shifting circuits. These 
circuits shift the low voltage inputs up to a voltage that the 

40 
differential amplifier can easily sense. FETs 54-60 form one 
level shifting circuit and FETs 50, 52, 62 and 64 fom1 the 
other level shifting circuit. The outputs from these level 
shifting circuits are the signals, SAIN and SAREF. SAIN 
and SAREF are inputs to the differential amplifier. By 
selectively changing some o( the widths of FE.Ts 54-60 and 
FETs 50, 52, 62 and 64, a wide range of voltages may be 
selected. A voltage that is optimal for the sense amplifier 
operation can thus be selected. 

45 and (3) the bit and virtual ground lines within the sector. 

The differential amplifier is composed of FE.Ts 66-84. 

After PCl is switched low, selected virtual ground lines are 
switched higb by control signals, SELVO or SELVl shown 
in FIGS. Ila and llb. DMYH I then starts charging rela­
tively slowly toward about 0.15 volt while DMYLO remains 

50 low at ground. All BIT lines, connected from the memory 
core to all the sense amplifier circuits, will either charge up 
like DMY}JI, or remain at about the DMYLO voltage level, 
depending upon how the selected ROM cells are pro-

The difterential amplifier compares the voltage of SAJN and 
SAREF. FETs 78-84 comprise a pair of cross coupled 
current sources that provides increased gain for the differ­
ential amplifier circuit. Inverters 86 aod 88 block half level 
ou1puts of the differential amplifier until tbese outpuls have 

55 
been latched. 

grammed. 
Consider in particular the sensing operation when BIT 

remains at the OMYLO level. At the start of the sensing 
phase, DMYLO, OMYHI , and BIT are at the ground voltage 
level, namely the BlT gates ofFETs 54 and 56, DMYHI gate 
of FET 50 and DMYHI gate of FET 52. BIT remains at zero 

The operation of the sense amplifier of FIG. 6 is described 
in four phases. They are: 

(a) precharging to ground the ROM core, DMYLO, 
DMYH I, and all of the BIT lines; 

(b) sensing the ROM core to charge OMYHI and, depend­
ing upon the programmed data, the BIT line; 

(c) latching the data; and 
(cl) au tomatically powering down the sense amplifier and 

retaining the latched data. 
Coosider the first phase of precbarging the ROM core, 

OMYLO, OMYHI and BIT Near the beginning of a ROM 

60 volts. SAIN and SAREF are at the same voltage level of 
about 2.2 volts. The source of FE.Ts 66 and 68 is node Vs 
which is coupled to ground through FET 70. FET 70 has its 
gate controlled by VRN. VRN is an internal reference 
voltage for the differential amplifier current source, FET 70, 

65 used in the sense amplifier circuit. 
Tbe gates of FETs 66 and 68 start out at a balanced 

voltage. As DMYHI ramps relatively slowly upward to 
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about 0.15 volts, the conductance of FET 50 becomes less, 
SAREF is driven higher, and SAIN remains at the same 
voltage level. As SAREF is driven higher, the conductivity 

20 
case when B IT remains low like DMYLO, node SLQ is at 
a higher voltage level than NSLQ at this time, and FET 98 
conducts more current than FET 96. FET 98 thus drives 
NSLQ toward ground faster than FET 96 drives SLQ, of FET 68 increases and NSLQ is driven to a lower voltage 

level than SLQ. 5 resulting in FET 96 being turned off, and NSLQ being driven 
low by FET 98. Consider the sensing operation when BIT charges like 

DMYHI. At the start of the sensing phase, DMYLO, 
DMYHI, and BIT are at the ground voltage level, namely 
BIT gates of FETs 54 and 56, OMYHI gate of FET 50 and 
OMYHI gates of FET 52. SAIN and SAR EF are at the same 10 

vollage level of about 2.2 volts. Both BIT and OMYHI then 
ramp relatively slowly from the initial ground level to about 
0.15 volts. As DMYHI ramps up slowly, the conductance of 
FET 50 becomes less and SAR EF is driven higher. At the 
same time BIT ramps up slowly, the parallel conductance of 15 

FETs 54 and 56 becomes less and SAIN is driven higher. 
Because BIT gates are the two FETs 54 and 56 and DMYHl 
gate is only one FET 50, SAIN is driven high at a faster rate 
than SAREF. The gates of FETs 66 and 68 start out at a 
balanced voltage. As SAIN is driven higher at a faster rate 20 

than SAREF, the conductivity of FET 66 increases faster 
than the conductivity ofFET 68 and SLQ is driven to a lower 
vollage level than NSLQ. 

By selectively varying the gate widths of FE1s 50-64, the 
level shifting circuit can shift the voltages SAJ N and SAREF 25 

over a wide range of different values. The widths are ratioed 
so that the differential amplifier operates with input voltage 
levels providing maximum gain. This selling of voltages 
improves the speed and accuracy of the differential ampli­
fier. On the previous differential amplifier of FIG. 5, the 30 

input levels were set at the internal precharge voltage of the 
memory core and could 001 be optimized for the best sense 
amplifier performance. 

1be present design employs a cross coupled current 
source to provide two current sources for the differential 35 

amplifier. Initially these current sources are matched and 
have the same capacitive load and impedance. As NSLQ and 
SLQ change, so do the current sources so that gain is 
provided to NSLQ and SLQ. For example, if BIT changes 
like DMYLO, then SLQ will start to go higher than NSLQ. 40 

As SLQ starts to go higher then the conductance of FET 90 
is reduced which helps NSLQ to go lower and increases the 
vollage difference between NSLQ and SLQ. In the case 
where NSLQ starts to go higher, the conductance of FET 92 
is reduced which helps SLQ to go lower and increases the 45 

voltage difference between SLQ and NSLQ. 
FE'fa 90 and 92 can by themselves provide too much gain. 

Next, as SUN switches low, FET.s 100 and 102 drive the 
souxce terminals of FETs 104 and 106 high. Since NSLQ is 
held low by FET 98, FET 104 conducts a higher current than 
FET 106. FET 104 then drives SLQ to VOO. AJso, as SUN 
switches low, FE'Ts 74 and 76 are turned off which isolates 
the input FETs 66 and 68 from the latch circuit. This 
prevents the subsequent precharge of BIT, DMYLO, and 
OMYHl from affecting the latched data. 

Io the case when BIT charges high like DMYHI, NSLQ 
is initially at a higher voltage level than SLQ, and NSLQ 
will be higher than SLQ after the latch operation. Since the 
latch circuit comprised of FETs 94-102 is symmetrical the 
latching operation is reversed for the case when BIT is low 
as compared to the case when BIT is high as described 
above. 

The design of the differential amplifier is opiiolized so 
that the voltage level of SLQ and NSLQ is above the trigger 
point of the inverters 86 and 88 during the sensing time. The 
outputs of the sense amplifier, XQ and NXQ, are therefore 
both low uo1jl the data starts to latch. Before the data starts 
to latch, neither NSLQ nor SLQ falls below tbe trigger point 
of the inverter. The outputs of the differential amplifier, 
NSLQ and SLQ, are latched by the time that one of these 
outputs falls below the trigger point of either output inverter 
86 and 88. lo this way, the inverters act to block half level 
outputs of the differential amplifier until data is latched. 

In previous designs there existed a race condition between 
the output enable signal, OE, switching high and the outputs 
of the differential amplifier being latched. If OE switches 
high too soon, then incorrect data could be sent to the output 
drivers and this data may be outputted. OE can be delayed 
to ensu.re tbat OE does not switch high too soon, but th is 
time would be added to the access lime of tbe ROM. Since 
the inverters block half level outputs from the differential 
amplifier until the data is latched, the race condition does not 
exist and OE may switch high sooner than would otherwise 
be possible. 

Finally consider the powering clown of the sense ampli­
fier. The sense amplifier automatically powers down at the 
end of a read cycle. When SLPD switches high at the end of 
a read cycle, FETs 78, 80, 60 , and 64 are switched off. There 
is no cu.rrent path through the voltage level shifters from 
VDD to ground. The latch circuit comprised ofFETs 94-102 
drives SLQ and NSLQ to VDD or ground depending upon 
the data latched. With SUN low, and SLPD high, there is no 
current path from VDD to ground, so the power dissipation 
is zero for the remainder of the memory cycle. 

The sense amplifier also operates in a stand by mode. In 

FETs 82 and 84 are used in parallel to control the gain of the 
cross coupled current source. As the width-to-length ratio 
(W/L ratio) is increased for FETs 82 and 84, the gain of the 50 

cross coupled current source is reduced. As the width to 
length ratio (W /L ratio) is increased for FETs 90 and 92, the 
gain of the amplifier is increased. The desired gain for the 
amplifier is determined and controlled by the channel 
dimensions of FETs 82, 84, 90, and 92. 

Consider now bow the data is latched. The ROM has a 
circuit, herein called TRIG and shown in FIG. 7, which 
detects when DMYH I is about 0.15 volts above DMYLO. 
When this occurs, another conventional tinling circuit (not 
shown), herein called SAMPCNTL, sequentially and 60 

quickly switches SLCH high, then SUN low, and then 
SLPD high. SLPD is low during memory core precharge to 
ground, sensing and latching of the data, then switches high. 
The high level reduces the power dissipation of the sense 
amplifier to zero. The latched data is retained. 

55 the stand by mode, power consuming circuits in the ROM 
are shut down to save power. NCE is switched high and 
SLPD switches high. Because SLPD switches high, FETs 
336 and 338 in FIG. 5 from the previous sense amplifier 

As SLCH switches high, FET 94 in FIG. 6 drives the 
source terminals of FETs 96 and 98 toward ground. In the 

design are not needed. Power down in the stand by mode is 
the same as automatic power down at the end of a read cycle. 

As stated, voltage level shifters can be used to advantage 
in other circuits. The use of the voltage level shifters in other 
circuits is demonstrated in FIG. 7 . lo this case, the voltage 
level shifters are used with a differential amplifier to geo-

65 erate the signal, TRIG, in a timing circuit used in the ROM. 
DMYLO and DMYH I are reference voltages that are close 
to ground with a voltage di fference of about 0.15 volts. FETs 
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connected to ground, a gate connected to PCl, and a drain 
coonected to either a main bit line or a virtual ground line in 
the memory core. PCl is a precharge clock sigoal. PCl 
precharges to ground all the virtual ground aod bit lines in 

104-108 and 110-114 are two voltage level shifters. The 
outputs of these voltage level shifters are TRO and TRl. TRO 
and TRl are ioputs to a differeotial amplifier that is used as 
a timiog circuit. Wheo the voltage differeoce between 
OMYLO and DMYHI becomes large enough, the differen­
tial amplifier detects this difference and TRTG switches from 
low to high. Voltage level shifting circuits may thus be used 

5 the core before and after core evaluation. VOL is the virtual 

with cooventional CMOS differential amplifiers. 
Virtual Ground and Bit Line Decoder 
A CMOS virtual ground and bit line decoder multiplexes 10 

a selected main bit line and two virtual ground lines. The 
CMOS decoder provides an improved precbarge to the 
memory core as compared to NMOS decoders, because the 
decoder is designed for use with a memory core that is 

ground line. The core has many virtual ground lines, but 
only two are selected for each selected bit. One selected 
virtual grouod line stays low. The other selected virtual 
ground line is low at the beginning of the cycle to help 
discharge the memory core and then switches bigb to act as 
a voltage source for tbe memory core. After core evaluation, 
this selected virtual ground line switches low again to help 
discharge the memory core for the start of the next core 
evaluation. All virtual ground lines are precharged to ground 

precharged to ground. 
Io the present desigo an additional decode is done by 

meaos of the SELY lines. Because this additional decode is 
done by means of the SELV lines, the present decoder uses 
fewer FE'Js and less area than would otherwise be possible. 

15 during core precharge. All unselected virtual ground lines 
are floating at ground during core cvaluatioo. 

Ao improved interlock method is provided in a circuit 20 
which is inherently faster and uses less silicon die area 
because fewer gates are used. Crowbar current is normally 
not significant but can become very significant when large 

Every main bit line aod virtual ground line in the memory 
core is connected to a precharge FET in precharge-to-grouod 
block 117. A memory core block 121 is also shown in FIG. 
9. Block 121 is repeated in rows and in columns to form the 
memory array. A detailed drawing of memory block 121 is 
described in coooectioo with FIGS. 1 and 2. 

FIG. 9 furt her shows that the drain of FET 128 is 
FE1s are used. This interlock method avoids these crowbar connected to BIT, its source is connected to ground, and its 
currents. 25 gate is connected to PC2. When PC2 switches high, BIT is 

Consider first the architecture of the virtualgrouod aod bit precharged to ground through FET 128. PC2 is a precharge 
line decoder circuit. The virtual ground and bit line decoder clock. PC2 precharges to ground all BIT lines before aod 
circuit functions as a multiplexer. FIG. 9 shows a simplified after core evaluation. 
schematic of how Lhis function is implemented. Io FIG. 9, Consider now the circuit which generates the multiplex-
SELVO and SELYl are mapped into many virtual ground 30 ing control signals, SELYO and SELVl. FIG. 10 shows the 
lines in the core and one of maoy main bit lines from the core circuit that geoerates SELVO and SELYl. Address AY[ 4) is 
is mapped to the BIT line. The lines carrying the signals, inverted once and used 10 generate SELYO. Address AY[ 4) 
SELVO and SELVl, are collectively known as the SELV is inverted again 10 generate SELVl. This address enables 
lines. SELVO is a control signal from one of two voltage one SELV line to go high during a read cycle and forces the 
sources for the virtual ground lines. The present design bas 35 other SELV line low. For example, if AY[4) is high then 
two virtual ground voltage sources. Both voltage sources are node 130 is high, oode 132 is low, and oode 134 is high. FET 
initially low, t11eo ooe voltage source goes bigb while the 136 will be on aod SELYO will be forced low. 
other voltage source stays low. The voltage source that goes Consider now how the interlock circuit of FIG. 10 avoids 
high is determined by an address decode. SELVl is a control crowbar currents in a driver that must switch large capacitive 
sigoal from the other one of the two voltage sources for the 40 loads. NAND gate 138 bas the inputs SEL and AY[ 4] 
virtual ground lioes. AY[ 4) is the address that determines inverted twice. SEL is a memory cootrol signal which 
whether SELVO or SELVl will go higb during a read cycle. controls the rising and falling edges of SELVO and SELVl. 
If AY[ 4) is low, then SELVO will go bigh. If AY[ 4) :is high, Wbeo SELgoes high, SELVO or SELVl will rise. Wbeo SEL 
then SELVl will go high. The signal, mBL, refers to the goes low, SELVO and SELVl will go low. 
main bit line of the ROM. The maio bit lioe is the selected 45 The output of NAND gate 138 is node 140. Node 140 is 
bit line through which the selected core FETcao output data. the input of inverter 142 whose output is node 144. Node 
Data from the memory core is read through the main bit line. 144 is an input to a complex gate 146. Gate 146 also has 

The multiplexer bas two sets of addresses as shown in inputs SEL and AY[ 4) inverted twice. Node 144 gates FET 
FIG. 9. YDL[O) through YDL[7) are decoded lower 148 and oode 150 gates FET 152. The drain of FET 148 is 
addresses. YDU is a decoded upper address. These address 50 connected to VSEL. VSEL is a voltage source for the SELV 
lines go to the gates of FETs that act as pass transistors. lines. VSEL may be shorted to VDD or may be at a lower 
These pass transistors are connected in series. For example, voltage. The source of FET 148 and the drain of FET 152 are 
YOL[3] goes to tbe gate of FETs 116-120 aod YDU goes to connected together and form SELVl. The interlock circuit is 
the gate of FETs 122-126. FET 116 is in series with FET repeated in FETs 136, aod 154-160 to geoerate SELVO as 
122, FET 118 is io series with FET 124, and FET 120 is in 55 described above. 
series \vith FET 126. Several different multiplexing designs Crowbar currents may be very large when inverters and 
are compatible with the invention and the one chosen is logic gates use large FETs. When CMOS inverters and logic 
illustrated not by way of Limitation but only by example for gates switch, there is a period of time where both the PMOS 
the purposes of clarity. The design of the low address block aod the NMOS FETs are partially turned on. The current that 
is unique. For example, multiplexiog methods with aoy 60 flows through these FETs is called crowbar curreot. Crowbar 
number of pass gates connected in series may be used. The current is normally not significant, but can become very 
present design has two FETs in series but will also work significant when large FETs are used. This interlock method 
without the high address block decoder or with two high avoids these crowbar curreots. If this method, FETs 148 aod 
address blocks connected in series. 152 are very large FETs because they must drive a very large 

FIG. 9 also shows a precharge-to-grouod block 117. 65 capacitive load. The interlock method was devised to ensure 
Block 117 is composed of a plurality o( FETs 119, all of that FET 148 turns off before FET 152 turns on, and that 
which are connected in parallel. Each FET 119 has a source FET 152 turns off before FET 148 turns on. In this method 
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there can be no crowbar current through FETs 148 and 152 
because one of these FETs will always be off when the other 
FET is on. 

Consider the operation of the virtual line decoder circuit 
and bit line decoder circuit as improved in the invention. 5 

FIGS .. ll_a and b arc timing diagrams of the virtual g round 
and b1~ l~ne decoder operation. These timing diagrams arc 
very s umlar to FIG. 3, but additional timing signals have 
been added which are relevani to the operation of the virtual 
ground and bit Line decoder. The time between Tl and T2 is 10 

the memory core prccharge time. ·n,e interval between T2 
and T3 the core eva luation period, and the interval after T3 
the core reset period. SEL is low on timing line 162 and both 
SELVO and SELVl are at ground on timing lines 164 and 
~66 respectively.his at Tl that PC l switches high on timing 1s 
line 168 and the core is prcchargcd to ground through 
prccharge-to-grouncl block 117 as shown in FIG. 9. Thus, 
before the s tart of each read cycle, a U the virtual ground line 
and main bit line of the memory core are driven to ground 
by means of the PCl clock. The selected two virtual ground 20 

lines arc additionally precharged to ground through another 
path in the decoder circuit. The upper and lower addresses 
are selected during the core precharge time and SELVO and 
SELVl are both driven to ground during the Tl to T2 
interval. Thus there exists a precharge path 10 ground for the 25 
two selected virtual ground lines. For example, in FIG. 9, if 
YDL[3] and YDU switch high during the core prccharge 
time, SELVO and SELVl are both low and VGU and VGL2 
are precharged to ground through FET 116, FET 122, FET 
UO and FET U6. PC2 switches high on timing line 170 as 30 
PCl switches high on timing line 168. BIT is precharged to 
ground through FET 128. 

After the core and the word line from the previous cycle 
have ~een adequately discharged, SEL switches high and 
then either SELVO or SELVl goes high. A FET in the ROM 35 

is selected by the appropriate combination of WL, BS, 
SELVO or SELVl , and CA or CB line. lbe sional BIT on the 
main bit line will rise if the selected memo~y core FET is 
programmed ,vith a low threshold level. lbe signal BIT on 
the main bit line will stay low if the selected memory core 40 

FET is programmed with a high threshold level. 
Di[erenl paths through the memory core arc selected by 

SELVO and SELVL If SELVO goes high, then one path 
through the memory core is selected. If SELVl goes high, 
then another path through the memory core is selected. The 45 

decoding of the two SELV lines is unique and necessary for 
proper addressing of the selected memory cell . By decoding 

24 
line through the same path which charged the main bit line 
h1gb as shown on timing line 174. This is the case where it 
is important to discharge tbe main bi t line. Io the other case 
where there is no current path from the virtual ground lines 
to the main bit line, the main bit line has not risen and does 
not need this extra prccharging to ground also shown on 
timing line 174. 

Proper operation of the interlock method requires that the 
two large output FE1s 148 and 152 must never both be on 
at the same time. To ensure Ibis condition, node 144 must be 
low before node 150 starts to switch high, and node 150 
mus t be low before node 144 starts to switch high. 

FIG. 12 s hows a timing diagram of the interlock c ircuit. 
Signal AY[ 4) switches first on timing line 176 and later SEL 
g~s bigh on timing line 178. IfAY(4] is high, then node 140 
sw11ches low, node 144 switches bigh, and FET 148 drives 
SELVl high as shown on timing line 180 aflerSEL switches 
high on Liming line 178 . tr AY[4] is low, then node 130 
switches low, node 132 switches high, and FET 158 drives 
SELVO high after SEL switches high. 

Assume that AY( 4) switches high. When SEL switches 
high, there are two timing paths to consider. In one path , 
node 140 switches low, node 144 switches high, and FET 
148 turns on. lo the other path, node 150 switches low and 
FET 152 turns off. The patb tbat turns FET 152 off has fewer 
stages than the path that turns FET 148 on. Because the path 
that turns FET 152 o[ has fewer stages, this path is faster 
than the path that turns FET 148 o n. FET 152 is su !Iiciently 
turned off before PET 148 turns on so that crowbar current 
is negligible. 

When SELs,vitches low at the end of a cycle, there is only 
one tim!ng path to consider. Node 140 switches high, node 
144 sw11cbcs low, and node 150 switches bigh. Because 
node 144 switches low before node 150 switches high FET 
148 is sufficiently turned off before FET 152 turns on~ 1ba1 
crowbar current is negligible. 

Many alterations and modifications may be made by those 
having ordinary skill in the art without departing from the 
spirit and scope of the invention. 

Therefore, it must be understood that the illustrated 
embodiment has been set forth only for the purposes of 
~xamp_le and that it should not be taken as limiting the 
rnv~ot10n as defined by the following claims. The fo llowing 
clauns arc, tberefore, to be read to include not only the 
co~bination of elements which are literally set forth, but all 
eqwvalent c lements for performing substan tially the same 
fonction in s ubstantially the same way to obtain substao­
tiaUy the same result. The claims are thus to be understood 
to include what is specilicaUy illustrated and described 

an address in the two SELV lines, the virtua l ground line 
decoder is made simpler, less FETs are needed and the 
silicon die area of the circuitry is reduced. 50 above, what is conceptionally equivalent, and also what 

essentially incorporates the essential idea of the invention. By controlling the voltage of VSEL we can control Lbc 
voltage level o f the SELV lines. The SELV lines have the 
hig hest voltage in the memory core. High voltages in the 
memory core can cause the FETs of the memory core 10 
breakdown because of the very smaU dimensions of these 55 
FETs. By contro lling the voltage level of VSEL, FET 
breakdowns in the memory core can be avoided. 

At the end of the read cycle at time T3, the selected SELV 
line, SELVl for example on timing line 166, is forced low 
as quick_ly as possible by SEL going low on timing line 162. 60 

By forcing the selected SE.LY line low, the selected virtual 
ground line is quickly precharged to ground and made ready 
for tbc next read cycle during core reset as shown on timino 
line 172. If the selected main bit line bas been driven biob 
during the previous read cycle, then there exists a path fro"'m 65 

the virtual ground lines to the main bit line. Switching the 
virtual ground lines low will therefore discharge the main bit 

We claim: 
1. _An improvement in a method for decoding a plurality 

of virtual ground lines and bit lines in a memory core 
comprising the steps of: 

driving all virtual ground lines in sa id memory core tow; 
multiplexing two virtual ground lines in a memory core, 

by holding a selected first virtual ground line low and 
keeping a selected second virtual ground line low for 
memory core discharge; and by driving said selected 
second virtual ground line hig h for core evaluation; 

evaluating said memory core; 
keeping all unselected virtual ground lines floating durino 

said step of evaluating said memory core; and "' 
switching said second virtual ground line low for memory 

core discharge in preparation for subsequent memory 
core evaluation. 
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2. The improvement of claim 1 further comprising the 
step of precharging a BIT line to ground prior to said step of 
evaluating said core, said BIT line being selectively coupled 
to said bit lines in said memory. 

3. A decoder for producing two memory multiplexing s 
signals, SELVO and SELVl, capable of driving a large 
capacitive memory load, said decoder coupled between a 
high voltage supply and around and comprising: 

decode means for selectively decoding an address signal 
to drive one of said two memory multiplexing signals, 10 

SELVO and SELVl , high and the other low; and 
drive means coupled to said decode means and (or gen­

erating said two memory multiplexing signals, SELVO 
and SELVl, in response to said decode means, said 
drive means being tristated, without generating any 15 

current between said high voltage supply and ground 
when switching between said low and high logic levels 
of SELVO and SELVl , whereby noise to ground is 
reduced. 

4. The decoder of claim 3 wherein said drive means is 20 

comprised of a pair of two large FE1s coupled in series, said 
memory multiplexing signals, SELVO and SELYl , being 
derived respectively from said coupling between one of said 
pair of said two large FETs, said drive means comprising _ 
means for turning each one of said two large FETs off before 2

:> 

turning on the other one of said two large FETs in each of 
said pairs of FETs, so that one of said FETs of each pair will 
always be off when the other one of said pair of FETs is oo. 

5. The decoder of claim 3 wherein said memory multi­
plexing signals, SELVO and SELVl, have a voltage level set 30 

by said high voltage supply at a decoder supply voltage, 
VSEL, said memory multiplexing signals, SELYO and 
SELYl, having the highest voltage level in said memory 
core, wherein voltage levels of said memory multiplexing , 
signals, SELVO and SELVl , are set at a level low enough to -'5 

avoid memory breakdowns in said memory core. 
6. A method for producing two memory multiplexing 

signals, SELVO and SELVl, capable of driving a large 
capacitive memory load comprising the steps of: 

26 
selectively decoding an address signal to determine which 

one of said two memory multiplexing signals, SELVO 
and SELYl , is to be driven high and the other to be 
driven low; and 

generating said two memory multiplexing signals, SELVO 
and SELYl , as tristated signals, without generating any 
crowbar current when switching between said low and 
high logic levels of SELVO and SELVl , whereby noise 
to ground is reduced. 

7. The method of claim 6 wherein said step of generating 
comprises the step of controlling one FET in a pair of two 
large FE'J's coupled in series, said memory multiplexing 
signals, SELVO and SELVl , being derived respectively from 
said coupling between one of said pair of said two large 
FETs, said step of controlling comprises the steps of tmoing 
each one of said two large FETs off before turning on the 
other one of said two large FETs in each of said pairs of 
FETs, so that one of said FETs of each pair will always be 
off when the other one of said pair of FET.s is on. 

8. The method of claim 7 further comprising the step of 
setting the voltage levels of said memory multiplexing 
signals, SELVO and SELVl , by a decoder supply voltage, 
VSEL, said memory multiplexing signals, SELVO and 
SELVl , having the highest voltage level in said memory 
core, wherein voltage levels of said memory multiplexing 
signals, SELVO and SELVl, are set al a level low enough to 
avoid memory breakdowns in said memory core. 

9. A driver circuit for driving a large capacitve load while 
avoiding crowbar currents comprising: 

two large FE'f.<; coupled in series, an output signal being 
derived from said coupling between said two large 
FE.Ts; and 

means for n1rniog each one of said two large FETs off 
before turning on the other one of said two large FETs, 
so that one of said FETs will always be off when the 
other one of said FETs is on so tbat no crowbar current 
is generated as said two large FE1s are switched, 
whereby noise to around is reduced. 

* * * * * 
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and a signal
having a waveform 9 is obtained as an output signal of the
compensation circuit
by using the trailing on1y. since the same delay time is given
at the
feadinq/trailing of the input signal in an interface circuit 4I
in this waY,
the disto.Liop of a code against the duty factor is cancelled'
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

1
\r
ffi/

NOTICE OF ALLOWANCE AND ISSUE FEE DUE

l.li,-i:,,j ,, i t,:r .i ;.r

i: I lii i"l 'i I il..lf ir;i
,:',ii !iil,,i i,',li.
,:tj^i.!1t i i.::,.iii"t j,ii

|it ilir i I r. ri' : ,i.i

TITLE OF
INVENTION l. ll;;..tti. J ! t..li:r l'1,1.-tlt,i.,1i." ii,lrr,: t.rJt,l-tjill....lilit);h. i:, 1[] {i;l:l;:1.:l'iliill.

AfiY'S DOCKET NO, CLASS-SUBCLASS I BATCH NO APPLN, TYPE I SMALL ENTITY FEE DUE I DATE DUE

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT,

PROSECUTION ON THE MERITS IS CLOSED.

THE ISSUE FEE MUST BE PAID WITHIN THBEE MONTHS FROM THE MAILING DATE OF THIS NOTICE OR THIS

APPLICATION SHAL:L BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD CANNOT BE EXTENDED.

HOW TO RESPOND TO THIS NOTICE:
l. Review the SMALL ENTITY status shown above.

lf the sMALL ENTITY is shown as YES, verify your
cUrreNt SMALL ENT1TY StAtUS:

A. lf the status is changed, pay twice the amount of the
FEE DUE shown above and notify the Patent and
Trademark Office of the change in status, or

B. lf the status is the same, pay the FEE DUE shown
above.

lf the SMALL ENTITY is shown as NO:

A. Pay FEE DUE shown above, or

B. File verified statement of Small Entity Status before, or with,
payment of 1/2 the FEE DUE shown above.

tl. Part B-lssue Fee Transmittal should be completed and returned to the Patent and Trademark Office (PTO) with your

ISSUE FEE. Even if the ISSUE FEE has already been paid by charge to deposit account, Part B lssue Fee Transmittal

should be completed and returned. lf you are charging the ISSUE FEE to your deposit account, section "4b" of Part

ts-lssue Fee Transmittal should be completed and an extra copy of the form should be submitted.

lll. All communications regarding this application must give application number and batch number.
Please direct all communications prior to issuance to Box ISSUE FEE unless advised to the contrary.

TMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. lt is patentee's responsibility to ensure timely payment of maintenance
fees when due.

PATENT AND TRADEMARK OFFICE COPY
PTOL.85 (REV. 10"96) Approved for use through 06/30/99. (0651-0033)
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PATENT APPLICATION FEE DETERMINATION RECORD
Effective December 29, 1999

Application or Oocket Number

CLAIMS AS FILED . PART I SMALL ENTITY
TYPE I--1 OR

OTHER THAN
SMALL ENTITYumn 1

. lf the difference in column 1 is less than zero, enter "0" in column 2
TOTAL

CLAIMS AS AMENDED - PART II OTHER THAN
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CffiCUIT FOR PRODUCING LOW-VOLTAGE 
DIFFERENTIAL SIGNALS 

FIELD OF THE INVENTION 

2 
terminal D/. The logic one on terminal DJ turns on transistors 
213 and 215, causing current to flow down through transistor 
207, transistor 215, termination load RL, transistor 213, and 
transistor 209 to ground (see the series of arrows 221). The 

This invention relates generally to methods and circuj1s 
for providing high-speed, low-voltage differential signals. 

5 current through termination load RL develops a positive 
voltage between output terminals TX_ A and TX_B. 

BACKGROUND 
FIG. 3 (prior art) is a waveform diagram 300 depicting the 

signaling sense of the voltages appearing across termination 
load RL of FIGS. 1 and 2. LVDS generator 100 produces a 

Tbe Telecommunications Indust ry Association (TIA) 10 pair o[ different ial output signals on terminals TX_ A and 
published a standard specifying the electrical characteristics TX_ B. The LVDS Standard requires that the voltage 
of low-voltage differential signaling (LVDS) interface cir- between terminals TX_ A and TX_ B remain in the range of 
cuits that can be used to interchange binary signals. LVDS 250 m V to 450 m V, and that the voltage midway between the 
employs low-voltage differential signals to provide high- two differential voltages remains at approximately 1.2 volts. 
speed, low-power data communication. The use of differ- 15 Terminal TX_A is negative with respect to terminal TX_ B 
eotial signals allows for cancellation of common-mode to represent a binary one and positive with respect to 
noise, and thus enables data transmission with exceptional terminal B to represent a binary zero. 
speed and noise immunity. For a detailed description of this A programmable logic device (PLO) is a well-known type 
LVDS Standard, see ·' Electrical Characteristics of Low of IC that may be programmed by a user (e.g., a circuit 
Voltage Differential Signaling (LVDS) Interface Circuits," 20 designer) to perform specified logic functions. Most PLDs 
TINEIA-644 (March 1996), which is incorporated herein contain some type of input/output block ( IOB) that can be 
by reference. configured either to receive external signals or to drive 

FIG. 1 (prior art) illustrates an LVDS generator 100 signals off chip. One type of PLO, the field-programmable 
connected to an LVDS receiver 110 via a transmission line gate array (FPGA), typically includes an array of coofig-
115. Generator 100 converts a single-ended digital input 25 urable logic blocks (CLBS) that are programmably inter-
signal D_ IN on a like-named input terminal into a pair of connected to each other and to the programmable 10Bs. 
complementary LVDS output signals on differential output Configuration data loaded into internal configuration 
terminals TX_A and TX-13. A 100-obm termination load memory cells on the FPGA define the operation of the FPGA 
RL separates terminals TX_ A and TX_ B, and seLs the by determining bow the CLBS, interconnections, block 
output impedance of generator 100 to the level specified in 30 RAM, and IOBs are configured . 
the above-referenced LVDS Standard. I0Bs configured as output circuits typically provide 

LVDS receiver 110 accepts the differential input signals single-ended logic signals to external devices. As with other 
from terminals TX_A and Tx_B and converts them to a types of circuits, Pills would benefit from the performance 
single-ended output signal D_ OUT. The LVDS Standard , advantages offered by driving external signals using differ­
specifies the properties of LVDS receiver 110. The present "5 ential output signals. There is therefore a need for 10Bs that 
application is directed to differential-signal generators: a can be configured to provide differential output signals. 
comprehensive discussion of receiver 110 is not included in There is also a need for LVDS output circuits that can be 
the present application. tailored to optimize performance for different loads. 

FIG. 2 (prior art) schematically depicts LVDS generator 
40 

100 of FIG. 1. 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 0 / (signal names termi­
nating in "/" are active low signals). Unless otherw.ise 

45 
specified, each signal is referred to by the correspondmg 
node designation depicted in the figures. Thus, for example, 
the input terminal and input signal to generator 100 are both 
designated D_ IN. Io each instance, the interpretation of the 
node designation as either a signal or a physical element is 

50 
clear from the context. 

Driver stage 205 includes a PMOS load transistor 207 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 55 
includes four drive transistors 211, 213, 215, and 217. 

If signal O_ IN is a logic one ( e.g., 3.3 volts), preamplifier 
200 produces a logic one on terminal O and a logic zero 
(e.g., zero volts) on terminal D/. The logic one on terminal 
D turns on transistors 211 and 217, causing current to now 60 

down through transistors 207 and 211, up though termina­
tion load RL, and down through transistors 217 and 209 to 
ground (see the series of arrows 219). The current through 
termination load RL develops a negative voltage between 
output terminals TX_ A and TX_ B. 65 

Conversely, if signal D_ IN is a logic zero, preamplifier 
200 produces a logic zero on terminal D and a logic one on 

SUMMARY 

Tbe present invention addresses tbe need for di[erential­
signal output circuits that can be tailored for use with 
different loads. Io 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 embodi­
ment includes a multi-stage delay clement connected to a 
number of consecutive driver stages. ll1e delay element 
produces two or more pairs of complementary input signals 
in response to each input-signal transition, eacb 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 tbat 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 108s are each 
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provided with bal f of the circuitry required to produce LVDS 
signals. Adj acent pairs of IOBs can therefore be used either 
individually to provide single-ended input or output signals 
or can be combined io produce differential output signals. 

1nis summary does not limit the invention, which is 5 

instead defined by the appended claims. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 (prior art) illustrates an LVDS generator 100 
connected to an LVDS receiver 110 via a transmission line l O 

115. 

FIG. 2 (prior art) schematically depicts LVDS generator 
100 of FIG. 1 

FIG. 3 (prior art) is a waveform diagram 300 depicting the 15 

signaling sense of the voltages appearing across termination 
load RL of FIGS. 1 and 2. 

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

4 
produce an "enable termination load" signal EN_ T to driver 
415. This signal and its purpose are described below in 
connection with FIG. SB. 

FIG. SA is a schematic diagram of an embodiment of 
predriver 405 of FIG. 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 wben signals EN_ DS and 
EN_DS/ are low and high, respectively. These logic levels 
cause tristate drivers 500 a.nd 502 to disconnect input 
terminal O_ IN from respective tristate output terminals Tl 
and T2. Signal EN_ OS and its complementary signal 
EN_ DS/ also connect terminals Tl and T2 to respective 
supply voltages VCCO and ground by turning oo a pair of 
transistors 506 and 508. Thus, terminals Tl and T2 do not 
change in response lo changes on input terminal O_ IN 
when differential signaling is disabled. In the case where 
amplifier 400 is implemented using IOBs in a programmable 
logic device, amplifier 400 may be disabled to allow the 

FIG. SA is a schematic diagram of predriver 405 of FIG. 
4. 

20 IOBs to perform some other input or output function. 

FIG. SB is a schematic diagram of driver 415 of FIG. 4. 
FIG. SC is a schematic diagram of extended driver 410 of 

FIG. 4. 
FIG. 6 depicts a multi-stage driver 600 io accordance with 

another embodiment of the invention. 
FIG. 7Aschematically depicts a preclriver 700 in which a 

predriver is connected to delay circuit 605 of FIG. 6 to 
develop three complementary signal pairs. 

Amplifier 400 is active when signals EN_ DS and 
EN_ OS/ are high and low, respectively. 1nese logic levels 
cause tristate drivers 500 and 502 to connect input terminal 
D_ IN to respective tristate output terminals Tl and T2. 

25 Signal EN_ DS and its complementary signal EN_ DS/ also 
disconnect terminals Tl and T2 from respective supply 
voltages VCCO and ground by turning off transistors 506 
and 508. Tbus, terminals Tl and T2 change in response to 

30 
signal D_IN wbeo differential signaling is enabled. 

Tristate output terminals Tl and T2 connect to the respec­
tive 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 516 provides a similar signal to a test pin 

FIG. 7B schematically depicts differential-amplifier 
sequences 610 and 615 and termination load 620, all of FIG. 
6. 

FIGS. 8A and 8B schematically depict a programmable 
35 

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

DETAILED DESCRIP'DON 

FIG. 4 depicts an extensible differential amplifier 400 in 40 
accordance with an embodiment of the invention. Amplifier 
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 
FIGS. 2 and 3 to convert the single-ended input oo terminal 45 
D_ IN into differential output signals on lines TX_ A and 
TX_ B. In accordance with the invention, driver 410 can be 
activated as needed to provide additional drive power. lo one 
embodiment, drivers 410 and 415 reside within a pair of 
adj acent programmable IOBs (collectively labeled 417) and 50 
Lines TX_ A and TX_B connect to the respective input/ 
output (I/0) 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 55 
a second configuration bit 425 determines whether the driver 
stage of amplifier 400 is extended to include driver 410. Ao 
exemplary configuration bit is described below in connec­
tion with FIG. 8A. 

518. Predriver 512 includes three conventional inverters 
520, 522, and 524. Predriver SU produces a signal D/, 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 o[ the PMOS and NMOS 
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 the process used to produce amplifier 400. 
Adjusting layout and process parameters to produce syn­
chronized complementary signals is within tbe skill of those 
in the art. 

As discus.sed above in connection witb FIG. 4, amplifier 
400 can be extended to include additional drive circuitry, 
which may be needed LO drive some loads while remaining 
in compliance with the LVDS Standard. Returning to FIG. 
SA, a pair of NOR gates 528 and 530 facilitates this 
extension by producing a pair of complimentary exteodecl­
data signals DX and DX/ when signal X_ DS/ 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 DX/ is substantially the same as signal 

60 D/. Signals DX and DX/ are conveyed to extended driver 
410, the operation of which is detailed below in connection 
with FIG. SC. 

If bit 420 is programmed to provide a logic one on '·enable 
differential s ignaling" line EN_ DS, then predriver 405 and 
driver 415 function in a manner similar to that described 
above io connection with FIG. 2. If desired, the drive 
circuitry can be extended lo include driver 410 by program­
ming bit 425 to provide a logic one on '·extended differential 65 

signaling" line X_ DS. The signals on lines X_ DS and 
EN_ DS are logically combined using an AND gate 430 to 

FIG. SB is a schematic diagram of driver 415 of FIG. 4. 
Driver 415 is similar to driver stage 205 of FIG. 2, like­
numbered elements being the same. Unlike driver 205, 
however, driver 415 includes a programmable termination 
load 540. Further, load transistors 207 and 209 of FIG. 2 are 



US 6,366,128 Bl 
s 

replaced with pairs of parallel transistors, so that transistors 
211 and 215 connect to VCCO via respective PMOS tran­
sistor 532 and 533, instead of via a single transistor 207, and 
transistors 213 and 217 connect to ground via respective 
NMOS transistors 534 and 535, instead o( via a single s 
transistor 209. 

Employing pairs of load transistors allows driver 415 to 
be separated into two similar parts 536 and 538, each 
associated with a respective one of terminals TX_ A and 
TX_ B. Such a configuration is convenient, for example, 10 

wben driver 415 is implemented on a PLD in wbich termi­
nals TX_ A and TX_ B connect to neighboring I/0 pins. 
Each part 536 and 538 can be implemented as a portion of 
the IOB (not shown) associated with the respective one of 
terminals TX_ A and TX_B. Termination load 540 can be 15 

part of either IOB, neither JOB, or can be split between the 
two. lo one embodiment, transistor 542 is included in the 
IOB that includes part 536, and transistor 543 is included in 
the lOB that includes part 538. 

Programmable termination load 540 includes a pair of 20 

6 
embodiment, transistor 556 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 PCOM. Driver stage 546 
is identical to driver stage 544, except that lines DX and DX/ 
arc connected to the opposite differential driver transistors. 
Consequently, the signals on output terminals TX_A aod 
TX....B are complementary. Driver stages 544 and 546 thus 
supplement the drive strength provided by driver stage 415. 

As shown in FIG. 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 FIG. 
SB. Tbus, programming CBIT 425 substitutes termination 
load 548 for termination load 532, thereby increasing the 
termination load resistance to an appropriate level. Io one 
embodiment, the resistance of termination load 532 is 
selected so that the resulting output signal conforms to the 
LVDS Standard. 

transistors 542 and 543, tbe gates of which connect to FLG. 6 depicts a multi-stage driver 600 in accordance with 
terminal EN_ T. As sbown in FIG. 4, tbe signal EN_ T is another embodiment of the invention. Driver 600 includes a 
controlled through AND gate 430 by configuration bits 420 multi-stage delay circuit 605, a first sequence of differential 
and 425. Termination load 540 is active (conducting) onJy _ amplifiers 610, a second sequence of differential amplifiers 
wben differential signaling is enabled in the non-extended 2

:> 615, and a termination load 620. For illustrative purposes, 
mode. This condition is specified wben conftguration bit 420 tbe amplifiers of sequences 610 and 615 are referred to as 
is set to a logic one and configuration bit 425 is set to a logic "high-side" and "low-side" amplifiers, respectively. In dif-
zero. fercnt embodiments, each amplifier sequence 610 and 615 

Driver 415 includes a number of terminals that provide cao be implemented as a portion of the IOB (oot shown) 
appropriate bias voltages. Terminals PBIAS and NBlAS 30 associated with lhe respective one o( terminals TX_ A and 
provide respective bias levels establish tbe gain driver 415, TX_B. Termination load 620 can be part of either IOB, 
and common terminals PCOM aod NCOM conventionally neither IOB, or can be split between the two. 
establish the high and low voliage levels on output terminals Delay circuit 605 receives a pair of complementary sig-
TX_A and TX_B. Driver 415 shares the bias aod common 

35 
nals D and D/ on a like-named pair of input terminals. A 

terminals with extended driver 410 (See FIG. SC). sequence of delay elements-<X>nventional buffers 625 in 
1be bias levels PBIAS and NBIAS are important in the depicted example-provides a first pair of delayed 

defining LVDS signal quality. In one embodiment, NMOS complementary signals D1 and Dl/ aod a second pair of 
transistors 534 and 535 are biased to operate in saturation to delayed complementary signals D2 and D2/. 
sink a relatively stable current, whereas PMOS transistors 40 Sequence 610 includes three differential amplifiers 630, 
532 and 533 are biased to operate in a linear region. 631, and 632, the output terminals of which connect to one 
Operating transistors 532 and 533 in a linear region reduces another and to output terminal TX_ A. The differential input 
the output resistances of those devices, and the reduced terminals of each of these bigb-side amplifiers connect to 
resistance tends to dissipate signal reflections returning to respective complementary terminals from delay circujt 605. 
terminals TX_A and TX_B. Reduced reflections translate 45 That is, the non-inverting ( +) and inverting (- ) terminals of 
into reduced noise, and reduced noise aJlows signals to be differential amplifier 630 connect to respective input termi-
conveyed at higher data rates. Circuits for developing appro- nals D and 0 /, the non-inverting and inverting terminals of 
priate bias levels for the circuits of FIGS. 5A-7B arc differential amplifier 631 connect 10 respective input termi-
discussed below in connection with FIGS. SA and 8B. nals Dl and Dl/, and the non-inverting and inverting ter­

FIG. SC is a schematic diagram of ooe embodiment of 50 
extended driver 410 of FIG. 4. Extended driver 410 includes 

minals of differential amplifier 632 connect to respective 
input terminals D2 and D2/. When the signal on terminal D 

a pair of driver stages 544 and 546 and a programmable 
termination load 548. Driver stages 544 aod 546 can be 
included, for example, io respective adjacent IOBs on a 
PLD.1erminatioo load 548 can be part of either IOB, neither 55 

[013, or can be split between the two. The various terminals 

transitions from low to high, each of amplifiers 630, 631, 
and 632 consecutively joins in pulling the voltage level oo 
terminal TX_A high as the signal edges on terminals D aod 
D/ propagate through delay circuit 605. Conversely, when 
the signal on terminal D transitions from high to low, each 

of FIG. SC are connected to like-named terminals of FIGS. 
SA aod SB. 

Driver stage 544 includes a PMOS load transistor 550, a 
pair of NMOS differential-driver transistors 552 and 554 
having their gates connected to respective extended-driver 
input signals OX and DX/, a diode-connected PMOS tran­
sistor 556, and a PMOS transistor 558 connected as a 
capacitor 14 between terminal VCCO and terminal PCOM. 
Transistors 550, 552, aod 554 combined amplify the 
extended-driver signals DX and DX/ to produce aa ampli­
fied output signal on output tem1inal TX_ .A. In one 

of amplifiers 630, 631, and 632 consecutively joins in 
pulling the voltage level on terminal TX_ A low. 

Sequence 615 includes three differential amplifiers 634, 
60 635, aod 636, the output terminals of which connect to ooe 

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 

65 circuit 605. Thus, when the signal oo terminal D transitions 
fro m low to high, each of amplifiers 634, 635, and 636 
consecutively joins in pulling the voltage level on terminal 



US 6,366,128 Bl 
7 

TX_ B low as the signal edges on terminals D and D/ 
propagate through delay circuit 605, and when the signal on 
terminal D transitions from high to low, each of amplifiers 
634, 635, and 636 consecutively joins in pulling the voltage 
level oo terminal TX_ B high. 5 

Driver stage 600 is similar io driver stage 415 of FIGS. 4 
and SA, except that driver stage 600 progressively increases 
the drive strength used to provide amplified signals across 
termination load 620, and consequently progressively 
reduces the output resistance of driver stage 600. Progres- 10 
sively reducing the output resistance of amplifier 600 
reduces the amplitude of reflected signals. This effect, in 
turn, reduces the noise and increases the useable data rate o( 
the LVDS circuitry. While iUustrated as having three driver 
stages, other embodiments of amplifier 600 include more or 15 
fewer stages. FIG. 7A schcmatically depicts a predriver 700 
in which predriver 405, detailed in FIG. SA, is connected to 
delay circuit 605 of FIG. 6 to develop the three comple­
mentary signal pairs (e.g., D and DI) of FIG. 6. The various 
clements of predrivcr 405 arc described above in connection 20 
with FIG. SA, like-numbed elements being identical. Io one 
embodiment, each buffer 625 is an instance of noo-iovcrtino 
delay circuit 512. FIG. 7B schematically depicts cLifferentia~ 
amplifier sequences 610 and 615 and termination load 620, 
all of FIG. 6. Tbe differential amplifiers in sequences 610 r 
and 615 arc substantially identical, except the D and D/ input .:> 

terminals are reversed. The following description is limited 
to a single differential amplifier (630) for brevity. Differen­
tial amplifier 630 includes a PMOS load transistor 700, an 
NMOS load transistor 705, and a pair of active transistors 30 
710 and 715 having their respective gates connected to data 
inputs D and 0/. One embodiment of amplifier 400 of FIG. 
4 employs driver stage 600 in place of driver 415 (detailed 
in FIG. SB). Amplifier sequence 610 may include a capacitor 
725 between PCOM and VCCO, and amplifier sequence 615 35 
may include a capacitor 730 connected between NCOM and 
ground. These capacitors can be sized to minimize noise. 
FIGS. 8A and SB schematically depict a programmable 
bias-voltage generator 800 in accordance with an embodi­
ment of the invention. A key 802 in the bottom right-band 40 
corner of FIG. 8A shows the relative arrangement of FIGS. 
8A and SB. 

8 
FIGS. SA-8B are part of the output circuitry of a PLD, each 
of the depicted devices employs relatively thick gate insu­
lators. 

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 814 and cLiscoooects 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 
NBIAS and NGATE from ground, thereby allowino those 
lines to carry respective bias voltages. The logic le~cls 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 LO a conventional band-gap reference, or some 
other suitable voltage reference. The voltage level and line 
VBG turns on a PMOS transistor 822 that, io combination 
with diode-connected transistors 824 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 NMOS and PMOS transistors connected 
io parallel. The transmission gates are controlled by con­
figuration bits similar to CBIT 810. For example, transmis­
s ion gate 828 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 AL 
Transmission gate 828 passes the reference voltacrc on line 
V:BG to the gate of a PMOS transistor 836, thereb; reducing 
the resis tan ce between VCCO and line NBIAS; 
consequently, tbc voltage level on line NBIAS rises. Tran­
sistor 838 can be turned on and both of transmission oate 
828 and transistor 836 can be turned o[ by program:ing 
CBIT_ A to contain a logic zero. Transmission gate 830 
operates in the same manner as transmission gate 828, but is 
controlled by a different CBIT (CBIT __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 puJl-down circuitry 808 includes a pa.ir of pro­
grammable pull-down circuits 840 and 842 that can be 
programmed independently or collectively to reduce the bias 
voltage on terminal NBIAS. Pull-down circuits 840 and 842 

The portion of generator 800 depicted in FIG. 8A may be 
cLividecl into three general areas: bias-enable circuitry 804, 
NBIAS pull-up circuitry 806, and NBIAS pull-down cir­
cuitry 808. As their respective names imply, bias-enable 
circuitry 804 determines whether bias generator 800 is 
active, NBIAS pull-up circuitry 806 can be used to raise the 
NBIAS voltage level, aod NBIAS pull-clown circuitry 808 
can be used to reduce the NBIAS voltage level. 1be NBIAS 
pull-up and pull-down circuitry are programmable 10 allow 
users to vary the NBIAS voltage as desired. 

45 
work the same way, so only circuit 840 is described. 

Bias-enable circuitry 804 includes a configuration bit 
(CBIT) 810, an inverter 812, a PMOS transistor 814, and, in 
FIG. 8B, a PMOS transistor 815 and a pair of NMOS 
transistors 816 and 817. CBIT 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 800 is a portion of the output 
circuitry of a PLD, and operates at higher voltage (e.g., 3.3 60 

volts) than the core circuitry (e .g., 1.5 volts) of the PLO: 
level-shifter 820 increases the output voltage of SRAM cell 
816 to an appropriate voltage level. Some embodiments that 
employ lower core voltages use thicker gate insulators in the 
transistors of the 1/0 circuitry. The gate insulators of differ- 65 

ing thickness can be formed using a conventional dual-oxide 
process. In one embodiment in which the circuits depicted in 

Pull-down circuit 840 includes three transistors 844, 846, 
and 848. The gates of transistors 844 and 846 connect to 
terminals C and C/, respectively, from a configuration bit 
CBIT_ C and an associated inverter 849. When CBIT C is 

50 programmed to contain a logic zero, transistors 844 and 848 
are turned off, isolating line NBIAS from ground; when 
CB1T_ C is programmed to contain a logic one, transistors 
844 and 848 arc t11rned on and transistor 846 turned off. The 
reduced resistance through transistor 848 reduces the volt-

55 age on line NBIAS. 
Any change in the bias voltage on line NBIAS results in 

a change in voltage on line NGATE via a transistor 850. A 
transistor 852 connected between line NBIAS and ground is 
an optional capacitor that can be sized or eliminated as 
desired. 

Tbe portion of bias-voltage generator 800 depicted in 
FIG. 8A adjusts the level of NBIAS; the portion depicted in 
FIG. 8B adjusts the level of PBIAS. Referring now to FIG. 
SB, the portion of FIG. 8B includes PBIAS pull-up circuitry 
852 and PBIAS pull-down circuitry 854. PBIAS pull-up 
circuitry 852 operates in the same ma oner as NBIAS pull-up 
circuitry 806 of FIG. 8A lo raise the level of the bias voltage 
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on line PBIAS. A pair of configuration bits CBIT_ E and 
CBIT_ F and associated inverters control circuitry 852. A 
capacitor 856 can be sized or eliminated as necessary. 

PBIAS pull-down circuitry 854 includes a pair of pro­
grammable pull-down circuits 858 and 860 that can be s 
programmed independently or collectively to reduce the bias 
voltage on terminal PBIAS. Pull-clown circuits 858 and 860 
work the same way, so only circuit 858 is described. 

Pull-down circu.it 858 includes a transmission gate 862 
and a pair of transistors 864 and 866. With CBIT _ G 10 
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 866 
is off, and transmission gate 862 passes the bias voltage 
NGATE to the gate of transistor 864, thereby turning trao-

15 sistor 864 on. This reduces the voltage level on line PBIAS. 
The present invention can be adapted to supply comple­

mentary LVDS signals to more than one LVDS receiver. For 
details of one such implementation, sec "Multi-Drop LVDS 
with Virtex-E FPGAs," XAPP231 (Version LO) by Joo 
Brunetti and Brian Von lierzen Sep. 23, 1999, which is 20 

incorporated herein by reference. 
While the present invention has been described in con­

nection 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 SRAM- 25 

based FPGAS, the invention can also be applied to other 
types of PLDs that employ alternate programming 
technologies, and some embodiments can be used in non­
programmable circujts. Moreover, the present invention can 

30 be adapted to convert typical dual-voltage logic signals to 
other types of dtff.erential signals, such as those specified in 
the Low-Voltage, Pseudo-Emitter-Coupled Logic 
(LVPECL) standard. Therefore, the spirit and scope of the 
appended claims should not be limited to the foregoing , 
d 

. . JS 
escnptmn. 

What is claimed is: 
1. A differential amplifier comprising: 
a. a first differential-amplifier stage having: 

i. first and second differential input terminals adapted to 
40 

receive a differential input signal; and 
ii. first and second differential output terminals; 

b. a second differential-amplifier stage having: 
i. third and fourth clifforeotial input terminals adapted to 

receive the differential input signal; 
45 

ii. third and fourth di[erential output 1em1inals con­
nected to the first and second differentia l output 
terminals; and 

w. an amplifier-enable terminal; and 
c. a programmable memory cell capable of maintaining a 50 

programmed state and a deprogrammed state, the 
memory cell having a memory-cell output terminal 
connected to the amplifier-enable terminal; 

d. wherein the second clifferential amplifier stage ampli­
fies the input signal when the memory cell is in the 55 
programmed state and does not amplify the input signal 
when the memory cell is in the deprogrammed state. 

2. The differential amplifier of claim 1, wherein the 
memory cell stores a voltage representative of a logic one 
when in the programmed state. 60 

3. The differential amplifier of claim 1, fortber comprising 
a predriver having: 

a. a data input terminal adapted to receive an input data 
signal; and 

b. first and second complementary output terminals coo- 65 

nected to respective ones of the first and second dif­
ferential input terminals. 

10 
4. The differential amplifier of claim 3, wherein the 

predriver further comprises: 
a. a first tri-state buffer having a first tri-stale 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 baving an inverter input terminal connected 

to the data input terminal and an inverter output ter­
minal connected to the first complementary output 
terminal; and 

cl. 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 termina.l. 

5. 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 propaga­
tion delay substantially equal to the first signal propagation 
delay. 

6. The differential amplifier of claim 1, further comprising 
a programmable termination load connected between the 
fi rst and second differential output terminals. 

7 . The differential amplifier of claim 6, wherein the 
termination load includes a termination-load enable terminal 
connected to the memory-cell output terminal. 

8. The differential ampl ifter of claim 6, further comprising 
a second termination load connected between the first and 
second differential output terminals. 

9. Tbe differentia.l amplifier of claim 8, wherein the 
second termination load is programmable. 

10. Ao amplifier comprising: 
a. first and second differential input terminals adapted to 

receive first and second complementary input signals; 
b. a first high-side differential amplifier having: 

i. a first high-side dift'erential amplifier input terminal 
connected to the first differential input terminal; 

ii. a second high-side differential amplifier input ter­
minal connected to the second differential input 
terminal; and 

iii. a first high-side differential-amplifier output termi­
nal; 

c. a first low-side differential amplifier having a first 
low-side differential amplifier input terminal connected 
to the first differen tial input terminal and a second 
low-side differential amplifier input terminal connected 
to the second differential input terminal; 

cl. a delay element having: 
i. a first delay-element input terminal connected to the 

fi rst differentia l input terminal and a first delay­
element output terminal, the delay element adapted 
to provide a delayed version of the first complemen­
tary 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 second 
delay-element output terminal, the delay element 
adapted to provide a delayed version of the second 
complementary input signal on the second delay­
element output terminal; 

e. a second high-side differential amplifier baving: 
i. a third high-side differential amplifier input terminal 

connected to the fi rst delay-element output terminal; 
ii. a fourth high-side differential amplifier input termi­

nal connected to the second delay-clement output 
terminal; and 

iii. a second high-side differential-amplifier output ter­
minal connected to the first high-side di[erential­
amplifier output terminal; and 
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f. a second low-side differential amplifier having: 
i. a third low-side differential amplifier input terminal 

connected to the first delay-element output terminal; 
ii. a fourth low-side differential amplifier input terminal 

connected to tbe second delay-element output termi- 5 

nal; and 
iii. a second low-side differential-amplifier output ter­

minal connected to tbe first low-side differential­
amplifier output terminal. 

:U. The amplifier of claim 10, fu.rther comprising a 10 

termination load connected between the first high-side and 
first low-side differential-amplifier output terminals. 

U. The amplifier of claim ll, further comprising a 
programmable memory cell capable of maintaining a pro­
grammed state and a deprogrammed state, the memory cell 15 

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

13. The amplifier of claim 10, further comprising a second 
delay element having: 

a. a third delay-element input terminal connected to the 20 

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 tbe first -
mentioned delay element; 25 

c. a third delay-element output terminal; and 

d. a fourth delay-element output terminal. 
14 . The amplifier of claim 13, further comprising a third 

low-side differential amplifier and a third high-side differ- 30 
ential amplifier, each having a pair of input terminals con­
nected to respective ones of the third and forth delay­
element output terminals. 

15. The amplifier of claim 14, wherein the third low-side 
differential amplifier includes a third low-side differential- 35 
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. 40 

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

a. an input transistor having a control terminal connected 

12 
18. The amplifier of claim 16, 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 dilforential­
amplifter 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 

b. a second load transistor having a control terminal 
connected to a second bias voltage, a first load­
transistor current-bandling terminal connected to a sec­
ond power terminal, and a second load-transistor 
current-handling terminal connected lo the second 
input-transistor current-handling terminal. 

19. The amplifier of claim 18, further comprising a 
programmable bias generator adapted to provide the fust­
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 baving: 

i. a data input terminal adapted to receive an input data 
signal; and 

ii. complementary first and second predriver output 
terminals; 

b. first and second input/output pins adapted to convey 
signals from the programmable logic device; 

c. a first programmable output block including a first 
differential amplifier, the first differential amplifier hav­
ing a first differential-amplifier input terminal con­
nected to the first predriver output terminal, a second 
differential-amplifier input terminal connected to the 
second predriver output te rminal, and a first 
differential-amplifier output terminal connected to the 
first input/output pin; and 

d. a second programmable output block including a sec­
ond differential amplifier, the second differential ampli­
fier 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. 

to the first high-side differential-amplifier input 
terminal, a first input-transistor current-handling termi­
nal connected to the first high-side differential­
amplifier output terminal, and a second input-transistor 
current-handling terminal; and 

21. The programmable logic device of claim 20, wherein 
45 the first pin is adjacent the second pin. 

b. a load transistor having a control terminal connected to 

22. Tbe 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 tbe enable 
terminal. 

a bias voltage, a first load-transistor current-handJing 50 

terminal connected to a power terminal, and a second 
load-transistor current-handling terminal connected to 
the second input-transistor current-handling terminal. 23. The programmable logic device of claim 20, further 

comprising a termination load connected between the first 
55 and second input/output pins. 

17. 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. * * * * * 


