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I. PRELIMINARY STATEMENT 

Papst devotes the first seven pages of its Markman Brief to a story about how the named 

inventor of the patents-in-suit, Michael Tasler, purportedly solved a “Specific Software Driver 

Problem” “faced by everyday computer users” in the late 1990s, and about how the digital 

cameras it now accuses of infringement use a “strategy” similar to that employed by Tasler.  

Even if it were true, this story would be of little or no relevance to the task of claim construction 

now at hand.  Governing precedent makes clear that the Court's focus in the Markman process 

must be on the intrinsic record of the patents-in-suit, not on a story unsupported by that record or 

on the accused products.  Phillips v. AWH Corp., 415 F.3d 1303, 1315-17 (Fed. Cir. 2005) (en 

banc) (“The descriptive part of the specification aids in ascertaining the scope and meaning of 

the claims inasmuch as the words of the claims must be based on the description.  The 

specification is, thus, the primary basis for construing the claims.”).  But in its Markman brief, 

Papst departs from this basic tenet.  Moreover, the tale told in its brief is also demonstrably 

wrong in a number of important respects. 

First, the computer industry, led by Intel, Microsoft and others was well on the way to 

implementing a permanent solution to the “problem” in question years before Tasler filed his 

original patent application.  One need look no further than the prosecution file of the patents-in-

suit to see that the “Specific Software Driver Problem” had already been recognized and solved 

by others well before Tasler supposedly recognized and solved it in exactly the same way.  See, 

e.g., Ex. B, U.S. Patent No. 5,506,692 (cited prior art to the ‘399 patent) at 1:32-51 (recognizing 

the specific driver problem) and 4:20-23: (proposing the same solution: “The image scanner 20 

emulates the file system of the ‘UNIX’ as if it were a hard disc.  Accordingly, the image scanner 

20 looks like the hard disc from the workstation 21 and can be handled as the hard disc.”).  The 

prosecution file reveals that Tasler merely adapted these published solutions for the specific 
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applications he had in mind (none of which involved digital cameras). 

Second, the “interface device” patented by Mr. Tasler is a stand-alone device that acts as 

an intermediary between 1) a computer and 2) a variety of different types of “data 

transmit/receive devices.”  ‘399, col. 1:34-54.  As examples of “data transmit/receive devices” 

that can be connected to a computer via the claimed “interface device,” the Tasler patents 

disclose “a diagnostic radiology system in a medical engineering environment” and a 

“multimeter.”  Id.  Contrary to the story told in Papst’s Markman Brief, the interface device 

disclosed by Papst had no relation to “every day computer users.”  The problems discussed and 

the solutions offered in the asserted patents are in the context of simplifying the data acquisition 

work of “field service technicians.” ‘399, col. 1:39-46, 60-64. There is no mention of digital 

cameras anywhere in any of the Tasler patents and no suggestion that the “interface device” 

patented by Mr. Tasler might be permanently affixed to a single “data transmit/receive device.”   

Third, in contrast with the description provided by Papst, the intrinsic record of the 

patents-in-suit repeatedly describes Mr. Tasler’s “interface device” as “flexible” and “universal” 

with respect to the types of data transmit/receive devices that could be attached to it, thereby 

freeing technicians of the need to load special purpose drivers on the computer to enable 

communication with any given data transmit/receive device.  Thus, while it adopted and used the 

“specific driver” solution developed by others, the “interface device” disclosed in the Tasler 

patents has a different and more specific purpose.  As exemplified by the title of both patents-in-

suit (“Flexible Interface for Communication Between a Host and an Analog I/O device 

Connected to the Interface Regardless of the Type of I/O Device”), and as explained throughout 

the common specification of the ‘399 and ‘449 patents (“specification”), the Tasler “interface 

device” is designed to be readily attached and detached from different types of 
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“transmit/receive” devices.  See, e.g., ‘399 patent, col. 1:34-35, 1:55-64 (“[A]n interface may be 

put to totally different uses. It is therefore desirable that an interface be sufficiently flexible to 

permit attachment of very different electrical or electronic systems to a host device by means of 

the interface.”)  The language of the claims and the title of the patents-in-suit reflect Mr. Tasler’s 

objective of making his interface device “universal” so that it could connect different types of 

data transmit/receive devices to a computer connected via the patented “interface device.”  

In addition to mischaracterizing the nature of Tasler's alleged invention, Papst also 

misapplies the applicable principles of claim construction.  Although Papst’s Brief acknowledges 

at the outset the claim construction principles that govern this Court's Markman proceedings, the 

“facts” and “arguments” presented by Papst do not adhere to those principles.  Papst, for 

example, relies on the declaration of a proffered expert to support proposed constructions that are 

at odds with the intrinsic evidence, including the claim language and the specification. 1  Papst 

also errs by repeatedly seeking to support and tailor its proposed constructions by reference to 

the products it accuses of infringement, contrary to established Federal Circuit precedent.  In 

contrast, the Camera Manufacturers have proposed claim constructions that are consistent with, 

and indeed compelled by, the intrinsic evidence.  For the reasons set forth below, the Court 

should adopt the Camera Manufacturers’ proposed constructions.2  

                                                 

1  Although the Camera Manufacturers do not believe expert testimony is needed or appropriate 
at this stage to resolve disputed issues, they may use an expert to assist with the neutral tutorial 
that the parties will present to the Court on September 3, 2008.  The Camera Manufacturers 
reserve the right to present expert testimony, in the event the Court decides to permit such 
testimony at the Markman hearing. 
2 Exhibit A hereto is an Appendix of the Camera Manufacturers’ Proposed Constructions. 
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II. THE LEGAL PRINCIPLES THAT GOVERN MARKMAN  PROCEEDINGS 

A. The Applicable Legal Standards 

Claim construction is a matter of law to be decided by the Court.  See, e.g., Markman v. 

Westview Instruments, Inc., 52 F.3d 967, 979 (Fed. Cir. 1995) (en banc), aff'd, 517 U.S. 370 

(1996).  It is further well-settled that a court should construe a disputed claim term, whenever 

possible, by considering the intrinsic evidence, which comprises the claims themselves, the 

specification, and the prosecution history.  E.g., Vitronics Corp. v. Conceptronic, Inc., 90 F.3d 

1576, 1582 (Fed. Cir. 1996).   

First, the Court must look to the language of the claims.  “It is a 'bedrock principle' of 

patent law that 'the claims of a patent define the invention to which the patentee is entitled the 

right to exclude.'“  Phillips v. AWH Corp., 415 F.3d 1303, 1312 (Fed. Cir. 2005) (en banc) 

(quoting Innova/Pure Water, Inc. v. Safari Water Filtration Sys., Inc., 381 F.3d 1111, 1115 (Fed. 

Cir. 2004)).  There is a presumption that words in a claim carry their plain and ordinary meaning 

and should be construed as they would be understood by a person skilled in the relevant art at the 

time of the invention, i.e., as of the effective filing date of the patent application.  Golight, Inc. v. 

Wal-Mart Stores, Inc., 355 F.3d 1327, 1332 (Fed Cir. 2004); CSS Fitness, Inc. v. Brunswick 

Corp., 288 F.3d 1359, 1366 (Fed. Cir. 2002); Phillips, 415 F.3d at 1313..  

Next, the specification is the “single best guide to the meaning of a disputed term,” and 

“[u]sually it is dispositive.”  Phillips, 415 F.3d at 1315.  Although a patent's scope is not 

necessarily limited to an embodiment discussed in the specification, “neither do the claims 

enlarge what is patented beyond what the inventor has described as his invention.”  Inpro II 

Licensing S.A.R.L. v. T-Mobile USA, Inc., 450 F.3d 1350, 1355 (Fed. Cir. 2006).  Accordingly, 

the claims cannot be construed as broader than what is described in the specification as the 

invention.  Microsoft Corp. v. Multi-Tech Sys. Inc., 357 F.3d 1340, 1347 (Fed. Cir. 2004). 
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Finally, the Court must also review the patent's prosecution history (or file history), 

which is “the complete record of all proceedings before the Patent and Trademark Office 

(“PTO”), including any express representations made by the applicant regarding the scope of the 

claims.”  E.g., Vitronics, 90 F.3d at 1582; Papst Br. at 10-11.  A patent applicant can limit claims 

during prosecution by, for example, altering claim language to overcome an examiner rejection, 

arguing to overcome or distinguish a reference, or disavowing claim coverage.  Omega Eng'g Inc. 

v. Raytek Corp., 334 F.3d 1314, 1323-25 (Fed. Cir. 2003).   

If the meaning of the claim can be discerned from the intrinsic evidence, then resort to 

extrinsic evidence is unnecessary and improper.  Boss Control, Inc. v. Bombardier, Inc., 410 

F.3d 1372, 1377 (Fed. Cir. 2005).  See also Bell Atlantic Network Serv. v. Covad Comm. Group, 

Inc., 262 F.3d 1258, 1269 (Fed. Cir. 2001); Bell & Howell Document Mgmt Prods. Co. v. Altek 

Sys., 132 F.3d 701, 706 (Fed. Cir. 1997).  In such circumstances, dictionaries or comparable 

sources may be “useful to assist in determining the commonly understood meaning of words and 

have been used both by [the Federal Circuit] and the Supreme Court in claim interpretation.”  

Phillips, 415 F.3d at 1322; see also Accumed LLC v. Stryker Corp., 483 F.3d 800, 809 n.2 (Fed. 

Cir. 2007).  “A dictionary definition has the value of being an unbiased source 'accessible to the 

public in advance of litigation.'“ Phillips, F.3d at 1322.    As the Camera Manufacturers have 

explained in their briefs regarding Markman expert testimony, the Federal Circuit has warned 

courts to be cautious in considering expert statements during Markman proceedings, particularly 

“conclusory, unsupported assertions by experts as to the definition of a claim term.”  Id.  

B. Papst Has Ignored and/or Misapplied the Applicable Legal Standards 

Papst's proposed constructions suffer from a number of defects, including that Papst 

repeatedly ignores and/or misapplies the governing legal standards discussed above.  Those 

defects infect Papst's proposed constructions for many of the specific terms discussed in Section 
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III, infra.  For example: 

1. Papst makes improper use of extrinsic evidence. 

Throughout its Markman brief, Papst ignores the claim language and the specification 

and instead repeatedly offers expert testimony to support its proposed constructions.  That 

approach is wrong as a matter of law because intrinsic evidence should be the focus of the claim 

construction analysis and expert testimony cannot be used to vary the meaning of claim terms 

provided in the intrinsic record.  Vitronics, 90 F.3d at 1584-85; Bell & Howell, 132 F.3d at 706.  

2. Papst’s claim construction analysis is improperly directed to the 
accused Products 

As noted above, neither the specification nor the prosecution history contains a single 

reference to digital cameras.  Nonetheless, Papst repeatedly seeks to justify its proposed 

constructions by comparing the language of the claims to the accused products.  That approach is 

wrong as a matter of law.  Claim construction should be undertaken independent of any facts or 

considerations regarding how the claims may (or may not) read on the accused products.  SRI 

Int'l v. Matsushita Elec. Corp. of Am., 775 F.2d 1107, 1118 (Fed. Cir. 1985) (“A claim is 

construed in the light of the claim language, the other claims, the prior art, the prosecution 

history, and the specification, not in light of the accused device.”) (emphasis added).  Accord 

Exigent Tech., Inc. v. Atrana Solutions, Inc., 442 F.3d 1301, 1309 n 10 (Fed. Cir. 2006) (“the 

district court's grant of summary judgment was in error because the court considered the accused 

product in rendering its claim construction.”). 

3. Papst ignores disclaimers made to the PTO 

As discussed further below, the patentee presented arguments to the PTO to distinguish 

the prior art and obtain allowance of the patents-in-suit.  In its Markman brief, Papst ignores 

those limiting statements and, in a misguided attempt to support its infringement contentions, 
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improperly seeks to broaden the meaning of the claims through the claim construction process.  

See Research Plastics, Inc. v. Federal Packaging Corp., 421 F.3d 1290, 1296 (Fed. Cir. 2005).   

C. Papst Also Errs in Arguing That The Preamble Is Not A Claim Limitation 

The independent claims of the ’399 and ’449 patents each disclose an “interface device” 

for “communication between” a “host device” and a “data transmit/receive device.”  The 

preambles not only contain these specific limitations but also further define the type of host 

device and data transmit/receive device required to practice the claims.  “If the claim preamble, 

when read in the context of the entire claim, recites limitations of the claim, or, if the claim 

preamble is ‘necessary to give life, meaning, and vitality’ to the claim, then the claim preamble 

should be construed as if in the balance of the claim.”  Pitney Bowes, Inc. v. Hewlett-Packard, 

Co., 182 F.3d 1298, 1305 (Fed. Cir. 1999) (quoting Kropa v. Robie, 187 F.2d 150, 152 (CCPA 

1951)).   

The preambles for each of the asserted claims describe structures that comprise the 

claimed invention as well as the relationships among those structures, as illustrated by the 

following preamble to '399 patent, claim 1: 

An interface device for communication between 

[A] a host device, which comprises 
[1] drivers for input/output devices customary in a host device and 
[2] a multipurpose interface, 

and [B] a data transmit/receive device, the data transmit/receive device being 
arranged for providing analog data, comprising . . . 

Each of the above italicized terms describes structure (as opposed to “merely the intended 

purpose”) of the claimed invention.  Moreover, the body of ‘399 patent, claim 1, refers back 

repeatedly to these structures and incorporates them by reference, by using them with a definite 

article (“the”).  See, e.g., ‘399 patent, claim 1 (“a first connecting device for interfacing the host 

device with the interface device via the multipurpose interface of the host device”) (emphasis 
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added).  In referring to “the host device,” the interface device,” and “the multipurpose interface,” 

this particular element of claim 1 incorporates structures described more fully in the preamble, 

which provides antecedents for those and other terms used in the body of the claims.  See, e.g., 

'399, col. 12:42-13:13 (claim 1); ’449, col. 11:46-12:6 (claim 1).  Where, as here, preambles 

provide an antecedent basis for terms found in the body of the claims, they “act as a necessary 

component of the claimed invention,” and thus are claim limitations.  Bicon, Inc. v. Straumann 

Co., 441 F.3d 945, 952-53 (Fed. Cir. 2006) (quoting Eaton Corp. v. Rockwell Int’l Corp., 323 

F.3d 1332, 1339 (Fed. Cir. 2003)) (holding a preamble was limiting due to references in the 

claims that derived their antecedent basis from the preamble).  

The preambles of the claims asserted by Papst also give life, meaning and vitality to the 

claims.  The preambles make clear that the “interface device” is for communicating between a 

host device and a data transmit/receive device—i.e., it is neither the host nor the data/transmit 

receive device, but rather a separate device that enables active communication between the other 

devices.  See, e.g., ’399, col. 1:9-13.  Indeed, the very point of this invention is to allow different 

existing “data transmit/receive devices” to be attached to different existing “host devices” via a 

distinct, new type of “interconnect device.”  See id. at col. 1:9-2:14; see also Papst Br. at 2. 

Moreover, during prosecution of the patents-in-suit, the patentee emphasized the 

importance of the preambles to distinguish the prior art.  For example, when prosecuting the ’399 

patent, the applicant added the phrase, “the data transmit/receive device arranged for providing 

analog data,” to the preamble of the independent claims.  See Ex. C, ’399 File History, March 18, 

2002 Response at 5, 7-9.  He then argued that the McNeill, Jr. et al. reference cited by the 

Examiner as potentially invalidating was different because it “does not disclose that the data 

transmit/receive device is arranged for providing analog data.”  Id. at 5.   Such statements 
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confirm that the preambles disclose features of the claimed invention and thus are limiting.  E.g., 

Computer Docking Station Corp. v. Dell, Inc., 519 F.3d 1366, 1375 (Fed. Cir. 2008) (holding 

that the preamble term “portable computer” is a claim limitation because the patentee’s 

statements in the written description and prosecution “emphasize[d] this feature of the 

invention”).  Here, as in Computer Docking, the preambles of the independent claims are a 

“necessary and defining aspect of the invention,” and should therefore be construed as claim 

limitations.  Id.  

The case law relied upon by Papst is inapposite.  See Papst Br. at 14-15.  In contrast to 

the applicant here, the applicant in Catalina Marketing “did not rely on [the preamble] to define 

its invention nor is the phrase essential to understand limitations or terms in the claim body,” and 

“applicants also did not rely on the preamble phrase to distinguish over the [prior art] patent.”  

Catalina Marketing Int’l v. Coolsavings.com, Inc., 289 F.3d 801, 810 (Fed. Cir. 2002).   

III. THE COURT SHOULD ADOPT THE CAMERA MANUFACTURERS' 
PROPOSED CONSTRUCTIONS 

A.  “host device”  

PROPOSED CONSTRUCTION: A general purpose computer that connects to and 
controls the operation of peripherals. 
The Court should rule that a “host device” is “a general purpose computer that connects 

to and controls the operation of peripherals.”  Papst agrees that the “host device” is a general 

purpose computer.  Papst Br. at 15.  The general purpose computer of the patents-in-suit, 

however, must also connect to and control the operation of peripherals, as other limitations of the 

claims require the host device to have “customary” drivers for these peripherals.  See, e.g., ’399, 

col. 13:5-8; col. 4:27-39 (describing peripherals such as hard disks, graphics devices, printer 

devices, floppy disk drives, CD-ROM drives and tape drives).  Papst’s proposed construction 

fails to clarify this issue, merely providing that “hardware devices” may be attached. 

Case 1:07-mc-00493-RMC     Document 188      Filed 07/23/2008     Page 16 of 55



\\\LA - 081849/000068 - 395074 v1   10

B. “data transmit/receive device” 

PROPOSED CONSTRUCTION: A device that transmits data to and receives data 
from the host device when connected to the host device by the interface device. 
The asserted claims all require a “data transmit/receive device” that communicates with a 

“host device” via an “interface device.”  See Section II.C above regarding limiting preambles.  

The plain language requires a device that can and does “receive” data – it does not call for only a 

“data transmit device” or a “transmitter,” but instead requires the claimed element to be both a 

transmitter and a receiver.  Had the patentee intended to cover devices that could be only 

transmitters or only receivers, then he easily could have done so by claiming either a “data 

transmit device” or a “data receive device.”  Alternatively, if he wanted to cover a device that 

could function as either a transmitter or receiver (but not both), he could have used the language 

such as “data transmit or receive device.” 

Papst seeks to interpret the slash mark (“/”) as synonymous with “or,” but that 

interpretation does not comport with the language of the claims.  Indeed, in other claims where 

the patentee wanted to express the disjunctive, he did so expressly by using the word “or.”  See, 

e.g., claim 10 of the ‘399 patent and claims 2 and 14 of the ‘449 patent.  The specification also 

describes the “transmit/receive device” as accomplishing a data interchange, involving 

transmitting and receiving, rather than allowing only a one-way flow of data. 

[a]n important advantage of the interface device of the present invention is that it 
also permits extremely high data transfer rates by using, for data interchange, the 
host device-own BIOS routines… 

‘399, col. 8:43-46 (emphasis added).  If the data transmit/receive device may only transmit, as 

Papst now argues, then there would be no “interchange” of data but instead just transfer of data 

from the transmit/receive device to the host.  In addition, as discussed more fully below, there 

would be no “communication between” the data transmit/receive device and the host. 
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The specification states that:  

[t]he second connecting device can be attached by means of an output line 16 to a 
data transmit/receive device which is to receive data from the host device or from 
which data is to be read, i.e. acquired, and transferred to the host device.  '399, col. 
5:56-60; '499, col. 4:55-59 (emphasis added). 

Contrary to Papst's proposed interpretation, Papst Br. at 15, this part of the specification shows 

that the user may attach the data transmit/receive device and do either of two things: transmit 

data to the host from the transmit/receive device, or receive data in the transmit/receive device 

from the host.  Moreover, the specification distinguishes between “data” and “commands.”  See, 

e.g., ‘399, col. 6:55-58; col. 11:58-65; col. 1:44-54; col. 2:33-36; col. 7:1-22; col. 11:19-25; and 

col. 11:32-34.  The intrinsic evidence thus teaches that the data transmit/receive device transmits 

data to and receives data from the host device. 

C. “interface device”     

PROPOSED CONSTRUCTION: A stand-alone device that a user can readily 
physically connect to and disconnect from a host device and a data transmit/receive 
device and that directs communication between these devices when they are 
connected. 

Papst admits that the interface device “in the context of [the] patents-in-suit, is a 

hardware device that serves as a bridge between a computer … and a data device that acquires or 

transmits data.”  Papst Br. at 2 (emphasis added).  It further acknowledges that the host device is 

a stand-alone system, such as a personal computer.  Papst Br. at 15, 26.   However, Papst then 

eliminates any meaningful distinction between the alleged “interface device” and the alleged 

“data device” by arguing that the interface device need not be stand-alone, but can be a part of 

another device.  Papst Br. at 6. 

The problem with Papst’s argument is that instead of pointing to any teachings found in 

the patents that would vary the ordinary meaning of this term in the fashion Papst suggests, Papst 

improperly points to the accused products.  “A claim is construed in light of the claim language, 
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the other claims, the prior art, the prosecution history, and the specification, not in light of the 

accused device.”  SRI Int'l, 775 F.2d at 1118 (emphasis added). 

The “interface device” limitation should be read in light of the patent specification, not 

the accused products.  See, e.g., Phillips, 415 F.3d at 1313-14.  Not only does the specification 

always describe the interface device as a stand-alone device (see, e.g., ’399 patent, Title, 

Abstract, col. 1:1-14, 3:22-5:32, 5:47-63, Figs. 1-2 and accompanying text), but it also touts the 

advantages and “enormous” benefit of the interface device being a stand-along device:  

In the interface device according to the present invention an enormous advantage 
is to be gained, as apparent in the embodiment described in the following, in 
separating the actual hardware required to attach the interface device 10 to the 
data transmit/receive device from the communication unit … as this allows a 
plurality of dissimilar device types to be operated in parallel in identical manner.  
'399, col. 8:23-31. 

The interface device 10 thus provides a universal solution which can cover the 
entire spectrum of possible data transmit/receive devices.  '399, col. 12:37-41. 

Indeed, the stand-alone nature of the interface device is what solves the problems 

identified in the prior art:  “It is therefore desirable that an interface be sufficiently flexible to 

permit attachment of very different electrical or electronic systems to a host device by means of 

the interface,” such that a “universal method of operating the interface be provided for a large 

number of applications.”  Id. at col. 1:56-64; col. 12:23-25.   Such statements from the 

specification explain that the interface device is a stand-alone device, so that it can be connected 

to multiple other dissimilar devices as needed.   

Moreover, affirmative statements in the specification about “the present invention” 

control the scope of the claims on claim construction.  “When a patent thus describes the features 

of the ‘present invention’ as a whole, this description limits the scope of the invention.”  Verizon 

Servs. Corp. v. Vonage Holdings Corp., 503 F.3d 1295, 1308 (Fed. Cir. 2007) (reversing claim 

construction that failed to require limitations described by specification as “the present 
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invention”).  In this case, the patentee claimed that an enormous advantage of the “present 

invention” was to “allow[] a plurality of dissimilar device types to be operated in parallel.”  

Papst's proposed construction cannot be accepted because it seeks to eliminate this “enormous” 

advantage and improperly read the claims as covering an “interface device” that is an integral 

piece of the data transmit/receive device, rather than a separate device.   

The prosecution history of the ‘399 patent further supports the Camera Manufacturers' 

proposed construction. Tasler amended claim 1 to recite “wherein the first command interpreter 

is configured in such a way that the command interpreter, when receiving an inquiry from the 

host device as to [the] a type of a device attached to the multi-purpose interface of the host 

device.” Ex. C, ’399 File History, March 18, 2002 Response at 7.  In the same response, Tasler 

stated “it is clear that the data transmit/receive device to be connected to the second connecting 

device of the subject interface provides analog data.” Ex. C, ’399 File History, March 18, 2002 

Response at 5 (emphasis added).  Together, this claim amendment – from the type of device to a 

type of device – and the statement that the data transmit/receive device is to be connected to the 

interface, not that it is connected to the interface, show that Tasler believed his “interface device” 

was not permanently affixed to a single data/transmit receive device.  Rather, Tasler’s interface 

device is capable of being readily connected to different types of data transmit/receive devices. 

This construction is also supported by the plain language of the claims, which separately 

recite a host device, a data transmit/receive device and an interface device as distinct devices 

connected by the first and second connecting devices of the interface device.  In addition, the 

claims require that the interface device operates in a particular manner “regardless of the type of 

the data transmit/receive device attached to the second connecting device.”  This claim language 

defining the operation of the interface device makes no sense if the interface device is 
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permanently connected to a single data transmit/receive device.  But, the language is perfectly 

understandable if the interface device is capable of being readily attached to different types of 

data transmit/receive devices, just as Tasler indicated it was during the prosecution of the ‘399 

patent. 

D. “communication between” [the host device and data transmit/receive device] 

PROPOSED CONSTRUCTION:  for transmitting of information bidirectionally 
and actively between two devices     

The communication must be bidirectional.  The plain meaning of the claim term 

“between” requires a two-way, bidirectional flow of data.  Had the patentee meant there to be 

only one-way data flow, he would have used the words “to,” “from,” or even “to or from” rather 

than “between.”  Indeed, the patentee used the words “from” and “to” later in the claims to show 

a contrast with the “between” language used for the claimed “communication.”  See, e.g., “a data 

request command from the host device to the type of input/output device…” and “transfer of the 

digital data to the host device.” ‘399, col. 13:10-13 (emphasis added). 

The specification also strongly supports bidirectional communication between the host 

and the data transmit/receive device.  For example, the “FIELD OF INVENTION” states: 

[t]he present invention relates to the transfer of data and in particular to interface 
devices for communication between a computer or host device and a data 
transmit/receive device from which data is to be acquired or with which two-way 
communication is to take place. ‘399, col. 1:9-14 (emphasis added.) 

Thus, two modes of “communication between” a host and a data transmit/receive are identified 

in the specification, namely, 1) the host acquiring data from the data transmit/receive device and 

2) two-way “communication” between the host and the data transmit/receive device.  The 

patentee used the word “communication” in the claim rather than addressing mere data 

acquisition, and the specification shows that “communication” to be “two-way communication.”  

Moreover, all arrows representing data flow in the figures of the patents-in-suit are bidirectional 
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between the host and the data transmit/receive device.  See, e.g., Figs. 1 & 2. 

The communication must also be active.  The plain meeting of “communication” requires 

an active engagement.  Thus, for two devices to be in communication, there must be some real-

time activity between them.  By contrast, storage of information by one device, and later 

acquisition of that information by another device, does not place those two devices in 

communication under any common understanding of the word “communication.”  As a simple 

illustration of this point, if a person in Washington takes data from her computer and stores it in 

a memory, and then ships the memory to a friend in Beijing, where the friend then uses his 

computer to access the data, one would not ordinarily consider the two computers to be in 

“communication” with each other. 

This is consistent with the consistent usage of this term in the specification.  The 

specification teaches that communications between the host and the data transmit/receive device 

must be active to achieve the desired high data transfer rate (one of the claimed objects of the 

invention):  

The data transmit/receive device itself can also communicate actively with the 
host device via the first and second connecting device, as described in more detail 
in the following. 

‘399, col. 5:60-63 (emphasis added).  See also col. 1:26-30; col. 11:53-65; col. 12:8-22. 

E. “first connecting device for interfacing the host device with the interface 
device” 

PROPOSED CONSTRUCTION:  A physical plug or connector for permitting a 
user to readily attach and detach the interface device with the host device.   

As the claim language explicitly requires, the first connecting device must “interface[] 

the host device with the interface device via the multi-purpose interface of the host device.”  

Throughout the specification, the patentee uses the term “interface” to mean physically 

connecting.  See, e.g., ’399, col. 9:30 – col. 10:14.  Indeed, consistent with the fact that the 
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interface device of the patent is a stand-alone device that is connectable with any host device, the 

specification discloses that the first connecting device is a 50-pin SCSI (small computer system 

interface) connector.  See ’399, col. 9:30-48 (also describing a 25-pin D-shell connector 

associated with an EPP (enhanced parallel port), and optionally a further 25-pin connector which 

permits the attachment of eight digital outputs and eight digital inputs at the host device).  A 

connector is simply a physical plug or socket.  See, e.g., Ex. D, AMER. HERITAGE DICT. OF 

COMPUTER AND INTERNET WORDS 59 (2001) (“A coupler used to join two cables or to plug a 

cable into a port or interface.”); Ex. E, AMER. HERITAGE DICT. OF COMPUTER WORDS 54 (1995) 

(same).  The examples given in the patent are entirely consistent with these dictionary definitions 

and the manner in which one of ordinary skill in the art would understand the term “connector,” 

i.e., that it requires a physical plug or socket.  While the first connecting device can certainly 

“include” other structures and circuits (such as the SCSI interface), it would be improper not to 

give meaning to the term “first connecting device” as well.  See, e.g., Mangosoft v. Oracle 

Corporation, 525 F.3d 1327, 1330 (Fed. Cir. 2008) (construction that rendered term superfluous 

was improper). 

Papst’s proffered interpretation of “first connecting device” is wrong because it cites to 

the SCSI and EPP circuit devices as examples of a “first connecting device,” but does not require 

that the “first connecting device” be a physical plug or socket.  See Papst Br. at 16–17.  Papst’s 

interpretation should not be adopted because eliminating the physical connector requirement is 

inconsistent with the claims, the specification, relevant technical dictionaries, and the 

understanding of one of ordinary skill in the art, as well as the patent’s asserted advantage of 

providing a stand-alone interface device which is connectable with any host device and “whose 

use is host device - independent.”  See ’399, col. 3:24–27.   
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F. “second connecting device for interfacing the interface device with the data 
transmit device” 

PROPOSED CONSTRUCTION: A physical plug or socket for permitting a user to 
readily attach and detach the interface device with a plurality of dissimilar data 
transmit/receive devices. 

The “second connecting device” allows the stand alone interface device to be attached to 

different data transmit/receive devices, thus providing “a universal solution which can cover the 

entire spectrum of possible data transmit/receive devices.”  ’399, col. 12:38-41 (emphasis added).  

See also ’399, col. 12:53-59.   Like the first connecting device, the second connecting device also 

must be a physical plug or socket.   

The patent makes clear that this ordinary meaning of connector was intended.  The 

connectors cited in the patents are a “50-pin SCSI connector” to connect to the host and an “8 

BNC inputs” connector to connect to the data transmit/receive device.  See, e.g., ’399, col. 9:30-

34; 9:49-64; Fig. 2.  These were common connectors at the time, and are each depicted below: 

 

Ex. D, AMER. HERITAGE DICT. OF COMPUTER AND INTERNET WORDS  32 (2001); Ex. F, William 

E. Ham, “Recent Advances in Basic Physical Technology for Parallel SCSI,” Digital Technical 

Journal 9:3, p. 18 (1997).  

Rather than adopting a construction for “second connecting device,” Papst improperly 

attempts to read the term “second connecting device” entirely out of the claims of the ’399 patent, 

by defining it solely as the rest of the structure recited in this element of claim 1, i.e., an analog-
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to-digital converter and sampling circuit.  Papst Br. at 17.  While the second connecting device 

can certainly “include” other structures and circuits (and must include at least an analog-to-

digital converter and a sampling circuit), it would be improper not to give meaning to the term 

“second connecting device” as well.  See, e.g., Mangosoft, 525 F.3d at 1330 (Fed. Cir. 2007) 

(construction that rendered term superfluous was improper).  

Papst’s construction of “second connecting device” in the ’449 patent fares no better.  In 

the ‘449 patent, Papst offers a proposed construction of the term (rather than attempting to 

eliminate it), but Papst does so by proposing a vague and overly broad definition inconsistent 

with the ordinary meaning—it construes the “second connecting device” as a “circuit device” 

that “couples.”  Papst Br. at 27-28   This too is incorrect.  The connecting device must have a 

plug or socket, not just a circuit.  See, e.g., ’399, col. 9:30-34; 9:49-64; Fig. 2 (describing 

connectors).  Papst's attempt to read the connector out of the “second connecting device” must be 

rejected. 

G.  “first command interpreter”  

PROPOSED CONSTRUCTION:  A software program for interpreting an inquiry 
from a host device and sending a signal to the host device in response to the inquiry 
that “lies to the host computer as to the real nature of the data transmit/receive 
device.” 

The “first command interpreter” is described in the ‘399 patent, claim 1: 

wherein the interface device is configured by the processor and the memory to 
include a first command interpreter and a second command interpreter, wherein 
the first command interpreter is configured in such a way that the command 
interpreter, when receiving an inquiry from the host device as to a type of a device 
attached to the multi-purpose interface of the host device, sends a signal, 
regardless of the type of the data transmit/receive device attached to the second 
connecting device of the interface device, to the host device which signals to the 
host device that it is an input/output device customary in a host device,… ‘399: 
col. 12:61- col. 13:5 (emphasis added). 

Because the first command interpreter is expressed as being “include[d]” in the interface device 
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as a result of “configur[ing]” by the processor and memory, and that it is “configured in such a 

way” to respond to an inquiry, the first command interpreter must be a software program or 

module.  Then, when receiving an inquiry from the host device, the first command interpreter 

sends a signal in response, which necessarily requires that it must have interpreted the inquiry to 

determine what signal to send.  This part of the construction appears to be undisputed by Papst.  

See Papst Br. at 18. 

But, as properly construed, the first command interpreter also “lies to the host computer 

as to the real nature of the data transmit/receive device.”  The prosecution history establishes that 

the “first command interpreter” does more than simply indicate that the attached data 

transmit/receive device is “customary in a host device.”  After the patent examiner rejected all of 

the pending claims in view the Applicant’s admitted prior art and U.S. Patent No. 5,499,378 to 

McNeill, Jr. et al. (“McNeill”), the Applicant argued: 

In addition, this reference [i.e., McNeill] does not include a first command 
interpreter that, when asked by the host device as to the type of device connected 
to the interface, lies to the host computer as to the real nature of the data 
transmit/receive device. In McNeill, Jr. et al., the initiator asks for a hard disk and 
the target states that there is a hard disk. In other words, the target does not lie as 
to the true type of the data transmit/receive device. The conversion done in 
McNeill; Jr. et al. is to transfer SCSI protocol commands into commands 
understandable for the magnetic disk. 

Ex. C, ’399 File History, March 18, 2002 Response at 6 (emphasis added).  Accordingly, the 

Applicant unequivocally distinguished McNeill by explaining that the system in McNeill does 

not lie as to the real nature of the device being attached, while the claimed invention does.  This 

argument to distinguish the amended claims from the McNeill reference represents an express, 

clear, and unambiguous disclaimer applicable to the “first command interpreter” limitation.  See, 

e.g., Solomon Technologies, Inc. v. Int’l Trade Commission, 524 F.3d 1310, 1313-14 (Fed. Cir. 

2008); Verizon Services Corp. v. Vonage Holdings Corp., 503 F.3d 1295, 1306-07 (Fed. Cir. 
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2007).  Papst cannot now seek a construction that tries to recapture the scope of the claims that 

was expressly disclaimed in order to obtain allowance of the patent.  As a result, the “first 

command interpreter” when responding to the host device’s inquiry must “lie[] to the host 

computer as to the real nature of the data transmit/receive device.” 

In its Brief, Papst suggests that the Applicant’s statements attempting to distinguish the 

McNeill reference are merely in agreement with the claim language that the host computer will 

not attempt to find or use a specific software driver no matter what data transmit/receive device 

is attached and that the data transmit/receive device does not factor into the response to the 

inquiry.  Papst Br. at 19.  Papst is incorrect on both counts.  First, the “first command 

interpreter” lying to the host about the real nature of the data transmit/receive device and 

indicating that the attached device is an input/output device customary in a host device implies 

nothing about which device driver the host computer will attempt to find or use.   

Second, to “lie” to the host about the real nature of the data transmit/receive device, the 

“first command interpreter” must factor into its response the nature of the data transmit/receive 

device.  It is axiomatic that if the “first command interpreter” does not recognize what the data 

transmit/receive device is, it cannot lie about it. 

H.  “second command interpreter”  

PROPOSED CONSTRUCTION: A software program for translating data request 
commands from the host into data transfer commands understandable by a 
plurality of dissimilar data transmit/receive devices. 

As described in the claims, the interface device is configured to include a first command 

interpreter and a second command interpreter.  ’399, col. 12:61-63.  Still further, the second 

command interpreter is “configured to interpret a data request command from the host device … 

as a data transfer command for initiating a transfer of the digital data to the host device.”  Id. at 

col. 13:9-13.      
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The specification explains that the interface device carries out two sets of commands.  

One set of commands comes from the host.  ’399, col. 5:64-67 (“Communication between the 

host system or host device and the interface device is based on known standard access 

commands as supported by all known operating systems (e.g. DOS, Windows, Unix).”).  The 

first command interpreter interprets those commands.  The second command interpreter “carries 

out the read/write assignment to specific functions” to initiate data transfer from the data 

transmit/receive device.   Id. at col. 6:52-67.  In the example described by the specification, the 

host system sends a command to the interface device such as “read file xy.”  Id.  The second 

command interpreter in the interface device interprets this read command as a data transfer 

command, and begins to transfer data from the data transmit/receive device to the host.  Id.  Thus, 

the second command interpreter translates data request commands from the host (e.g., “read file 

xy”) into commands understandable by any of the plurality of dissimilar data transmit/receive 

devices then-attached to the interface device.  

I.  “multi-purpose interface” 

PROPOSED CONSTRUCTION: A communication interface designed for use with 
multiple devices having different functions from each other. 

Papst defines “multi-purpose interface” as “any interface to which more than one type of 

device may be attached.”  Papst Br. at 24.  However, to be “multi-purpose,” the interface must 

not only be capable of connecting to and communicating with multiple types of devices, but also 

devices having more than one purpose, i.e., having different functions from each other.  See, 

e.g., ’399, col. 4:40-60; see also ’399 patent, col. 5:22-32 and 11:9-22 (describing multi-purpose 

interfaces as being interfaces such as SCSI that are configured to connect to and communicate 

with multiple types of devices having different functions).  Accordingly, Papst’s construction of 

“multi-purpose interface” is incorrect. 
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J. “interfacing” 

PROPOSED CONSTRUCTION: Physically connecting. 

The specification is consistent with the Camera Manufacturers’ proposed interpretation of 

“interfacing” as “physically connecting.”  Specifically, the first connecting device is identified as 

a physical connection between the host device and the interface device via connector pins.  '399, 

col. 9:30-48; see also supra, “first connective device.”  Similarly, the specification also identifies 

the second connecting device as a physical connection between the interface device and the data 

transmit/receive device via connector pins: 

Preferably, the second connecting device comprises 8 BNC inputs with the 
calibration relay 1505, a block 1510 with 8 device amplifiers with an overvoltage 
protection of .±.75 V, this block being connected in turn to 8 sample/hold (S&H) 
circuits 1515. 

‘399, col. 9:49-53; see also supra, “second connecting device.”  No other form of interfacing 

besides physical connection is disclosed or suggested in the specification.   

K.  “wherein the interface device is configured by the processor and memory to 
include a first command interpreter and a second command interpreter” 

PROPOSED CONSTRUCTION:  The processor of the interface device (1) runs a 
program from its memory to (2) determine the data transfer parameters of the 
interface device for the first and second command interpreters. 

For the processor and memory together to configure the interface device, the processor 

must necessarily execute software located in its memory to perform the configuration of the 

interface device.  The specification fully supports this part of the construction.  As Fig. 1 of the 

‘399 patent depicts, the interface device 10 includes a digital signal processor (“DSP”) 13 and a 

memory means 14.  The specification states that the operating system for the DSP 13 is stored in 

the memory means 14.  ‘399, col. 6:26-27; 10:14-17.  It also discloses that an on-chip memory of 

the DSP, such as RAM 1440, can store certain instruction sets, functions and smaller application 

software units for the DSP.  ‘399, col. 10:23-27.  Thus, the specification requires that the 
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memory stores a program executed by the processor to perform configuring functions for the 

interface device.  

The second part of the proposed construction is based on the inherent feature of the 

claimed interface device that it is configured to be attachable to different types of data 

transmit/receive devices for communication with a host device. ‘399, col. 6:19-22, 8:23-31.  As 

discussed herein, the host device does not know and need not recognize what type of data 

transmit/receive device is attached to the interface device.  Id.   So that the host device and the 

data transmit/receive device can communicate, the interface device handles the task of 

recognizing different data transmit/receive devices, and then is configured to facilitate 

communication between the host and the various data transmit/receive devices.   

To facilitate that communication, the interface device includes first and second command 

interpreters, which are present regardless of the type of data transmit/receive device that is 

attached to the interface device.  ‘399, col. 6:52-67.  What does vary depending on the type of 

data transmit/receive device that is attached are the settings in these command interpreters that 

enable communication between the host and a particular data transmit/receive device.  Id.   These 

data transfer settings “configure” the interface device according to the data transmit/receive 

device that is attached.    

L.  “sends a signal, regardless of the type of the data transmit/receive device 
attached to the second connecting device of the interface device, to the host 
device which signals to the host device that it is an input/output device 
customary in a host device” 

PROPOSED CONSTRUCTION: The first command interpreter sends a signal to 
the host device that the data transmit/receive device is an input/output device 
customary in a host device, and in so doing “lies to the host computer as to the real 
nature of the data transmit/receive device. 

Papst’s proposed construction starts by limiting the term “signal” to that which is “[a]t 

least with respect to the portion of the signal relevant to software driver selection.”  Papst Br. at 
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18.  However, there is no support in the specification to support such a limitation.  Furthermore, 

Papst’s suggestion that the construction of this phrase includes the language “signal is consistent 

with a signal that an input/output device customary in a host device would provide in response to 

the inquiry, and that such as [sic] response is not based on what data transmit/receives devices 

may be associated with the interface device” (Papst Br. at 18-19) focuses as much on the 

“response” to the signal as it does the signal.  Any construction for “sends a signal” should 

concern the signal itself, not some vague reference to an unclaimed response.   

As explained in connection with the “first command interpreter,” the specification and 

prosecution history require the interface device to “lie[]” to the host device as to the real nature 

of the data transmit/receive device.  The Camera Manufacturers’ construction accounts for the 

meaning of each term, is consistent with the claim language, specification, and prosecution 

history, and avoids unnecessary and unhelpful use of the claim terminology in the construction.  

Because Papst’s construction ignores the intrinsic evidence and is a largely non-informative 

regurgitation of the language to be construed, the Camera Manufacturers’ construction of this 

term should be adopted. 

M.  “the driver” 

PROPOSED CONSTRUCTION:  The set of software routines that control an 
input/output device. 

The term “driver” is recited in claims 1, 2, 11, 14, and 15 of the ‘399 patent, and in 

claims 1, 17, and 18 of the ‘449 patent.  The Camera Manufacturers’ construction comports with 

the well understood meaning of the term “driver” to one of ordinary skill in the art at the time of 

the alleged invention.  IEEE defines the term “driver” as a computer program, i.e., a set of 

software routines, that controls a peripheral device and reformats data for transfer to and from 

the device.  See Ex. G, THE NEW IEEE STANDARD DICTIONARY OF ELECTRICAL & ELECTRONICS 
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TERMS (5th ed.) (1993).  Similarly, IEEE defines the term “device driver,” a term that as Papst 

admits is equivalent to “driver” (see Papst Br. at 1), as the software that manages I/O operations 

for a particular device, contains all the device-specific code necessary to communicate with the 

device and provides a standard interface to the rest of the system.  See Ex. H, IEEE 100 THE 

AUTHORITATIVE DICTIONARY OF IEEE STANDARDS TERMS (7th ed.) (2000).  According to these 

definitions, to be a driver, software must perform the function of controlling a device. 

Accordingly, these definitions clearly support the Camera Manufacturers’ construction. 

The specification also fully supports this meaning of the term “driver.”  For example, the 

specification repeatedly discusses drivers as the software mechanism for allowing a host device 

to communicate with and control an interface device.  ‘399, col. 2:23-63.  The specification also 

similarly describes the functions of drivers: 

As described above, communication between the host device and the multi-
purpose interface can take place not only via drivers for input/output device 
customary in a host device which reside in the BIOS system of the host device but 
also via specific interface drivers which, in the case of SCSI interfaces, are known 
as multi-purpose interface ASPI (advanced SCSI programming interface) drivers. 
This ASPI driver, which can also be referred to as an ASPI manager, is specific to 
a special SCSI host adapter, i.e. to a special multi-purpose interface, and is 
normally included by the manufacturer of the multi-purpose interface. Generally 
speaking, this multi-purpose interface driver has the task of moving precisely 
specified SCSI commands from the host system program to the host system SCSI 
adapter. For this reason, the command set is almost identical to that of the SCSI 
interface itself.  

‘399, col. 11:9-24.  The above recited description confirms that “the driver” cannot merely be a 

software element of a driver which by itself is useless, but must be the set of software routines 

that have overall functionality of controlling a device.  In the context of the patents-in-suit, the 

driver must be what actually enables the host device to communicate with and control an 

input/output device.  
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N. “the driver for the input/output [storage] device customary in a host device”  

PROPOSED CONSTRUCTION:  The driver normally present in most 
commercially available computers at the time of the invention. 

Independent claim 1 of the ‘399 patent recites “the driver for the input/output device 

customary in a host device” and independent claim 1 of the ‘449 patent recites “the driver for the 

storage device customary in a host device.”  The patentee explicitly defined these phrases in the 

specification to mean “the driver normally present in most commercially available host devices”: 

The present invention is based on the finding that both a high data transfer rate 
and host device-independent use can be achieved if a driver for an input/output 
device customary in a host device, normally present in most commercially 
available host devices, is utilized.  Drivers for input/output devices customary in a 
host device which are found in practically all host devices are, for example, 
drivers for hard disks, for graphics devices or for printer devices. 

‘399, col. 4:23-30 (emphasis added).  Because the patentee acted as his own lexicographer, “the 

inventor has dictated the correct claim scope, and the inventor’s intention, as expressed in the 

specification, is regarded as dispositive.”  Phillips, 415 F.3d at 1316.  Further, because the 

patentee has acted as his own lexicographer, Papst’s reliance on extrinsic evidence is wholly 

improper.  Phillips, 415 F.3d at 1316, 1318; Bell & Howell Doc. Mgmt. v. Altek Sys., 132 F.3d 

701, 706 (Fed. Cir. 1997) (“When the intrinsic evidence is unambiguous, it is improper for the 

court to rely on extrinsic evidence such as expert testimony for purposes of claim construction.”). 

Moreover, claim terms are to be interpreted to have the meaning they had at the time of 

the invention, i.e., as of the effective filing date of the patent application.  Phillips, 415 F.3d at 

1313; see also PC Connector Solutions LLC v. SmartDisk Corp., 406 F.3d 1359, 1363 (Fed. Cir. 

2005) (“A claim cannot have different meanings at different times; its meaning must be 

interpreted as of its effective filing date.”).  The Federal Circuit reaffirmed this precedent last 

week holding that a “conventional” Internet browser is limited to web browsers in existence at 
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the time of the alleged invention.  See Muniauction, Inc. v. Thomson Corp., __ F.3d __, 2008 

WL 2717689 at *5 (Fed. Cir. July 14, 2008).  Thus, certain terms, such as “normally,” 

“conventional,” “traditionally,” and “standard,” which are implicitly time-dependent, necessarily 

have a meaning specific to the time of filing.  PC Connector, 406 F.3d at 1363-64 (limiting 

“input/output port normally connectible to a conventional computer input/output port” and 

“standard input/output port” that is “traditionally connectable to a computer” to input/output 

technologies existing at the time of filing).  See also Kopykake Enterprises, Inc. v. Lucks Co.,, 

264 F.3d 1377, 1384 (Fed. Cir. 2001) (holding that “conventional screen printing” did not cover 

ink jet printing because that was not a conventional method of printing at the time of filing).   

Thus, the claim term “customary” (and the word “normally” as used by the patentee to define 

“customary”) in the ‘399 and ‘449 patents is a time-dependent term that must be construed to 

refer to only what was “customary” at the time of the alleged invention.  Consequently, Papst’s 

proposed construction, which seeks to construe the term “customary” to encompass technology 

that would be “customary” or “normally used” today, is improper. 

Finally, without any support, Papst argues that the term “customary” in this limitation 

modifies the term “input/output device,” not the term “drivers.”  Papst Br. at 20, 29.  But the 

patent makes clear that the phrase “customary in a host device” modifies “drivers,” not the 

prepositional phrase “for input/output devices:” 

Drivers for input/output devices customary in a host device which are found in 
practically all host devices are, for example, drivers for hard disks, for graphics 
devices or for printer devices. 

‘399, col. 4:27-30.  While the recited drivers for hard disks, for graphics devices and for printers 

are customary in a host device, not all of the recited devices, such as printers, which are external 

to a computer, are customary “in” a computer.  Accordingly, the phrase “customary in a host 
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device” cannot modify the phrase “input/output devices,” which include printers, as argued by 

Papst. 

O.  “an input/output [storage] device customary in a host device”    

PROPOSED CONSTRUCTION:  A data input/output [storage] device that was 
normally present within the chassis of most commercially available computers at the 
time of the invention.  The I/O devices that were customary in personal computers 
were hard disk drives, floppy disk drives, CD-ROM drives and tape drives. 

Independent claims 1, 11 and 14 of the ‘399 patent each recite “an input/output device 

customary in a host device” and independent claims 1, 17 and 18 of the ‘449 patent each recite a 

“storage device customary in a host device.”  The patentee explicitly defined the phrase 

“customary in a host device” to mean “normally present in most commercially available host 

devices”:   “The present invention is based on the finding that both a high data transfer rate and 

host device-independent use can be achieved if a driver for an input/output device customary in a 

host device, normally present in most commercially available host devices, is utilized.”  ’399, col. 

4:23-27 (emphasis added).  Because the patentee acted as his own lexicographer and because, as 

explained above, the claim term “customary” is to be construed as of the date of the alleged 

invention, “customary in a host device” means “normally present in most commercially available 

computers at the time of the invention.” 

Papst’s proposed construction is wrong for many of the same reasons that its proposed 

construction for “the driver for the input/output device customary in a host device” is wrong.  In 

addition, by replacing the claim term “in” with the phrase “with respect to,” Papst’s proposed 

construction attempts to read out the term “in” thereby making it superfluous.  The Federal 

Circuit repeatedly has denounced construing claims in a way that would render a claim term 

superfluous.  See, e.g., Stumbo v. Eastman Outdoors, Inc., 508 F.3d 1358, 1362 (Fed. Cir. 2007) 

(stating that construing a claim in a way that would render a claim term superfluous is a 
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“methodology of claim construction that this court has denounced”).  Accordingly, given its full 

effect, the term “in” is properly construed to mean that the claimed input/output (and storage) 

device is located within the chassis of a computer.  The patentee identified such input/output 

(and storage) devices as hard disk drives, floppy drives, CD-ROM drives and tape drives: 

As however the hard disk interfaces in common host devices which can be, for 
example, IBM PCs, IBM-compatible PCs, Commodore PCs, Apple computers or 
even workstations, are the interfaces with the highest data transfer rate, the hard 
disk driver is utilized in the preferred embodiment of the interface device of the 
present invention.  Drivers for other storage devices such as floppy disk drives, 
CD-ROM drives or tape drives could also be utilized in order to implement the 
interface device according to the present invention. 

’399, col. 4:30-39 (emphasis added).  Contrary to Papst, printers are not, and the patent does not 

disclose that they are, input/output devices “in” a computer.  Papst’s proposed construction is 

also improper because it adds the extraneous limitation of software drivers to the claim term 

“input/output device.” 

P. “specific driver for the multi-purpose interface” 

PROPOSED CONSTRUCTION:  The set of software routines that control the 
multi-purpose interface that are developed for the particular multi-purpose 
interface. 

The multi-purpose interface referenced in claim 11 of the ‘399 patent and claim 17 of the 

‘449 patent is a part of the host device.  E.g., '399, col. 14:7-8.  The specific driver for that multi-

purpose interface enables the host device to communicate with and control the multi-purpose 

interface.  The modifier “specific” is used in the patents-in-suit to refer to the fact that driver is 

not a general driver or one which is customary in the host device, but rather one that is developed 

for the particular multi-purpose interface employed in the host device: 

As described above, communication between the host device and the multi-
purpose interface can take place not only via drivers for input/output device 
customary in a host device which reside in the BIOS system of the host device but 
also via specific interface drivers which, in the case of SCSI interfaces, are known 
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as multi-purpose interface ASPI (advanced SCSI programming interface) drivers. 
This ASPI driver, which can also be referred to as an ASPI manager, is specific to 
a special SCSI host adapter, i.e. to a special multi-purpose interface, and is 
normally included by the manufacturer of the multi-purpose interface.  

‘399, col. 11:9-19.   

Papst’s proffered construction—”a software driver that enables a host system to 

communicate via a multipurpose interface” (Papst Appendix at 5)—is wrong because it ignores 

the explicit requirement that the driver must be specific to the particular multi-purpose interface 

employed in the host device.   

Papst’s construction is also wrong because “the specific driver” cannot merely be a 

software element of a driver that enables communications:   

In general terms, the ASPI manager comprises two sides.  One side is the 
proprietary, hardware-oriented side.  It is responsible for converting all commands 
into a form required by the corresponding multi-purpose interface.  The hardware-
oriented side of the ASPI driver is therefore matched to a very specific type of 
multi-purpose interface or SCSI interface.  The other side is known as the user 
software side. This side is totally independent of the proprietary operating 
characteristics of the SCSI adapter and is therefore identical for all SCSI 
interfaces.  This permits SCSI programming which is however independent of the 
individual SCSI adapter types.  

‘399, col. 11: 31-42.  Thus, contrary to Papst’s construction, the specific driver must be a 

complete set of software routines that have overall functionality of controlling a device. 

Q. “whereupon the host device communicates with the interface device by means of the 
driver for the input/output [storage] device customary in a host device” 

PROPOSED CONSTRUCTION:  No construction is necessary for the entire 
limitation; the parties have separately construed “host device,” “interface device” 
and “driver for the input/output device customary in a host device.” 

Independent claim 1 of the ‘399 patent recites the limitation “whereupon the host device 

communicates with the interface device by means of the driver for the input/output device 

customary in a host device.”  Independent claim 1 of the ‘449 patent recites a similar limitation, 

replacing the term “input/output device” with “storage device.” 
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Papst seeks to construe the entire limitation even though the parties have proposed 

constructions for its constituent claim terms (e.g., “host device,” “interface device” and “driver 

for the input/output [storage] device customary in a host device.”).  Consequently, it is 

unnecessary and improper to construe the entire limitation. 

Moreover, Papst’s proposed construction improperly seeks to read in a limitation that the 

host device “automatically” uses a driver.  Papst fails to provide any intrinsic evidence to support 

its proposed construction or for the addition of the term “automatically.”  Not only is Papst’s 

construction unsupported, it also creates unnecessary ambiguity (i.e., what does it mean for a 

host device to “automatically” use a driver?). 

Papst’s construction is also inconsistent with its on-going prosecution of related patent 

applications that explicitly recite an “automatically” limitation—in contrast to the claims here.  

See, e.g., Ex. I, Appl’n No. 11/078,778, Preliminary Amendment, Mar. 28, 2006, claim 17 at 4.  

Although Papst is drafting the claims of its pending applications to explicitly recite the 

“automatically” limitation, it chose not to do so for the claims of the ‘399 and ‘449 patents.  

Papst’s after-the-fact attempt to read in an “automatically” limitation to these patents is improper.  

See Mycogen Plant Science v. Monsanto Co., 243 F.3d 1316, 1328 (Fed. Cir. 2001) (rejecting 

proposed construction that read an additional limitation into the claims stating that had the 

patentee meant the claims to require such a limitation, the patentee could have and should have 

included the limitation in the claims themselves). 

R.  “the digital data” 

PROPOSED CONSTRUCTION:  The same digital data output from the 
analog-to-digital (“A/D”) converter, unmodified by additional processing. 

It is a straightforward matter of claim construction that definite articles such as “the” and 

“said” are used to refer back to elements previously identified in a claim.  See, e.g., Process 
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Control Corp. v. HydReclaim Corp., 190 F.3d 1350, 1356-57(Fed. Cir. 1999) (holding “the 

discharge rate” means the “same” rate previously mentioned in the claim); Ex. J, MANUAL OF 

PATENT EXAMINING PROCEDURE § 2173.05(e) (indicating that either the term “said” or “the” 

should precede a claim limitation that has an antecedent basis).  In the context of the ’399 patent 

claims, “the digital data” refers back to the same digital data first referenced in each claim:  the 

digital data output by the A/D converter, unmodified by additional processing.  For example, 

claim 1 of the ’399 patent recites first an “analog-to-digital converter for converting data 

sampled by the sampling circuit into digital data” and then a “second command interpreter for 

initiating a transfer of the digital data to the host device.”  ’399 patent, cols. 12:42-13:12 

(emphasis added).  

Moreover, the Federal Circuit recently affirmed a construction of remarkably similar 

claim language.  In Ampex Corp. v. Eastman Kodak Co., the court granted summary judgment 

that Kodak’s digital cameras did not infringe the asserted patents based on the relationship 

between the first reference to “data” and subsequent references to “said [ ] data” and “the data” 

in each of the claims asserted in that case.  Ex. K, Ampex Corp. v. Eastman Kodak Co., 460 F. 

Supp. 2d 563 (D. Del. 2006), aff’d, 2008 WL 343253 (Fed. Cir. 2008).  In Ampex, the District 

Court agreed with defendants that “the data” and “said data” had to be the same numerical 

information as the earlier “data” in the claims.  460 F. Supp. 2d at 565-66.  As a result, the 

defendants’ cameras did not literally infringe the asserted patents because after receiving the 

earlier “data,” the cameras processed that data (e.g., by performing compression, color correction, 

etc.) such that the processed numerical information—which the plaintiff alleged corresponded to 

“the/said data”—was different from the original numerical information.  460 F. Supp. 2d at 

565-66.  The Federal Circuit affirmed this decision.  See 2008 WL 343253 (Fed. Cir. 2008). 
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During prosecution of the ‘399 patent, Tasler confirmed that “the digital data” is the same 

digital data output from the A/D converter: 

[T]he second command interpreter interprets a data request command from the 
host device . . . as a data transfer command for initiating a transfer of the digital 
data to the first device, i.e., of the digital data that have been derived from the 
analog data of the data transmit/receive device.   

See Ex. C, ’399 File History, March 18, 2002 Response at 5.  Moreover, Tasler was forced to add 

the “digital” and “the digital data” language to the claims to overcome an obviousness rejection 

over prior art.  See Ex. C, ’399 File History, March 18, 2002 Response at 2-6; Ex. L Notice of 

Allowability.  To allow Papst essentially to ignore the “the digital data” limitation by construing 

it to mean data other than the same digitized analog data output from the A/D converter would 

allow Papst to maneuver around exactly what the PTO required to be added to the claims to 

make them, in the PTO’s view, non-obvious and therefore patentable over the cited prior art.  See 

Lemelson v. General Mills Inc., 968 F.2d 1202, 1207-08 (Fed. Cir. 1992) (“Lemelson cannot 

acquiesce to a rejection and to an agreed alternative [amending claims in light of an obviousness 

rejection], and now years later shift his stance 180° to argue for a second bite at the abandoned 

apple”). 

S. “inquiry”  [or “inquiring”] 

PROPOSED CONSTRUCTION:  The SCSI inquiry command [or sending the SCSI 
inquiry command] 

Independent claims 1, 11 and 14 of the ‘399 patent and independent claims 1, 17 and 18 

of the ‘449 patent each recite that the host device sends an inquiry to the interface device to 

determine the type of device attached to the host device.  The patentee acted as his own 

lexicographer stating that the claimed inquiry is the specific inquiry instruction known by those 

skilled in the art: 

When the host device system with which the interface device according to the 
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present invention is connected is booted and a data transmit/receive device is also 
attached to the interface device 10, usual BIOS routines or multi-purpose interface 
programs issue an instruction, known by those skilled in the art as the INQUIRY 
instruction, to the input/output interfaces in the host device. The digital signal 
processor 13 receives this inquiry instruction via the first connecting device and 
generates a signal which is sent to the host device (not shown) again via the first 
connecting device 12 and the host line 11. This signal indicates to the host device 
that, for example, a hard disk drive is attached at the interface to which the 
INQUIRY instruction was sent. 

‘399, col. 6:3-16 (emphasis added, capitalization in original).  This known inquiry instruction is 

the SCSI inquiry command, which is one of the commands for the SCSI (“small computer 

system interface”) standard described in the patent for connecting and transferring data between 

a computer and a peripheral.  See, e.g., ‘399, col. 9:29-37; 11:19-25 (referencing SCSI 

commands); see also Ex. M, American National Standard for Information Systems – Small 

Computer System Interface – 2 at 96-100 (1994) (describing the SCSI inquiry command).  

Papst’s proposed construction ignores the explicit definition of the claim term “inquiry.”  By 

acting as his own lexicographer, the patentee’s definition is dispositive and Papst’s reliance on 

extrinsic evidence is wholly improper. Phillips, 415 F.3d at 1316, 1318; Bell & Howell, 132 F.3d 

at 706. 

 Independent method claim 14 of the ‘399 patent and independent method claim 18 of the 

‘449 patent each recite the step of “inquiring by the host device at the interface device as to the 

type of device to which the multi-purpose interface of the host device is attached.”  The 

subsequent limitations of these claims recite that the interface device responds to “the inquiry” 

from the host device.  Accordingly, the claimed “inquiring” step requires the host device to send 

the inquiry command discussed above to the interface device.  Thus, the term “inquiring” should 

be construed to mean “sending the SCSI inquiry command.”   
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T.  ‘399 Patent, Claim 2 

PROPOSED CONSTRUCTION:  No construction needed    

Claim 2 of the ‘399 patent recites “An interface device according to claim 1, wherein the 

drivers for input/output drivers customary in a host device comprise a hard disk driver, and the 

signal indicates to the host device that the host device is communicating with a hard disk.”  Each 

of the disputed terms in this claim are already being construed in the context of independent 

claim 1 (e.g., interface device, the driver, host device, and customary), and there is no need to 

construe any of the remaining claim language.  

Papst’s “construction” does nothing to clarify the claim language, and is simply a rewrite 

of the entire claim:   

Claim 2 should be construed to require the interface device to send a signal in 
response to the inquiry from the computer that indicates to the computer that the 
interface device is a particular type of input/output device, i.e., a hard disk drive, 
and that the computer communicate with the interface device using a driver for a 
particular type of input/output device, i.e., a hard disk drive.   

Papst Br., Appendix at 3.  It is improper to rewrite a claim under the guise of claim construction.  

Chef America, Inc. v. Lamb-Weston, Inc., 358 F.3d 1371, 1374 (Fed. Cir. 2004) (Courts 

“construe the claim as written, not as the patentees wish they had written it.”).   

Furthermore, Papst’s construction improperly deletes an important claim limitation:  

“customary.”  Merck & Co. v. Teva Pharm. USA, Inc., 395 F.3d 1364, 1372 (Fed. Cir. 2005) (“A 

claim construction that gives meaning to all the terms of the claim is preferred over one that does 

not do so.”); Elekta Instrument S.A. v. O.U.R. Scientific Int’l, Inc., 214 F.3d 1302, 1307 (Fed. Cir. 

2000) (construing a claim to avoid rendering the 30 degree claim limitation superfluous).   
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U. “a buffer to buffer data to be transferred between the data transmit/receive 
device and the host device” or  
“a data buffer for permitting independence in terms of time of the data 
transmit/receive device attachable to the second connecting device from the 
host” 

PROPOSED CONSTRUCTION:  Volatile memory used to temporarily store data 
to compensate for differences between the rate in the flow of data between the data 
transmit/receive device and the host device. 

Papst treats these terms indistinguishably.  The first appears in claim 3 of the ‘399 patent 

(which depends from claim 1), and the second appears in claim 16 of the ’449 patent (which 

depends from claim 1).  Papst proffers the same construction for each term—the “memory [of 

claim 1] is adapted to store the data gathered by the transmit/receive device until it is 

transferred . . . .”  Papst Br. at 22.  Under Papst’s proposed construction, the data could be stored 

indefinitely.  That would make “buffer” in ‘399, claim 3 and `449, claim 16 indistinguishable 

from “memory” in claim 1 of the respective patents, giving ‘399, claim 3 the same scope as ‘399, 

claim 1, and likewise for ‘449, claim 16.   

Papst's proposal violates the doctrine of claim differentiation, which creates a 

presumption that different claims have different scopes.  See Phillips , 415 F.3d at 1314-15 (“The 

presence of a dependent claim that adds a particular limitation gives rise to the presumption that 

the limitation in question is not present in the independent claim.”).  Papst’s proposed 

construction also violates 35 U.S.C. § 112 ¶ 4, which requires that dependent claims include a 

“further limitation” — meaning a dependent claim must have narrower scope than the 

independent claim from which it depends.  35 U.S.C. § 112 ¶ 4 (“[A] claim in dependent form 

shall contain a reference to a claim previously set forth and then specify a further limitation of 

the subject matter claimed” (emphasis added)). 

In the context of Papst’s ’399 and ‘449 patents, a buffer is used in its plain and ordinary 

sense, which is a particular kind of memory, namely a temporary one.  As Mr. Tasler has 
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explained, “buffers have to be provided [] for temporary storage of [] data.”  See Ex. N, Michael 

Tasler, Design and Construction of a Universal Data Acquisition and Control System for 

Scanning Probe Microscopy at 15 (1996) (emphasis added).  More specifically, a “buffer” in its 

plain and ordinary sense is “[a] temporary memory for data, normally used to accommodate the 

difference in the rate at which two devices can handle data during a transfer.”  Ex. O, Definition 

of “Buffer” in the OXFORD DICTIONARY OF COMPUTING (4th ed. 1996) (emphasis added).   

In its plain and ordinary sense, a buffer is not only temporary, but it is also “volatile,” 

meaning it stores information only when it is powered.  Id. (stating that a buffer is used “during a 

transfer”).  Every single buffer described in Papst’s ’399 patent is described as random access 

memory (“RAM”), which is a volatile memory.  See, e.g., the buffer 1420 shown in Figure 2; col. 

10:18-23 (“A random access memory with an access time of 15 ns and a size of 512 KB or 

optionally 1024 KB 1420 serves as a data buffer to achieve independence in terms of time of the 

output line 16 [to the data transmit/receive device] from the output lines 11a, 11b and 11c [] to 

the host device.”); Col. 7:30-31 (“Preferably, the buffer is implemented as a fast random access 

memory or RAM buffer.”).   

Moreover, a buffer is normally used between two devices to synchronize the transfer of 

data between them, or in other words, to account for the difference in the rate at which one 

device can send data and another can receive data.  Ex. O, Definition of “Buffering” in the 

OXFORD DICTIONARY OF COMPUTING.  The OXFORD DICTIONARY OF COMPUTING explains how a 

buffer is normally used: 

[B]uffering [is] used to compensate for the slow and possibly erratic rate at which 
a peripheral device produces or consumes data.  Consider a program [e.g., on a 
data transmit/receive device] sending output to a slow device [e.g., a host device].  
A memory area (the buffer) is set aside for communication:  the program places 
data in the buffer at its own rate, while the device takes data from the buffer at its 
own rate.  Although the device may be slow, the program does not have to stop 
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unless the buffer fills up; at the same time the device runs at full speed unless the 
buffer empties.   

Id.  The buffer as used in Papst’s ’399 patent is used no differently than an ordinary buffer as 

described.  Similarly, the specification explains that a buffer is used “for purposes of 

synchronizing data transfer from the data transmit/receive device to the interface device 10 and 

data transfer from the interface device 10 to the host device.”  ’399, col. 7:26-29. 

V. “virtual files” 

PROPOSED CONSTRUCTION:  A file that does not physically exist as a file in the 
interface device but appears to the host device to be an actual file, and references 
data to be transmitted between the data transmit/receive device and the host device. 

Claim 7 of the ‘399 patent recites an interface device “which further comprises a root 

directory and virtual files which are present on the signaled hard disk drive and which can be 

accessed from the host device.”  Papst bases its constructions of “virtual file” on the incorrect, 

and wholly unsupported, premise that actual files and file systems can only exist on rotating 

media.  Papst Br. at 23 (“virtual files should be construed to mean files that appear to be stored 

on an emulated disk drive, but are not actually on a rotating disc.”).  On the contrary, actual files 

may exist on any type of media, including hard drives, floppy drives, flash media, CD-ROM 

drives, etc.   

The crux of the purported invention is to take an analog stream of data from any number 

of different data transmit/receive devices and make that analog data stream appear to a host 

device as just another file stored somewhere on a storage device, which it can access as it would 

any other file.  See Ex. C, ’399 File History, March 18, 2002 Response at 5; ‘399 Patent, 5:6-20.  

It is irrelevant what hardware the interface device uses to support the ruse; the point is that it 

appears to the host as a file, not that it looks like it is on rotating media.   

As has been discussed thoroughly above, the interface device presents itself as a hard 
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disk to the host device.  ‘399, col. 6:58-59.   When the host device sends a “read” command to 

the interface device, the host thinks it is reading a file, and the interface device maintains this 

ruse by transferring data from the data transmit/receive device to the host device in the form of a 

“real-time input” file.  Id., 6:59-67.  “[T]he ‘real-time input’ file then appears [to the host device] 

as a file whose length corresponds to the anticipated volume of data” specified in a configuration 

file.   Id., 7:1-7.  Thus, the “real-time input” file is real-time streaming data from the data 

transmit/receive device, reformulated by the interface device to appear to be a file.  These are the 

virtual files referenced in the specification.  

The terms “virtual” and “virtual file” are well understood by those of ordinary skill in the 

art, and there is no evidence in the intrinsic record that Mr. Tasler meant to use these terms in 

any unique way.  The specification’s description of virtual files is consistent with the 

understanding of people of ordinary skill in the art in the relevant time period, as evidenced by 

technical dictionaries from that period. The New IEEE Dictionary of Electrical & Electronics 

Terms (5th ed.) 1993 defines the term “virtual record” as “[a] record that appears to be but is not 

physically stored; rather, it is constructed or derived from existing data when its contents are 

requested by an application program.”  See Ex. G.  This definition is practically identical to the 

way the term “virtual real-time input file” is used in the specification.3     

Moreover, Papst’s assertion that this construction somehow “exclude[s] files that are 

saved in memory on the interface device,” (Papst Br. at 23, citing claim 9 of the ‘399 patent) 

                                                 

3  Other contemporary dictionaries are also consistent.  See, e.g., Ex. P, OXFORD ENGLISH 
DICTIONARY (2d Ed. 1989) (defines “virtual” in the context of computers as “Not physically 
existing as such but made by software to appear to do so from the point of view of the program 
or the user”);   Ex. Q, S.M.H. Collin, DICTIONARY OF PERSONAL COMPUTING AND THE INTERNET 
(1997) (defines “virtual” as “something that does not actually exist, except in an imaginary form 
in a computer”).   
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ignores the context of the claim language.  Claim 7, from which claim 9 depends, says that 

“virtual files … are present on the signaled hard disk drive.”  Papst admits that the signaled hard 

disk drive is not real, but rather refers to a signal “that indicates that a hard disk drive has been 

attached to the computer (when that is not actually the case).”  Papst Br. at 24.  In other words, 

the virtual files in claim 7 (and claim 9) “are present on the signaled hard disk drive,” which is 

meant to appear to the host device to be on the data transmit/receive device but does not actually 

exist.  Thus, “the batch files or executable files… which are stored in the interface device” 

recited in claim 9 are “virtual” in the sense that they are made to appear on the data 

transmit/receive device, but do not.   

Moreover, the specification does not explain how the batch or executable files from claim 

9 are stored and implemented on the interface device, nor does it refer to them to “virtual” files.  

If claim 9 were asserted here—which it is not—the Camera Manufacturers would argue that it is 

invalid for lack of sufficient written description.  35 U.S.C. § 112.  Nonetheless, it does appear 

from the specification that the batch or executable files are meant to appear to the host as though 

they are on the data transmit/receive device.  The hard drive that Papst admits doesn’t exist in the 

first place, doesn’t become more real just because Papst claims to have stored batch and 

executable files there.  The data transmit/receive device’s virtual files and signaled hard disk are 

emulated, and it is irrelevant what hardware on the interface device is used to implement them. 

W.  “simulating a virtual file system to the host device” 

PROPOSED CONSTRUCTION:  Appearing as a file system to the host, but 
actually maintaining virtual files, where virtual files do not physically exist as files in 
the interface device but appear to the host device to be actual files and reference 
data to be transmitted between the host device and the data transmit/receive device. 

The Camera Manufacturers maintain that “simulating a virtual file system to the host,” 

which is found in every independent claim of the ‘449 patent, is indefinite and cannot be 
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construed.  This phrase is ambiguous, vague, nonsensical and not supported by the specification 

or the prosecution history.  To the extent this phrase has any meaning to one skilled in the art, 

“simulating” is redundant with “virtual” in that “virtual” itself refers to simulation of the 

structure of an actual file system stored on a hard disk drive or the like.  See Section V regarding 

“virtual files” above.  There is no support whatsoever in the intrinsic evidence for “simulating” a 

“virtual file system,” which is itself a simulation of an actual file system.  Thus, because one 

skilled in the art would have no way of interpreting this nonsensical claim language, the 

independent claims of the ‘449 patent are invalid for indefiniteness.  “Where … claims are 

susceptible to only one reasonable interpretation and that interpretation results in a nonsensical 

construction of the claim as a whole, the claim must be invalidated.” Chef America, Inc. v. 

Lamb-Weston, Inc., 358 F.3d 1371, 1374 (Fed. Cir. 2004) (internal citations omitted).  In 

addition, the Federal Circuit “repeatedly and consistently has recognized that courts may not 

redraft claims, whether to make them operable or to sustain their validity.” Id.  If, however, the 

Court deems this term capable of construction, the Camera Manufacturers submit that it should 

be construed consistently with the proposed construction of “virtual file” above.   

 Papst construes a virtual file system as a response “to a host computer with information 

that is consistent with what would be provided by a disk drive with rotating magnetic media,” as 

if a file system is defined by the underlying physical structure of a storage device.  Papst Br. at 

30.  Papst implies that real file systems can only exist on rotating media, and virtual file systems 

can only exist on other media.  Both conclusions are wrong and unsupported.  Indeed, the portion 

of the specification Papst relies upon for its construction, col. 5:35-44, describes the 

representation of a virtual hard disk to a host device.  It describes how a conventional disk 

handles a request to display the disk’s directory by looking to the file allocation table, or FAT, 
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“on a sector specified in the boot sequence, normally the first writable sector, and transferring it 

to the host device.”  ‘449, col. 5:35-44.   The specification merely notes that rotating media hard 

disks have sectors; it never suggests that only rotating disks have sectors, or that only rotating 

disks support FAT file systems.  The specification does not support Papst’s rhetorical leap that 

somehow a “virtual file system” is one that is “not found on a rotating medium.”  In contrast, the 

Camera Manufacturers’ proposed construction is consistent with the well-supported construction 

of “virtual file” discussed in the previous section.   

The Camera Manufacturers contend that the term “simulating a virtual file system to the 

host” is indefinite for the reasons state above.  In the event that the Court finds that the term can 

be construed without rewriting or “fixing” the erroneously recited claim language, then the Court 

should adopt the Camera Manufacturers’ proposed construction. 

X.  “the usual driver for the input/output [storage] device” 

PROPOSED CONSTRUCTION:  Indefinite; to the extent these claim terms can be 
construed they should be construed to mean “the driver normally present in most 
commercially available computers at the time of the invention.” 

Independent claim 14 of the ‘399 patent recites “the usual driver for the input/output 

device” and independent claim 18 of the ‘449 patent recites “the usual driver for the storage 

device.”  These claims are indefinite because there is no antecedent basis for the phrase “the 

usual driver;” they do not recite any antecedent recitation of “a usual driver.”  Consequently, 

these claims are invalid for indefiniteness under 35 U.S.C. § 112, ¶ 2.  See Halliburton Energy 

Serv., Inc. v. M-I LLC, 514 F.3d 1244, 1249 (Fed. Cir. 2008) (affirming invalidity for 

indefiniteness and stating that a claim could be indefinite if  no proper antecedent basis). 

To the extent these claim terms can be construed, “the usual driver” would refer to the 

“drivers for input/output devices customary in a host device” recited in the preamble of the 

claims.  Accordingly, “the usual driver for the input/output device” and “the usual driver for the 
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storage device” should be construed the same as the phrase “drivers for input/output devices 

customary in a host device” to mean “the driver normally present in most commercially available 

computers at the time of the invention.”   

Y. Miscellaneous Terms that Require No Construction 

A party's mere assertion that a claim term is “disputed” is insufficient to justify a request 

that the court construe the term.  See, Renishaw PLC v. Marposs Societa' Per Azioni, 158 F.3d 

1243, 1248 (Fed. Cir. 1998).  Here, Papst seeks constructions of four terms that the Camera 

Manufacturers do not believe need to be construed by the Court: “memory,” “processor,” “root 

directory,” and “digital signal processor.”  Papst Br. at 16, 22, 23.  Papst has never provided any 

reasons why these terms matter in the litigation, and so the Court should instead focus its 

energies on terms that currently appear to make a substantive difference in the case.  There is no 

need for the Court to expend its resources defining these terms.  

IV. CONCLUSION 

For the foregoing reasons, the Court should adopt the Camera Manufacturers' proposed 

constructions. 
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CAMERA MANUFACTURERS’ APPENDIX OF 
PROPOSED CONSTRUCTIONS OF DISPUTED CLAIM TERMS  

 
The Camera Manufacturers hereby submit the following constructions of terms of the claims in the patents-in-suit that (a) have 

been identified as requiring construction, and (b) are contained within claims that Papst has asserted against any of the Camera 

Manufacturers (`399 Patent Claims 1, 2, 3, 5, 7, 11, 14, and 15; `449 Patent Claims 1, 2, 6, 7, 8, 9, 12, 13, 15, 16, 17, and 18).  Except 

as otherwise set forth below, the Camera Manufacturers construe identical (or substantially similar) disputed terms the same in all 

asserted claims of both patents.   

 
USP 6,470,399’s Claim Language 

Claim 1 
Terms Requiring Construction Proposed Construction 

interface device A stand alone device that can readily physically connect to 
and disconnect from a host device and a data 
transmit/receive device and that directs communication 
between these devices when they are connected. 

host device A general purpose computer that connects to and controls 
the operation of peripherals. 

data transmit/receive device  A device that transmits data to and receives data from the 
host device when connected to the host device by the 
interface device. 

for communication between [the 
host device and a data 
transmit/receive device] 
 

For transmitting of information bidirectionally and actively 
between two devices.   

1. An interface device for 
communication between a host 
device, which comprises drivers for 
input/output devices customary in a 
host device and a multi-purpose 
interface, and a data 
transmit/receive device, the data 
transmit/receive device being 
arranged for providing analog data, 
comprising: 

 

multi-purpose interface A communication interface designed for use with multiple 
devices having different functions from each other. 
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USP 6,470,399’s Claim Language 
Claim 1 

Terms Requiring Construction Proposed Construction 

a processor; 
 

  

a memory; 
 

  

interfacing 
 

Physically connecting a first connecting device for 
interfacing the host device with the 
interface device via the multi-
purpose interface of the host device; 
and 
 

first connecting device for 
interfacing the host device with the 
interface device 

A physical plug or connector for permitting a user to 
readily attach and detach the interface device with the host 
device. 

a second connecting device 
for interfacing the interface device 
with the data transmit/receive 
device, the second connecting 
device including a sampling circuit 
for sampling the analog data 
provided by the data 
transmit/receive device and an 
analog-to-digital converter for 
converting data sampled by the 
sampling circuit into digital data, 
 
 

second connecting device for 
interfacing the interface device 
with the data transmit/receive 
device 

A physical plug or socket for permitting a user to readily 
attach and detach the interface device with a plurality of 
dissimilar data transmit/receive devices.  

wherein the interface 
device is configured by the 
processor and the memory to 
include a first command 

first command interpreter A software program for interpreting an inquiry from a host 
device and sending a signal to the host device in response 
to the inquiry that “lies to the host computer as to the real 
nature of the data transmit/receive device.”  
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USP 6,470,399’s Claim Language 
Claim 1 

Terms Requiring Construction Proposed Construction 

second command interpreter A software program for translating data request 
commands from the host into data transfer commands 
understandable by a plurality of dissimilar data 
transmit/receive devices.   

interpreter and a second command 
interpreter, 
 

wherein the interface device is 
configured by the processor and 
memory to include a first 
command interpreter and a second 
command interpreter 
 

The processor of the interface device runs a program from 
its memory to determine the data transfer parameters of 
the interface device for the first and second command 
interpreters 

inquiry The SCSI inquiry command 

an input/output device customary 
in a host device 

A data input/output device that was normally present  
within the chassis of most commercially available 
computers at the time of the invention. The I/O devices 
that were customary in personal computers were hard disk 
drives, floppy disk drives, CD-ROM drives and tape 
drives. 

sends a signal, regardless of the 
type of the data transmit/receive 
device attached to the second 
connecting device of the interface 
device, to the host device which 
signals to the host device that it is 
an input/output device customary 
in a host device 

The first command interpreter sends a signal to the host 
device that the data transmit/receive device is an 
input/output device customary in a host device [circa 
1997], and in so doing “lies to the host computer as to the 
real nature of the data transmit/receive device.” [brackets 
and italics added] 
 

wherein the first command 
interpreter is configured in such a 
way that the command interpreter, 
when receiving an inquiry from the 
host device as to a type of a device 
attached to the multi-purpose 
interface of the host device, sends a 
signal, regardless of the type of the 
data transmit/receive device 
attached to the second connecting 
device of the interface device, to 
the host device which signals to the 
host device that it is an 
input/output device customary in a 
host device, whereupon the host 
device communicates with the 
interface device by means of the 
driver for the input/output device 
customary in a host device, and 
 

the driver The set of software routines used to control an 
input/output device.  
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USP 6,470,399’s Claim Language 
Claim 1 

Terms Requiring Construction Proposed Construction 

the driver for the input/output 
device customary in a host device 

The driver normally present in most commercially 
available computers at the time of the invention. 

wherein the second 
command interpreter is configured 
to interpret a data request command 
from the host device to the type of 
input/output device signaled by the 
first command interpreter as a data 
transfer command for initiating a 
transfer of the digital data to the 
host device. 
 
 

the digital data The same digital data output from the analog to digital 
(“A/D”) converter, unmodified by additional processing. 
 

 
 
USP 6,470,399’s Claim Language 

Dependent Claims 2, 3, 5, 7 
Terms Requiring Construction Proposed Construction 

2. An interface device 
according to claim 1, 
wherein the drivers for input/output 
drivers customary in a host device 
comprise a hard disk driver, and the 
signal indicates to the host device 
that the host device is 
communicating with a hard disk. 

See all terms defined with respect 
to Claim 1 
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USP 6,470,399’s Claim Language 
Dependent Claims 2, 3, 5, 7 

Terms Requiring Construction Proposed Construction 

3. An interface device 
according to claim 1, 

wherein the memory means 
comprises a buffer to buffer data to 
be transferred between the data 
transmit/receive device and the 
host device. 

a buffer to buffer data to be 
transferred between the data 
transmit/receive device and the 
host device 

Volatile memory used to temporarily store data to 
compensate for differences between the rate in the flow of 
data between the data transmit/receive device and the host 
device. 
 

5. An interface device 
according to claim 1, 

wherein the processor is a 
digital signal processor. 

See all terms defined with respect 
to Claim 1 

 

 

7. An interface device 
according to claim 2, 

which further comprises a 
root directory and virtual files 
which are present on the signaled 
hard disk drive and which can be 
accessed from the host device. 

virtual files A file that does not physically exist as a file in the 
interface device but appears to the host device to be an 
actual file, and references data to be transmitted between 
the data transmit/receive device and the host device.  
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USP 6,470,399’s Claim Language 

Claim 11 
Terms Requiring Construction Proposed Construction  

11. An interface device for 
communication between a host 
device, which comprises a multi-
purpose interface and a specific 
driver for this interface, and a data 
transmit/receive device, the data 
transmit/receive device being 
arranged for providing analog data, 
comprising: 

a processor; 
a memory; 
a first connecting device for 

interfacing the host device with the 
interface device via the multi-
purpose interface of the host device; 
and 

a second connecting device 
for interfacing the interface device 
with the data transmit/receive 
device, the second connecting 
device including a sampling circuit 
for sampling the analog data 
provided by the data 
transmit/receive device and an 
analog-to-digital converter for 
converting data sampled by the 
sampling circuit into digital data, 

where the interface device is 
configured using the processor and 
the memory to include a first 

See all terms defined with respect 
to Claim 1 
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USP 6,470,399’s Claim Language 
Claim 11 

Terms Requiring Construction Proposed Construction  

command interpreter and a second 
command interpreter, 

wherein the first command 
interpreter is configured in such a 
way that the interface device, when 
receiving an inquiry from the host 
device as to the type of a device 
attached at the multi-purpose 
interface of the host device, sends a 
signal, regardless of the type of the 
data transmit/receive device 
attached to the second connecting 
device of the interface device, to the 
host device which signals to the 
host device that it is an input/output 
device customary in a host device, 
whereupon the host device 
communicates with the interface 
device by means of the specific 
driver for the multi-purpose 
interface, and 

wherein the second 
command interpreter is configured 
to interpret a data request command 
from the host device to the type of 
input/output device signaled by the 
first command interpreter as a data 
transfer command for initiating a 
transfer of the digital data to the 
host device. 

 

specific driver for the multi-
purpose interface 

The set of software routines that control the multi-purpose 
interface that are developed for the particular multi-
purpose interface. 
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USP 6,470,399’s Claim Language 

Claim 14 
Terms Requiring Construction Proposed Construction 

See all terms defined with respect 
to Claim 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 14. A method of 
communication between a host 
device, which comprises drivers for 
input/output devices customary in a 
host device and a multi-purpose 
interface, and a data 
transmit/receive device, the data 
transmit/receive device being 
arranged for providing analog data, 
via an interface device, comprising: 

interfacing of the host 
device with a first connecting 
device of the interface device via 
the multi-purpose interface of the 
host device; 

interfacing of the data 
transmit/receive device with a 
second connecting device of the 
interface device, the second 
connecting device including a 
sampling circuit for sampling the 
analog data provided by the 
data/transmit/receive device and an 
analog-to-digital converter for 
converting data sampled by the 
sampling circuit into digital data; 

inquiring by the host device 
at the interface device as to the type 
of device to which the multi-
purpose interface of the host device 

inquiring 
 
 
 

The SCSI inquiry command 
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USP 6,470,399’s Claim Language 
Claim 14 

Terms Requiring Construction Proposed Construction 

is attached; 
regardless of the type of the 

data transmit/receive data attached 
to the second connecting device of 
the interface device, responding to 
the inquiry from the host device by 
the interface device in such a way 
that it is an input/output device 
customary in a host device, 
whereupon the host device 
communicates with the interface 
device by means of the usual driver 
for the input/output device, and 

interpreting a data request 
command from the host device to 
the type of input/output device 
customary in the host device as a 
data transfer command for initiating 
a transfer of the digital data to the 
host device. 

the usual driver for the 
input/output device 

Indefinite, but to the extent these claim terms can be 
construed, they should be construed to mean “the driver 
normally present in most commercially available 
computers at the time of the invention.” 
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USP 6,470,399’s Claim Language 

Dependent Claim 15 
Terms Requiring Construction Proposed Construction 

15. A method according to 
claim 14, 

wherein the drivers for 
input/output devices customary in a 
host device comprise a driver for a 
storage device and in particular for 
a hard disk drive. 

 
 

See all terms defined with respect 
to Claim 1 
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USP 6,895,449’s Claim Language 

Independent Claim 1 
Terms Requiring Construction Proposed Construction 

1. An interface device for 
communication between a host 
device, which comprises drivers for 
input/output devices customary in a 
host device and a multi-purpose 
interface, and a data 
transmit/receive device comprising 
the following features: 

a processor; 
a memory; 
a first connecting device for 

interfacing the host device with the 
interface device via the multi-
purpose interface of the host device; 
and 

a second connecting device 
for interfacing the interface device 
with the data transmit/receive 
device, 
 

See all terms defined with respect 
to `399 Patent 
 

 

wherein the interface device 
is configured by the processor and 
the memory in such a way that the 
interface device, when receiving an 
inquiry from the host device as to 
the type of a device attached to the 
multi-purpose interface of the host 
device, sends a signal, regardless of 
the type of the data transmit/receive 
device attached to the second 

storage device customary in a host 
device 

Same as “input/output device customary in a host device” 
of `399, claim 1. 
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USP 6,895,449’s Claim Language 
Independent Claim 1 

Terms Requiring Construction Proposed Construction 

connecting device of the interface 
device, to the host device which 
signals to the host device that it is a 
storage device customary in a host 
device, whereupon the host device 
communicates with the interface 
device by means of the driver for 
the storage device customary in a 
host device, and 
 

 

the driver for the storage device 
customary in a host device 

Same as “the driver for the input/output device customary 
in a host device” of `399, claim 1. 

wherein the interface device 
is arranged for simulating a virtual 
file system to the host, the virtual 
file system including a directory 
structure. 
 

 

simulating a virtual file system to 
the host device  

Appearing as a file system to the host, but actually 
maintaining virtual files, where virtual files do not 
physically exist as files in the interface device but appear 
to the host device to be actual files, and reference data to 
be transmitted between the host device and the data 
transmit/receive device. 

 
 

 
USP 6,895,449’s Claim Language 

Dependent Claims 2, 6, 7,  8, 9, 
12, 13, 15, 16 

Terms Requiring Construction Proposed Construction 

2. An interface device in 
accordance with claim 1, in which 
the directory structure has a 
configuration file for setting and 
controlling functions of the 
interface device or an executable or 
a batch file for conducting a routine 

See all terms defined with respect 
to `399 Patent 
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USP 6,895,449’s Claim Language 
Dependent Claims 2, 6, 7,  8, 9, 

12, 13, 15, 16 

Terms Requiring Construction Proposed Construction 

stored in the memory or a data file 
used for transferring data from the 
data transmit/receive device to the 
host device or a help file for giving 
help on handling the interface 
device. 

6. An interface device in 
accordance with claim 1 wherein, in 
response to a request from the host 
to read a boot sequence, the 
processor is arranged to send a 
virtual boot sequence to the host. 

See all terms defined with respect 
to `399 Patent 
 

 

7. An interface device in 
accordance with claim 6 wherein 
the virtual boot sequence includes a 
starting position and a length of a 
file allocation table, an indication of 
a type of the storage device or a 
number of sectors of the storage 
device. 

See all terms defined with respect 
to `399 Patent 
 

 

8. An interface device in 
accordance with claim 7 wherein, in 
response to a request from the host 
to display a directory of the storage 
device, a processor is arranged for 
transferring the file allocation table 
and the directory structure to the 
host. 

See all terms defined with respect 
to `399 Patent 
 

 

9. An interface device in 
accordance with claim 1 wherein 

See all terms defined with respect 
to `399 Patent 
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USP 6,895,449’s Claim Language 
Dependent Claims 2, 6, 7,  8, 9, 

12, 13, 15, 16 

Terms Requiring Construction Proposed Construction 

the file allocation table and the 
directory structure is transferred to 
the host in response to a request 
from the host to read data from or 
store data to the storage device. 

 

12. An interface device in 
accordance with claim 1 wherein 
the file allocation table includes 
information on numbers of blocks 
occupied by the data file wherein 
the interface device is arranged for 
receiving block numbers or a block 
number range from the host when 
the host wants to read the data file, 
and wherein the interface device is 
arranged to start a data transfer to 
the host, when the block numbers or 
the block number range is received 
from the host. 

See all terms defined with respect 
to `399 Patent 
 

 

13. An interface device in 
accordance with claim 12 wherein 
the processor is arranged for 
formatting the data acquired by the 
second connecting device into 
blocks having a predetermined size, 
the predetermined size being suited 
for the storage device. 

See all terms defined with respect 
to `399 Patent 
 

 

15. An interface device in 
accordance with claim 1 wherein 
the storage device is a hard disk. 

See all terms defined with respect 
to `399 Patent 
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USP 6,895,449’s Claim Language 
Dependent Claims 2, 6, 7,  8, 9, 

12, 13, 15, 16 

Terms Requiring Construction Proposed Construction 

See all terms defined with respect 
to `399 Patent, Claim 1 
 

 16. An interface device in 
accordance with claim 1 wherein 
the memory has a data buffer for 
permitting independence in terms 
of time of the data transmit/receive 
device attachable to the second 
connecting device from the host 
device attachable to the first 
connecting device. 

a data buffer for permitting 
independence in terms of time of 
the data transmit/receive device 
attachable to the second 
connecting device from the host 
device attachable to the first 
connecting device 

Volatile memory used to temporarily store data to 
compensate for differences between the rate in the flow of 
data between the data transmit/receive device and the host 
device. 
 

 
 
USP 6,895,449’s Claim Language 

Independent Claim 17 
Terms Requiring Construction Proposed Construction 

17. An interface device for 
communication between a host 
device, which comprises a multi-
purpose interface and a specific 
driver for this interface, and a data 
transmit/receive device comprising 
the following features: 

a processor; 
a memory; 
a first connecting device for 

interfacing the host device with the 
interface device via the multi-
purpose interface of the host device; 
and 

See all terms defined with respect 
to `399 Patent 
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USP 6,895,449’s Claim Language 
Independent Claim 17 

Terms Requiring Construction Proposed Construction 

a second connecting device 
for interfacing the interface device 
with the data transmit/receive 
device, 

where the interface device is 
configured using the processor and 
the memory in such a way that the 
interface device, when receiving an 
inquiry from the host device as to 
the type of a device attached at the 
multi-purpose interface of the host 
device, sends a signal, regardless of 
the type of the data transmit/receive 
device attached to the second 
connecting device of the interface 
device, to the host device which 
signals to the host device that it is a 
storage device customary in a host 
device, whereupon the host device 
communicates with the interface 
device by means of the specific 
driver for the multi-purpose 
interface, and 
wherein the interface device is 
arranged for simulating a virtual file 
system to the host, the virtual file 
system including a file allocation 
table and a directory structure. 
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USP 6,895,449 Claim Language 
Independent Claim 18 

Terms Requiring Construction Proposed Construction 

18. A method of 
communication between a host 
device, which comprises drivers for 
input/output devices customary in a 
host device and a multi-purpose 
interface, and a data 
transmit/receive device via an 
interface device comprising the 
following steps: 

interfacing of the host 
device with a first connecting 
device of the interface device via 
the multi-purpose interface of the 
host device; 

interfacing of the data 
transmit/receive device with a 
second connecting device of the 
interface device; 

inquiring by the host device 
at the interface device as to the type 
of device to which the multi-
purpose interface of the host device 
is attached; 

regardless of the type of the 
data transmit/receive device 
attached to the second connecting 
device of the interface device, 
responding to the inquiry from the 
host device by the interface device 
in such a way that it is a storage 
device customary in a host device, 

See all terms defined with respect 
to `399 Patent 
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USP 6,895,449 Claim Language 
Independent Claim 18 

Terms Requiring Construction Proposed Construction 

whereupon the host device 
communicates with the interface 
device by means of the usual driver 
for the storage device, and 

wherein the interface device 
is arranged for simulating a virtual 
file system to the host, the virtual 
file system including a file 
allocation table and a directory 
structure. 
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Certificate of Mailin Under 37 CFR 13 
I hemby ce~l fy  that this correspondence, along with all papers refe:ed to as being enclosed or attached, are being depositkd with the 
(Jnitecl States Postal Service with sufficient postage as first cls~ss mail in an envelope addressed to Box Non-Fee Amendment, Assistarlit 
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I (::ommissioner for Patents, Washington, DC 20231. 

130X I'4I~3P~I-FEI, AMEMDMENT 
,4SSII;'l'AIVT C:OMMISSIONER FOR PATENTS 
'WiSHIN(:;TOI\I, DC 20231 

I This Amendment and Remarks is responsive to the Office Action mailed December 

1 AMENDMENT 
I 
I !  

In The Claims: *------.--.- / 
I121e!ase cancel claim 5. 

'P[e!ase amend claims I, 12, 13 and 15 as follows: 
. -- 

' I .  (Amended) An interface device for communication between a host device, 

which r::ornprises drivers for inputloutput devices customary in a host device and a multil- 

purpose interface, and a data transmitlreceive device, the data transmitlreceive device 

being arranged for providing analog data, comprising: 

f30c. No, 5362 

Serial1 lVo. 091331,002 
Anienclrn~ent and Remarks In Response To 

Office Action Mailed 1211 8/01 
Page - 1 

Case 1:07-mc-00493-RMC     Document 188-4      Filed 07/23/2008     Page 2 of 10



;]I memory; 

a first connecting device for interfacing the host device with the interface device vial 

the multi-purpose interface of the host device; and 

a second connecting device for interfacing the iinterface device with the data 

tran,smiit/receive device, the second connecting device including a sampling circuit for 

$;ampling the analog data provided by tho data transmit/receive device and an analog-to-- 

digital converter for converting data sampled by the sampling circuit into digital data, 

wherein the interface device is configured by the processor and the memory to 

include a first command interpreter and a second command interpreter, 

wherein the first command interpreter is configured in such a way that the command 

interpreter, when receiving an inquiry from the host device as to a type of a device 

attached to the multi-purpose interface of the host device, :sends a signal, regardless of the 
I 

, type of the data transmitlreceive device attached to the second connecting device of the 
h 

' \ interface device, 'to the host device which signals to the host device that it is an 

o.jp inputloutput device customary in a host device, whereupon the host device communicates 

 itti ti the interface device by means of the driver for the iriputloutput device customary in 

i3 host clejblice, arld 

wherein the second command interpreter is configured to interpret a data request 

cornmand from the host device to the type of inputloutput device signaled by the first 

cornrnand interpreter as a data transfer command for initiating a transfer of the digital data 

i:o the I-losit device. --.. -.-.---I-.- --U-....v- -- 
-I., I,-. -I I-----.-'- -- . - u . q p E l a a m  

, (Amended) An interface device for communication between a host device!, 

lahiich comprises a multi-purpose interface and a specific driver for this interface, and i2 

$LIl-- data transmiVreceive device, the data transmiVreceive device being arranged for providing 

analog data, ~o~mprising: 

iia processor; 

Doc. No. B362 

Serial IVo.  091331,002 
An~en~clment and Remarks In Response To 

Office Action Mailed 1211 8/01 
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a first connecting device for interfacing the host device with the interface device via 

the rnu~l~ti-purpolse interface of the host device; and 

s1econd. connecting device for interfacing the interface device with the data 

tran~shiil1receive device, the second connecting device including a sampling circuit for 

sampling the analog data provided by the data transmitlreceive device and an analog-to- 

digital converter for converting data sampled by the sampling circuit into digital data, 

vvhere the interface device is configured using the processor and the memory to 

incllude a first command interpreter and a second command interpreter, 

wherein the first command interpreter is configured in such a way that the interface 

device, when receiving an inquiry from the host device as to the type of a dlevice attached 

at the ~rr~ulti-purpose interface of the host device, sends a signal, regardless of the type of 

the datiz~ transniit/receive device attached to the second connecting device of the interface 

device, to the host device which signals to the host device that it is an input/output device 

customery in a host device, whereupon the host device communicates with the interface 

device by means of the specific driver for the multi-purpose interface, and 

wherein the second command interpreter is configured to interpret a data request 

command from the host device to the type of inputloutput device signaled by the first 

command interpreter as a data transfer command for initia,ting a transfer of the digital date 

to tlae Ifll~st device. 
I I 

, I  (Amended) An interface device according to claim?, wherein in addition 

to the first conriecting device of the interface device, there is a further inputloutput device 

at tlhe multi-purpose interface of the host device, and wherein the interface device can 

t:ornmunic:ate directly with said further inputloutput device via the specific driver for the ' 

rnulti-pi~ose interface. 
A",.. -,.,-,,,-- -.. .,- 
---, +'..--.---I- --.-.------ -- --------. -- ------. 

, I  (Amended) A method of communication between a host device, which 
I 

comprises drivers for inputloutput devices customary in a host device and a multi-purpose 
'I 115 

interface, and a data transmitlreceive device, the data transmivreceive device beins]' 

CIO~. NO. S362 

!Serial 1No. 09/:331,002 
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Page - :3 

Case 1:07-mc-00493-RMC     Document 188-4      Filed 07/23/2008     Page 4 of 10



arranged for providing analog data, via an interface device, comprising: 

interfaci~ng of the host device with a first connectin~g device of the interface device 
I via the multi-purpose interface of the host device; 

interfaciing of the data transmitlreceive device with a second connecting device of 

the inte~rface device, the second connecting device includirig a sampling circuit for sampling 

.[.he an;illog data provided by the data/transmit/receive device and an a nalog-to-d ig ital 

corlverler for converting data sampled by the sampling circuit into digital data; 

iinqluiring by the- host device at the interface device as to the type of device to which 

the multi-purpose interface of the host device is attached; 

 regardless of the type of the data transmit/recei\/e data attached to the secon~:i 

corinectin~g device of the interface device, responding to the inquiry from the host device 

by the interface device in such a way that it is an input/output device customary in a host 

device,, wherelupon the host device communicates with the interface device by means of 

the usual driver for the inputloutput device, and 

interpreting a data request command from the host device to the type of inputloutput 

device customary in the host device as a data transfer comman~d for initiating a transfer of 

the! digital date to the host device. 
'--.I .."-..,-- ----.-----.--.-.- -- -----I---. .---,  

m-,i--Y.ZII -.. R.EMARKS 

'The draftsperson has objected to the drawings. Clean formal drawings responsive 

I to the objections are enclosed. 

'The Oflice Action rejected claim 13 under 35 U.S.C. 112, second paragraph, or) the 

I basis of ir~sufficient antecedent basis for "the hard disk" in line 4. This has been corrected 

I 'The Office Action rejected claims I - 16 under 35 U.S.C. 103(a) as being 

unpatentable over Applicant's admission of prior art in view of United States Patent No. 

5,449,378 issued to McNeill, Jr. et al. Claims 1, 12, 13 and 15 gave been amended, and 

this rejec;tion is respe~tfully traversed with respect to the claims as amended for the 

Doc. No. !396:3: 
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reasons given below. In particular, the data transmitlreceive device is arranged for 

providinyj analog data. Support for this amendment is in the penultimate paragraph of 

page 4. Since the second connecting device includes sample and hold circuits 151 5 and 

stn PJD converter 1503, it is clear that the data transmit/rec:eive device to be connected to 

the second connecting device of the subject interface provides analog data. As to the 

arnendrr~ent raised with respect to the second connecting device, please refer to FIG. 2 

and to the just outlined elements. Regarding the amendment "first command interpreter 

and second command interpreter", please refer to the. last paragraph of page 9. The first 

comma~ri~d interpreter performs the response to the inquiry from the host device as outlined 

in th~e plc!nultimate paragraph of amended claim I, while the second command interpreter 

interprets e data request command from the host device; for example, "read file xy" as a 

data transfer command for initiating a transfer of the digital data to the first device, i.e., of 

the digital data that have been derived from the analog data of the data transmitlreceive 

clevice. Support is in the first paragraph of page 10 of the specification (final version to be 

filecl as first preliminary amendment). 

FJcNeill, Jr. et al. discloses a small computer system emulator for non-local SCSI devices. 

When FIG. 2 is considered, one may compare the initiator with the host device in claim 1, 

one ma!/ c:ompare the magnetic disk 16 to the data transnnit1rec:eive device, and one may 

compare the target device to the interface device in claim 1. 
- .. 
1 he purpose of McNeill, Jr. et al. is to provide an access to a non-SCSI device via 

a SCSI buts. In particular, the initiator sends a request to the target, the request being in 

accorda~nce with the SCSI protocol. The target translates this request into a request 

suitable for magnetic disk 16 such that the initiator can access to magnetic disk 16 via 

SCSl corrimands. This reference does not disclose that l.he data transmith-eceive device 

is arranged for providing analog data. It is well known that digital data are stored on 

1nac1net:ic disks;. 

Additionally, the target does not include any sample and hold circuit or any analog- 
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to-digital converter for converting data from magnetic disk 16 into digital data. 

In addition, this reference does not include a first command interpreter that, when 

asked by the host device as to the type of device connected to theinterface, lies to the 

host cornputer as to the real nature of the data transmitlreceive device. In McNeill, Jr. et. 

al., the illitriator asks for a hard disk and thle target states that there is a hard disk. In other 

worcls; the target does not lie as to the true type of the data transmitlreceive device. The 

c:onverslion done in McNeill, Jr. et al. is to transfer SCSI protocol comm;tnds into 

commands understandable for the magnetic disk. 

F'inally, IMc:Neill, Jr. et at. does not include a second command interpreter as defined in the! 

Isst paragraph of amended claim 1. 

For the ahove reasons, McNeill, Jr. et al. is not pertinent to the present invention as 

defiriedl in amended claim 1. 

1'Ve also note that the examiner did not reject claim 5 in detail. Claim 5 includes the 

/VD corlverter feature that has been included into amended claim I. Thus, this also 

:;upport s the fact that the amended claimis are patentable. 

IF::or the above reasons, the claims as amended are believed to be patentable and 

their reconsideration and allowance are respectfully requested. It is believed no fee is due. 

If any fees are due, the Commissioner is authorized to charge them to Deposit Account No. 

Respectfully submitted, 
PATTON BOGGS LL.P 

Telephon~e: (303) 379-1 'I 3 1 
Facsimile: (303) 379-1 'I 55 
Customer No.:: 24283 
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Version With Markings To Show Chanues Made 

111 The C;laim: ---- ---- -.-- 

F:'lease c:ancel claim 5. 

F:1'leli3se amend claims 1 , 12, 13 and 15 as follows: 

1. (Amended) An interface device for communication between a host device,, 

which comprises-drivers for inputloutput devices customary in a host device and a multi- 

purpose interface, and a data transmitlreceive device, the data transrnitlreceive device 

beirigia!-ra~ngecl for providinq analog datat comprising [the following features]: -.-- 

;;!I p1roce!3sor; 

(21 t-nernclry; 

a first connecting device for interfacing the host device with the interface device via 

the multi-purpose interface of the host device; and 

21 second connecting device for interfacing the interface device with the data 

transrnliVreceive device, the second ca~nectina device incluciing a sampling circuit for 

earn~~~lg the a~naloa data provided bv the data transmiVreceive device and an analoa-to- .--- 

c&ital converter for convertina data sampled bv the sampling circuit into diuital data, . -----.--- 

wherein the interface device is configured by the processor and the memory t(n 

.incItide a first command interpreter and a second command interpreter. 

li~hlerein the first command interpreter is confiaured in such a way that the command ..-.-- 

interp~eter, when receiving an inquiry from the host device as to [the] a type of a device 

attached to the multi-purpose interface of the host device, sends a signal, regardless of the 

type of the data transmitlreceive device attached to the second connecting device of the 

interface device, to the host device which signals to the host device that it is an 

inpuVo1utput device customary in a host device, whereupon the host device communicates 

with the interface device by means of the driver for the inputloutput device customary in 

a host device, and 

wtierei~in_ the second command interpreter is confilyured to interpret a data reauest 

command from the host device to the tvpe of inputloutput device si naled bv the first ----*--.----- 
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cornmar~d interpreter as a data transfer ~command for initiatinu a transfer of the digital data .--- -- ---. -. 

:to the ki!:~st dev~~ce. 

12. (Amended) An interface device for communication between a host device, 

which comprises a multi-purpose interface and a specific: driver for this intterface, and a 

date transmit/receive device,the data tra_nsmit/receive device being arranued for providinq~ 
I 

s~nalog&d.a, comprising [the following features]: -.--.. 

;:I processor; 

i3 rniemory; 

first connecting device for interfacing the host device with the interface device via 

the mull:i-purpose interface of the host device; and 

a1 secorld connecting device for interfacing the interface device with the data 

trar~srniiireceive device, the second connectina device includinu a samplina circuit for 

:;anpljj:!ct.he analoa data provided bv the data transmitlrtxeive device and an analog-tor -- 

jliait.aI [:;or~vertc?r for convertinu data sampled bv the samplina circuit into diaital data, 

vvhere the interface device is configured using the processor and the memory to 
incIud(s! a first command interpreter and2a second command int:erpreter. 

wherein the first command interpreter is confiaured in such a way th~at the interface 

(Jevice, when receiving an inquiry from th~e host device as to the type of a device attached 

i3t the mullti-putrpose interface of the host device, sends a signal, regardless of the type of 

the datiij transrnitlreceive device attached to the second connecting device of the interface 

device, to the host device which signals to the host device that it is an inputJoutput device 

cu~;tomary in a host device, whereupon the host device communicates with the interface 

device by means of the specific driver for the multi-purpose interface, and_ 

liwhereir~ the second command interpreter is configured to interpret a data reuuest ..-.--- 

command from the host dekce to the tvpe of inputloutput device siunaled bv the first ,.-----.-.- 

cornmj;!ncl interrwreter as a data transfer command for initiating a transfer of the cjiaital data 

to l:l~e*J:~o:;t device. 

*13. (Amended) An interface device according to claim 12, wherein in addition 
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to the first connecting device of the interface device, there is a further inputloutput device 

at the multi-purpose interface of the host device, and wherein the interface device can 

commu~nicate directly with [the hard disk] said further inpu~t/output device via the specific 

driver for the multi-purpose interface. 

11 5. (~mended) A method of communication between a host device, which 

corr~prises drivers for inputloutput devices customary in a host device and a multi-purpose 

interface, and a data transmitlreceive device, the data transmitlreceive device being 

i:~rrang!e!j for providina analou dataL via an interface device, comprising [the following 

irlterfacing of the host device with a first connecting device of the interface device 

via 'the mullti-purpose interface of the host device; 

interfacing of the data transmitlreceive device with a second connecting device of' 

the interface device, the second connectina device includina a samplinu circuit for sampling 

the ani:~log data provided bv the dataltransmitlreceive device and an analoa-to-diuita! 

r:onverjt!?r for convertina data sampled by the samplina circuit into diaital d&; 

i~nquiring by the host device at the interface device i3s to the type of device to which 

the rnuli:i-purpose interface of the host device is attached; 

r~egardless of the type of the data transrnitlreceive data attached to the second 

connecl:ing device of the interface device, responding to the inquiry from the host device 

by the interface device in such a way that it is an inputloutput device customary in a host 

device, whereupon the host device com~nunicates with the interface device by means olf 

the usual driver for the inputloutput device, and 

ij7terpretinu a data request command from the host device to the tvpe of inpuVoutpb~t 

device customary in the host device as a data transfer command for initiatina a transfer of ..------.-.- 

the diqital data to the host device. ..--- -.-.-.I-- 
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6 Digital Technical Journal Vol. 9 No. 3 1997

Introduction

Parallel Small Computer System Interface (SCSI) is the
workhorse technology for most of the storage applica-
tions in DIGITAL products today. This device and
interconnect technology spans all system offerings
from the simplest to the most complex. SCSI was intro-
duced to the higher-end products in the early 1990s as
the open systems follow-on to the DIGITAL propri-
etary Digital Storage System Interconnect (DSSI) and
Computer Interconnect (CI) technologies. 

As system demands have increased, SCSI has evolved
to meet the needs. DIGITAL has made considerable
contributions to the technology and led the effort to
achieve industry standardization. This paper details the
most significant developments in the physical features
of parallel SCSI technology over the last several years
that have allowed it to continue to serve DIGITAL cus-
tomers in an effective, competitive way. The discussion
targets the following four important areas: 

1. Speed increases in the synchronous data phase,
which resulted in the ANSI definition of UltraSCSI
(Fast-20 SCSI) technology1

2. Development of software-invisible circuits, gener-
ally called expanders, that enable segmentation of
SCSI domains into easily managed pieces 

3. New connector and cable technology, namely the
Very High Density Cabled Interconnect (VHDCI)
device, that decreases the interconnect size and
complexity by many fold2

4. Dynamic removal and replacement of devices on an
active bus, which is referred to as hot plugging 

DIGITAL made substantial contributions in the
four areas. This work included creating the expander
and interconnect standards projects; leading the work-
ing groups that defined the Fast-20, expander, and
interconnect standards; providing data for the Fast-20
and hot-plugging projects; and proposing and gaining
approval for the hot-plugging standard. 

The author has taken a phenomenological approach
throughout, because in most cases there are too many
unknowns to achieve a rigorous analytical result. This

Recent Advances in Basic
Physical Technology for
Parallel SCSI: UltraSCSI,
Expanders, Interconnect,
and Hot Plugging 

William E. Ham 

DIGITAL uses SCSI technology in most of its 
storage products and consequently has led
major standards and industry bodies to improve
the technology in the following areas: increased
synchronous data phase speed beyond fast SCSI;
longer, more complex electrical configurations
by means of expander circuits; versatile and
more manageable connectivity through a
smaller, improved physical interconnect; and
dynamic device insertion and removal. Data
phase transmission rate extension is achieved
through understanding and controlling silicon
chip timing and transmission media parameters.
Using expander devices to confine transmission
line effects to shorter segments allows large
increases in the maximum distance between
devices and in the device population within the
same SCSI domain. Expanders enable complex,
hublike configurations to be created without
changing existing SCSI devices or software. 
The use of 0.8-millimeter connector technology
and consideration of cable losses has reduced
the physical size of the external shielded inter-
connect by approximately two thirds, decreased
the number of parts required to support com-
plex configurations by a factor of 10, and
increased the interconnect density to the same
level used in serial SCSI. Finally, the mating and
demating events that occur during device inser-
tion and removal produce a spectrum of small,
undetectable, electrical disturbances on the
active bus that appear to be limited by the
physics of the media and device capacitance. 
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paper focuses on developments from SCSI-2 through
UltraSCSI and specifically does not address the new
Low Voltage Differential (LVD) technology being
introduced for the highest-speed applications. 

Pedigree 
SCSI is defined in several ANSI standards1,3,4 and in the
material that was developed to create these standards.5,6

The standards were generated over the last decade
through a cooperative effort of approximately 60 major
companies in the computer and computer support
industry. As a result of this pedigree, the prime directive
for SCSI technology is interoperability of devices
designed and manufactured by different companies.

The details of the physical designs used to implement
SCSI may not be visible to users and researchers; these
details contain much of the marketing and technical 
differentiation between the products of the participat-
ing companies and are therefore hidden in the silicon
design. The behavior at the device connector pervades
the SCSI specifications. The basic assumption is that as
long as the properties are compatible at these connec-
tors, device substitution is possible. Thus, SCSI devices
may be both interoperable and of different designs. 

Basic Architecture 
This section reviews the basic architecture of parallel
SCSI. The SCSI bus is a parallel, multidrop, wired-OR
configuration. 

Signal Multiplexing and Phases The parallel signal
construction of the bus allows multiplexing of some
signals during different phases of communication so
that the same signal lines may have very different func-
tions in different phases. The physical behavior of sig-
nals is usually limited by the phase during which the
shortest pulses are used and the demands for signal
integrity are the highest. The limiting SCSI phase is
the data phase (payload phase) that is executed with
the highest synchronous rate. For UltraSCSI, this peak

repetition rate is 20 megahertz (MHz). Table 1 con-
tains the generally accepted terminology related to
data phase speeds. 

Because of the wired-OR property, each signal in
the bus must be driven to a known state even if no
SCSI device is actually driving the signal. SCSI uses the
logical 0 state (negated state) as the undriven state and
uses the bus terminators to drive the signal to this state
in the absence of any driving devices. The device signal
drivers must overcome this terminator-driven logic
state of 0 in order to send a logical 1 (asserted state)
onto the signal line. 

SCSI signals must support all frequencies, from stat-
ically driven by the terminators only (DC) to the third
harmonic of the fastest signal edge in the synchronous
data phase. In many cases, the same wire must support
all these frequencies at different times during the SCSI
protocol. 

The highest signal edge slew rates for UltraSCSI
are approximately 500 millivolts per nanosecond
(mV/ns). A 2-volt (V) transition requires approxi-
mately 4 ns/5.4 ns/meter (m) = 0.74 m for a signal
edge (assuming 5.4 ns/m as the propagation velocity
of the signal edge). Therefore, some relief exists
because the connectors and cable assembly termina-
tions are much smaller than the signal edge length; the
connectors and terminations do not need to have care-
fully controlled characteristic impedance properties.
This allows the use of the technology available in the
connector and cable assembly industry to optimize 
the interconnect properties without the considerable
design, manufacturing, and test burden imposed by
controlled impedance requirements. 

Transmission Modes The transmission mode of a
SCSI bus is determined by the properties of the 
terminators that, by definition, constitute the ends of 
the bus. Terminators also supply most of the energy
required to operate the single-ended transmission-mode
devices and additionally provide the required matching

Table 1 
Terminology for Data Phase Speeds 

Maximum Transfer Maximum Byte Maximum Byte 
Rate (Million Rate (Narrow) Rate (Wide) 

Data Phase Speed Name transfers/second)1 (Megabytes/second) (Megabytes/second) 

Asynchronous Unspecified Typically ~ 3 Typically ~ 6 
Slow (synchronous) 5 5 10 
Fast (synchronous) 10 10 20 
Ultra (synchronous)2 20 20 40 
Ultra2 (synchronous)3 40 40 80 
Ultra3 (synchronous)4 80 to 100 80 to 100 160 to 200 

1One transfer is 1 byte in narrow mode and 2 bytes in wide mode; 1 byte equals 8 data bits plus 1 parity bit. 
2Ultra is synonymous with Ultra1 and Fast-20. 
3Ultra2 is synonymous with Fast-40. 
4Rates not yet finalized; Ultra3 is synonymous with Fast-80 or Fast-100. 
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to the characteristic impedance of the transmission line.
In differential SCSI, the terminators provide a small
portion of the overall energy required to operate the
bus; the differential drivers supply the remainder of
the energy. 

Drivers that want to transmit an asserted state
must overcome the biasing provided by the termina-
tors. The drivers operate locally on the bus and alter
the state in their immediate vicinity when they switch
on and off. For single-ended SCSI, the 0 state is
approximately 2.5 V and the 1 state is approximately
0.5 V. For high-voltage differential SCSI, the 0 state
is approximately –1 V to –2 V, and the 1 state is
approximately 2 V. (The difference between a state 
1 and a state 0 is higher with differential—typically,
approximately 4 V.) 

For single-ended transmissions, the drivers operate
on energy previously stored in the bus by the termina-
tors. This energy is mostly electrostatic energy in the
charge stored in the capacitance of the transmission line
for negated states and electromagnetic energy in the
current flowing through the inductance of the trans-
mission line for asserted states. Ultimately, the termina-
tors will set the state back to negated after the drivers
cease to source or sink current; however, this only hap-
pens after the round-trip propagation delay from the
driver to the farthest terminator if the bus does not
have matched characteristic impedance properties. 

Approximately the same energy transformations
occur for differential SCSI, but significant current is
supplied by the drivers for both the asserted and the
negated states. 

Multidrop Requirements The multidrop architecture
requires a continuous low-resistance path called the
bus path between the terminators and allows devices
to be attached to this path. The number and proper-
ties of these attached devices vary widely because of
many factors including the speed of operation, the
overall length of the bus, and the transmission mode.
Attached devices always disturb the transmission line
properties of the bus path; the key to successful opera-
tion is in the management of the magnitude of these
disturbances. 

Generally, the more capacitance or electrical length
the device has, the more disruptive it is. Placing devices
too close together along the bus path can cause them
to appear electrically as a single super disruptive device.
Placing them too far apart can result in an overall bus
length that is too long. 

Wired-OR Glitches During the arbitration phase,
when the SCSI devices decide which devices will be
sending payload data to or from each other, multiple
devices may assert the same control line (BSY) at the
same time. Each device that wishes to communicate
asserts both the BSY line and its respective device

identification (ID) line. After examining the asserted
ID lines to determine which device has the highest ID,
all but the device with the highest ID release the BSY
line. This leaves only one device, the winner, asserting
the BSY line. While the current in the BSY line is read-
justing itself from a multiple-driver asserted condition
to a single-driver asserted condition, noise pulses (called
wired-OR glitches) propagate throughout the length of
the signal line and may be detected collectively as an
erroneous phase. Therefore, one of the architectural
limits for parallel SCSI is the time required for these
wired-OR glitches to settle. This bus settle time is set by
protocol at 400 ns and must be interpreted as a round-
trip propagation time when using a simple SCSI bus.
Allowing some time for propagation through driver and
receiver chips yields a maximum physical length for a
simple bus of 25 meters. 

Areas of Improvement 
Thus, the opportunities for improving SCSI derive
from appropriately managing the transmission lines,
taking advantage of the multidrop architecture offered
by a parallel wired-OR structure, using state-of-the-art
technology from the interconnect and silicon industry,
and making innovative use of the time required for the
wired-OR glitches to settle. These techniques are the
basis of the development by DIGITAL in the four areas
addressed in this paper. 

Speed increases in the synchronous data phase are
based primarily on increasing the timing precision 
in the silicon transceivers by using newer silicon tech-
nology. The interconnect properties remain largely
unchanged from those used for fast SCSI. 

Circuits that enable segmentation of SCSI domains
into easily managed pieces are based on systematic 
isolation of transmission line properties and use of
wired-OR noise pulse properties. No software, inter-
connect, or device changes needed to use these circuits. 

New connector and cable technology is based on 
an innovative 0.8-millimeter (mm) ribbon-style con-
nector technology that optimizes the total SCSI elec-
trical requirements with the capabilities of cable and
connector design. 

Dynamic removal and replacement of devices on an
active bus, i.e., hot plugging, is based on the multidrop
architecture, which enables devices to be added or
replaced without affecting continuity between other
devices. Hot plugging depends on understanding and
managing the electrical disturbances created during
the insertion or removal. 

The remainder of this paper provides details of these
four areas of improvement. The end result of these
extensions to the basic physical architecture of parallel
SCSI is a major increase in its capabilities, accompa-
nied by only a very minor disturbance to the installed
base, especially the software. 
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Increasing the Synchronous Data Phase Speed 

Beginning with the SCSI-2 standard, the synchronous
transmission mode is available for transferring payload
data between SCSI devices. The devices select this
mode by mutual agreement before any synchronous
data is passed. The agreement is achieved by using the
asynchronous transmission mode, which is slow but
usually reliable. 

The synchronous data phase uses the DATA and
PARITY bit lines for the data and either the REQ or
the ACK control line as a signal that the receiver uses
for capturing the data. The term synchronous derives
from a specified timing relationship between the bit
line signal edges and the REQ or ACK signal edges.
(The falling edge of the ACK signal is used when the
data phase transmission originates from the SCSI ini-
tiator, and the falling edge of the REQ signal is used
when the transmission originates from the target.)
There is no synchronous relationship between the
internal timing references on different SCSI devices, so
the receiver must buffer the received data before intro-
ducing the data into its internal data management
structure. This buffering is usually accomplished by
means of a first in first out (FIFO) circuit that uses the
REQ or the ACK signal as the latching signal for the
incoming data. For convenience, in this paper we only
refer to the ACK signal, with the understanding that
the same discussion applies to the REQ signal when it
is used as the data-latching signal. 

Since only the falling edge of the ACK signal is used
in the presently specified SCSI versions and an ACK sig-
nal is required for every data transfer, it follows that the
ACK signal cycles at least twice as fast as the data bits.
When a continuous stream of transfers is transmitted,
the ACK signal is a regularly repeating signal, nomi-
nally, a square wave. An alternating 1/0 pattern pro-
duces the highest fundamental frequency for the data
bits at half the frequency of the ACK signal. Therefore,
the ACK signal requires careful attention since it is the
most demanding on the transmission process. 

The focus of this section is to examine how the
speed of the synchronous data phase was increased by
a factor of two to achieve the Fast-20 (UltraSCSI)
specification. 

Status before UltraSCSI 
In 1993, the SCSI-2 standard3 had been in place 
for two years, and a follow-on standard called SCSI-3
Parallel Interface (SPI)4 was technically stable. SPI had
been created largely because the specifications in the
SCSI-2 standard were not effective in implementing
the single-ended version of the synchronous transmis-
sion (10 megatransfers per second). The differential
version specified in SCSI-2 worked well but was much
more expensive in cost, power, and space than the 

single-ended version. Therefore, most of the interest
was in making the fast single-ended version work 
adequately. 

Taking single-ended SCSI from asynchronous and
slow synchronous (5 megatransfers per second) to the
fast synchronous technology was difficult. The prevail-
ing opinion was that the SPI standard represented 
the final improvement to parallel SCSI. This view 
set the stage for a number of alternate physical techno-
logies based on the serial point-to-point transmission
schemes used in communications technologies, e.g.,
Fiber Distributed Data Interface (FDDI) and Ethernet,
to be used for higher-performance storage applications. 

DIGITAL’s Storage Bus Technical Office had seen
many instances of difficult implementations that were
the result of less-than-optimal understanding and
management of the specification margins. No credible
study had been presented on the margins available in
SCSI, so the thrust was to create baseline characteris-
tics of multidrop parallel SCSI to determine where
unused margin might exist. 

Little data was available on the precise reasons why
specific implementations of fast synchronous SCSI did
not work. The system would hang or report various
error messages with almost no indication of the basic
causes. A method that could report margin to failure
and mechanism of failure was needed to unravel this
situation. Therefore, the approach DIGITAL took was
to step back from full SCSI implementations and to
examine the pieces without the encumbrance of the
SCSI protocol. 

One of the most mysterious areas was the behavior
of SCSI receivers. The SCSI-2 and SPI specifications
used bipolar transistor-transistor logic (TTL) levels as
the basic receiver input levels. Almost all SCSI devices
were being designed with complementary metal-oxide
semiconductor (CMOS) technology, so the differ-
ences between the receiver properties presented a key
opportunity for hidden margin. Other unknown areas
were jitter, cross talk, skew, ground offset, effects of
stubs, and worst-case configurations. 

DIGITAL built a special test environment to sys-
tematically examine each piece of parallel SCSI. The
environment was named the PBDIT, an acronym for
parallel bus data integrity tester. This test environment
made it possible to systematically examine the real
margins to failure for the key pieces and to develop the
confidence that SCSI could be used at elevated speeds
and be made highly robust at the slower speeds. 

Special Test Environment 
The test environment was built to allow known data
patterns to be transmitted across a SCSI device, into
SCSI transmission media, and then into another SCSI
device. The same data pattern is loaded into both sides
so the receiver knows exactly what data it is supposed
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to receive. The transmitting side is called the exciter,
and the receiving side is called the comparator.
Received data is committed to the comparator by
using one bit line as the latching ACK signal in a man-
ner exactly like that specified in synchronous SCSI
transmissions. The test environment allows the posi-
tion of the ACK signal to be adjusted with respect to
the data signal edges. 

Since the comparator knows the data pattern that is
transmitted, it is possible to isolate the precise data bit
that caused the transmission error. This kind of error-
directed methodology has found widespread use in
the integrated circuit industry. 

Other features of this test environment include
detachable load boards that contain the SCSI drivers,
terminators, receivers, connectors, or any other physi-
cal media-dependent components. The minimum
requirements for a load board are that the exciter con-
tain the SCSI driver and a connector and that the com-
parator contain the SCSI receiver and a connector.
Other components may be placed between the load
boards for different test conditions. The SCSI driver
must have accessible points for the exciter logic, and
similarly, the SCSI receiver must have output points to
drive the comparator. These requirements eliminate
drivers and receivers that are imbedded within chips
with other functions. Fortunately, separate SCSI dri-
vers are available for both single-ended and differential
versions. (The differential versions normally use sepa-
rate chips, but only a few choices are presently avail-
able for the separate single-ended versions.) 

The test environment is useful for developing the
understanding of operating mechanisms and for mea-
suring the margins for specific hardware configurations.
This environment is not useful for deriving specifica-
tions, since the performance at the specified interfaces,
i.e., the device connectors, is not directly observable.

Oscilloscope measurements provide the basis for setting
compliance specifications, since these measurements
can be performed at the connectors. The basic question
that needed an answer was, Can parallel SCSI be oper-
ated at elevated speeds with reasonable margin to fail-
ure? DIGITAL optimized the special test environment
to answer this question. Other specifications that would
be necessary to ensure interoperable operation between
UltraSCSI devices could be derived if it appeared possi-
ble to achieve the end result. 

The data pattern loading and digital control of the
exciter and the comparator were achieved through opti-
cally coupled means. This allowed the ground offset volt-
age to be adjusted between the driver and the receiver
without compromising the operation of the logic. 

The data flows only from the exciter to the 
comparator. If bidirectional information is desired, 
the physical connections between the exciter and 
comparator have to be reversed. This scheme leaves
untested the cross-talk effects on the REQ signal that
is traveling in the opposite direction to the ACK signal
(if ACK is synchronized with the data as in a write
operation). Separate measurements are necessary to
examine this issue. Cross talk into other control lines is
addressed by holding these lines constant in the data
pattern transmitted. 

The SCSI standard deals with the REQ cross-talk
issue by requiring that the data lines be physically sep-
arated from the REQ and ACK lines in the transmis-
sion media. Measurements not reported in this paper
have confirmed negligible speed-related cross talk into
the REQ line. 

Up to 27 pairs of 3-byte-wide lines (wide SCSI uses
only 18 pairs for high-speed transmissions) can be
tested with the special test environment. Figure 1 is a
functional diagram of the test environment. The SCSI
terminators are shown as separate from the load
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Figure 1
Special Test Environment
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Figure 2 shows a typical error rate plot from a sim-
ple single-ended configuration made from ordinary
SCSI interconnect hardware and transceivers being
tested at the maximum UltraSCSI rate. Each data
point represents a 3-second sample (60 million trans-
fers) at each ACK position. The ACK position is incre-
mented in 0.1-ns steps for a total of 240 independent
tests in the plot. To minimize the testing time, we
tested only the time ranges from –3 to 9 ns and 44 to
56 ns. The individual data points are not distinguish-
able in this presentation, and there is very little scatter
between neighboring points. In Figure 2, the error rate
of 1 is used to indicate that no errors were detected,
since the log of 0 is not easy to plot. 

Examination of the raw data reveals that the plot is
monotonic in detected error rate to the fourth decimal
place. This indicates an extremely predictable situation
as far as behavior of the same set of hardware is con-
cerned. That is, there is virtually no Gaussian jitter pre-
sent, and a SCSI system could be designed to be quite
reliable and stable at the maximum UltraSCSI rate. 

Extending the sample period to 5 minutes made no
difference in the position of the key features. Using the
3-second sampling time, the entire data set could be
acquired automatically in approximately 12 minutes. 

The onset of errors is extremely sharp as the ACK
position approaches the critical position. One hundred
picoseconds changes the observation from 0 to 864
errors near the 8-ns position. On the other end, the
50.1-ns time produced 7 errors, and the 50.2-ns time
produced 425 errors. No errors were detected at any
of the times between 50.1 ns and 7.9 ns. This data
shows that there are no strange effects that prevent
SCSI from operating at the maximum UltraSCSI rate. 

As the ACK position proceeds into the region of
more errors, a condition is finally reached in which all
the transfers have errors. On the one hand, the proba-
bility that one transfer has the same data content as its

boards in this case. A key feature of this kind of testing
is that the test does not necessarily stop when an error
is detected. In fact, the environment may detect errors
100 percent of the time. This acceptable behavior
allows mapping of the complete bit-error response of
the system. 

Sample Data from the Special Test Environment The
test environment allows a multitude of tests to be per-
formed. The test scheme described in this section is
the one that was used to establish the basic timing
margins available from normal SCSI silicon, cables,
connectors, and terminators. 

A random repeating data pattern with 16 thousand
different bit combinations was used as the basic data
pattern. This pattern was transmitted over a period of
time, and the number of errors detected was recorded.
In this test, an error is defined as one or more bits in the
received data transfer that do not match the transmitted
bit. To acquire a new error rate data point, the transmis-
sion test is repeated by using exactly the same number of
transfers in the same time period with the same data pat-
tern but with some test parameter changed. 

Virtually any parameter can be varied for different
tests. For a given physical configuration, the most use-
ful parameter for determining the timing margin is the
position of the ACK pulse with respect to the data
edges. The basic data then becomes the number of
errors detected and the position of the ACK pulse edge. 

There are two basic random variables operating in
this scheme: the data pattern and the jitter induced by
non-data-dependent sources. It is easy to separate these
two variables by using extremes in the data pattern:
very few transitions and the maximum number of tran-
sitions (every data edge has a transition, i.e., alternating
1/0 pattern). Although this level of precision is avail-
able, we will see that we really do not need to bother
for parallel SCSI at the maximum UltraSCSI rate. 
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Figure 2
Typical UltraSCSI Error Rate Plot
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neighbor’s is very small with this random data pattern.
On the other hand, since a random data pattern is
being used, there is a reasonable chance that a bit will
actually match that transmitted in one state but not in
the other state. The random data pattern tends to
spread out the time between the first error and the last
good transfer. In the limit, for perfectly random data,
this time is a measure of the total timing imprecision in
the system. 

This imprecision includes skew in the exciter and
comparator boards, in the SCSI drivers and receivers,
and in the cable transmission media (including loads, if
any), and all forms of jitter. For the test conditions shown
in Figure 2, the total difference is 3.6 ns near the 5-ns
point and 5.4 ns near the 52-ns point. This shows that
the skew specifications in the SCSI standard are over-
specified as compared to actual hardware performance. 

The data shown in Figure 2 is representative of a
large variety of configurations up to approximately 3
meters long and loaded or up to much longer point-
to-point lengths (20 meters or more [see Figure 6]).
The error-free window can be made to collapse by
adding too many loads or by using the wrong imped-
ance cable, improper terminators, receivers with the
wrong threshold voltages, or other bus component
and configuration parameters. However, the details of
the actual hardware and configuration do not affect
the basic conclusion derived from Figure 2, namely,
that a great deal of timing margin is available at the
maximum UltraSCSI rate when ordinary SCSI hard-
ware is used. 

To put this into perspective, basic gigabit-per-second
serial transmissions with approximately twice the basic
bandwidth of UltraSCSI have bit times of about 1 ns
and timing margins of a few hundred picoseconds.
UltraSCSI has an effective margin window of a few tens
of nanoseconds. This represents two orders of magni-
tude more margin for the parallel SCSI application. 

The initial errors usually originate from the same
bit. This bit is the one with the most unfavorable tim-
ing skew with respect to the ACK signal. The cliff is
not perfectly sharp because there is a 50 percent
chance that the data transmitted is the same as that
expected even under the error case and, more impor-
tantly, because there is some level of jitter present. It is
this jitter that softens the cliff. Thus, the first errors
detected happen when the skew of the weakest bit
adds to the tail of the jitter distribution. Only a few
errors are present because only a small part of the jitter
population extends far enough to trigger the error.
SCSI systems will experience virtually no errors
because of these mechanisms in service if one operates
1 ns or more away from an error cliff. 

Note that these results from the special test environ-
ment almost always yield margins higher than those
calculated from a set of interoperability specifications.
This is because the interoperability specifications must
allow margin for each piece, and the special test envi-
ronment reports the integrated result from many
pieces in the complete SCSI connection. 

Higher Speeds The main effect of further increasing
the transfer rate above the maximum UltraSCSI rate
in the same set of hardware is to change the time posi-
tion of the onset of nonzero error rates and to narrow
the error-free region. Figure 3 shows an example of
data from Fast-40 transmissions using separate high-
voltage differential transceivers on each bit. (This data
was acquired by DIGITAL’s Storage Bus Technical
Office in 1994.) 

The error-free zone has narrowed to approximately
15 ns, and the time between first error and 100 per-
cent errors has widened on both sides, but still no
uncontrolled regions exist. This strongly suggests 
that at least Fast-40 transfer is possible with no major
technology changes in the interconnect. 
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Fast-40 Error Rate Plot
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Additional Tests Other tests that are useful with the
special test environment are ground offset effects, ter-
minator power effects, correlation of time domain
plots on the signals with error rate distributions, hot-
plugging testing (which results in good error detec-
tion), and comparison of the impact of different cables
and transceivers. Test results of this nature are not
included in this paper because the impact of these vari-
ations depends on many parameters and the results
may not be generally applicable. 

Timing Specification Methodology 
With the increased emphasis on timing precision for
UltraSCSI technology, it was necessary to introduce
better specifications for the measurement of timing
parameters than those in the SCSI-2 and SPI stan-
dards. Figure 4 shows the precise measurement points
and features used for the specification of single-ended
UltraSCSI signals. 

The effects of the finite slew rate on the signal edges
are accounted for largely by specifying the voltage levels
that coincide with the receiver input levels. Thus, the
setup time ends when the receiver is able to detect an

asserted state at 1.3 V, and the asserted period begins
when the asserted state has been detected. On the nega-
tion side, the signal must rise to at least 1.6 V before the
receiver can detect a negated state, and a negated state
must be detected if the input signal reaches 1.9 V. In the
SCSI-2 and SPI standards, any point between 0.8 V and
2.0 V could be used as the timing measurement. 

Sample UltraSCSI Signals 
Numerous variations on the details of the signals can
be produced in UltraSCSI configurations. This section
shows two types of signals as representative examples
that validate UltraSCSI as viable under certain condi-
tions. The first case explores a configuration that actu-
ally exceeds the recommended specifications. This is a
complex cabled environment with a cluster of loads on
one end and some distributed loads on the other end.
The second case shows the signals over a 25-meter,
single-ended point-to-point bus. 

Complex Loads Figure 5 specifies a complex con-
figuration and the single-ended SCSI signals that
result at various positions along the bus. The logic
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Figure 4
Single-ended UltraSCSI Timing Measurements
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and that the total number of loads is limited to 8.1

UltraSCSI devices connected to backplanes may be
especially sensitive to attached cables that extend the
total bus length more than 6 to 8 centimeters (cm)
beyond the backplane. This reduced bus length is
rather severe when compared to that allowed at the
maximum fast SCSI transfer rate (a total of 3 meters).4

In the section Small, Improved Interconnect, we show
how to overcome this 1.5-meter, 8-device limit by
using an active SCSI interconnect. 

Applying the timing measurement methods shown
in Figure 4 to the waveforms in Figure 5 illustrates
that more careful timing specification methods do
indeed help significantly to keep the timing margin
high enough to use. 

signal that is driving the SCSI driver chip is the 
first trace at the top; it provides a common timing
reference for all the signals. The weakest signal is at
device position 4, just after a relatively long run with
no loads. This signal is below the 1-V level but has a
very slow assertion slew rate that causes considerable
loss of asserted state pulse width. This complex con-
figuration works with the receivers used but does
not have the timing margin required by the Fast-20
standard. 

By varying the position of the loads so that there are
no loads between the driver and the first load (not
shown), the signal at the first load device is degraded
even more than at position 4 in Figure 5. This is 
one reason that the overall length of single-ended
UltraSCSI with many loads is restricted to 1.5 meters
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Point-to-point Configuration If loads are present
only at the ends of the bus, the transmission line
between SCSI devices improves electrically. This
occurs simply because the loads significantly disrupt
the characteristic impedance and cause reflections and
attenuation. The point-to-point signal at 25 meters
has better amplitude and timing margins than signals
in much shorter buses with closely spaced loads.
Figure 6 shows a typical example of a point-to-point
UltraSCSI signal. The format used in Figure 6 is the
same format used in Figure 5. 

Differential UltraSCSI 
Differential UltraSCSI uses the same configuration rules
as fast SCSI (25-meter total length, 20-cm [8-inch]
stubs, 16-device load)1 and uses the same timing values
as single-ended UltraSCSI. The larger signal amplitudes
and the common mode rejection property of differen-
tial transmissions help overcome the transmission line
weaknesses in heavily loaded and long buses. As with
any high-voltage differential system the costs—in terms
of money, power, and space—are higher. 

Other Requirements for UltraSCSI 
The Fast-20 standard1 contains a number of detailed
requirements on the components used in UltraSCSI
configurations. Included are slight modifications to
the cable impedance, active negation requirements for
drivers, special length limits for certain loading condi-
tions, restrictions regarding the kinds of single-ended
terminators to use, and timing budgets. 

Summary of Developments in the Area of Increased
Synchronous Data Phase Speed 
The UltraSCSI (Fast-20) speed increase can be attrib-
uted to a systematic examination of the margins present
in actual SCSI hardware and to the elimination of the
excess margins. Advances in the integrated circuit indus-
try enabled silicon designs to be specified with tighter
controls on the driver and receiver timing and threshold
properties than were possible when the SCSI-2 or SPI
standards were developed. All the important changes
needed for SCSI devices are contained in the silicon
designs for the drivers and receivers. As a result, the user
sees no difference between the appearance of UltraSCSI
and that of ordinary SCSI. 

The system integrator must use a more restrictive
set of configuration rules than required for fast and
slow SCSI. Also, the only impact on software is the
addition of a new speed agreement code for the rates
uniquely supported by UltraSCSI. This negotiation
is done precisely the same way for UltraSCSI as for
any other form of SCSI. Finally, UltraSCSI devices
are 100 percent backward compatible with fast and
slow devices. Although a device may be capable of
the maximum UltraSCSI rate, it may be needed in a
configuration that does not support UltraSCSI. In
such a case, the UltraSCSI device would be used in
the fast or slow mode and would have more margin
at those slower speeds than it would if it were not
UltraSCSI capable. 
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Bus Expanders 

As noted previously in the discussion of complex loads,
there are rather severe limits on the configurations that
can be achieved with single-ended UltraSCSI when
implemented in a single bus. The extension to parallel
SCSI architecture that overcomes this constraint
involves using active circuits that connect SCSI buses
electrically but isolating them from each other in a
transmission line sense. These circuits have the general
name expanders, since they expand the configuration
capabilities of parallel SCSI. 

Each individual bus has two terminators and its own
transmission mode (single ended or differential) and
obeys transmission line–based configuration rules as if
it were the only bus in the system. When used with
expanders, these individual buses are called bus seg-
ments. The collection of SCSI devices in all the bus
segments that are electrically connected together is
called the SCSI domain. One example of a SCSI
domain using expanders is shown in Figure 7. Note
that when using expanders, it is possible to have bus
segments that do not have any SCSI initiators or tar-
gets but only serve to form an electrical interconnect
between other bus segments. 

Expander Properties 
Expanders are available in two basic types: simple and
bridging. Bridging expanders behave as a SCSI initia-
tor or target, whereas simple expanders have a set of
properties that make them look like a piece of wire
with delay to the protocol. Simple expanders 

■ Cannot initiate SCSI IDs and arbitrations and can-
not originate messages, although the expanders can
read messages sent from initiators and targets 

■ Allow minimal arbitration propagation delay 
■ Yield a retransmitted signal timing skew (both

delay and high/low) no worse than from valid SCSI
initiators or targets 

■ Do not interfere with the REQ/ACK offset count 
■ Allow min/max pulse widths to be maintained 
■ Require the filtering of the SCSI RESET line 
■ Allow arbitrary placement of the initiator and the

targets 

■ Require that terminator power not be connected
between the segments being coupled 

■ Do not need to know the negotiated data phase
speed or any other variable property of a transaction 

■ Require that there be no electrical or logical connec-
tion of the DIFFSENS line (a single-ended signal
that indicates the transmission mode being used on
the bus segment) between segments being coupled 

■ Issue a SCSI bus RESET signal on one segment on
detecting transmission mode (single-ended/LVD,
etc.) changes on the other segment 

Simple expanders are becoming available from several
sources in the industry for use with UltraSCSI. 

Domain Rules Using Simple Expanders 
When using only simple expanders in a domain, six
rules must be observed: 

1. All bus segments in the domain must comply with
their individual bus segment length limits and other
segment-related requirements. 

2. Any segment between two other segments must
support the highest performance level that can be
negotiated between the two other segments. For
example, two wide UltraSCSI segments must not
be separated by a segment that does not support
both wide SCSI and UltraSCSI. 

3. The maximum propagation delay between any 
two devices in the domain cannot exceed 400 ns. 
A special case exists for devices that use extremely
long times for responding to BUS FREE (the 
so-called BUS SET DELAY)—the one-way propa-
gation limit is 300 ns instead of 400 ns. 

4. The number of addressable devices cannot exceed
16 unless the domain contains bridging expanders. 

5. A branch/leaf architecture must be observed; loops
are not allowed. 

6. The REQ/ACK offset negotiated between any 
two devices must be large enough to ensure that
adequate offset and buffering is available to accom-
modate the round-trip time between the devices.
For the maximum UltraSCSI rate with a 400-ns
maximum one-way domain propagation time, the
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Figure 7
SCSI Domain Built Using Expanders
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minimum offset is 18. (This offset level is derived
by considering a maximum round-trip time of 800
ns at 50 ns per transfer [800/50 = 16] and some-
what arbitrarily adding two transfers to account for
some additional delay due to the processing time in
the silicon.) 

Achieving the 400-ns one-way domain delay
requires expanders that will not pass the wired-OR
glitch (noted earlier in the introduction) between bus
segments. This filtering of the glitch allows the bus
segments to settle individually. 

The propagation delay through an expander
directly subtracts from the physical distance between
devices. It is therefore desirable to use expanders 
with small delays. For a single-ended–to–single-ended
application, the delay can be as low as 10 ns. For a 
single-ended–to–differential application, the delay is
typically around 100 ns, which is another significant
penalty to using differential bus segments. 

More detail concerning these rules and other prop-
erties is available in the draft ANSI document: SCSI
Enhanced Parallel Interface,5 which was edited by the
author of this paper. 

Summary of Improvements Related to Bus Expanders 
The use of simple expanders dramatically extends the
utility of single-ended UltraSCSI. The most obvious
example is the ability to introduce point-to-point 
segments where additional length is needed. A less obvi-
ous example is the ability to create star or hub configu-
rations by clustering simple expanders into a local
physical area. An example of a three-port SCSI hub 
is shown in Figure 7. Note the three simple expander
circuits internally connected within the hub. Simple
expanders also make it possible to mix single-ended and
differential SCSI devices in the same domain, to achieve
the full 16-device count, to add and remove bus seg-
ments without shutting down the entire domain, and to
achieve differential performance without incurring the
extra cost of differential. Bridging expanders offer the
same transmission isolation as simple expanders and
may allow increasing the number of devices in the
domain to as high as 946,5 but bridging expanders are
not as well developed as simple expanders and will not
be explored in depth in this paper. 

Note that the improvement in signal integrity is dra-
matic when using expanders with backplane applica-
tions. Therefore, it is good practice to use an expander
whenever connecting a SCSI cable to a backplane that
contains SCSI devices. 

Smaller, Improved Interconnect 

Another recent development in parallel SCSI technol-
ogy is the introduction of much smaller external phys-
ical interconnects and more capable internal device
interconnects. The SCSI connectors and shielded

cables have historically been large, bulky, and generally
difficult to manage. 

Spearheaded by activities that began in 1995 in the
SFF (formerly Small Form Factor) industry group,
standardization is under way of two new connector
families that offer unprecedented levels of functionality
and true multisourcing of complete connectors for 
parallel SCSI. These families are the Very High Density
Cabled Interconnect (VHDCI)2 shielded connectors
that reduce the overall size of an external connector by
two thirds and the Single Connector Attachment–2
(SCA-2)7 unshielded connectors that integrate into 
a single connector all the functions needed to run a
peripheral. The VHDCI family revolutionizes the
external SCSI interconnect and the controller parts of
the internal SCSI interconnect; the SCA-2 family does
the same for the internal device interface. 

For the first time, complete connectors—not just
the mating interface—are being standardized. This
feature is essential to achieving interchangeability and
second sourcing for connectors with the same style of
termination-side contact. The VHDCI family is speci-
fied in 26 different forms, all with exactly the same
mating interface, so that virtually any kind of device 
or cable assembly design can be accommodated.
Interestingly, this array of choices for the connectors
does not increase the complexity of the interconnect
but rather opens up new ways for product developers
to design products while maintaining a simple and
physically interoperable separable connector interface.
In fact, this ability to accommodate a variety of prod-
uct design requirements without changing the separa-
ble interface is one reason that SCSI is becoming less
complicated. 

Similarly, the family of SCA-2 connectors for SCSI
internal devices and cables is following the VHDCI
standardization model, with a significant number of
intermatable forms being standardized. These connec-
tors offer the ability to bring all the SCSI signals, all the
power and ground connections, and all the optional
signals, such as IDs, spindle sync, and power fail, out of
the device through a single unshielded connector. This
feature dramatically shrinks the cost and complexity of
interconnecting an array of SCSI devices. 

Using an SCA-2 connector, the device may be
inserted into a backplane without using cables. If the
SCA-2 and backplane combination is not used, a SCSI
cable (50-pin or 68-pin conductor), a four-lead power
cable for ground and power (5-V and 12-V), and one
or more smaller cables for the IDs etc., are required for
every device in the system. Each of these cables is
routed differently, has different current carrying and
other electrical requirements, and has very different
connectors. Although this cabled option is flexible and
offers significant advantages in some systems, it is usu-
ally not the best solution in the device array and mod-
ular packaging applications that are required for the
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higher-end applications. Therefore, the SCA-2 is a sig-
nificant factor in the dramatic reduction in complexity
of higher-end SCSI device applications. 

VHDCI Connectors 
The physical size of the VHDCI connectors is much
smaller than the earlier versions, as seen in Figure 8.
Because of its low profile, the VHDCI 68-pin family is
approximately half the height and twice the width of the
latest Fibre Channel external connector, the High-
Speed Serial Data Connector (HSSDC). Figure 9 shows
a comparison of the VHDCI and HSSDC connectors.
The same panel space is required for either technology. 

The VHDCI connectors shown in Figure 9 are
closely spaced, but the orientation of the polarizing
shield connection is 180 degrees different between the
upper and lower connectors. This arrangement allows
an offset cable assembly to be used where one side is flat.
This same cable assembly may be used on both the

upper and lower connectors without interference. The
specifications of the VHDCI interface ensure that
neighboring PC option slots will not have interference
even if all the SCSI ports have cable assemblies attached. 

The VHDCI connector is useful for multiport appli-
cations such as RAID (redundant array of inexpensive
disks) controllers. Figure 10 shows examples in which
the wide version of the connector family has allowed at
least a doubling of the number of ports possible in a
single controller form factor. As illustrated in Figure
10, the device design enables up to four wide SCSI
ports on a single PC option card cutout. 

The VHDCI retention scheme is also significantly
simplified by introducing a three-way retention post
for the bulkhead connector. This post accepts (1) the
conventional jackscrews, (2) a squeeze-to-release clip
for positive retention with rapid release, or (3) a detent
ring retention that requires a stronger pull than that
required with no retention but no action other than

Figure 8
External SCSI Connectors

Figure 9
Comparison of the 68-Pin VHDCI and Fibre Channel HSSDC Connectors

SCSI-1 LOW-DENSITY
NARROW (50 PINS)

SCSI-3 HIGH-DENSITY
WIDE OR NARROW (68 PINS)

VHDCI NARROW
(36–40 PINS) MICRO SCSI

VHDCI WIDE OR 
NARROW (68 PINS) 

1.8 cm

Case 1:07-mc-00493-RMC     Document 188-7      Filed 07/23/2008     Page 14 of 27



Digital Technical Journal Vol. 9 No. 3 1997 19

pulling or pushing. The choice of retention type is
made in the cable assembly. All 68-pin VHDCI cable
assemblies that comply with the SFF specifications
work on all 68-pin VHDCI mating connectors. 

Figure 11 shows the details of the 68-pin VHDCI
system. The lip in the jack post provides the securing
point for squeeze-to-release clips and for split-ring
detent retention. The center of the jack post is threaded
for use with jackscrews. 

Although smaller than the high-density connector,
the VHDCI connector is durable. It has no pins that
can bend; its retention scheme uses the same-size
jackscrew thread as the high-density wide connector;

and its contacts are imbedded in the housing where
they cannot move or become distorted. 

SCA-2 Connectors 
The SCA family uses an 80-position, leaf-style contact
to interface all active SCSI lines, three power voltages,
and device control signals. This connector is consider-
ably smaller than the collection of the three different
connectors used for power, options, and SCSI bus in a
cabled system. There are two basic versions of SCA
connectors: SCA-1 and SCA-2. Both versions are
unshielded and useful only within shielded enclosures.
The SCA-1 has 80 positions with all contacts designed

FOUR WIDE SCSI PORTS ON A SINGLE
PC OPTION CARD

MEZZANINE
BOARD

PCI CARD EISA/ISA CARD

Figure 10
Four Wide SCSI Ports on a Single PC Option Card

THREE-WAY
RETENTION

DEVICE SIDECABLE/BOARD SIDE

Figure 11
Overall View of the 68-pin VHDCI System
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to be the same length. The SCA-2 can be mated to the
SCA-1 but has advanced grounding contacts and
sequenced signal and power contacts for supporting
hot plugging and blind mating (no visual feedback
during mating). Both versions are available in many
styles, which differ by the termination-side structure
and overall orientations. 

The SCA-1 is not a documented standard and is
being replaced by the SCA-2. The SCA-2 connector
was introduced to SFF in 19957 as the first step toward
formal standardization. 

Two special features exist in the SCA-2 connector.
First, two contacts, one on each side of the connector,
provide the first make/last break for the ground con-
nection. This design ensures that a common electrical
ground is established between the device and the sys-
tem before any power or signal connections are made
on device insertion. Upon removal, these contacts
ensure that the ground stays intact throughout the
disengagement of the signal and power pins. 

The second feature allows the special long power
contacts to precharge bypass capacitors before the
main power contacts make. This reduces the distur-
bance to the power distribution system and eliminates
any arcing on the service power pins. Two pins at the
extreme ends of the connector indicate that the con-
nector is fully mated. The overall view of the SCA-2
system is shown in Figure 12. 

The size of the connectors in the SCA family has not
decreased dramatically. The connectors need to main-
tain enough size to achieve blind mating alignment,
and, for backplane applications, there is little advan-
tage in having a connector that is smaller than the
device. With 89-mm (3.5-inch [in]) or the newly pro-
posed 76-mm (3-in) form factor devices, the SCA con-
nector comfortably fits within the device boundaries. 

The use of backplanes for direct device attachment
is possible because all the electrical connections for the
device are available in one connector on the device.
This design eliminates the cables used to attach the
device and the space required for the connectors, thus
significantly shrinking the size required to package
multiple devices. 

External SCSI Cable 
The external cable for SCSI is shrinking also, through
the use of smaller-gauge wire, better dielectrics, and
less jacketing material, as illustrated in Figure 13.
Formerly, wide SCSI required a cable of approximately
12.70 mm (0.50 in) in diameter (a 126.677-mm2

[0.196-in2] cross section) with 28-gauge wire. Today,
wide SCSI cables with 30-gauge wire are shipping 
with diameters of 9.40 mm (0.37 in) (69.398-mm2

[0.107-in2] cross sections). Cables with 7.62-mm
(0.30-in) diameters (45.61-mm2 [0.07-in2] cross 
sections) are possible with 32-gauge wire and inexpen-
sive dielectrics for wide SCSI. Cables with 6.35-mm
(0.25-in) diameters (4.987-mm2 [0.049-in2] cross sec-
tions) for narrow SCSI (45.61-mm2 [0.07-in2] cross
sections) are flexible and manageable—similar in size
and flexibility to a desktop computer power cord and
smaller than many serial cables. When used with active
single-ended, LVD, or HVD terminators, the 32-gauge
wire is adequate for distributing terminator power and
SCSI signals in most applications. Long cables should
not be used for terminator power distribution. 

Further reductions in the connector and cable sizes
need to be weighed against the ease of handling, the
need for sufficient strength to survive normal service
stresses, and the cost increases at very small sizes. The
combination of the VHDCI connector and 30/32-
gauge wire sizes is a good optimization. 

DEVICE SIDE
ADVANCED
GROUNDING
CONTACTS

ADVANCED
GROUNDING
CONTACTS

CABLE/BACKPLANE SIDE

Figure 12
Overall View of the SCA-2 Connector System
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Summary of the Benefits Derived from a Smaller,
Improved Interconnect 
The VHDCI connector and smaller cables combine 
to offer a robust yet user-friendly revolution in SCSI
interconnect. The leaf-style contact of the SCA con-
nector eliminates problems with bent pins that fre-
quently bedevil the older wide SCSI connector. 
The ability to use up to four wide UltraSCSI ports in 
a single PCI option slot increases the SCSI connec-
tivity per PCI slot to 60 devices (from 15 devices). 
By using multiple PCI slots, hundreds of SCSI devices
can be connected to a single PC or workstation. 
In addition, the SCA-2 connector implements the
essential contact sequencing required to perform SCSI
device hot plugging. 

Device Insertion and Removal Bus Transients 

The multidrop feature of the SCSI bus allows device
removal and replacement without disturbing the commu-
nications between other SCSI devices, if the electrical dis-
turbances caused by the device being added or removed
are not detected by any other SCSI devices. Thus, it is
architecturally possible to dynamically reconfigure the
device population without interrupting existing data
transmission processes between operational devices. 

The transients involved with device insertion and
removal include mechanical vibrations, power distrib-
ution instabilities, SCSI terminator power noise, elec-
trostatic discharge (radiation and induced current),
and SCSI signal line noise. All except the SCSI signal
line noise and the terminator power noise are handled
by the storage system design and therefore are not

directly part of the advancements in parallel SCSI.
The SCSI terminator power noise is determined by
the size of the decoupling used on the SCSI termina-
tors and the size of the capacitance on the device
being inserted. This noise is easily controlled by
ensuring that these sizes meet the values specified in
the SPI standard.4

The delicate case is when the SCSI signal lines are
involved, which is the subject of this section. To deter-
mine the nature and magnitude of these signal line dis-
turbances, one must understand the following three
mechanisms: (1) the overall sequence of events, (2)
the electrical dynamics of connector contacts when
used in the SCSI application, and (3) the electrical
consequences on the bus when the device makes/
breaks contact with the SCSI signal line. 

There are two sequences of interest: insertion and
removal. The removal process is easy to grasp after the
insertion process is understood. 

Single-ended Device Insertion 
The initial conditions considered for SCSI device
insertion assume a SCSI device with its ground solidly
and continuously connected to the ground of the
SCSI bus. This connection is easily accomplished, for
example, by using sequenced contacts where the
device ground makes connection well before any 
signal connection. In this state, the SCSI device pins
present a maximum fully discharged capacitance of
approximately 25 picofarads (pF). After the device 
signal pin contacts the bus, this capacitance becomes
charged (by extracting charge from the bus) to the
voltage on the signal line at the time of the insertion.

12.70 MM
(68 CONDUCTOR)

9.40 MM
(68 CONDUCTOR)

7.62 MM
(50 CONDUCTOR)

6.35 MM
(40 CONDUCTOR)

28-GAUGE WIDE
30-GAUGE WIDE WITH

IMPROVED DIELECTRIC

30/32-GAUGE NARROW
32-GAUGE NARROW

(MICRO SCSI)

Figure 13
External SCSI Cable Diameters
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paper is not presently available from actual SCSI hard-
ware. The disturbances in the DSSI bus are larger than
those seen in the SCSI bus, because the DSSI voltages
are slightly higher (3.5 V for DSSI compared to 2.8 V
for single-ended SCSI), and the instrumentation
capacitance (~10 pF) adds significantly to the device
capacitance because of the state of the art for scope
probing in 1990. Numerous tests with modern scope
probes (0.6 pF or less) of SCSI hardware have shown
that the SCSI disturbances are indeed qualitatively the
same but significantly less in size than those shown
here from the DSSI hardware. 

The mechanisms described apply to any system in
which the insertion transient is caused by the charging
of a small capacitance. Figure 14 shows the basic test
setup. A device is inserted into a connector with scope
probes attached on either side of the mating interface
and with an additional probe attached to the bus some
distance from the connector. The voltage on the
device side of the connector is used as the trigger 
signal into a digital storage scope so that the events
before, during, and after the mating event can be
examined. This is clearly a single-event type of mea-
surement, so a high sampling rate (1 billion samples
per second) and significant scope memory is required
to capture the waveforms. The scope probes used have
a 1-megohm input resistance. 

The connector used for the tests in this section has
multiple parallel pins that all mate and demate in the
same general time period. There is no intentional 
difference in the pin lengths. The time relationship
between the mating events on two neighboring pins
was explored first. By choosing neighboring pins, the
differences between the pins is kept to a minimum 
so the time differences observed should represent the
best pin-to-pin synchronization in a mating event. 

For this test, a probe was attached to each of two
pins, and the connector alone (not part of a device)
was mated to the bus segment connector. Figure 15
shows the results. 

Both pins appear to show instantaneous transitions
between the charged and discharged states on the time
scale that was required to capture both events on the
same plot. The mating events are separated by approx-
imately 19 milliseconds, and there is no evidence of
any discharging after the initial charging has occurred.
Since the scope probes have a 1-megohm input resis-
tance, any lack of contact during the wipe portion of
the mating will allow the capacitance to discharge
through the probe with a time constant of approxi-
mately RC, where R is the scope probe resistance and 
C is the sum of the connector pin and probe capaci-
tances. Assuming a total of 10 pF, this gives a decay
time constant of 10 microseconds. 

Figure 16 shows another mating event on pin 1 at 
a 500 times more sensitive time scale. In this case,
some evidence of momentary opens is seen with the
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These values range from approximately 3 V for
negated lines to nearly 0 V for asserted lines. 

Since the SCSI device being inserted is logically off
(i.e., there is no driver current), the only current that
needs to flow is that required to charge the 25-pF
capacitance. This is sharply different from many con-
nections in electronics in which current flows
through the contact after an electrical contact has
been established. 

In the case where no bus voltage changes occur
except as a result of the device insertion, the insertion
transient begins with the initial contact and ends when
there is no further bus voltage change with time (the
steady state voltage). Once the device pin voltage
reaches the steady state bus voltage, no further current
flows through the contact. 

Therefore, once the device capacitance becomes
charged to the steady state signal line voltage, no further
disturbances to the signal line voltage will occur even if
the contact opens momentarily during a chattering
event. The voltage on the device capacitance changes
during the transient from a discharged state (zero volt-
age) to the steady state signal line voltage, with the cur-
rent always flowing into the device capacitance. 

If the signal line voltage changes after the insertion
transient is completed (because of events such as being
driven by other devices, by noise, or by the inserting
device beginning to use its own driver), then current
will again begin to flow through the contact. This is a
normal SCSI condition for contacts in service. If the
signal line voltage changes during the insertion tran-
sient because of events other than the connector con-
tact effects (e.g., signals changing because of being
driven by other devices, other noise), then it is more
difficult to determine exactly where the insertion tran-
sient ends. The beginning of the insertion transient
will still be marked by a charging of the device capaci-
tance. Examples presented later in this paper show
both insertion events and driving events from other
devices occurring at the same time. 

The time required for complete contact mating on
all SCSI signals in the bus is up to six orders of magni-
tude greater than the time required for a SCSI signal to
change state. Therefore, signal level changes are likely
during the insertion process. The electrical behavior of
the contact as it continues wiping (sliding after initial
contact is made) from its initial contact point to its
final resting position becomes a critical part of the
process. The following subsections explore this behav-
ior in detail. 

Connector Insertion Dynamics The data presented in
this section were derived from a DIGITAL DSSI bus in
1990. The DSSI bus is nearly identical to the SCSI bus,
and many of the results apply without modification 
to SCSI. Similar data have been observed on the SCSI
bus, but the complete set of data presented in this

Case 1:07-mc-00493-RMC     Document 188-7      Filed 07/23/2008     Page 18 of 27



Digital Technical Journal Vol. 9 No. 3 1997 23

expected decay dynamics. The actual time constant is a
bit longer than 10 microseconds because of some
capacitance in the connector pin. This bounce behav-
ior may or may not be present during the initial stages
of the event shown in Figure 15, but clearly the behav-
ior is not visible in the figure. To observe the suite of
transients that exist in the mating process, one must
examine the transients at several different time scales.
In general, this requires repeating the mating events,
since the dynamic range of the scopes used was insuffi-
cient to capture all the detail in a single event. 

The initial mating event on pin 1 still appears to be
instantaneous on the time scale used in Figure 16, but
some slope is visible in the second bounce event. Also,
during the second decay period, a shelf in the decay
indicates that a partial, high-resistance contact was
briefly experienced. Pin 2 is not close to making a con-
tact at the time range shown in Figure 16. The figure
shows a small amount of cross talk in the pin 2 voltage
waveform caused by the pin 1 transients. 

This data clearly shows that the details of the mat-
ing process are highly complicated and intrinsically
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CONTACTS
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Figure 14
Test Setup for Insertion/Removal Transients
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Contact Bounce Events
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unpredictable. Therefore, the best we can hope for is
to establish some limiting cases for the important
parameters. The limiting features shown in Figure 16
are the extremely rapid initial mating event and the
decay times. We examine these rapid transients in
detail later in this section. The decay times are deter-
mined by the actual contact resistance and the resis-
tance of the leakage path to local ground. For normal
SCSI devices, there is very little leakage to ground on
the device pin so the opens produced by the bounce
have no effect. 

Some cases observed indicate much more complex
bounce structures. Figure 17 shows a case in which the
mating connection is not established until more than
700 microseconds have passed. 

The data in Figures 15 through 17 were all acquired
from the same connector contact during separate mating
processes. Typically, the details of the mating event are
very different even under nominally identical conditions. 

Another type of mating event is shown in Figure 18.
This event requires approximately 10 microseconds to
make the transition from uncharged to charged, and
there is no bounce. This particular event produces

almost no cross talk into pin 2. Events with these char-
acteristics are somewhat rare and are called gradual
transients in this paper. 

Figure 19 shows a closer look at the rapid transient
type of mating event. In this figure, we have added a
device capacitance of approximately 20 pF to the scope
probe for a total of approximately 30 pF. Notice that
the transient requires 2 to 3 ns to substantially com-
plete its charging. There is a ratio of nearly 107 between
the mating events on different pins in the same connec-
tor and the rapid transient of a single contact. 

Limiting Parameters for the Rapid Transient The
question of whether the rapid transient shown in
Figure 19 is the worst case needs to be explored
because the duration of the transient affects the distur-
bance on the bus. Some bounding features and some
implications of the observed behavior of the rapid
transient are noted in this subsection. 

Assuming that the transient event occurs in 2 ns and
that the velocity of impingement just prior to the first
mating event is 1 meter per second, then the distance
traveled by the contact would be 2 nanometers (nm).
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Extended Mating Bounce Events
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This distance is equivalent to a few atomic distances.
The distance traveled during the gradual transient
shown in Figure 18 would be approximately 10
microns, and during the extended bouncy case shown
in Figure 17, approximately 1 mm. The velocity for the
latter two cases would likely be somewhat reduced
because of the mechanical interference between 
the pins, and the actual distance traveled is probably
significantly less. There is little opportunity, however,
for the velocity to be reduced for the rapid transient,
and this distance of 2 nm is probably at least the 
correct order of magnitude. 

The following calculation shows the total current
levels required to charge the capacitance in 2 ns. 

Q = CV = 30 x 10–12 pF x 3.5 V 
= 10.5 x 10–11 coulombs, 

where Q represents the total charge, C  is the capaci-
tance, and V is the voltage. Since this charge is trans-
ferred in a time t of 2 ns, the average current is 

Q/t = 10.5 x 10–11 coulombs/(2 x 10–9 ns) 
= 52.5 milliamperes (mA). 

For a gradual transient that takes 10 microseconds,
the average current is approximately 10 microamps.
These calculations show that the most severe ampli-
tude disruption to the signal on the bus occurs with
the rapid transients, since relatively large current must
be supplied in a short time to charge the capacitor. 

The next item to be examined is the current density
that must exist during the transient. Since the contacts
move only 2 nm and the surface finish of actual con-
tacts is not nearly this smooth, it is reasonable to
assume a square 2-nm contact. Clearly, this assump-
tion is not rigorously defensible and could be the sub-
ject of an entire study area in its own right; however,
there is no basis for assuming that the lateral contact
region would be any different than the contact area in
the mating direction. The basic conclusions would not
be affected even if we assumed a hundredfold lateral

increase in contact area. Attempts to use scanning
electron microscopy to examine the actual contact
area were not fruitful in establishing the actual initial
physical contact area because of the severe physical dis-
ruption that occurs on the microscopic level and
because of the small sizes involved. 

Under these assumptions, the physical contact area
is assumed to be (2 nm)2 or 4 x 10–14 cm2 in the follow-
ing calculations. The current density to support the
50-mA rapid transient current is therefore approxi-
mately 1012 A/cm2. Typical current densities in copper
and other metals are less than 106 A/cm2. The electro-
migration onset current is of this same order. The cur-
rent density in the rapid SCSI transient is a million
times greater than that which metal can support. 

To support the massive current density, the actual
contact area must be much larger than the initial phys-
ical contact area assumed in the above calculations.
The author believes that this can be explained by a
micromolten metal-to-metal joint that is formed upon
initial contact and that the front of the melt propagates
(probably through phonon interaction) at approxi-
mately the speed of sound in the metal. This process
would create crudely a thousandfold increase in the
effective insertion velocity and would result in a mil-
lionfold increase in contact area, since the melt would
propagate in all directions. 

This mechanism would produce reasonable current
densities and would form an intimate metal-to-metal
interface with both contacts that would aid in reduc-
ing the contact resistance. The micromelt size becomes
rapidly self-limiting, with the expanding contact area
causing decreased current density, which in turn, causes
decreased melt temperature. 

As discussed in the next section, the actual contact
resistance during the rapid transient cannot be large. 
If this resistance is large, as in the case of the gradual
transient, the mating event is much less disruptive. 

Many variations on the mating transients can be
observed, but we do not attempt to show all of them
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Detailed Structure of the Rapid Transient
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in this paper. One special variation, however, is worth
noting—the combination of rapid and gradual tran-
sients in the same mating process. Sometimes the mat-
ing process starts with a gradual transient and then
shifts to a rapid transient. Figure 20 shows a complex
mating process in which (1) a gradual transient initi-
ates, (2) a rapid transient starts but does not complete,
(3) the rapid transient ends, (4) another gradual tran-
sient process starts, and (5) another rapid transient 
finishes the charging process. 

This observation is consistent with several possible
microprocesses during which the initial rapid transient
extinguishes before completion. 

■ The micromelt becomes physically torn apart by
the advancing motion of the contacts. (This process
is unlikely because of the excessively slow physical
motion.) 

■ The micromelt explodes. (This process is likely.) 
■ The micromelt becomes resistive through the cont-

amination of the melt with insulating material. 
■ The micromelt front reaches a thin region and

opens because of the lack of material. 
■ The micromelt front reaches an insulating region. 

On further movement of the contacts, a new rapid
transient condition is encountered between different
metallic peaks of the contacts, and a new rapid tran-
sient begins. Figure 21 shows a conceptual representa-
tion of this process. 

Gradual transients appear to be associated with nor-
mal current densities (i.e., 106 A/cm2) and much
higher contact resistance than rapid transients. In cases
where a micromelt is not initiated, the low contact
resistance associated with the liquid metal–to–solid
metal interface and the expanded contact area are not
present. Therefore, one way to eliminate the mating
disturbance caused by the rapid transients is to ensure
that a micromelting process is not possible. 

In the process shown in Figure 20, it is probable that
a gradual-type contact is being maintained somewhere
else in the contact, since no voltage decay is evident
when the rapid transient ends. Indeed, it is to be
expected that the rapid transient mechanism would 
not operate after the capacitance is charged to a certain
level, since there would not be enough energy differ-
ence to initiate and sustain a rapid transient. Therefore,
the gradual transient is the behavior derived from an
extrapolation of the normal mechanisms that produce
contact resistance. This detailed discussion is pursued
because we must understand the basic physical mecha-
nisms to gain confidence that we are considering the
worst-case disturbances. 

Single-ended Device Removal 
During the process of removal, the device pin separates
from the bus. Since both the bus and the device are at
the same voltage just before the separation, no current
is flowing unless the bus voltage changes when the con-
tact is in the process of separating. Therefore, in most
cases the separation process causes no disturbance. 

Bounce can occasionally be observed during the
demating process when there is a leakage-to-ground
path present on the device side. Of course, if a voltage
decay occurs and the contacts re-connect, the mecha-
nisms are essentially the same as for the insertion tran-
sient. The key point is that no additional mechanisms
have been noted for device removal that could be
more disruptive than those operating during the inser-
tion process. In the limit, the removal process could
produce as much disruption as the insertion process. 

Figure 22 shows two examples of demating. The
demating events shown in Figure 22a have only approxi-
mately a 60-microsecond separation. This separation is
exceptionally small, and it is theoretically possible to have
coincidental contact-to-contact events (within the preci-
sion of the instrumentation). The demating event with
bounce shown in Figure 22b was acquired on exactly the
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same pins in exactly the same connector used for the
events in the top of the figure, and there is no evidence of
any activity on pin 2. Pin 2 demated long before any
activity was seen on pin 1. Again, this underscores the
unpredictability of the details of any given event. 

Impact of Device Insertion and Removal on Bus Signals 
This section contains several examples of the noise
produced on the bus side of the connector. Actual
devices with approximately 25 pF of capacitance were
used to obtain the data. This capacitance value is
increased by the probe capacitance. On the bus side,
there is also some increased capacitance caused by the
probe used to acquire the bus side signal. Figure 23
shows the basic impact of a rapid transient on the bus
side of the connector and the time relationship of the

bus disturbance to the voltage on the device side. The
bus voltage is reduced while it supplies the necessary
charge to the device pin. After the device capacitance is
charged, the bus resumes its voltage level before the
insertion transient (more or less). 

In this test, the bus pulse is approximately 3-ns wide
at its midpoint; its peak amplitude is approximately
1.25 V. This pulse is significantly larger in amplitude
than that produced from a device alone. 

One of the more interesting features of the signals
in Figure 23 is the lack of commonality or tracking in
the signals after the rapid transient has passed. In the
simplest interpretation, one would expect both sides
of the connector to have nearly the same voltage 
(at the least to be within the accuracy of the 0.1-ns
propagation time between the probes). The following
discussion addresses the author’s current thinking on
the reasons for this lack of tracking. 

Instrumentation effects, such as resonance or differ-
ences in probe properties, were ruled out by using
both probes on the same signal and noting that there
was little difference in the signals reported from each
channel. Later, typically after a few microseconds, the
voltages do become effectively the same. 

Because a significant voltage difference is present for
relatively long times, there must be a significant voltage
source between the contacts to support this observed
difference. In the initial stages, the difference between
the pin voltages is approximately 3 V. If the current is
the one calculated in the section Limiting Parameters
for the Rapid Transient, that is, approximately 50 mA,
then the current-limiting impedance must be at least
3/0.05 = 60 ohms. This impedance, coupled with the
parasitic capacitances and inductances, serves to blunt
the instantaneous electrical energy transfers that would
be implied by a very low source impedance. If the
source impedance were very low, then both sides
would have to track shortly after the initial contact. 

Part of this limiting impedance is the loaded or local
transmission line impedance of the bus. The characteris-
tic impedance is nominally approximately 100 ohms for
an unloaded bus. Since the bus connector is attached to
the middle of the line, both sides are available to supply
charge and the effective charging impedance would 
be approximately 50 ohms. A 30-pF capacitance would
have a charging time constant of 1.5 ns. This time con-
stant fits the observations well during the rapid transient
itself but does not fit the timing parameters of the volt-
age differences observed well after the rapid transient. 

Elevated local temperatures are almost certainly pre-
sent during the rapid transient (near the melting point
of the metals!), so it seems plausible that the mystery
voltage source is basically thermal electromotive force
(EMF) between the pins. Allowing a few microseconds
to achieve thermal equilibrium and subsequent loss 
of the thermal EMF also seems quite plausible. These
details are inviting further detailed investigation but 
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do not affect the practical conclusions as applied to 
parallel SCSI. 

As added evidence for thermal effects, experiments
with early LVD SCSI devices that use a 1.2-V bus level
instead of the 3.5-V bus level shown in Figure 23
transfer much less energy and have a much shorter 
settling time before both sides of the contact track.
These LVD results will be reported separately. 

The point extracted from these charging-impedance
and settling-time observations is simply that the over-
all energy transfer rate is limited by the microphysics 
of the process. This means that Figure 23 almost cer-
tainly illustrates the worst-case disturbances. 

It has been noted that the bus pulse is similar to that pro-
duced by a stub on the bus and a signal with a fast rise/fall
time. In a sense, we really are charging a stub in either case,
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and in both cases the loaded or local characteristic imped-
ance of the bus limits the extent of the disturbance. 

To more accurately measure the noise pulse pro-
duced when a device is added to the bus, measurements
were performed without a scope probe attached to the
device pin. To do so required triggering the scope from
the noise pulse on the bus side. Consequently, it was 
not possible to see the device-side charging dynamics.
Figure 24 shows the measured pulse near the device
connector and at a point 2 meters away. 

The pulse measured in Figure 24 has approximately
half the amplitude of the pulse in Figure 23. This is
more reduction in amplitude than one would expect
from the removal of 10 pF from the effective device
capacitance, and this difference, while not completely
explained, is in the favorable direction. The noise pulse
that reached the next device (where it could be
detected as an error) would be even smaller, because of
the dispersion and attenuation in the bus and because
the neighboring device would need to have its 25-pF
capacitance charged also. The signal at the measure-
ment point 2 meters away in Figure 24 indicates 
the intensity of the attenuation and dispersion to be
expected in the rapid transient bus pulses. The details

of the attenuation and dispersion depend somewhat
on the bus media used. 

The rapid transient bus pulses are shown on actual
data pulses in Figure 25. The top trace in the figure
shows a rapid transient pulse on a negated part of a 
single-ended SCSI signal. There is a scope probe on this
device, but the device capacitance is only approximately
15 pF so the total with the probe is approximately 25 pF.
Note that the noise pulse is approximately 0.8 V and
does not take the signal into the receiver detection
range below 2 V. This negated state is a bit higher than
usually found, so the bus pulse is starting from a higher
point. If the pulse had started from a lower point, for
example about 2.5 V, the pulse amplitude would not
have been as large. Further discussion of the receiver
detection range appears later in this section. 

The signals in Figure 25 were purposely chosen 
to have broad falling edges of approximately 15 ns.
Normal SCSI signals are 5 ns or faster. The broad edges
maximize the chance that the bus pulse will produce a
signal slope reversal of the type that can produce mul-
tiple edges. The bottom trace in Figure 25 shows a bus
pulse in the most sensitive part of the falling edge. This
pulse produces almost no slope reversal because by the
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time it is ready to become positive-going, the data sig-
nal has fallen so much that there is no voltage source
to drive the signal more positive. At the beginning of
the falling edge, the slew rate is increased by the bus
pulse; in the middle, the edge is extended and conse-
quently the overall time required for the falling edge is
almost exactly the same as for the falling edge that has
no bus pulse (see the top trace). 

Therefore, the main effect of rapid transient pulses
occurs when they intersect the signal edges (where a
state change is expected anyway), and the effect is
movement of the position of the edge by no more
than 2 ns from the normal position. This movement is
already accounted for in the SCSI standard as pulse
distortion skew, so there is no important effect. 

If the mating event happens while the bus signal is
in the asserted state, there is little effect since little
charge is transferred. If the event happens in the rising
edge, there may not be enough voltage difference to
start a rapid transient—again, there is little effect. If a
rapid transient is initiated on a rising edge, the impact
is still a small shift in the position of the edge. In 
any arbitrary combination of signal level and type of
transient, the bus disturbance will not be greater than
those shown in Figure 24 and Figure 25. 

Differential 
For differential SCSI systems, essentially the same
behavior occurs as for the single-ended case except that
the relationship between two contacts instead of just
one must be considered. If insertion transients on the
positive signal differential line are occurring at the same
time as transients on the negative signal line, we must
examine the difference between these transients to 
see what impact they have on the differential signals.
Based on the time required between mating events on 
neighboring connector pins presented in the section
Connector Insertion Dynamics and in Figure 15, it is
evident that the differential case is almost always two
independent and isolated single-ended cases. This is
because the difference in the time required for different
pins in the same connector to begin the mating process
vastly exceeds the actual transient time on either signal. 

In SCSI differential systems, both the positive and
the negative signals are normally positive with respect
to the local grounds. This means that the transients
will be the same polarity on both signals. 

In the very rare cases in which some overlap exists
between the transient times on both signals, the rapid
transient disturbances would usually be seen as com-
mon mode events that reduce the effective differential
transient signal. These events are not seen if common
mode noise exists where the signals have opposite
polarity with respect to local grounds during the 
transients. In this case, it is theoretically possible to 
produce anticommon mode differential transients.

However, the anticommon mode case will always have
the positive and negative signal lines within a differen-
tial logical voltage level of ground, and the transients
will therefore be small. Even in the anticommon mode
case, the effect is at most a slight shift in the time when
the differential state change is observed, since the tran-
sient disturbances are so small. 

In the pathological differential case, large common
mode levels exist on both the positive and the negative
signals. The insertion transient will be larger because
the bus voltage is larger. This case is even more rare since
it requires both coincidental pin mating and coinci-
dental large common mode. 

The other case considered that can have a unique
effect on differential systems is that of extended bounce.
This case extends the effective mating time to the point
when some overlap between the transient activity on the
pins is more likely. Recall that the extended bounce case
was only visible when a leakage mechanism was available
to discharge the incoming device capacitance. In actual
devices, no significant leakage occurs so a bounce event
does not produce disturbances after this first contact. 

The differential signal seen by the incoming device
may be seriously affected by extended bounce if there
is bus activity during this bounce. Consider, for exam-
ple, a case in which the positive signal contact opened
because of a bounce event after achieving a full charge.
While it is still open, the negative signal changes state.
Now both the positive and negative signals are at the
same nominal potential, which is an indeterminate dif-
ferential condition. Fortunately, this condition is not a
problem because the only device that sees this condi-
tion is the device being inserted or removed and it is
not in an operational state. 

Summary of the Handling of Device Insertion and
Removal Transients 
After a complex, yet self-consistent, set of experimental
data and interpretations, the concluding results are that
the worst-case SCSI bus transients resulting from proper
insertion and removal processes should not cause errors
in the SCSI bus as presently specified in the SPI and
Fast-20 (UltraSCSI) standards. The proper processes
include pregrounding prior to insertion, avoiding
excessive device capacitance, and using SCSI drivers and
receivers that meet all of the SCSI requirements.4

As of this writing, all reports of device insertion/
removal errors have been traced back to failure to use
proper procedures or designs. The most common errors
are lack of pregrounding, devices that do not maintain
the high-impedance input state during power cycling,
and power distribution or mechanical transient effects
unrelated to SCSI proper. 

The mechanisms that operate span a time spectrum
from picoseconds in rapid transients to seconds in con-
tact wipe and other macro connector operations. 
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4. ANSI X3.253-1995: Information Technology —SCSI-3
Parallel Interface (SPI ), X3T10/855D (New York:
American National Standards Institute, 1995). Available
from Global Engineering, 15 Inverness Way East, Engle-
wood, CO 80112-5704, tel. (800) 854-7159 or (303)
792-2181, fax (303) 792-2192. 

5. SCSI Enhanced Parallel Interface (EPI ), X3T10/
1143D (New York: American National Standards Insti-
tute, 1997). Available from Global Engineering, 15 Inver-
ness Way East, Englewood, CO 80112-5704, tel. (800)
854-7159 or (303) 792-2181, fax (303) 792-2192. 

6. Information about I/O interfaces is available at the T10
home page at http://www.symbios.com/t10. 

7. Single Connector Attachment–2 (SCA-2) Specifications:
SFF-8015, SFF-8046, SSF-8048, SSF-8066, and SSF-
8451. Available from the SFF Committee, 14426 Black
Walnut Court, Saratoga, CA 95070, voice fax-back ser-
vice (408) 741-1600, tel. (408) 867-6630 ext. 303, 
fax (408) 867-2115. 

Biography 

The worst-case differential transients occur when
one treats the differential system as two independent
single-ended SCSI buses—one for the positive signal
and one for the negative signal. 

The rapid transient becomes more and more
detectable as bus speeds increase and the receivers and
timing margins become more sensitive. Schemes to
encourage the gradual transient are the best protec-
tion against the ultimate problems caused by rapid
transients. The best-known method for producing
reliable gradual transients is to avoid a metal-to-metal
contact during the initial contact and until the device
capacitance is charged. At this time, no such connector
system exists for SCSI applications. 

Overall Summary 

Evolution in four significant hardware technologies 
in the recent past has enabled parallel SCSI to break
through the barriers that were preventing it from 
delivering excellent value, flexibility, and growth to the
computer data storage industry. Application of more 
scientific methods, use of the latest silicon technology,
and developments in the interconnect technology pro-
vided the foundation for these improvements. DIGITAL
provided most of the basic data and led important stan-
dards and industry bodies to accomplish this. 
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made. The examiner should analyze whether the 
metes and bounds of the claim are clearly set forth. 
Examples of claim language which have been held to 
be indefinite because the intended scope of the claim 
was unclear are: 

(A) “R is halogen, for example, chlorine”; 
(B) “material such as rock wool or asbestos” Ex 

parte Hall, 83 USPQ 38 (Bd. App. 1949); 
(C) “lighter hydrocarbons, such, for example, as 

the vapors or gas produced” Ex parte Hasche, 86 
USPQ 481 (Bd. App. 1949); and 

(D) “normal operating conditions such as while in 
the container of a proportioner” Ex parte Steigerwald, 
131 USPQ 74 (Bd. App. 1961).

>The above examples of claim language which 
have been held to be indefinite are fact specific and 
should not be applied as per se rules. See MPEP 
§ 2173.02 for guidance regarding when it is appropri-
ate to make a rejection under 35 U.S.C. 112, second 
paragraph.<

2173.05(e) Lack of Antecedent Basis [R-5]

A claim is indefinite when it contains words or 
phrases whose meaning is unclear. The lack of clarity 
could arise where a claim refers to “said lever” or “the 
lever,” where the claim contains no earlier recitation 
or limitation of a lever and where it would be unclear 
as to what element the limitation was making refer-
ence. Similarly, if two different levers are recited ear-
lier in the claim, the recitation of “said lever” in the 
same or subsequent claim would be unclear where it 
is uncertain which of the two levers was intended. 
A claim which refers to “said aluminum lever,” 
but recites only “a lever” earlier in the claim, is indef-
inite because it is uncertain as to the lever to which 
reference is made. Obviously, however, the failure to 
provide explicit antecedent basis for terms does not 
always render a claim indefinite. If the scope of a 
claim would be reasonably ascertainable by those 
skilled in the art, then the claim is not indefinite. 
>Energizer Holdings Inc. v. Int’l Trade Comm’n, 435 
F.3d 1366, 77 USPQ2d 1625 (Fed. Cir. 2006)(holding 
that “anode gel” provided by implication the anteced-
ent basis for “zinc anode”);< Ex parte Porter, 25 
USPQ2d 1144, 1145 (Bd. Pat. App. & Inter. 1992) 
(“controlled stream of fluid” provided reasonable 
antecedent basis for “the controlled fluid”). Inherent 

components of elements recited have antecedent basis 
in the recitation of the components themselves. For 
example, the limitation “the outer surface of said 
sphere” would not require an antecedent recitation 
that the sphere has an outer surface. See Bose Corp. v. 
JBL, Inc., 274 F.3d 1354, 1359, 61 USPQ2d 1216, 
1218-19 (Fed. Cir 2001) (holding that recitation of 
“an ellipse” provided antecedent basis for “an ellipse 
having a major diameter” because “[t]here can be no 
dispute that mathematically an inherent characteristic 
of an ellipse is a major diameter”).

EXAMINER SHOULD SUGGEST CORREC-
TIONS TO ANTECEDENT PROBLEMS

Antecedent problems in the claims are typically 
drafting oversights that are easily corrected once they 
are brought to the attention of applicant. The exam-
iner’s task of making sure the claim language com-
plies with the requirements of the statute should be 
carried out in a positive and constructive way, 
so that minor problems can be identified and easily 
corrected, and so that the major effort is expended on 
more substantive issues. However, even though indef-
initeness in claim language is of semantic origin, it is 
not rendered unobjectionable simply because it could 
have been corrected. In re Hammack, 427 F.2d 1384 
n.5, 166 USPQ 209 n.5 (CCPA 1970).

A CLAIM TERM WHICH HAS NO ANTECED-
ENT BASIS IN THE DISCLOSURE IS NOT 
NECESSARILY INDEFINITE

The mere fact that a term or phrase used in the 
claim has no antecedent basis in the specification dis-
closure does not mean, necessarily, that the term or 
phrase is indefinite. There is no requirement that the 
words in the claim must match those used in the spec-
ification disclosure. Applicants are given a great deal 
of latitude in how they choose to define their inven-
tion so long as the terms and phrases used define the 
invention with a reasonable degree of clarity and pre-
cision. 

A CLAIM IS NOT PER SE INDEFINITE IF 
THE BODY OF THE CLAIM RECITES ADDI-
TIONAL ELEMENTS WHICH DO NOT 
APPEAR IN THE PREAMBLE

The mere fact that the body of a claim recites addi-
tional elements which do not appear in the claim’s 
2100-225 Rev. 6, Sept. 2007



2173.05(f) MANUAL OF PATENT EXAMINING PROCEDURE

Case 1:07-mc-00493-RMC     Document 188-11      Filed 07/23/2008     Page 5 of 5
preamble does not render the claim indefinite under 
35 U.S.C. 112, second paragraph. See In re Larsen, 
No. 01-1092 (Fed. Cir. May 9, 2001) (unpublished) 
(The preamble of the Larsen claim recited only a 
hanger and a loop but the body of the claim positively 
recited a linear member. The examiner rejected the 
claim under 35 U.S.C. 112, second paragraph, 
because the omission from the claim’s preamble of a 
critical element (i.e., a linear member) renders that 
claim indefinite. The court reversed the examiner’s 
rejection and stated that the totality of all the limita-
tions of the claim and their interaction with each other 
must be considered to ascertain the inventor’s contri-
bution to the art. Upon review of the claim in its 
entirety, the court concluded that the claim at issue 
apprises one of ordinary skill in the art of its scope 
and, therefore, serves the notice function required by 
35 U.S.C. 112, paragraph 2.). 

2173.05(f) Reference to Limitations in An-
other Claim

A claim which makes reference to a preceding 
claim to define a limitation is an acceptable claim 
construction which should not necessarily be rejected 
as improper or confusing under 35 U.S.C. 112, second 
paragraph. For example, claims which read: “The 
product produced by the method of claim 1.” or “A 
method of producing ethanol comprising contacting 
amylose with the culture of claim 1 under the follow-
ing conditions .....” are not indefinite under 35 U.S.C. 
112, second paragraph, merely because of the refer-
ence to another claim. See also Ex parte Porter, 
25 USPQ2d 1144 (Bd. Pat. App. & Inter. 1992) where 
reference to “the nozzle of claim 7” in a method claim 
was held to comply with 35 U.S.C. 112, second para-
graph. However, where the format of making refer-
ence to limitations recited in another claim results in 
confusion, then a rejection would be proper under 
35 U.S.C. 112, second paragraph. 

2173.05(g) Functional Limitations [R-3]

A functional limitation is an attempt to define 
something by what it does, rather than by what it is 
(e.g., as evidenced by its specific structure or specific 
ingredients). There is nothing inherently wrong with 
defining some part of an invention in functional 
terms. Functional language does not, in and of itself, 

render a claim improper. In re Swinehart, 439 F.2d 
210, 169 USPQ 226 (CCPA 1971). 

A functional limitation must be evaluated and con-
sidered, just like any other limitation of the claim, for 
what it fairly conveys to a person of ordinary skill in 
the pertinent art in the context in which it is used. A 
functional limitation is often used in association with 
an element, ingredient, or step of a process to define a 
particular capability or purpose that is served by the 
recited element, ingredient or step. >In Innova/Pure 
Water Inc. v. Safari Water Filtration Sys. Inc., 
381 F.3d 1111, 1117-20, 72 USPQ2d 1001, 1006-08 
(Fed. Cir. 2004), the court noted that the claim term 
“operatively connected” is “a general descriptive 
claim term frequently used in patent drafting to reflect 
a functional relationship between claimed compo-
nents,” that is, the term “means the claimed compo-
nents must be connected in a way to perform a 
designated function.” “In the absence of modifiers, 
general descriptive terms are typically construed as 
having their full meaning.” Id. at 1118, 72 USPQ2d at 
1006. In the patent claim at issue, “subject to any 
clear and unmistakable disavowal of claim scope, the 
term ‘operatively connected’ takes the full breath of 
its ordinary meaning, i.e., ‘said tube [is] operatively 
connected to said cap’ when the tube and cap are 
arranged in a manner capable of performing the func-
tion of filtering.” Id. at 1120, 72 USPQ2d at 1008.<

Whether or not the functional limitation complies 
with 35 U.S.C. 112, second paragraph, is a different 
issue from whether the limitation is properly sup-
ported under 35 U.S.C. 112, first paragraph, or is dis-
tinguished over the prior art. A few examples are set 
forth below to illustrate situations where the issue of 
whether a functional limitation complies with 
35 U.S.C. 112, second paragraph, was considered.

It was held that the limitation used to define a radi-
cal on a chemical compound as “incapable of forming 
a dye with said oxidizing developing agent” although 
functional, was perfectly acceptable because it set 
definite boundaries on the patent protection sought. In 
re Barr, 444 F.2d 588, 170 USPQ 33 (CCPA 1971).

In a claim that was directed to a kit of component 
parts capable of being assembled, the Court held that 
limitations such as “members adapted to be posi-
tioned” and “portions . . . being resiliently dilatable 
whereby said housing may be slidably positioned” 
serve to precisely define present structural attributes 
Rev. 6, Sept. 2007 2100-226
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Ampex Corp. v. Eastman Kodak Co.
D.Del.,2006.

United States District Court,D. Delaware.
AMPEX CORPORATION, Plaintiff,

v.
EASTMAN KODAK COMPANY, and Altek Cor-

poration, Defendants.
No. CIV.A. 04-1373-KAJ.

Oct. 31, 2006.

Background: Patentee brought action against
competitors, alleging infringement of its patent for
a digital camera. Competitors moved for summary
judgment.

Holdings: The District Court, Jordan, J., held that:
(1) patent was not literally infringed, and
(2) patent was not infringed under the doctrine of
equivalents.

Motion granted.
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MEMORANDUM OPINION

JORDAN, District Judge.

I. INTRODUCTION

This patent infringement case is before me on the
motion of Defendants, Eastman Kodak Company
and Altek Corporation (collectively, “Defendants”),
for summary judgment of non-infringement.
(Docket Item [“D.I.”] 302; the “Motion”.) The
background of this dispute is set forth in the claim
construction opinion I issued on October 26, 2006.
(D.I.472.) For the reasons set forth herein, I will
grant Defendants' Motion.

II. STANDARD OF REVIEW

Pursuant to Federal Rule of Civil Procedure 56(c), a
party is entitled to summary judgment if a court de-
termines from its examination of “the pleadings,
depositions, answers to interrogatories, and admis-
sions on file, together with the affidavits, if any,”
that there are no genuine issues of material fact and
that the moving party is entitled to judgment as a
matter of law. Fed.R.Civ.P. 56(c). In determining
whether there is a genuine issue of material fact, a
court must review the evidence and construe all in-
ferences in the light most favorable to the non-
moving party. Goodman v. Mead Johnson & Co.,
534 F.2d 566, 573 (3d Cir.1976). However, a court
should not make credibility determinations or
weigh the evidence. Reeves v. Sanderson Plumbing
Prods., Inc., 530 U.S. 133, 150, 120 S.Ct. 2097,
147 L.Ed.2d 105 (2000). To defeat a motion for
summary judgment, the non-moving party must “do
more than simply show that there is some meta-
physical doubt as to the material facts.” Matsushita
Elec. Indus. Co., Ltd. v. Zenith Radio Corp., 475
U.S. 574, 586-87, 106 S.Ct. 1348, 89 L.Ed.2d 538
(1986) (internal citation omitted). The non-moving
party “must set forth specific facts showing that
there is a genuine issue for trial.” Fed.R.Civ.P.
56(c). “Where the record taken as a whole could
not lead a rational trier of fact to find for the non-
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moving party, there is no genuine issue for trial.”
Matsushita, 475 U.S. at 587, 106 S.Ct. 1348
(internal citation omitted). Accordingly, a mere
scintilla of evidence in support of the non-moving
party is insufficient for a court to deny summary
judgment. Anderson v. Liberty Lobby, Inc., 477
U.S. 242, 252, 106 S.Ct. 2505, 91 L.Ed.2d 202
(1986).

III. DISCUSSION

A. Non-Infringement

Defendants have moved for summary judgment that
the accused digital cameras do not infringe asserted
claims 7, 8, and 10-15 of U.S. Patent No. 4,821,121
(the “ '121 patent”). (D.I.302.) A patent infringe-
ment analysis involves two steps: claim construc-
tion and then the application of the construed claim
to the accused process or product. Markman v.
Westview Instruments, Inc., 52 F.3d 967, 976
(Fed.Cir.1995) (en banc), aff'd,517 U.S. 370, 116
S.Ct. 1384, 134 L.Ed.2d 577 (1996). The first step,
claim construction, has been held to be purely a
matter of law. See *565Cybor Corp. v. FAS Techs.,
Inc., 138 F.3d 1448, 1454 (Fed.Cir.1998) (en banc).
The second step, application of the claim to the ac-
cused product, is a fact-specific inquiry. See Kus-
tom Signals, Inc. v. Applied Concepts, Inc., 264
F.3d 1326, 1332 (Fed.Cir.2001) (Patent infringe-
ment, “whether literal or under the doctrine of equi-
valents, is a question of fact.”). Summary judgment
is appropriate in patent infringement suits when it is
apparent that only one conclusion regarding in-
fringement could be reached by a reasonable jury.
See Telemac Cellular Corp. v. Topp Telecom, Inc.,

247 F.3d 1316, 1323 (Fed.Cir.2001). Having com-
pleted the claim construction step (D.I.472), I now
consider the parties' arguments regarding infringe-
ment.

1. Literal Infringement

[1] To prevail on a motion for summary judgment
of non-infringement, Defendants must prove that

the accused products do not practice at least one of
the claim limitations in each asserted claim. De-
fendants rely on several limitations in the claims of
the '121 patent to support their argument for non-
infringement. First, Defendants argue that their di-
gital cameras do not capture or receive a “video im-
age” that comes from, or forms a part of, a series of
related electronic images created for rapid display
to allow the appearance of movement. (D.I. 304 at
22.) Second, Defendants claim that their cameras
do not store, for later access, the same “data” that
was initially received and used to generate a re-
duced size image. (Id. at 27.) Third, according to
Defendants, the accused cameras do not transfer
data “directly” between the random access memory
and bulk memory because there is intervening cir-
cuitry. (Id. at 34.) Next, Defendants contend that, in
their cameras, the random access memory does not
contain “an input port and an output port” because
it has a single port that performs both the input and
output functions. (Id. at 37.) Finally, Defendants ar-
gue that the accused cameras obtain images from a
source located completely within the housing of the
camera, and not from an “external source.” (Id. at
38.) Because Defendants' second argument, regard-
ing the “data” that is stored for later access, is en-
tirely dispositive, I consider only it.

Each asserted claim uses the term “video
data,” “video pixel data,” “data set,” or “image data
set” to initially identify the data representing an im-
age. ('121 patent at 6:27-31, 6:49-55, 7:36-41,
7:65-68, 8:16-18, 8:48-51, 8:65-9:3, 10:8-13.)
When later describing the storage of that data in
permanent memory, each claim, except claim
11,FN1 refers to the data using the term “said” or
“the.” (Id. at 6:32-33, 6:60-61, 7:50-51, 8:25-27,
8:56-59, 9:8-11, 10:19-22.) For example, claim 7
recites a “random access memory means for storing
video pixel data” and a “bulk memory means for re-
ceiving said video pixel data from said random ac-
cess memory means.” (Id. at 6:23-40 (emphasis ad-
ded).) As set forth in my claim construction opin-
ion, all references to data in the form “said/the
data” mean “numerical information representing the
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same luminance, red chrominance, and blue
chrominance components of each pixel in a video
image.” (D.I. 472 at 39.) Therefore, Defendants
correctly assert that the data stored in the bulk
(permanent) memory must represent the same pixel
values as the data that was originally received by
the still store system and stored in the random ac-
cess memory.

FN1. Claim 11 does not require storage of
“said/the data,” but rather storage of “the
full size image and the reduced size image
in bulk storage memory.”('121 patent at
8:9-10.) As a result, claim 11 will be dis-
cussed separately.

Ampex asserts that Defendants' argument does not
apply to claim 11 because it does not state that
“said data” or “the data” is stored in the bulk
memory. (D.I. *566 366 at 28; D.I. 477.) However,
claim 11 does recite “receiving and storing ... in a
random access memory, full video pixel data com-
prising a full size image” and then “storing ...the
full size image ... in bulk storage memory.”('121
patent at 7:65-68, 8:9-10 (emphasis added).) In this
claim, “the full size image” indicates that the same
full size image is stored in the random access
memory and the bulk memory. As I stated in my
claim construction opinion, “in order for digital
data to represent the same image, it must represent
the same luminance, red chrominance, and blue
chrominance values for each pixel of that image.”
(D.I. 472 at 13-14 (original emphasis).) This means
that, in order to store the same full size image in
both the random access memory and the bulk
memory, the data in each memory must represent
the same pixel values. Therefore, claim 11, like the
other claims asserted by Ampex, requires that the
pixel values do not change before storage in per-
manent memory.

Defendants argue that their cameras cannot satisfy
the “data” limitation because their cameras perform
significant processing which changes the pixel val-
ues of an image before storage in permanent
memory. (D.I. 304 at 28-31.) In particular, Defend-

ants claim that pixel values are altered when the ac-
cused cameras perform CFA interpolation, white
balancing, color correction, tone correction, edge
correction, and JPEG compression. (Id.; D.I. 409 at
8.) Ampex does not dispute that Defendants' camer-
as perform these processing steps before storing the
data. (D.I. 366 at 15-16, 28-32.) And, Ampex ad-
mits that “the numerical values stored for a given
pixel in a taken picture change because of pro-
cessing in the camera.” (Id. at 29; see also id. at 16
(these image processing steps ... may change the
numeric value of pixels').) Ampex's expert, Dr. Li-
gler, confirms that, at a minimum, the processing
performed by Defendants' cameras changes the
value of some of the pixels in an image. (D.I. 306 at
A-496, 258:7-17 (agreeing that CFA interpolation
would change the mathematical values used to rep-
resent a pixel); id. at A-496, 258:18-20 (admitting
that white balancing can alter pixels); id. at A-
497-98, 259:9-260:3 (stating that color correction
will alter at least some of the pixel values that rep-
resent an image); id. at A-498-99, 260:15-261:7
(admitting that tone correction would alter the
mathematical value of pixels); id. at A-499-500,
261:16-262:9 (stating that edge correction would
change the numeric value of pixels on or near an
edge); id. at A-501, 263:7-16 (admitting that the
mathematical value of pixels would be different
after JPEG compression).) Since the numeric values
representing at least some of the pixels in an image
are changed before storage in permanent memory,
Defendants' cameras cannot literally infringe any of
the claims asserted by Ampex.

2. Doctrine of Equivalents

[2] Defendants argue that Ampex is not entitled to
any scope of equivalents with respect to the claim
limitations “said data” and “the data.” (D.I. 304 at
32.) Specifically, Defendants point to an amend-
ment in which “said” and “the” were added to sev-
eral of the claims. (D.I. 306 at A-113-14, A-116.)
Immediately prior to this amendment, the examiner
had rejected the claims under 35 U.S.C. § 112 on
numerous grounds, including that, “[i]n claim 18,
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line 11, ‘video pixel data’ is indefinite because it is
not clear if it refers back to the pixel data recited in
lines 5 and 6.” FN2*567 (Id. at A-103.) In re-
sponse, the term “said” was inserted into that claim
so that it read “memory means for receiving said
video pixel data from said random access memory
means.” FN3 (Id. at A-113 (emphasis added).) The
applicant explained that the claims were amended
to provide antecedents for the terms that the exam-
iner identified as being indefinite. (Id. at A-123.)
Specifically, the applicant stated that now the
“video pixel data” in line 11 properly refers back to
“video pixel data” in lines 5 and 6. (Id.) Defendants
contend that this amendment raises the presumption
of prosecution history estoppel. (D.I. 304 at 32.)

FN2. The claim referred to as claim 18
during prosecution ultimately issued as
claim 7 of the '121 patent. (D.I. 306 at A-
135, A-152.)

FN3. In the same amendment, claim 19
was amended to recite “bulk storage
memory for also storing the video pixel
data” (D.I. 306 at A-114), and claim 23
was amended to read “a second store for
receiving and storing both the video data
from the first store” (id. at A-116).

[3] “The first question in a prosecution history es-
toppel inquiry is whether an amendment ... has nar-
rowed the literal scope of a claim.” Festo Corp. v.
Shoketsu Kinzoku Kogyo Kabushiki Co., 344 F.3d
1359, 1366 (Fed.Cir.2003) (citing Pioneer Magnet-
ics, Inc. v. Micro Linear Corp., 330 F.3d 1352,
1356 (Fed.Cir.2003)). In this case, the term “video
pixel data,” by itself, means numerical information
representing the pixel values of an image. By
adding the term “said” to “video pixel data,” the
amendment narrowed the scope of this term. The
applicant specifically stated that the purpose of the
amendment was to limit the term “video pixel data”
to the data that was identified earlier in the same
claim. Since the amendment at issue was narrow-
ing, the next question is “whether the reason for
that amendment was a substantial one relating to

patentability.” Id. The U.S. Supreme Court ex-
pressly recognized that “a narrowing amendment
made to comply with any provision of the Patent
Act, including § 112, may invoke an estoppel.” Id.
(citing Festo Corp. v. Shoketsu Kinzoku Kogyo Ka-
bushiki Co., 535 U.S. 722, 736, 122 S.Ct. 1831, 152
L.Ed.2d 944 (2002) (“Festo VIII ”)). Since the ap-
plicant here made a narrowing amendment to over-
come a rejection under section 112, there is a
“presumption that the patentee has surrendered all
territory between the original claim limitation and
the amended claim limitation.” Id. at 1367 (citing
Festo VIII, 535 U.S. at 740, 122 S.Ct. 1831).

[4] Ampex may rebut that presumption if it can
demonstrate “that the alleged equivalent would
have been unforeseeable at the time of the narrow-
ing amendment, that the rationale underlying the
narrowing amendment bore no more than a tangen-
tial relation to the equivalent in question, or that
there was ‘some other reason’ suggesting that the
patentee could not reasonably have been expected
to have described the alleged equivalent.” Id. at
1368 (citing Festo VIII, 535 U.S. at 740-41, 122
S.Ct. 1831). Ampex argues that the alleged equi-
valent in this case would have been unforeseeable
at the time of the narrowing amendment. (D.I. 366
at 33.) In particular, Ampex claims that, although
the image processing performed by Defendants'
cameras was well known at the time the '121 patent
was filed, it was unforeseeable that progress of
component miniaturization would allow the video
input circuit (i.e., the CCD image sensor) to be in-
tegrated into the same chassis as the circuitry used
for image storage. (Id. at 30.) It was this advance in
technology, says Ampex, that permitted image pro-
cessing to occur between the random access
memory and the bulk memory. (Id.) While Defend-
ants contest the accuracy of that argument (D.I. 409
at 13), Ampex has not shown that the alleged equi-
valent was unforeseeable*568 at the time of the
amendment, even if its argument were accepted as
true.

Ampex's position is that, while the image pro-
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cessing performed by Defendants' cameras may
change some pixel values prior to storage, the data
that is ultimately stored in Defendants' cameras will
represent an image that is equivalent to the image
first captured and stored. (D.I. 366 at 30-31.) That
position has intuitive appeal, but it ignores the im-
port of Festo and following cases. Ampex's argu-
ment regarding the miniaturization of components,
if true,FN4 only proves that it was unforeseeable
that the particular image processing techniques
used by Defendants' cameras could be performed
between the random access memory and the bulk
memory. It certainly does not prove that it was un-
foreseeable at the time Ampex amended its applica-
tion that the pixel values of an image could be
altered, in some fashion, prior to storage in the per-
manent memory of a digital device, and still repres-
ent a substantially similar image. Therefore, it is
reasonable to expect the patentee to have described
a still store system in which the pixel values of an
image may change before storage. But, instead, the
claims of the '121 patent were specifically amended
to indicate that the claimed system did not alter the
pixel values of an image. (D.I. 306 at A-123.)

FN4. I too harbor doubts that it was un-
foreseeable that advances in miniaturiza-
tion technology would permit the design of
devices like the Defendants', but I need not
reach that issue.

Ampex also contends that the rationale underlying
the amendment bears no more than a tangential re-
lation to the equivalent in question. (D.I. 366 at 33.)
In assessing this argument, the question is essen-
tially “whether the reason for the amendment is
peripheral, or not directly relevant, to the alleged
equivalent.” Festo, 344 F.3d at 1369 (citing The
American Heritage College Dictionary 1385 (3d
ed.1997); 2 The New Shorter Oxford English Dic-
tionary 3215-16 (1993)). In this case, it would be
difficult to imagine an amendment that is more dir-
ectly related to the equivalent at issue. As discussed
above, the prosecution history shows that the term
“said” was added for the purpose of indicating an

antecedent relationship between the pixel data first
stored and the data subsequently referenced, or,
more specifically, to demonstrate that the data
stored in the bulk memory of the still store system
is the same as that stored in the random access
memory. (D.I. 306 at A-123.) Given that the
amendment specifies exactly what data will be
stored by the claimed invention, it is directly relev-
ant to the alleged equivalent.

Since Ampex has failed to rebut the Festo presump-
tion, prosecution history estoppel prevents the doc-
trine of equivalents from being applied to the “said
data” element in the amended claims. See Festo,
344 F.3d at 1367. Furthermore, any “subject matter
surrendered via claim amendments during prosecu-
tion is also relinquished for other claims containing
the same limitation.” Glaxo Wellcome, Inc. v. Im-
pax Labs., Inc., 356 F.3d 1348, 1356
(Fed.Cir.2004) (citing Builders Concrete, Inc. v.
Bremerton Concrete Prods. Co., 757 F.2d 255, 260
(Fed.Cir.1985)). In other words, prosecution history
estoppel applies to the “said/the data” limitation in
every claim asserted by Ampex regardless of
whether it was ever amended. See id. As a result,
Defendants' cameras cannot infringe any of the
claims asserted by Ampex under the doctrine of
equivalents.FN5 Thus, there is no infringement, lit-
erally or by equivalents, of the “data” element that
*569 appears in every claim at issue in this case,
and accordingly, I will grant Defendants' motion for
summary judgment of non-infringement.

FN5. Since the language “the full size im-
age” imposes the same limitation as
“said/the data” (see supra at 565), prosecu-
tion history estoppel also applies to that
element of claim 11.

IV. CONCLUSION

Accordingly, I will grant Defendants' Motion for
Summary Judgment of Non-Infringement. An ap-
propriate order will follow.
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ORDER

For the reasons set forth in the Memorandum Opin-
ion issued in this matter today,

IT IS HEREBY ORDERED that the Defendants'
Motion for Summary Judgment of Non-In-
fringement (D.I.302) is GRANTED.

D.Del.,2006.
Ampex Corp. v. Eastman Kodak Co.
460 F.Supp.2d 563

END OF DOCUMENT
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Notice of Allowability t 091331,002 TASLEII, MICHAEL 
Examiner 

I Thuan N. Du 1 2185 I I 

,.- The M1r!/L/NG DATE of this communication appears on the cover shelet with the correspondence address-- 
,911 c aims being allowi3blli?, PRC)SECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
h~!1'8wit11 previouslly mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIIS 
M(:','l'lC13 OF ALL.OVV.r4BIILITY IS NOT A GRANT OF PATENT RIlGHTS. This applicaticln is subject to withdrawal frorn issue at the initiative 
of I;he Office or upon  petition by the applicant. See 37 CFR 1.31 3 and MPEP 1308. I 

I 

I. &3 This comrnunir:ation is responsive to amendment filed on Adarch 18. 2002. 
2. [23 'The ellowed c:llairn(s) ishare 1-4 and 6-16 (renumbered as 1-15). 
3 ,  [!3 'The (Jrawring:; l'iled on 33 March 2002 are accepted by the Examiner. 
4,. €13 ,4ckriowledgrr1c?nt is made of a claim for foreign priority under 35 U.S.C. 3 119(a)-(d) or (f). 

a) g] All I:)) [:I Some* c) None of the: 

1. [a C>ti!rtified collies of the priority tlocuments have been received. 

2. [I C>ti!rtified copies of the priority tlocuments have been received in Application 110. , 

3 . ;w ;4C1piss of the certified copies cd the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

"' Certified copies mot received: . 
5 [:I Acknowl~!clgnic:!nt is made of a claim for domestic priority under 35 U.S.C. 5 119(e) (to a provisional  application^). 

(a) C] Thc? trar-~sla~tion of the foreign language provisional application has been received. 
1 6 [I] Acltnowledgnnant is made of,a claim for domestic priority under 35 U.S.C. 33 120 andlor 121. 

I A:~plicant has THRE:Ei MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements noted 
btillcw. Failure to timely c:omply will result in ABANDONMENT of this application. THIS; THREE-MONTH PERIOD IS NOT EXTENDABLE 

I 

7 [:I A SLIBSTITI.J-1.E OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or PJC)TIC:E OF: 
IblF:ORMAIL, PKTEN-T' AFIPLIC/\TION (PTO-152) which gives reason(s) why the oath or decfaration is deficient. 

1 8 [] C0RREC:TED DR,AWlNGS must be submitted. 
(a) C] inclucling changes required by the Notice of Draftsperson's Patent Drawing Review I( PTO-948) attached 

1) [I hs'reto or 2) fl to Paper No. . 
(b) C] incluclingi changes lrequired by the proposed drawing correction filed , which has been approved by the Examiner. 

1 (c) I] including changes required by the attached Examiner's Amendment 1 Comment or in the Office action of Paper No. I 
Identifyil~g ir ldici~~ such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the top margin (not the back) 
~f each shed. Th~lt! driawinga should be filed as a separate paper with a transmittal letter addreused to the Official Draftsperson. 

9. [I DELF'OSII'T OF:' and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
at'tached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

-I [I] Notice of Refert:nce!s Cited (PTO-892) 2 0  Notice of llnformal Patenl. Application (P'TO-152) 

$[I Notice of Draftptitrson's Patent Drawing ~ e v i e w ' ( ~ ~ 0 - 9 4 8 )  4 0  Interview Summary (PTCI-413), Paper No. , 

5[:] Inlorr-rratior~ Disc;los~.~re Statements (PTO-1449), Paper No. . 6a Exhaminer':: AmendmentJComment 
i'[:] E>~:aniirier's Con~irnent Regarding Requirement for Deposit 

of Biolcrgical Material 
8 0  ~ x : a m i n ~ w  Reasons for Allowiance . 
9 0  Other ~ 

 THOM MAS LEE 
SI.PE!RVlSOAY PATENT EMMIRIER 

TIECHNOLOGY CENTER 21 00 
I .,--. -- ---------.I-.-- - - 

.I.?; Patent ancl Tradenlark CIffice 
-- - - . - - - - -  J 

:11r0-:187 (gc!v. 0.4-01 ) Notice of Allowability ' Part of Paper Nb. 9 
I 
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~ip~~liciition/Cc)n.trol Number: 09/3 3 1,002 

lr4.t-t 1-Jn.it : 2 185 

Page 2 

EXAMINER'S AMENDMENT 

:I.. /in examiner's amendment to the record appears below. Should the changes andor 

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

1.3'1%. '1:o ensure consideration of' such an amendment, it MUST be submitted no later than the 

paymeni; of the issue fee. 

2. 'The appiication has been amended as/follows: 

/" 
3. I'ursuant to MPEP 606.01, the title has been changed to read: 

..,- FLEXIBLE INTERFACE FOR COMMUNICATION BETWEEN 14 HOST IU\JD 

AX AIVA1;0(3 I/O DEVICE CONNTECTED TO TI-IE INTEWA4CE REGliRDLESS THE 

'I'YI'E OF' TIIE I/O DEVICE -- 

Conclusion 

4. .4n1y inquiry concerning this comn~]dcation or earlier communications from the 

examin:r should be directed to Thuan N. Du whose telephone number is (703) 308-6292 

or -via e.-mail, tiruan.du@uspto.gov. The examiner can normally be reached on Monday-Friday: 

9:01(E PJ'd -- 5 3 0  P.M, EST. 

[f attempts to reach the examiner by telephone are uns~iccessful, the examiner's 

supervi:sc)r, Thomas C. Lee can be reached oln (703) 305-9717. 

Any inquiry of a general nature or relating to the status of this applmication or proceeding 

should be directed to the receptionist whose telephone number is (703) 305-39001. 
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.~ip~1licai;io11/Control Number: 0913 3 1,002 

Art 1,Jn:i t.: 2 I8 5 

Page 3 

.Any response to this action should b e  mailed to: 

Clornrnissioner of Patents and Trademarks 
Washington, D.C. 2023 1. 

']:he fax numbers for the organization where this application or proceeding is assigned are 

(703) 746-7238 [After Final Communication] 
(703) 746-7239 [0 ffici a1 Communication] 
(703) 746-7240 [Non-Official Cornmunic ation] 

(703) 74-6-5668 (use this fax number, only after approval by Examiner, folr 

"INFOIIWIAL" or "DRAFT" communicatio:n). 

:H aLnd-delivered responses should: be brought to: 

Crystal Park I1 
2 12 1 Crystal Drive 
.4rlington, VA 22202 
Fourth Floor (Receptionist). 

THOMAS LEE 
SUPERVISORY PATENT EMMINER 

TECHNOLOGY CENTER 21 00 
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s PATENT AND  ADEM EM ARK OFF-IGE -- 
UNI'I'ED STA'L'ES DEPARTMENT OF COMMERCE 
Uxiited States Patent end Tradernark Offioe 
Addreles. COMMISSIONER OF PATENTS AND TIEADEMAIUCS 

Wasfungton, D C 20291 

NOTICE OF A1,LO'WANCE AND FEE(S) IIUE 

DU, THUAN N -- I- ART UNIT I CLASS..SUBCI,A!;S 7 

DATE. MAILED: 0511 7112002 

. -- --------. .- --u- I AF PLI CATION NO. I FYLINGDATE I FIRST NAMED INVENTOR . --I(---.. - 
09/33 1,00:! (1611411999 MICHAEL TASLER 20551101 11 1'1 

7 
-1'I':LE OF IY.JVEN'lIC)IV: FI-BXBLE INTERFACE FOR COMMUNICATION BETWEEN A HOST AND AN ANALOG I/O DEVICE CONNTECTED 'TO 'I'IEE 
1 N'WRFA.CI3 RE(3ARBIBS!i TFLE3 ' I W E  OF THE 110 DEVICE, 

--I----. .- I APPLN. TY 1% I SMALL ENTITY I ISSUE FEE 
-----I_--. .-- I PUBLICATION FEE 7- TOTAL FEE(S) D ~ T I  DA.TE DUE 

noriprovisil~nal YES $640 $0 ! $640 08/19/2002 
i 

I'HE API'LIC'A'I'IIDN IDENTIFJED ABOVE HAS BEEN EXAMINED AND IS AI,LOWE,D FOR ISSUANCE AS A PATEiNT. , 

PIROSE& UTl[ON !;m TEI[E; ]MERITS IS CLOSED, THIS NOTICE OF ALLOWAN CE IS PJOT A GRANT OF PATENT R1:GIKTS. 
1' HI9 PLPPLIC'A'I'I[OIY IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UI'ON 
E' ETtTION EL'U 'I'I-[E ,4PPLtC.ANT. SEE 37 CFR. 1,313 AND MPEP 1308. 

THE1 ISSUE FEE: ANID PUBLICATION FEE (IF' REQUIREID) MUST BE PAID VTITHIN =Fa FROM THE: 
l'1lL41LIblG DATIE: OF THCSI NOTICE OR THIS APPLICATI[ON SHALL BE REGIARDEI) AS ABANDONED. THIS mffCrTi3RY 
E!maQ E)ImQ:X I)& =ENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE REFLECTS A CREIII'r 
FOR. ANY PIREl'l[OUSL'S' IPAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR AN EQUIVALENT) 
Fi[UIE;T BE RE:TTJEUVED 7.YKTJ-FIN THIS PERIOD EVEN IF IYO FEE IS DUE OR THE APPLICATION WILL, I3E REGAlEtDlEID AS 
r4BA.NIDONE: I). 

1l:OYN 'TO RI%PL.,'Ik7 TO THIS NOTICE: 
I. Review the SMA.LL ENTITY status shown above, If the SMALL 
ENI'IT'S' is shcrrwn iis YES, verify your current SMALL ENTITY' 
a1 atus: 
A.. If'the status is ciltianged, pay the PUBLICATION FEE (if required) 
a ~ d  iwicie the amount (:)f the ISSUE FEE shown above and notify the 
1-rnited States :Patent and Tratkmark Office of the change in status, or 
El. If'the !;tatus is the s)ame, pray the TOTAL FEE(S) DUE shown 
it bove. 

If the SMALL ENTITY is shown as NO: 

A. Pay TOTAlL FEE(S) DUE shown above, or 

B. If applicant claimed. SMALL ENTITY status before, c ~ r  if- I> now 
claiming SMALLL ENTITY status, check the box below and enclose 
the PUBLICATION FEE and 112 the ISSUE FEE shown above. 

P Applicant claims SMALL ENTITY status. 
, See 37 CI'R 1.27. 

1'1. PAIL'I B - I;EEi(:S) 'TRANShlITTAL should be completed and returned to the United States Patent and Trademark Office (USP'I'C)) with 
:your ISSIJE 133E, ia.nd PUBL1;CATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be 
cornplctcd anti returned. If you are charging the fee(s) to your tleposit account, section "4b" of Part B - ,  Fee(s) Trans~nittal should lbe 
1cornplr:tcd and an cz:xtrii copy of the form should be submitted. 

[[I. .,411 c;~~mniunicatioris regarding this application must give the application number. Please direct all comrnun~ications prior to issuiulce to 
Ejox ISSI-JE FEE l~inlelss advised to the contrary. 

IMPOEe'lrAPJT RIElMINDEIR: Utility patents issuing on applications filed on or after Dec. 12,1980 may require payment of 
rnaintr?x~ancc: fees. It is patentee's responsibility 1.0 ensure timely payment of maintenance fees when due, 

Page 1 of 3 , 

I'TOL-85 (REV. 04.-02) Approved for use through 0113 112004, 
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PART B - FEE(S) TRANSMITTAIA 

Comp~lete aintl seit~d ithis form, together with applicable fee(s), to: Mail Box ISSUI!: FEE 
Commissioner for Patents 
Washington, D.C. 20231 

,.,--I- -I.-- 

(703)746-4000 
I N I I T R U C ' T I O N S ~ S  form should, e use for transmitting the ISSUE FEE and P BLICATION FEE (if requiG:d Blocks 1 through 4 s 01.11 e c o m p E h G G Z  
ilp ~ropriate. All Orther ,:,orrespondencbc incleding the Patent advance orders and notization of maintenana; fees will1 be mailed to the currentco4;ondencc: address as indicated unless eclrecte i below or directed otherwise in ~ ( o c k  1, by (a) speci$ing a new correspondence address; and/or (b) indicating a separate &13 ADIIIUISS" for 
!i~~intenance fee notific~~l.~ons, 

:URIGNT C'ORRESIIOND~ENCE ADDRESS (Note: Legibly mark-up with any corrections or use Bloclc 1) Note: A ~ e r l i f i c a t e n a i l i n ~  can only be used for domestic m a d G a o i t h e  
9,11123 - I C C I ~  nc/i717nn? Fee(s) Tra~lsmittal. 'This certificate cannot be used for any other 
L-~L.~J.? I J I  u V ~ I  1 I IAVV.* accompanying papers. Each additional paper, such as an assigmlent or 

PATTON El C)GrCiSi formardrawing,-must have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereb certify that this Fee(s) Trans~nittal is being deposited with the 
United %tates Postal Service with sufficient ostage for first ol?ss rnrdl /n ?n 
envelope addressed to the Box Issue Per aadnss above, or being facsirnilc 
transmitted to the USPTO, on the date indicated below. 

 positor' or's name) -- ---Kg 
-- 

-- .-- (Date) 

p -----I---. .- 
Al.'PL[CIiTION NO. I FILINGDATE I FIRST NAMED INVENTOR 7 ATTORNEY DOCKET NO. I CON FIR MA^^^^ I -, ,,,, .- -.-- 

OOJ:33 1,OO:l 06/14/1999 MICHAEL TASLER 20551101 I l l i f  
'TTTLE' 01: INVEPl'I'ION: FI.,EXIEILE INTERFACE FOR COMMUNICATION BETWEEN A HOST AND AN ANALLOG Il0 DEVICE CONNTECTED TO TEE; 
INTEFLFF,C13 REOAR DI,ES!S THE TYPE OF THE UO DEVICE 

- - _ . - U _ . - - .  .- I APPLN. T I I T  7 SMALL ENTITY ISSUE FEE PUBLICATION FEE 7 TOTAL FEE(S) DlJE 1 DATE ClliE I 
. - - I - - .  .- -- 

non~)rovisEotkal YES $640 $0 $640 
-1 

08119/2002 

.---I--.--.-.- 
-- -- 

I .  Change of corresyo~~dence address or indication of "Fee Address" (37 :2. For printing on the patent front page, list (1) 
CFR x .?163:). the names of up to 3 registered patent attorneys , 

-- - -- - 

3. AS1SIGNl3E NAMIl AND RESIDENCE DATA TO BE PNN'TED ON THE PATENT (print or type) 

Q Chang~ of corres mndence address (or Change of Correspondence 
Address form F'~0k131122) attached, 

O "Fee A.ddressW intlicatilon or "Fee Address" Indication forni 
PTOISBI.17) atmchcd. Use o\ a Customer Number is recpired. 

I'LEASE 1.10713: Unless an a s s i ~ c e  is identified below, no assignee data will appear on the patent. !nclusion of assignee data is on1 appropriate when an assiglune~lt has 
heen previously subrni,fed to the SPTO or is being submitted under separate cover. Completion of th~s  fonn is NOT u substitute for fi$rig an as~lgnment~ 
(A) NAhll! OF ASSLCiNEE! (B) RES:[DENCE: (CITY and STATE OR COLNTRY) 

lor OR, altematively' (2)-the name of a '------ 
single firm (having as a rnember a registered 
attorney or agent) and the names of up to 2 2------. 
registered patent attorneys or agents. If no name 
is listed, no name will be printed. 3-- 

F'leasc checlc the approlp.:iate: assignee category or categories (will not be printed on the patent) Cl individual Q corporation or other private group entity CI government . 
-I .-_.-..I.- -- --- 
42.. The follc~winl; f ee (~>~  are encloseti: 4b. Payment of Fee(s): 

13 Issue Fee D A check in the amount of the fee(s:t is enclosed. 

13 Publiciition Fee D Payment by credit card. Form PTO-2038 is attached. 

Q The Commissioner is hereby authorized by char e the required fee(s or credit any overpayment, to 3 Adviirlce Orcler - k! (of Cbpies --- -- ---------.-.- Deposit Account Number (encfose an extra copy ohhis form). -- I-- 

Comtnissiol~er for Patents is requested to apply the Issue Fee and Publication Fee: (if any) or to re-apply any previously paid issue fee to the application identified i~bove. 

----------.-.-- --- 
(f iuthori:zed Sigr~c~tuxc) (Date) I- 
NO'TE;ThelsszleF7,I!anilPu6lication Fee if required will not he accepted from anyone 
othtr than the iip licimnt; a registered attomi or a en!; or the assignee or other party in 
interest iis shovrn gy b.e records of the United &ate; fatent and Trademark Office. 

TKz;ii;ction-E;TiGition is re uire' y 37 CFR 1.3 11. T e information is required to 
obtain or retain a benefit by the lluBlic t i i c h  is to file (and dl the USPTO to process) an 
application. Corificlenliality IS govsmcd by 35 U.S.C. 122 and ~YcFR 1.14. This collection is 
esti~natecl to take 12 r~iinutes to cclm lete, including gathering, preparing, and submitting the 
conipletecl appl!.cat,os form to the ~ S P T O .  Time will vary dependin upon the individual 
cas~:. An11 cornrnents on the amount of time vou reatlire to comopete this form andlor 
sug,gessticils for reducln this burden, should be'sent toAthe Chief Jnformation Officer, U.S. 
Patent and Trademark %flice, U.S. De artment of Commerce, Washin ton D.C. 2023 1. DO 
NOT SEND I:E1Er13 OR. COI~~I 'LE~ED FORMS TO THIS A D ~ ~ S S . ,  SEND TO: 
Cornm is$;] oner fclr E)at~:nts, Washington, DC 2023 1. 

Under the Papcrworl<: Reduction Act of 1995, no ersons are required to respond to a 
collection of information unless it displays a valid  OM!^ control number. .- -,----------.-.-- I . - - -  

TRANSMIT TIIIS FORM WITH FEE(S) 
PT01,-85 (REV. 04-02) ,4pproved for use through 01/31/2004. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. 1DEPA.RTMENT OF COMMEECCIS 
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Ufirrm~~~ STPms PATENT AND T~ADEMARIX OFFICE - 
UNI-ES DEPARTMENT OF COMMERCE 
United State. Patent and Trademark Offloe 
Address: COMhII SSIONER OF PATENTS AND TRADEMARKS 

Wash~nlgton, D C. 20251 
www uspto gov 

AFPLI C P,TJON NO FIIJNG DATE I FIRST NAMED INVENTOR 

0!)/:1.3 1 ,OOC! Cl6/14/1999 MICHAEL TASLER 2055/101 111'7 

I EXAMINER I 
DIJ, THU,4N N 

I PAPEP. NUN3E:R ---- 

DATE MAILED: 05/17/2002 

Determination of Patent Term Extension under 35 1J.S.C. 154 (b) 
(application filed after June 7,1995 but prior to May 29,2000) 

The patent term. extension is 0 days. Any patent to issue from the above identified application will include 
indication o E' t1:lle 0 day extension on the Front page. 

1:' a contimied  rosec cut ion application (CPA) was filed in the above-identified application, the filing date t;ha~t 
dete:rmi:nes pateilt term extension is the filing date of the most recent CPA. 

,4pplicant will be able to obtain more detailed info~mation by accessiiag the Patent Application 1nfonnai:ion 
I;:etrievill (I'AIH.) syste,nl. (http://pair.uspto.gov) 

Page 3 of 3 

PTOL-,95 (REJ. 04-02) A.pproveti for use through 0113 1/:2004. 
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.....ced By GlOBAL ANSI X3.I3J"-I994" 
ENG'"EEI'"G DOCUMENTS 
WItII The ....iu.n Of ANSI 
IIndtt lopIty Ac-Illt 

for Information Systems ­

Small Computer System 
( Interface-2 

.....-... 
~~.. ··...-~------------1IIIIlAmerican National Standards Institute~IV'" 

11 West 42nd Street 
New York, New York 

10036 
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ANSI® 
X3.131-1994 

American National Standard 
for Information Systems-

Small Computer System Interface-2 

Secretariat 

Computer and Business Equipment Manufacturers Association 

Approved January 31, 1994 

American National Standards Institute, Inc. 

Abstract 

The SCSI protocol is designed to provide an efficient peer-to-peer 1/0 bus with up to 16 devices, 
including one or more hosts. Data may be transferred asynchronously at rates that only depend 
on device implementation and cable length. Synchronous data transfers are supported at rates up 
to 10 mega-transfers per second. With the 32-bit wide data transfer option, data rates of up to 40 
megabytes per second are possible. 

SCSI-2 includes command sets for magnetic and optical disks. tapes, printers, processors, CD: 
ROMs, scanners, medium changers, and communications devices. 
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American
 
National
 
Standard
 

Approval of an American National Standard requires verification by ANSI 
that the requirements for due process, consensus, and other criteria for 
approval have been met by the standards developer. 

Consensus is established when, in the judgment of the ANSI Board of 
Standards Review. substantial agreement has been reached by directly 
and materially affected interests. Substantial agreement means much more 
than a simple majority, but not necessarily unanimity. Consensus requires 
that all views and objections be considered, and that a concerted effort be 
made toward their resolution. 

The use of American National Standards is completely voluntary; their 
existence does not in any respect preclude anyone, whether he has approved 
the standards or not. from manufacturing, marketing. purchasing. or using 
products, processes, or procedures not conforming to the standards. 

The American National Standards Institute does not develop standards and 
will in no circumstances give an interpretation of any American National 
Standard. Moreover. no person shall have the right or authority to issue an 
interpretation of an American National Standard in the name of the American 
National Standards Institute. Requests for interpretations should be ad­
dressed to the secretariat or sponsor whose name appears on the title page 
of this standard. 

CAUTION NOTICE: This American National Standard may be revised or 
withdrawn at any time. The procedures of the American National Standards 
Institute require that action be taken periodically to reaffirm, revise. or 
withdraw this standard. Purchasers of American National Standards may 
receive current information on all standards by calling or writing the American 
National Standards Institute. 

CAUTION: The developers of this standard have requested that holders of patents that may be 
required for the implementation of the standard disclose such patents to the publisher. However, 
neither the developers nor the publisher have undertaken a patent search in order to identify which, 
if any. patents may apply to this standard. 

As of the date of publication of this standard and following calls for the identification of patents that 
may be required for the implementation of the standard, no such claims have been made. No further 
patent search is conducted by the developer or publisher in respect to any standard it processes. No 
representation is made or implied that licenses are not required to avoid infringement in the use of this 
standard. 

Published by 

American National Standards Institute 
11 West 42nd Street, New York, New York 10036 

Copyright ©1994 by American National Standards Institute 
All rights reserved. 

No part of this publication may be reproduced in any 
form, in an electronic retrieval system or otherwise. 
without prior written permission of the publisher. 

Printed in the United States of America 

APS1M894/125 
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ANSI X3.131-1994 

CONDITION status with the sense key set to MISCOMPARE. The remaining fields in the sense data shall be set as 
documented in the COpy command. 

8.2.5 INQUIRY command 

The INQUIRY command (see table 44) requests that information regarding parameters of the target and its attached 
peripheral device(s) be sent to the initiator. An option allows the initiator to request additional information about the 
target or logical unit (see 8.2.5.2). 

Table 44· INQUIRY command 

Bit 
Byte 

0 

7 
I 

6 5 4 3 

Operation ·code (12h) 

2 1 0 

1 Logical unit number Reserved EVPD 

2 Page code 

3 Reserved 

4 Allocation length 

5 Control 

An enable vital product data (EVPD) bit of one specifies that the target shall return the optional vital product data 
specified by the page code field. Ifthe target does not support vital product data and this bit is set to one, the target 
shall return CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and an additional sense code 
of INVAUD FIELD IN COB. 

An EVPD bit of zero specifies that the target shall return the standard INQUIRY data. If the page code field is not 
zero, the target shall return CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and an 
additional sense code of INVAUD FIELD IN COB. 

The page code field specifies which page of vital product data information the target shall return (see 8.3.4). 

The INQUIRY command shall return CHECK CONDITION status only when the target cannot return the requested 
INQUIRY data. 

NOTE 64 The INQUIRY data should be returned even though the peripheral device may not be ready for other commands. 

If an INQUIRY command is received from an initiator with a pending unit attention condition (i.e. before the target 
reports CHECK CONDITION status), the target shall perform the INQUIRY command and shall not clear the unit 
attention condition (see 7.9). 

NOTES 
65 The INQUIRY command is typically used by the initiator after a reset or power-up condition to determine the device 
types for system configuration. To minimize delays after a reset or power-up condition, the standard INQUIRY data should 
be available without incurring any media access delays. If the target does store some of the INQUIRY data on the device, 
it may return zeros or ASCII spaces (20h) in those fields until the data is available from the device. 
66 The INQUIRY data may change as the target executes its initialization sequence or in response to a CHANGE 
DEFINITION command. For example, the target may contain a minimum command set in its non-volatile memory and may 
load its final firmware from the device when it becomes ready. After it has loaded the firmware, it may support more 
options and therefore return different supported options information in the INQUIRY data. 
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8.2.5.1 Standard INQUIRY data 

The standard INQUIRY data (see table 45) contains 36 required bytes, followed by a variable number of vendor­
specific parameters. Bytes 56 through 95, if returned, are reserved for Mure standardization. 

Bit 
Byte 

0 

1
 

2
 

3
 

4
 

5
 

6
 

7
 

8
 
f- - ­

15
 

16
 
f-- ­

31
 

32
 
r- - ­

35
 

36
 
f- - ­

55
 

56
 
f- - ­

95
 

96
 
'-- ­

n 

RMB I
 
ISO version
 

AENC I TrmIOP
 

Table 45 - Standard INQUIRY data format 

7 
I 

6 5 4 
I 

3 
I 

2 1 0 

Peripheral qualifier Peripheral device type 

Device-type modifier 

ECMA version I ANSI-approved version 

Reserved 
1 

Response data format 

Additional length (n-4) 

Reserved 

Reserved 

RelAdr I WBus32 WBus16 Sync I linked IReserved CmdQue SftRe 

(MSB) 
- Vendor identification - ­

(lSB) 

(MSB) 
- Product identification -

(lSB) 

(MSB) 
- Product revision level -

(lSB) 

- Vendor-specific -

- Reserved -

Vendor-specific parameters 

- Vendo r -specific - ­

The peripheral qualifier and peripheral device-type fields identify the device currently connected to the logical unit. 
If the target is not capable of supporting a device on this logical unit, this field shall be set to 7Fh (peripheral qualifier 
set to 011 b and peripheral device type set to 1Fh). The peripheral qualifier is defined in table 46 and the peripheral 
device type is defined in table 47. 
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Table 46 • Peripheral qualifier 

Qualifier Description 

OOOb The, specified peripheral device type is currently connected to 
this logical unit. If the target cannot determine whether or 
not a physical device is currently connected, it shall also use 
thi~ peripheral qualifier when returning the INQUIRY data. 
This peripheral qualifier does not mean that the device is ready
for access by the initiator. 

001b The target is ca~able of supporting the specified peripheral
device type on t is logical unit; however, the physical device 
is not currently connected to this logical unit. 

010b Reserved 

011b The target is not capable of supporting a ~hysical device on 
this logical unit. For this peripheral qua ifier the peripheral
device type shall be set to 1Fh to prOVide compatibility with 
previous versions of SCSI. All other peripheral device type
values are reserved for this peripheral qualifier. 

1XXb Vendor-specific 

Code 

OOh
 
01h
 
02h
 
03h
 
04h
 
OSh
 
06h
 
07h
 
08h
 
09h
 

OAh - OSh
 
OCh . 1Eh
 

1Fh
 

Table 47 • Peripheral device type 

Description 

Direct-access device (e.g. magnetic disk)

Sequential-access device (e.g. magnetic tape)

Printer device
 
Processor device
 
Write-once device (e. g. some optical disks)

CD-ROM device
 
Scanner device
 
Optical memory device (e.g. some optical disks)

Medium changer device (e. g. jukeboxes)

Communications device
 
Defined by ASC IT8 (Graphic arts pre-press devices)

Reserved
 
Unknown or no device type
 

A removable medium (RMS) bit of zero indicates that the medium is not removable. A RMS bit of one indicates that 
the medium is removable. 

The device-type modifier field was defined in SCSI-1 to permit vendor-specific qualification codes of the device type. 
This field is retained for compatibility with SCSI-1. Targets that do not support this field should return a value of zero. 

The usage of non-zero code values in the ISO version and ECMA version fields are defined by the International 
Organization for Standardization and the European Computer Manufacturers Association, respectively. A zero code 
value in these fields shall indicate that the target does not claim compliance to the ISO version of SCSI (ISO 9316) 
or the ECMA version of SCSI (ECMA-111). It is possible to claim compliance to more than one of these SCSI 
standards. 

The ANSI-approved version field indicates the implemented version of this standard and is defined in table 48. 
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Table 48 - ANSI-approved version 

Code 

Oh
 

1h
 
2h
 

3h - 7h
 

Description 

The device might
standard. 

or might not comply to an ANSI-approved 

The device complies to ANSI X3.131-198S (SCSI-1).
The device complies to this version of SCSI. This code is 
reserved to designate this standard upon approval by ANSI. 
Reserved 

The asynchronous event notification capability (AENC) bit indicates that the device supports the asynchronous event 
notification capability as defined in 7.5.5. 

a) Processor device-type definition: An AENC bit of one indicates that the processor device is capable of 
accepting asynchronous event notifications. An AENC bit of zero indicates that the processor device does not 
support asynchronous event notifications. 

b) All other device-types: This bit is reserved. 

A terminate I/O process (TrmIOP) bit of one indicates that the device supports the TERMINATE I/O PROCESS 
message as defined in 6.6.22. A value of zero indicates that the device does not support the TERMINATE I/O 
PROCESS message. 

A response data format value of zero indicates the INQUIRY data format is as specified in SCSI-1. A response data 
format value of one indicates compatibility with some products that were designed prior to the development of this 
standard (i.e. CCS). A response data format value of two indicates that the data shall be in the format specified in 
this standard. Response data format values greater than two are reserved. 

The additional length field shall specify the length in bytes of the parameters. If the allocation length of the command 
descriptor block is too small to transfer all of the parameters, the additional length shall not be adjusted to reflect the 
truncation. 

A relative addressing (ReIAdr) bit of one indicates that the device supports the relative addressing mode for this 
logical unit. If this bit is set to one, the linked command (Unked) bit shall also be set to one; since relative addressing 
can only be used with linked commands. A RelAdr bit of zero indicates the device does not support relative 
addressing for this logical unit. 

A wide bus 32 (Wbus32) bit of one indicates that the device supports 32-bit wide data transfers. 
indicates that the device does not support 32-bit wide data transfers. 

A value of zero 

A wide bus 16 (Wbus16) bit of one indicates that the device supports 16-bit wide data transfers. 
indicates that the device does not support 16-bit wide data transfers. 

A value of zero 

NOTE 67 If the values of both the Wbus16 and Wbus32 bits are zero, the device only supports 8-bit wide data transfers. 

A synchronous transfer (Sync) bit of one indicates that the device supports synchronous data transfer. A value of 
zero indicates the device does not support synchronous data transfer. 

A linked command (Unked) bit of one indicates that the device supports linked commands for this logical unit. A 
value of zero indicates the device does not support linked commands for this logical unit. 

A command queuing (CmdQue) bit of one indicates that the device supports tagged command queuing forlhis 
logical unit. A value of zero indicates the device does not support tagged command queuing for this logical unit. 

A soft reset (SftRe) bit of zero indicates that the device responds to the RESET conditio"- with the hard RESET 
alternative (see 6.2.2.1). A SftRe bit of one indicates that the device responds to the RESET condition with the soft 
RESET alternative (see 6.2.2.2). 
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ASCII data fields shall contain only graphic codes (i.e. code values 20h through 7Eh). Left-aligned fields shall place 
any unused bytes at the end of the field (highest offset) aQd the unused bytes shall be filled with space characters 
(20h). Right-aligned fields shall place any unused bytes at the start ofthe field (lowest offset) and the unused bytes 
shall be filled with space characters (20h). 

The vendor identification field contains eight bytes of ASCII data identifying the vendor of the product. The data shall 
be left aligned within this field. 

NOTE 68 It is intended that this field provide a unique vendor identification of the manufacturer of the SCSI device. In the 
absence of a formal registration procedure, X3T10 maintains a Jist of vendor identification codes in use. Vendors are 
requested to voluntarily submit their identification codes to X3T10 to prevent duplication of codes (see annex E). 

The product identification field contains sixteen bytes of ASCII data as defined by the vendor. The data shall be left­
aligned within this field. 

The product revision level field contains four bytes of ASCII data as defined by the vendor. The data shall be left­
aligned within this field. 

8.2.5.2 Vital product data 

Implementation of vital product data is optional. The information retumed consists of configuration data (e.g. vendor 
identification, product identification, model, serial number), manufacturing data (e.g. plant and date of manufacture), 
field replaceable unit data and other vendor- or device-specific data. 

The initiator requests the vital prodUct data information by setting the EVPD bit to one and specifying the page code 
of the desired vital prodUct data (see 8.3.4). If the target does not implement the requested page it shall retum 
CHECK CONDITION status. The a sense key shall be set to ILLEGAL REQUEST and the additional sense code shall 
be set to INVALID FIELD IN COB. 

NOTES 
69 The target should have the ability to execute the INQUIRY command even when a device error occurs that prohibits 
normal command execution. In such a case, CHECK CONDITION status should be returned for commands other than 
INQUIRY or REQUEST SENSE. The sense data returned may contain the field replaceable unit code. The vital product 
data should be obtained for the failing device using the INQUIRY command. 
70 This standard defines a format that allows device-independent initiator software to display the vital product data returned 
by the INQUIRY command. For example, the initiator may display the data associated for the field replaceable unit returned 
in the sense data. The contents of the data may be vendor-specific; therefore, it may not be usable without detailed 
information about the device. 
71 This standard does not define the location or method of storing the vital product data. The retrieval of the data may 
require completion of initialization operations within the device that may induce delays before the data is available to the 
initiator. Time-critical reqUirements are an implementation consideration and are not addressed in this standard. 
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ABSTRACT 

Design and Construction of a Universal Data Acquisition and 

Control System for Scanning Probe Microscopy 

Michael Tasler. M.A. 

The University of Texas at Austin, 1996 

SUPERVISOR: Chih-Kang Shih 

Scanning Probe Microscopy (SPM) has been used to study many novel material 

properties such as single electronic energy levels formed in a quantum corral system. 

However, electronic states of more realistic structures like quantum wells, which are of 

interest in optoelectronic applications, have not yet been fully explored using SPM. While 

this is possible in principle, it requires a more sophisticated SPM control unit which is not 

available commercially. The development of such a system is the aim of this project. 

General ideas and problems are discussed. 
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Chapter 1: Introduction 

(1.1) Motivation: 

The interest in Scanning Probe Microscopy (SPM) has been increasing ever since the 

Scanning Tunneling Microscopy (STM) was invented by G. Binnig and H. Rohrer in 1981. 

Several novel technologies were developed in the following years to investigate many 

different surface properties. All of those techniques share the task of discovering, exploring 

and resolving more precise information of an expanding variety of surface structures and 

materials. The decreasing size of those structures give rise to new effects like the unique 

electronic properties of quantum heterostructures. As a consequence the design and the 

control of the scanning probe microscopes and data acquisition has to fulfill higher 

standards. 

While the recent quality of the mechanical design of scanning probe microscopes already 

allows theoretically scanning as precise as about 11500 A, many control and data acquisition 

systems are less accurate. However, the question to be solved is where the physically 

meaningful limit of scanning control is to be set. Temperature related effects can only be 

minimized within a certain range by changing the environmental temperature of the probe 

and the microscope. Time dependent disturbances of the signal stability, like drift effects, 

influence the method of measuring as well as disturbances caused by the observation 

technique itself. Thus a very thorough discussion of system requirements and inevitable 

disturbances is essential. Only then a reasonable optimization of the control and data 

acquisition units is practicable. 

To achieve the determination and the spatial resolution of electronic states within a 

GaAslA1GaAslGaAs quantum well formation with a STM is my future goal and therefore the 

overall motivation, which is used as a guideline throughout the work. At the same time it is 
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to be kept in mind to maintain a high flexibility of the system in order to fulfill the needs of 

other SPM experiments. 

(1.2) General SPM Setup: 

The general idea of all SPMs is to place a sharp tip close enough to the surface of 

interest so that atomic interactions between tip and sample can occur. The magnitude of the 

detected interaction signal is dependent on the effective separation of tip and sample. To 

keep this signal constant is the task of a feedback circuit, which can adjust the tip to sample 

distance for that purpose. If this feedback system is turned on and two dimensional scanning 

across the surface is started, the tip position will reflect a plane of constant interaction of tip 

and sample. 

(1.2.1) General Mechanical SPM Design: 

Three dimensional nanoscale tip positioning is commonly done with piezoelectric 

devices, which expand and contract roughly proportional to an applied voltage. One possible 

design is a scanning tube as shown in figure 1 .l. 

Fig 1.1 : Scanning tube. The drawing shows the 
four segments of the tube and their wiring 
including the common center contact. 
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If different voltages are applied on opposite sections of the tube, their different 

expansions will lead to a bending of the tube and therefore to a movement of the axial 

mounted tip. This movement is roughly perpendicular to the axis. By changing the offset 

voltage of all segments simultaneously, the tube length will change steadily and move the tip 

in axial direction. Positioning within several pm range is achievable with this technique. 

Although this range is plenty for atomic resolution scanning, it is too small for practical 

purposes. Thus a micropositioning unit is necessary, to bring the sample into the scan range 

of the tip. A widely used technique is a two dimensional translation stage (Walker) as shown 

in figure 1.2. 

top stage 

middle stage 

stationary boltam sage 

non-segmented 

sapphire md 

Fig 1.2: Walker design 

The basic idea is to provide two perpendicular orientated motion directions. Each is 

represented by an independent stage of the walker. The driving force is generated by 

nonsegmented piezo tubes which are mounted with one end to the stage and with the other to 

a counterweight. If a voltage is applied so that the length of the piezo is changed, a force will 

act on the stage and the counterweight. Due to friction of the stage, the force has to exceed a 

certain threshold before motion will occur. The wave form of the applied voltage signal thus 

determines direction and speed of the movement. Optimal movement is achieved by cycloids 

as they are shown in figure 1.3. Each cycle lets the walker jump by about 50 nm. The 
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i 
I 
i average step size can be adjusted by varying the frequency and the amplitude of the applied 
i 
I 
j signals. Common settings are 225 V peak voltage and 1 kHz cycle frequency. 
1 

Fig. 1.3: Driving signal for walker piezo tube for (a) forward and (b) backward movement 

The function for the time dependence of the voltage in figure (1.3) is: 

(a) ~ ( t )  = V, .&T , 1x1 < 1 

(b) V ( t ) = V , . ( l - m ) ,  lxl<l 

where Vo is the m&imum voltage. 

(1.2.2) Electrical SPM setup in the case of Tunneling Microscopy: 

According to the above mentioned overall motivation of doing a certain STM study, the 

general description of SPMs is replaced in this chapter by a more detailed introduction into 

the electrical schematic of a Scanning Tunneling Microscope. 
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Sample 

Fig. 1.4: Simplified plot of the STM constellation 

If the tip to sample distance z is small enough, a tunneling current It is detected. This 

current is dependent of the sign and the absolute value of the applied bias voltage Vb and 

reflects directly the Local Density of States Contour. It decays exponentially with the 

distance z: 

I - exp(-K z) 

where 

and & is the energy shown in the figure. Here, EX, and ED are the Fermi levels of the tip and 

the sample. The required energy to move an electron away from either the tip or the sample 

is described by @, and @, which are the work functions oftip and sample. 

Energy 

4 +4 +eV 
E =  I 2 

- E  

Tip Separation z Sample 

Fig. 1.4: Energy diagram of the tunneling junction. (VB) is the Valence band, (CB) is the 
Conduction band. E is the energy of the electronic state of the sample, which is involved in the 
tunneling process. 
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The tunneling current at a given voltage V and position z can be expressed by: 

where p, and p, are the local density of electronic states of the tip and the sample. 

As a result the direct mapping of the energy distribution of the electronic local density of 

states is made possible by detecting the tunneling current It at a given position (x, y) and 

distance z, while the applied bias voltage Vb is scanned over a given range. Due to the 

exponential decay of I ,  with z, a precise and stable tip position is very essential. However, this 

z dependence can be used to expand the dynamic resolution of the acquisition system. By 

moving the tip closer to the sample the current signal can be magnified by several orders if 

necessary. This technique is of interest if the bias voltage is scanned over a wide range 

including zero voltage. 

However, the complex interaction of z, Vb and It must be studied well before any result 

can be derived from the set of data obtained by this method of z and Vb variation. This was 

first done by Feenstra et al. [I], who established the simultaneously scanning of z and Vb 

where 

Although this method allows a better insight in the energy distribution of electronic 

states it still bears several uncertainties. Physically relevant results can only be derived if all 

data values refer to the same reference position 4, which turns out to be a major problem of 

the simultaneous V and z ramping method, since no pair of two adjacent values can be found, 

where either z or V is identical. 

How to choose a relation, which estimates the z and V dependence of It plays a very essential 

role in relating all data values back to a constant reference position and will therefore 

affect the derived physical results of the measurement. 
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to increase the dynamic resolution 
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Chapter 2: Design of the SPM Control Unit 

(2.1) Theoretical Discussion of the System Requirements and Limits: 

As mentioned in the introduction, the discussion of system requirements is basically 

done with respect to a STM study of the electronic states of an GaAs/AIGaAs/GaAs quantum 

well. 

(2.1.1) Electronic Noise: 

Recently electronic noise of the STM controlling system and its non-expandable design 

are limiting the capabilities of the STM. How much the intrinsic, unavoidable noises, like 

shot noise, Johnson noise and flicker noise, are limiting the expectable resolution is 

discussed in this chapter as well as thermal drift effects and filtering. 

(2.1.1.1) Shot Noise: 

Statistic fluctuations of any current I, which are caused by the finite quantization of the 

electric charges, lead to an inevitable white noise. This fluctuation has a Gaussian amplitude 

distribution and is known as shot noise. Since this noise is white and the relative fluctuation 

is larger for small currents, good filtering and a narrow bandwidth Af is essential for the 

precise detection of the low tunneling current. 

Assuming that 40,000 data points are taken each second, Af is limited to 40 M z  by the 

relation Af. At 2 1. For a tunneling current of 1 nA, the rms fluctuation is: 
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(2.1.1.2) Johnson noise: 

In order to be able to analyze the tunneling current, a conversion to voltage and a 

preamplification of the signal within the UHV chamber of the STM by a factor of 10' is 

done. The basic idea is to measure the voltage, which falls off at a 10 Mi2 resistor, while It is 

flowing through it. Additional to the shot noise, a temperature dependent white noise occurs, 

which is created by fluctuations of this resistance. The rms fluctuation of this so called 

Johnson noise is like the shot noise dependent on the bandwidth of the acquisition system. 

Assuming that the temperature T of the chamber is 80 K and that 4 is limited to 40 kHz, the 

effect of this noise is: 

(2.1.1.3) Flicker noise: 

A third kind of noise is the flicker noise, generated by the resistor as well. It has typically 

a l/f dependence and causes a maximum rms noise of 0.2 pV per decade for metal-film 

resistors. Assuming again a bandwidth of 4= 40 kHz, which is 4.5 decades, this noise will 

not exceed the 1 pV limit (which is less than 0.01% of the signal voltage). 

(2.1.1.4) Noise of a JFET Preamplifier: 

To obtain a low impedance output, a JFET instrumentation amplifier is used. The overall 

error, caused by the previously mentioned effects can be estimated for the amplifying system 
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according to Horowitz 131. The internal noise of JFETs below 50 kHz is about 5 

The noise of this inverting unit can be expressed by the relation: 

~ .. 

The accuracy of the whole system is therefore limited to 0.4%. 

(2.1.2) Required accuracy: 

In order to get a rough estimate for the accuracy required of the tip positioning and the 

control signals, we need to compute their effect on the tunneling current and to claim that 

those influences do not exceed the 0.4% level of the intrinsic noise. 

First of all, the tip vibration Az must be considered. According to the approximation 
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and with a realistic decay constant of K = 1.1.10~~ m-I, Az must fulfill: 

1 
& 5 -A. That is mechanically already practicable. 

250 

(2.1.2.2) Required Accuracy of the Bias Voltage: 

Another point is the ramping of the bias voltage. Referring to Feenstra's research [2], the 

tunneling current shows a proportionality to (V-VII)~, where eVo is the band edge energy and 

a =1.5. From this information, it is possible to derive: 

1 dl a dl  dV 1 --=- J -=a- 10.4%, 
I d V  V-V ,  I  V-Vo 

This determines the minimal value of the energy resolution around a band edge to be three to 

four hundred times larger than the stepping size of the voltage ramp. 

At the given temperature T = 80 K, which means that kBT = 7 meV, it does not make 

sense to look for any details below 10 meV resolution. If we want to resolve details at this 

limit, which means that (V-Vo) is minimal 10 mV, the corresponding maximal AV step size 

can be estimated by using the above derived relation to be less than 30 FV. In the case that 

we are scanning over a 9 . 5  V bias voltage range with ten ascending intervals of 0.5 V 

length, every window requires a resolution of 
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30pV -- - 1 , which equals exactly 14 bit accuracy of AD and DA ICs. To obtain this 
O.5V 1 .7 .10~  

resolution over the entire rt2.5 V range, a 17 or 18 bit ADDA system would be required. 

That is far beyond a trivial task and exceeds my abilities. Therefore I concentrated on 

smaller windows of 0.5 V range each. 

(2.2) Practical Realizations: 

Besides the unavoidable noises, other influences like 60 Hz and 120 Hz line noise and 

thermal drift effects are reducing the stability and the resolution of the system. 

It seems therefore to be very essential to keep the length of all signal wires short. One 

idea is to place the AD and DA boards within the UHV chamber of the SPM itself. First of 

all, the data acquisition would be closer to the origin of the signals. Secondly the metal 

surface of the chamber would act like a shielding system and the lower temperature in the 

chamber would reduce the above mentioned intrinsic noise. The only problems are that the 

electronic devices are not running at temperatures as low as 80K and that the number of 

connections into the UHV chamber is limited. The circuit boards must therefore be located 

in a different part of the chamber than the sample itself, which might cause some diff~culties. 

The number of wires is kept low by providing fast serial ports which are optimized for 

different purposes. To explain those purposes it is helpful to think about various modes of 

the data acquisition, especially concerning the timing of the in- and outgoing signals. 
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(2.2.1) Timing Requirements for different Scanning Modes: 

There are basically two different ways of using an STM: the constant current topography 

(CCT) mode and the constant current tunneling spectroscopy (CITS) mode. 

In the CCT mode the tip scans continuously in x and y direction over the sample. The 

feedback circuit has to adjust z to provide a constant tunneling current. The measured 

information is z. 

For this purpose a smooth x ramp and a stable, uniformly stepping y signal are needed. Good 

low pass filtering and good timing can increase the quality of the DA output signals. The 

feedback circuit should respond quickly and almost unaffected by any kind of filtering. In 

order to realize a high flexibility of the system, a digital feedback should be provided. Thus 

the adjustment of any feedback parameters can be easily done by software. 

Those tasks make two basic sets of data converters necessary: 

a medium fast set of ADCs and DACs with programmable timers, filters and gain 

and a fast set of DACs with a high output slew rate. 

In addition to this scanning technique an energy mapping can be done at each x,y 

position to obtain information about electronic states of the sample surface. Since the energy 

relates to the bias voltage, a measurement of I,(Y) provides a method of mapping the energy 

distribution of the density of electronic states. This mode is called CITS. It requires stable 

and uniformly stepping x and y signals to scan in single steps over the sample. After each 

step the feedback is turned off and both V and z are scanned simultaneously and smoothly 

over the given range while I,,y(z,V) is measured. This requires slow x and y outputs, 

medium-fast, simultaneously timed V and z outputs, and a fast feedback response output. 

Beside nontrivial programming this comes down to the same two kinds of needed sets of 

hardware as for the first discussed CCT mode. The slow x and y signals can be generated by 

medium fast DACs with a very low filtering frequency. 
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(2.2.2) The Digital Control Unit: 

Not yet mentioned is the load of information which must be handled by the master unit of 

the acquisition system, which in our case is an IBM compatible PC. Although the processor 

of a modem PC might be fast enough to handle this amount of data, it is impossible to get it 

all in and out in time through any standard PC port. Thus a secondary device is to be 

designed, that takes over the complete SPM control, but that itself is driven by a master PC. 

In this case only the starting conditions and the final results must be send and received by the 

PC. 

Especially for the fast analysis and control of multiple signal systems DSPs, Digital 

Signal Processors, are available. After comparing the features of many different types of 

DSPs, I finally chose the TMS320C50 from Texas Instruments. The advantage of this DSP is 

that it has a relatively large internal memory, a big set of highly optimized commands, fast 

and easy programmable bus systems, and the fact that a starter kit with very good manuals is 

offered. This starter kit provides all the features of the single DSP chip, but already contains 

boot software, which allows the convenient programming over the COM port of the PC. 

(2.3) The Realization of an independent Processor System: 

To allow a multiple timer system to work properly, a sophisticated way of handling the 

requests for processor time must be found. A well known way are interrupt-requests, IRQs, 

which interrupt the processor immediately to start to work at another part of the program. 

The problem is that some processes are so important that they cannot be interrupted and 

others are so important that they have to interrupt immediately. Therefore an interrupt 

manager (IM) with freely definable priorities is desired. It is very important that this IM 
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must not have any dead rime. It must always be ready to detect an incoming request, even 

while its registers are read by the main processor, the DSP. 

Since some wait-states for simultaneously occurring events are still inevitable, buffers 

have to he provided for each port for temporary storage of the data. Especially the 

communication between DSP and PC must be buffered well, to keep them as independent as 

possible. 

Parallel digital VO ports with and without line drivers should also be included in the 

design, to allow switching of external signals with relays or TTL signals. 

PCs are in general strong radiators of noise and should be located away from the SPM. 

The separation of the PC and the DSP unit will also help to reduce induced noise. It is part of 

this project to invent a communication of DSP and PC via the standard parallel printer port 

of any Personal Computer system. The idea is not only to allow a convenient way of 

separating the devices, but also to provide compatibility to different PC systems, including 

Laptop computers. 

Further signal improvements can be achieved by separating the ADCs and DACs from 

the DSP unit and by connecting them with the DSP over serial ports, as mentioned above. 

Texas Instruments and Analog Devices turned out to be the best choice for 14 bit 

products with serial ports and programmable features. TI'S device TLC320AC01 fulfills all 

the requirements for the medium fast purposes. It includes a programmable gains and has its 

own timers with adjustable offsets. The fact that it has analog in- and outputs within one 

single IC and that it can be linked together with ICs of the same kind allows simultaneous 

control of different signals, while keeping the layout dimensions small. 

Analog Devices offers many high quality products for the faster purposes. A good choice 

is the AD7244, a fast dual DAC with serial ports. 

a 
2 
13 

To increase the effective dynamic range of all DAC outputs it is meaningful to keep 
;i 

,# signal offsets low and constant. This is especially important if the tip scanning plane of 
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# 
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constant z is not parallel to the surface of the SPM sample. An analog x, y, z-coordinate 

rotation can help to translate the sample orientation into the x,y plane of the computer 

scanning area. This coordinate rotation can be achieved with a combination of several ICs of 

Analog Devices. 

For reference purposes a summary of all setup ideas is shown in the block diagram of 

Appendix A. 

(2.4) Concluding Comments on System Limits: 

The quality of the described data acquisition system is definitely worse than the 

estimations made in the theoretical discussion in (2.1), since the mentioned types of noise 

are the theoretical error limits and do not contain non-linear behaviors of amplifiers, time 

drift and piezo hysteresis effects. 

In general time independent non-linear disturbances are predictable and measurable and 

can be compensated by software algorithms. 

Time dependent drift effects, however, are disturbing the measurements significantly. A 

compromise concerning the optimal scanning speed must be found. While on one hand 

slower scanning allows better filtering, it increases on the other hand the total scanning 

time, so that drift effects are getting more important. One possible solution is the reduction 

of the image size, so that less data points must be taken. Therefore each measurement can be 

done with the needed accuracy without exceeding a total time limit. This is particularly 

important if a lock-in amplifier is used to measure dUdV curves. The adjustable bandwidth 

ofthat amplifier influences the quality of the result significantly. 

Case 1:07-mc-00493-RMC     Document 188-15      Filed 07/23/2008     Page 24 of 95



Chapter 3: Hardware Design 

Before starting the design of the circuits a very strict overall guideline has to be defmed. 

To obtain optimal system performance, it is essential to determine a clear idea of the whole 

setup in advance. 

It is the goal to create a flexible system that can be adjusted to a large variety of 

experimental requirements. This makes it especially important to design an easily 

expandable system, so that components can be added as needed. 

This purpose is achievable by creating an optimized bus architecture through which the 

processor unit and the system components can communicate in a well defined pattern. 

All main bus control circuits should be combined on one board, the DSP motherboard. 

This board will put all relevant signals to the pins of a single connector which will be called 

the Bus Connector from now on. All additional boards only have to provide an identical set 

of bus connectors for the incoming bus and the outgoing bus, to which the next board will 

connect. 

The DSP Starter Kit TMS320C5x (DSK), which is used as the processor unit, is well 

described in TI'S "TMS320C5x User's Guide" [4] and is not further discussed in this 

chapter. Only the facts are important, that it is programmed over the COM port of a PC and 

that all important signals are available on four 24 pin connectors. The on board Analog 

Interface occupies the built in serial port of the DSP and will be used for the output of 

constant reference signals. 
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(3.1) The DSP Motherboard: 

The basic idea of any bus system is the sharing of a fixed set of signal lines to distribute 

data to all bus parties. So called Enable (EN) Signals are completely under the control of the 

DSP and determine which party is active and allowed to read or write data from or to the 

bus. 

The TMS320C50 is a 16 Bit fixed-point DSP with lOKB on-chip memory. It offers a set 

of 124 instructions with 50 ns cycle time. 16 of the available 65536 I10 port addresses are 

accessible with fast memory mapped registers. Only those 110 ports will be used in the 

following design. A simple 16 channel demultiplexer (74 HC 154) transfers the binary 

available 110-port-address into 16 separated Enable lines (EN00 to EN15). 

Interrupt Request (IRQ) Lines allow external parties to request the right to uke the bus in 

order to communicate with the DSP. It is up to the programmer of the DSP system to enable 

or disable certain IRQs and to set IRQ priorities. This technique guaranties that urgent 

requests are processed earlier than usual requests. Furthermore unused components can be 

turned off by disabling (masking) their IRQ. 

Although the DSP offers some IRQ lines, the number and the timing criteria of those 

signals do not fulfill the requirements. 

(3.1.1) The Interrupt Manager 0: 

The design of a new 8 channel IRQ-Manager (IM) is shown in Appendix B. 

Each channel is connected to a flip-flop, which switches its output state if a low to high 

transition occurs on the input. An 8 Bit comparator (74 AS 855) compares the state of all 8 

flip-flops with a previously stored value. If any incoming IRQ changes the state of the 
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according flip-flop, the comparator will recognize the change and notify the DSP. As soon as 

the DSP reads the 8 flip-flop states, the comparator stores this constellation as the reference 

value, so that the output of the comparator switches back to 'equal'. The next incoming IRQ 

will change the constellation again and switch the comparator back to 'unequal'. The DSP 

will be notified immediately, and so forth. 

By setting the Preset Pin of any flip-flop to zero, its output state is forced to be high. 

As a result incoming LRQs on this line are unable to toggle the state of this particular flip- 

flop. The IRQ is masked. 

The state of any of those Preset Pins can be determined by the DSP by writing a 

bitsignificant value to the Interrupt Manager (IM) address (050h). Reading the same address 

will give the current constellation of the IRQ-flip-flops. By comparing this value to the 

previously read value, the DSP can easily determine if and which IRQ occurred since the last 

reading. 

The great advantage of this method is that even extremely short IRQ pulses can trigger 

the IM to notify the DSP. Furthermore the IM has no deadtime, since any JM reading by the 

DSP will set the JM comparator value simultaneously. 

A priority list can easily be programmed to determine which events have to be taken care 

of before others. 

The detailed schematics for this part are shown in Appendix B. 

(3.1.2) The Connection to the Master PC: 

Since almost any modem PC system offers a parallel Line Printer Port (LPT), the 

communication with the DSP will be established using this standard interface. 

The pinout of this port and the 110 address of the corresponding function is shown in table 

3.1. 

Although the LPT is only designed for monodirectional output, it can be used for 

bidirectional I10 operations. The idea is to read data through the 5 handshaking input bits, 
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which are usually the indicators for "Paper Out", "Printer Error", "Printer Selected", 

"Request Acknowledge" and "Busy". 

To determine when to transmit or receive which information over the port the 4 available 

handshaking output pins are used. The different modes are shown in table 3.2. 

Missing codes can be avoided by using one of the output signals as Data Ready (DR) trigger. 

A pulse on this line indicates the DSP-Interface that the selected mode is valid. 

DR is automatically generated, if the Init-Signal (Pin 16) is toggled. A selected mode can 

simply be changed by writing the value of the new mode with Bit 2 (Init) toggled to the 

control register of LPT. Due to the internal setup of older LPTs some modes can only be 

followed by certain other modes. The allowed sequences are shown in table 3.3. 

The interface of the DSP is buffered to separate the DSP and the PC as much as possible. 

The Busy line (Pin 11 of LPT) indicates if those buffers are empty, non empty or full (see 

Detailed information can be obtained if the Status mode is selected. The bitsignificant 

status value is explained in table 3.4. 

If the DSP communicates with the buffers, only Bits 0 to 7 are used. After reading from 

the buffers, the higher bits (8 to 15) contain the status of the buffers and the recent selected 

LPT mode. See table 3.5 for the meaning of each bit. 

The detailed schematics for this part is shown in Appendix B. 
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'l'ahlc 3.1. I'rinter I'ort I'inollt. 'Tlie Slandart l3nse Addrcss is 037811 

'Table 3.2: Allowed I'ort Modes. 'The Mode Address is Uase+2. '+' stands for DSI'-to-I'C 

transmition. 'c' represents I'C-to-DSI' communication. 
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Table 3.3: Allowed Mode Changes. 

Table 3.4: Status Byte (Base + 1) for modes 1 and 5 

Table 3.5: The Buffer readout of the DSP. 'M' = PC-Mode-Bit. 'D' = Data-Bit (read and write possible) 

Recent Mode Allowed Following Modes 

0, 1,2,3 4,5,6,7, 12, 13, 14, 15 

8, 9, 10, 11 4, 5,6, 7, 12, 13, 14, 15 

4 0,1,2,3,8,9,10,11 

5 1,3,9, 11 

6 2,3,10, 11 

7 3,11 

12 8, 9, 10, 11 

13 9, 11 

14 10 , l l  

15 11 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 

Busy t E  c F + E + F NC NC NC 

see tab 3.2 0 =empty 0 =full 0 =empty 0 = 111 
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(3.2) The TLC320AC01 Serial Port: 

The TLC320AC01 contains an active serial interface, which provides all needed 

synchronization signals. It tells the DSP side of the interface when to transmit and receive 

data. Thus the DSP side of the interface is called passive. Since the DSP has to concentrate 

on many different tasks the design of the passive serial port (PSP) will contain a two level 

buffer of FIFO type (first in first out). Simultaneous transmission and receiving of serial data 

guarantees high throughput rates. Synchronizing flip-flop units are used to obtain reliable 

transmission of buffered data with the highest possible speed. 

Different IRQ signals are generated to indicate whether one or two values have been 

send from the current buffer stack. 

Two general PSP transmission modes are hardware selectable. For the case that the DSP 

stops sending data to the buffer the PSP will send the last buffered value again if the 

continuous mode is chosen. Otherwise, if the single-shot-mode is selected, the PSP shuts 

down the communication to the TLC320ACOl and will not send further IRQ signals to the 

DSP. 

The detailed schematics for this part is shown in Appendix B. 

(3.3) The AD7244 Serial Port: 

The AD7244 includes two independent DACs with passive serial ports. Simultaneous 

conversion is only achievable by applying the same synchronization signals to both DACs. 

To provide those signals is the task of the active interface that has to be designed for the 

DSP. It is called from now on the Dual Active Serial Interface (DASI) since it provides two 

independent serial ports with equal synch signals. Although not used by the AD7244 both 

ports of the DASI can also be used to receive data. 
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In general two synch signals are used for serial transmission, the shift clock (CLK) and 

the fi-ame synch (FS) signal. The latter will go low for exactly 16 CLK cycles during 

transmission of 16 bit values. Each CLK cycle will end the transmission of one bit, starting 

with bit 15. While data are latched out of the DASI on rising edges of CLK, data bits are 

latched into DASI on falling edges of CLK. 

Additionally a Data OUT (DO) signal is sent to the AD7244 to trigger the output of the 

converted analog signals. DO is generated just before FS will go low, to latch the previously. 

sent and meanwhile converted value out. As a result the DAC output occurs when the next 

value is transmitted. This is to be kept in mind when programming the devices. 

The detailed schematics for this part is shown in Appendix B. 

(3.4) The Parallel Digital JlO Port: 

This little board just simply provides some line drivers with one level buffers for two of 

the VO addresses of the DSP. While one of them is designed for TTL data in and output, the 

other address provides power outputs for external relay switches. For testing purposes a third 

output driver is provided to connect a 14 segment LCD display with two digits. 

The detailed schematics for this part is shown in Appendix B. 

(3.5) The Analog Boards: 

The analog boards are designed very simply. Their dimensions are kept small so that they 

fit into the UHV chamber of the SPM. 

Since all required handshaking is done on the digital boards, the analog circuits are 

basically just connecting the ADCs and DACs with the incoming signal plugs. Outgoing 

24 
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analog signals are preamplified and impedance matched on the board itself. Large grounded 

copper areas are placed on critical positions to shield analog signal wires from digital 

signals. The PCB layouts of those boards are shown in Appendix C. 

The board which is designed for the coordinate transformation consists of a combination 

of amplifiers, multipliers and sin(x) generators. It realizes the following mathematical 

equations: 

x'= x,,,,, .x .cosa + y ,qcni,, . y  .sins +x,!, 

y' =-x,,,, .x .s ina + y,,,, . y.cosa + y,, 
Z' = Z,,i,, .Z + X,%I,,,,, . X' + Y,x,,,,e . Y' + Z,$% 

where 

X.Y>Z>X,,fi.Y,,,s, z , f i , x  ,,, ,~Yx~,,,t~z<,,,,~x.,l,,~Y~l,,l,~ and a 

are the input signals. 
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Chapter 4: The Final Assembly 

Once the schematics are translated into the final layout, PCB boards can be 

manufactured. Although it is a major task to create and to test such layouts and to assemble 

all electrical devices, it is not part of this work to describe the single steps. 

The individually assembled and tested digital boards are finally added up to a complete stack 

of parties on the bus system. The stack order is shown in figure 4.1. 

Figure 4.1 Stack Order of Bus Parties 

For shielding purposes the complete stack of digital boards, including the power supply 

is mounted in a closed aluminum box. A small internal fan circulates the enclosed air, to help 

distribute locally generated heat towards the walls of the box, which will radiate it to the 

environment. This is enough to keep the system from overheating. However, the power 

supply shows temperature related problems after about half an hour. A secondary, external 

fan is recommended to be utilized during idle times of the system, i.e. programming of the 

DSP or data processing of the PC. This secondary fan should only be turned off for real 

measurements, when high accuracy is needed. 

For future references the outgoing connectors of the digital box are shown in figure 4.2. 

The names refer to the previously discussed boards, where DSP represents the DSP 

motherboard. The front panel of this box provides the LPT and COM connectors and a 14 

digit LCD display that can be accessed by the programmer for software testing and 

debugging purposes as well as for mode display features. 
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Unlike the digital boards, the analog circuits need to be individually shielded with little 

closed metal boxes. Those boxes are carefully linked with shielded twisted wire pairs. All 

internal analog signals are balanced signals, which means that one wire of the twisted pair is 

exactly the negative signal of the other. Thus crosstalk and noise induction are kept low. 

As long as those boxes are not placed directly within the vacuum chamber they are put 

all together into an aluminum box for further shielding. 

BNC connectors are used for the final output of all analog ground-referenced signals. 

The front panel of the box is displayed in figure 4.3. The system can be used to drive both, 

tripot and tube scanner devices. The latter is selected by switching the shown switch to 

'% w= z", 

All scanner outputs and walker signals (nr+x, wky, WalkerL, WalkerH) are capable 

of driving up to 100 mA load with +I4 V voltage swing. Scan amplitudes and slope rates can 

be adjusted with 1% accuracy anywhere between -1 and +1 of the computer generated 

signals. Unfortunately the used potentiometers turned out to be the wrong choice, so that 

especially at high signal frequencies inductive effectes are recognizable. 

To complete the documentation of the final assembly, figure 4.4 is added. It shows the 

back panel of the analog box. The connectors are named according to the previously 

mentioned definitions. The final addresses and IRQ lines are noted in this figure as well. 

They are determined by the order of how the digital components are strung together. Thus if 

this order is changed, those addresses will change accordingly. 
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Figure 4.3 Front Panel of the Analog Box. 

Figure 4.4 Back Panel of the Analog Box 
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Chapter 5: The Software 

(5.1) TI'S Assembler: 

Texas Instruments delivers the TMS320C50 Digital Signal Processor Starter Kit (DSK) 

with very simple but extremely useful assembler and debugger programs. Those can be used 

to convert assembly language source code into a format that is understood by the driver 

software that comes also with the DSK. It is the task of those drivers to transfer the DSP 

programs to the DSK and to start them. 

The debugger is a neat tool to analyze simple programs. However, it is not a good help if 

real time processes are handled by the DSP. In this case the Debugger is just too slow to 

allow the DSP to run properly. Unfortunately most of all SPM controlling purposes have to 

be done in real-time. The only possible way of analyzing those programs is the usage of the 

LCD display of my hardware design. Its DSP address is 0059h and can be easily accessed by 

the programmer. 

In general assembly language is not that hard to learn as it might appear to a beginner. Its 

small set of instructions makes it fairly easy to get a good overview of the processor's 

abilities. Some insights into the design of the electronics are of course necessary to be able to 

use this language properly. 

Due to its limited set of instructions, programs are very abstract and hard to read if they 

are not well documented. To improve the readability it is extremely helpful to divide the 

program into separated function groups. Furthermore this technique helps to trace errors. 

However, the larger the number of program parts, the more time consuming is the editing and 

changing of the program. It would be very helpful to have a software tool that allows fast and 

easy editing and switching between program parts. 
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(5.2) The DSK Programmer Tool: 

The motivation is to create a new PC Software Tool that covers within one single 

program all main features like selecting, editing, compiling and starting of DSK programs. 

This will allow effective and fast writing of DSP software units. 

Once this task has been established, the PC software can be extended to include further 

options, like communication to the DSP over the printer port and final data processing. 

The communication with the DSP depends on the standards which are defined by the 

program that has been started in the DSP. Thus it is meaningful to define a short set of 

general instructions that allow the PC complete control over the DSP. As soon as a standard 

of communication is defined, the PC only has to send a short list of numbers to tell the DSP 

which of the programmed options are to be executed with which parameters. 

If the DSP program is written in a well organized structure, future options can be added 

easily. 

It should be the goal of each module to be able to run independently of the PC. This 

helps to keep the PC available for other purposes. The PC has now the option, to let the DSP 

run completely self-controlled which means that the DSP executes along the programmed 

line of modules. However, the PC can always interrupt and choose between three basic 

options: 

1) execute next module, 2) execute until a certain event occurs and 3) execute a single 

module that is not the next in line. 

For general SPM image taking control, it is important to establish auto approach and 

scanning procedures. If the feedback is not done by analog circuits a corresponding 

algorithm has to he provided as well. 

The auto approach is done completely digitally. It consist of three modules: 

1) Withdraw the tip with a smoothly generated ramp. 

2) Step the walker one step forward 

3) Expand the z piezo drive while constantly checking the incoming signal. In the case of a 

STM the tunneling current is monitored. 
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As long as no tunneling current is detected, the DSP will follow those three steps in a 

circular motion. Once tunneling occurred the scanning mode is activated. It consists of 

basically two modules which let the tip scan one step at a time in either the x or y direction. 

If digital feedback is provided, the x and y positioning has to be done very smoothly with 

constant monitoring of the incoming signal, i.e. the tunneling current. 

While scanning along the surface of the sample, the DSP transmits pre-processed image 

data to the PC. Meanwhile the PC is displaying and storing all information. 

Thanks to Giinter Guttroff I did not need to spent much time on writing display 

procedures for the PC. Giinter kindly let me include parts of the object code of one of his 

data processing programs. 

All available DSP instructions are mentioned in table 5.1. The precise usage can he read 

out of the source code of the program, which is partly printed in the appendix. Only selected 

procedures could be added to the appendix since the complete source code of the PC 

program covers almost 100 pages in small letters. Nonetheless a complete printout of the 

DSP program is included in the appendix, since it is very essential for future references. 

Another program module has not yet been mentioned. The following chapter will 

therefore concentrate on the topic of dynamic range expansion. 
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Table 5.1 Instructions. 

66h 

67h 

68h 

stuv5h 

Table 5.2: 'Execute until' Instruction. The DSP will stop before the chosen Event will be executed. 

Expand z with Read 

Scan x until end of line 

Scan Bias Voltage 

Set Step counter 

Execute until 

Scan x 

Scan until End of Image 

Scan until z Out of Range 

Scan y 

stuvA4h 

stuvB4h 

stuvC4h 

stuvF4h 

Instruction Code 

59h 

69h 

79h 

D9h 

Instruction Code 

19h 

29h 

39h 

49h 

Set x Position 
-- 

Set y Position -- 
Set Bias Voltage Step 

Size 

Set z Position 

Execute until 

Contract z 

Walk 

Expand z with Read 

(used for PSP Setup) 
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(5.3) Dynamic Range Expansion: 

First done by Feenstra et al. [2] 

acquisition system by simultaneous 

The idea is simple in principle. 

follows roughly a power law dependence on the applied bias voltage Vb. Thus if Vfi is varied 

over a large range, I, will change dramatically. Resolution problems are unavoidable unless 

efforts are taken to boost up small current signals. For this purpose Feenstra could establish a 

very precise tip movement that pushed the tip closer to the sample while Vfi was decreasing. 

This method takes the exponential z dependence of I, into account which will amplify the 

detected signal if z is decreased. The applied Vand z signals are shown in figure 5.1 

Problems occur as soon as physically relevant results need to be drawn from the obtained 

set of data. To be able to calculate band energy profiles for the studied sample all tunneling 

information must refer to a constant separation zo of tip and sample. Since all data points 

were taken with simultaneously changed z and Vvalues it is impossible to compare any two 

data points with each other. A very precise I ( v 4  relation is thus necessary to refer all data to 

the reference position zo. Unfortunately this relation is not yet known perfectly. Only 

estimates were done which are assumed to be equal for all xy positions of the scanning area. 

The quality of the derived physical conclusions thus depends significantly on the accuracy of 

this estimate. 

In the following a different method is introduced that describes a new technique of 

expanding the dynamic range of the acquisition system based on the same physical 

background. 

Assuming that the tunneling current is a very low noise signal, methods of linear algebra 

can be used to compute a polynomial relation between two sets of data, which were taken for 

identical Vb values, but at two different z levels. In contrast to the previously described 
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method, z is held constant for each set of data. The applied V and z signals are plotted in 

figure 5.2. 

The idea is to let the feedback move the tip to a start position zo, before it is stopped. 

Then Vb stepping is started, until I, drops below a determined threshold. The feedback is 

turned on again to bring the current back into range. The new z position is z~ and the 

feedback is stopped again. Vb will be changed back by Nsteps and scanning will be 

continued. Thus the first upcoming N data points will have identical Vb values as the last N 

data points taken at zo. A polynomial P, of order (N-I) can be computed, that relates those N 

Z,(zl,v values back to the Z,(zh PJ values taken before. If Vb scanning is continued, further 

data points Z,(zr,PJ can be taken until I, drops again under the determined threshold. While 

taking those data the DSP can calculate in real-time what the according Z, (Z*~  data would 

have been, just by using the polynomial relation PI. The PC will thus receive immediately 

the computed information, all referenced to the same position zo. 

The feedback can be turned on again to bring I, in range. zz is the new position where the 

feedback is stopped. Vb is steeped back, scanning will be started and a new polynomial P2 

can be determined to relate z2 values back to z ~ .  Since PI is still known, z2 values can be 

related even back to zo by combining P2 and PI. This can be done in one step, if P2 is 

calculated by using the already zo related ZI values in this computation. 

This method can be repeated several times, before Vb scanning is finished. 

It is not required to send any z-position information to the PC. 

No problems will occur as long as the tip positioning is stable enough and the tunneling 

current steady. However, if too many z steps are taken then involved errors of the polynomial 

fitting will increase towards the end of the scanning, since all values at zj are related to zo by 

using all previous polynoms PI to P,. Thus a very careful choice of Nand the I( threshold is 

essential. 
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If the feedback is not used to reposition the tip, but if equal sized z steps are taken, then a 

further improvement is possible. Since the tip has to move first towards the sample and then, 

after Vb crosses zero, away from the sample, there will be identical z -positions for two 

different Vb ranges. If hysteresis and drift effects of the piezo drivers can be neglected then 

the related polynomials should be identical for those two Vb ranges with same z level. This 

can be taken into account to eliminate parts of the involved mathematical error. 

Figure 5.1 Feenstra's method. Figure 5.2 Tasler's method 

The calculation of the polynomial is very simple using matrices. Assuming N=6 ,  PI will 

be of the order 5. The second set of data is called xl to x6 and needs to be referred to the 

first set, called y, toys. The equation for X I  is: 

~ ; ( x , ) = a + b x ,  +ex: +&:+ex:+ fx: = y, 

By writing also all other equations down, we will obtain the system matrix S: 

S := 

- - 
1 XI XI= XI' ~ 1 4  ~ 1 5  
1 ~2 ~ 2 2  ~2' ~2~ ~2~ 
1 x3 x32 x3' x34 x35 
1 x4 x42 x4' x44 x45 

1 x5 x52 x5' x54 x55 

-1 x6 x6' x6' ~6~ x6'- 
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A mathematical rule says, that the coefficient a is expressed by: 

where A is formed, by replacing the first column of S with y, to ya 

The coefficient b is calculated analogously to a. The matrix B is created by replacing the 

second column of S with y, to y6 

Also the coefficients c through e can be computed using the same technique. 

While the system determinant can be simplified: 

it is not possible to simplify A, B, C, D and E in general. However, the calculation comes 

down to a relatively small number of multiplications and summations. The DSP is able to 

compute a product and a sum in 50 ns, so that the calculation is done in several milliseconds. 
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Chapter 6: Results and Conclusions 

This work was able to discuss and design a new setup of a universal SPM control and 

data acquisition unit. Furthermore all schematics were transformed into PCB boards, tested 

and finally assembled. A unique and flexible way of communication between the new system 

and any PC is established and a software tool written that allows easy programming and 

executing of DSP programs with an IBM compatible PC. 

A digital feedback algorithm is also included and successfully tested. Not yet finished is 

the program described in Chapter 5. However, parts have already been tested and appear to 

work as predicted. 

Unfortunately no high quality STM was available during the last weeks of this project, 

so that not even preliminary data could be taken. However some studies with an old STM, 

which is not yet optimized, could be achieved. Although the low frequency components of 

the initial noise of that system exceeded 15% of the measured signal amplitude, first rough 

images of a graphite sample could be taken. 

The result is shown in figure 6.1. Although the patterns look like noise effects, it appears 

to be a real structure. The image contains 256*256 data points, each of which took 0.45 

seconds to be recorded. This seems to be unusually long but is explained by the averaging 

that has to be done to filter the immense noise. The change in the pattern of the image is 

apparently related to vibration noise that displaced the tip permanently. 

The future goal is to set up the above described control system with a highly optimized 

STM. To obtain the resolution of electronic states of an GaAs/AIGaAs/GaAs quantum well a 

low temperature STM in UHV is necessary. The program is already capable of taking 

topographic images. All parameters, like bias voltage and reference currents can be set by 

software. Thus an adjustment of the program should be practicable, especially if an STM 

experienced person can provide the information about optimal settings. 
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Figure 6.1 First Graphite Image. 
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(Appendix B): Schematics: 

I I - I s I m I < 

Figure B.l: Schematic of the DSP-Motherboard 
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Figure 8.2: Schematic of DASI 
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Figure B.3: Schematic of PSP 

Case 1:07-mc-00493-RMC     Document 188-15      Filed 07/23/2008     Page 50 of 95



(Appendix C): PCB Layouts: 

Figure C.1.1: PCB Layout of the DSP Motherboard (Component side) 
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Figure C.l.Z: PCB Layout o f  the DSP Motherboard (Solder side) 
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Figure C.2.1: PCB Layoul of DASl (Component side) 
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Figure C.2.3: PCB Layout of DASI (Components) 
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Figure C.3.1: PCB Layout of PSP (Component side) 
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Figure C.3.2: PCB Layout of PSP (Solder side) 

Case 1:07-mc-00493-RMC     Document 188-15      Filed 07/23/2008     Page 58 of 95



Figure C.3.3: PCB Layout of PSI' (Components) 
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Figure C.4.1: I'CB Layout of P I0  (Component side) 
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Figure C.4.2: PCB Layout of PI0 (Solder side) 

Figure C.4.3: PCB Layout of PI0 (Components) 

Figure C.5.1: PCB Layout of TLC320AC01 (Component side) 
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- 
Figure C.6.1: PCB Layout of AD7244 (Component side) 
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Figure C.6.2: PCB Layout of AD7244 (Solder side) 

Figure C.6.3: PCB Layout of AD7244 (Components) 
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Figure C.7.1: PCB Layout of Coordinate Rotation (Component side) 

Figure C.7.2: PCB Layout of Coordinate Rotation (Solder side) 
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I:igure C.7.3: 1'CD Layout o f  Coordinate Rotation (Components) 
. .  .. . . ,  

.. ~:.: - *. ..~.* . ::. .,: ~z .. . 
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(Appendix D): The PC Software: 

This appendix contains the source code of selected C i +  procedures of the software 

tool, which is discussed in Chapter 5. 

Tlze PC to DSP Comunication Procedures: 

in1 outinstruclion(int instl, in1 insd, in1 insl3) 
( N 0 is transfered to I ,  I while I is transfcre to 1.2 
unsigned char readback[ZI]; 
unsigned char check[20]; 
unsigned char check2[20]; 
in1 giveback=O; 
in1 clll=O; 
in1 cnt2=0: 
in1 al,a2,a3,a4; 
in1 i: 
char *ptr; 
instl=instl&15; 
do ( 
do 
strcpy(rcadhack.oulvaluc(instl)); 
checklOl=129; 

if(!plr) 
(//not found 

if(givehack>0) 
( 11 hcrc instl is scnd successrully 
lll/ll/l/// 
if(instl!=5) 
I 
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&trstr(readback,check); 
if(!ptr) 
(//not found 
c n M .  
check[0];;255; 
check[l]=255; 
check[Z]=l; 
check[3]=l; 
check[4]=0, 

/I 
do { 
strcpy(check2,outvalue(0));//just before c n t W  BEFORE else. Afler check[4]=0 

, ph-strstr(check2,check); 
cntw, 
) while((cnt<6)%%(!ptr)); 

uhile((cntc6)&&(!(ptr~trJtr(outvaluc(O~,chcck))) cn1-t. 
if(cnV-6) giveback-I; else givebackl), 

/ I )  else givebackl;  
/I 
) else if((instll=5)%%(instl!=4)) 
1 

if(check2[ptr-~heck2+3+i]=L) itt.. 
if(chcck2[ph;check2+4+i]=I) i w ,  
givebackheck2[ptr-check2+5+i]; 
) else givebackl;  

al=(inst3&15); 
outvalue(al): 
a2=(inst3&240)/16; 
outvalue(a2); 
a3=(ins0&3840)/256; 
outvalue(a3); 
a4=(ins0&61440)/4096; 
if((instl=4)Br&(inst2<3)) a4=a4+8*256; 
shcpy(readback,outvalue(a4)); 
check[0]=255; 
chcck[l]=255; 
check[2]=instl; 
al=al+a2*16; 
i-0; 
if(al>l) check[3]=al;else (check[3]=l;check[4]=I+al;i+,) 
a3=a3+a4*16: 
if(a3>1) check[4+i]=&.else (check[4+i]=l;check[S+i]=l+a3;itc;) 
check[5+i]=0; 
if(!(ptr=strstr(readback,check))) giveback-I; else givebackl;  
1 
return giveback; 
) 

char* oulvalue(int outval) 
I 
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if(z=5) (beep(1000,300); printf("DSP does not respond!"); arl=O;) 
return arl; 
I 

int GetDSPvalue() 
I 

int invalue; 
int control=890; 
int in=889; 
int ouL=888: 
int cnl==, 

outportb(contml,3); 
outportb(wntrol,l5); 
invalue=(inportb(in)&I20) 18; 
outportb(control,l I); 
outportb(control,l3); 
invalue=255-(invaluet(inportb(in)&120)*2); 
] else invalue=-I; 
rehlrn invalue; 
I 

The Scanning Procedure: 

void scan(int xnumber, int ynumber, int factor, int factow int voltage& int referenceintensity) 
f 
float size2; 

long int summe[1024]; 
unsigned int readDSP[1024];/1 or use farmalloc and farcalloc 
clncr(); 

ScanGraphicslnrt(4); 
int invalue; 

int wntrol=890; 
int in=889; 
int out=888: 
int c n M ,  
int direction; 
int x2, 
int choice; 
long int summ=0, 

( 
outpottb(control J); 
Do-it(9.5,O); 
for(int x=O, x<xmax-I; x*) Ill :x<;;xmax; 
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f 
outpolib(control.1 I); 
//while(!(inpolib(in)&l28));// if(bioskey(l)=283) {break;break;)N wait for busy 0 0 (=> not empty) 
invalu~(inpolib(in)&lZO) 18; 
outpoltb(control.13); 
readDSP[x]=255-(invalue+(inpolib(in)&120)*2~ 
I *I , 
//while(!(inponb(in)&l28))d/ if(bioskey(l)==283) (break;break,)// wait for busy o 0 (->not empty) 
outpoltb(control,l I ) ,  
invalue=(inportb(in)&120) / 8; 

/f(bioskey(l)) if(bioskey(l)==7181) {x=xmax+l;getch();J else if (bioskey(l)=283) (x=xmax+l;y--~ax+l;getchO;) else 
getch();// wait for busy <> 0 (=> not empty) 
I* 
asm f 
nor di,di; 
mov dx,wntro$ 
mov al,l I; 
out dx,al; 
dec dx; 
1 

emptyl: 
( 

in a1,dx; 
test a1.080h; 
jzemptyl; 
shr a1.3; 
and ax,Om; 
test al.3h; //test if lo bits of lo byte where read (must be zero) 
jnz emptyl; 
mov cx,ax; 
inc dx; 
mov a!, 13; 
out dx,al; 
doc dx; 
in a1,dx; 
shl a1.l; 
and al,Omh; 
add c1,al: 
inc dx; 
movax,ll; 
out dx,al; 
dec dx; 

J 
empty2: 
asm ( 
in a1.d~: 
test a1,080h; 
. . .  . 
shr a1.3; 
and al,Oth, 
add ch,al; 
inc dx. 
mov a1.13: 
out dx,al: 
dec dx: 
in al,dx; 
shl al.1; 
and al,O!Qh: 
add ch,al; 
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xor cx,Oflffn, 
mov word ptr Idi+&readDSPlOll.cx; . . 
inc dx; 
movax,ll; 
out dx,al, 
dec dx; 

inc di; 
cmp di,xmax; 
jle emptyl; 
i 
*/ 
beep(500.50); 
//movedata(FP-SEG(read0SP). FP-OFF(readDSP).FP-SEG(fptr+y'(xmax+l)), FP-OFF(fptr+y*(xmaw+l)),xmax+l); 
if(y&l) direction=xmax-I; else direction=O; 
summe[y]=O; 
for(x=O;x<-xmax;xU) summe[y]+=readDSP[xl; 
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The Interface beetwen User andPC (this part shows the basic usage of the defined sets of 

commands): 

void menu@ 
( 
int choice,choice2=0, 
int voltage = voltagemin; 
int stepsize = 32; 
int volfagestep = 8 
int referenceintensitv: <. 

int calibratecontinue; 
long int ampIitude=0xa@J/=0222h => Max amp1 is SQR(1-(amp*!iequrZ) 
long int dotspercycle=0x190J/=78h => dotsperc.*ampl <fffB. The real frequency 

// is 465kWdotspercycle 
long int I r e f a = O , d l r e f a = 0 , l r e f s = 0 , d l r e f s = 0 , x p o s ~ ,  
int k: 
long int novell; 

sIeps[O]=l; 
clncro; 
menuewino; 
stamwino; 

do ( 
while(choice != ESC) 

case UP : ( 
Do-iI(6.5.0); //Reject Tip 
delav(3l: 
~o-iGi,j,steps[~l); // Set # ofsteps 
IaseDo-it(6,2,0); // Walk fonvard 
clrscro; 
printf(" Walker moved %d steps fonva~d.",steps[O]); 
menuewino; 
break; 

1 

case DOWN : ( 
Do-it(6.5.0); //Reject Tip 
dclay(3); 
Do-iI(5J,steps[O]); // Set # of steps 
lasl=Do_it(6,4,0); // Walk f o m d  
clncr(); 
printf(" Walker moved %d steps backward.",steps[O]); 
menuewin(); 
break. 

I 
case LEFT : ( 

Do_it(6,5,0); //Reject Tip 
delav(3): 
~o -~ i ( i~ , s t eps [~ ] ) ;  // Set # of steps 
last=Do-it(6,1,0); // Walk fonvard 
clrscr(); 
printf(" Walker moved %d steps lefl.",steps[OJ); 
menuewino; 
break, 

1 
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case RIGHT : ( 
Do-it(6,5,steps[O]); //Reject Tip 
delavl3): ,~ ,. 
Doit(5,5,steps[O]); /I Set # of steps 
lasl=Da-it(6,3,0); I/ Walk forward 
clrscr(y, 
printf(" Walker moved Yd steps right.",steps[O]); 
menuewin(); 
break, 

caseF8 : ( 
processing(); 
menuewin(); 
break; 

) 

case FI : { 
DSP-Setup-Meme(); 
menuewin(); 
stahlswin(); 
break: 

> 

if((O=0)l~(strcmp(DSP~Prgg'No Program"))) 
switch(choice) . 
1 

" . . 
clrscr(Y, 
printf(" D S P -Parameter Sehlp, (c) Michael Ta le r  1995"); 
window(l.2.80.1 I): 

clrscrO; 
printfl" F1 : Walker-Amplitude, -dotsger-cycle, and -#-of-steps (%xh, %xh, %xh)",amplitudc.dolspercycIeesteps[0]); 
printfl"\n F2 : Iref, dlref for autoapproach (W-', 8000h='-', FFFF=L')"); 
printf("\n F3 : Irefs, dlrefs for scanning (+", 8000h='-', FFFF='-')"); 
printf("\n F4 : 2-position (I='_', 2000h='-', 3FFE='-')"); 
orintffn\o F5 : x-oasition (MOT YET))"): 
printfi"\n F6 : y-Losition <<NOT Y E V ~ " ~ ;  
printf("\n F7 : Bias Voltage V (O='-'. -2000h=", IFFF='-')"); 

orinlff"\n F8 : Contract 2: move z slowlv to 3mhn).// used to be soeclroscoov . . . . 
print$'\" F9 : ~eedback-test"); 
printf("\n ESC : END "); 

~ ~ . I ~ ~ ~ ~ ~ ~ ( N O R M A L C U K S O R ) ;  
prinlf(.'~n Quail-Amplitude of xalkcr c)cles (old value ? b ~ h )  '.an~plilade), 
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orintf("\n Dots oer walker cvcle (old value: %xh): ".dotsoercvcle): 

printfrln Number of walker steps (old value: Yoxh): ",steps[O]); 
novell=accept-or-chmge(steps[O]); 
if(novell>=O) steps[O]=novell; 
break; 

novell=accept-or-change(1refa); 
if(novell>=O) Irefa=novell: 
if(1refa) Do-it(4.3,lrefa); 

orinm"\n dlref (old value: %xhk ".dlrefa): 

break; 
j 

caseF3: 
~sctcursonype~NORMALCC'RSOR). 
prlmf(\n lrcfs (old value %hhJ ".lrcfs). 

orintfl"\n dlrefs (old value: %xhl: ".dlrefsl: 

break; 

case F4: i 
sercunon)pe~NOII.VAl.CIJRSOK): 

prlntfi'ln lpos (old value %xh) ',rpus); 
no%cll-accept-or-chmge(rpos); 
if(novell>=O) rpus=n~vull; 
1R7posl Do_it~4.l5.rpos); 
delay(100); 
if(zpos) Do-it(4.l S,zpos);// twice since buffered output 

break; 
> 

caseF7: f 
- sctcursonypeCI\'OR.UALCUWSOR), 
pr~ntf( 'm vb~as (old value. %xhj: ',vbiasl. 

ifivbias) ~0>1(4,9,vbias); 
deIay(100); 
if(vbiar) Do-it(49,vbias); 

break, 
I 

case FB: (Do-it(6,5,0);br&,} 
case F9: (Do-it(6,7,0);break;) 
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case F3 : ( 

case F4 

case F6 : ( 

before); 

case F7 

caseFIO : { 

menuewin(); 
statuswin(); 
break; 

t 

Iasl=Do~it(7,7,0); /I Do next step 
menuewin(); 
break; 

> 
: { 

setcursortypeCNORMALCURSOR); - 
printfr This option provides the possibility of setting breakpoints."); 
printf("\n The DSP stops right before the function according to the value of the"); 
printf("\n breakpoint is about to be executed."); 

printf("\n\n General float chard: 1-2-3-1-2-3 until tunneling. Then 5-13-5-13-..:6 / 7"); 

printf("\n\n 0 :  <cancel) I : contract z"); 
printf("\n 2 :Step I walker step fonvard 3 : Expand z while monitoring I@)"); 
printf("\n 4 : <continuous mode> 5 : Scann x position"); 
printff"\n 6 : End of Image 7 : End of Image or z is Out of Range"): 
printf("\n 13: Scan next Line or until End of Line"); 
printf("\n\n Your choice (ENTER will confirm the old value)? '"); 

- ~ e t c u r s o r t y ~ e ~ ~ ~ & ~ S b ~ ) ;  , . . .  .~ . ~, 

if(undl) {if(until!=4) last=Do_it(9,until.O): else last=Do_it[8,8.0);) 
clncrO: 
if(lasP0) printfr DSP is executing until function %d.".until); 
mennewin(): 
break: 

I 

: i 
last=Do_it(O,O,O); /I pause DSP 
printf(" DSP is paused"); 
rnenuewin(); 
break; 

I 

printf("\n Auto Approch:"): 
Do_it(6,5,0); //rejecls tip and gels ARI away from 5 (is the case ifautoapproach was done 

delay(3); 
Do_it(5,5, I); /I Reset counter 
Do-it(9.5.0); /I Wait for end ofautoapp. 
rnenuewin(); 
brcak: 

: ( 
scanmcnuc(l,l);ll (sliould also include Voltage ramps); 
clrscr(); 
rncnuewin(); 
break 
1 

Do-it(6.5,O);II contract 2 
delay(3); 
Do_it(5,5,lOOO); 
Da_it(6,4,0):lI walk 1000 steps backward 
printf("\n Scanner is removed and tip rejected."); 
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break. 

if(swcmp(project.'No Project")) 
( 
beep(1500.50); 
window(1,23,80,25); 
textcolor(YELL0W); 
textbackground(RED); 
clncrO; 
printf("\n You have to close Ule DSP-Project before you exit! <FI,FS>"); 
choice*, 

) while(strcmp(projec~"No Project")); 

Do-it(6.5.0); /I reject tube 
delay(3); 
printf("\nEND"); 
;oltagestep~- oltagestep; 

) 
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(Appendix E): The DSP Software: 

This appendix contains the complete source code the DSP communication software. 

The Root Program: 

include "scannc.h" 
.include "cont-mc.hV 
.include "readipc.h" 
.include "walkerc.h" 
.include "pspinit.h" 
.include "calcOf3n.h" ; runs walker in different direction 
.end 

The Include File "varO1.h": 

; VAROl contains all variables 
DAS!x .set 56h 
DASly .set 53h 

.ds OrnOh 
SIN-SW .word OOOOh ; 0 ->random noise 
y .word Oh 
yl .word Oalh ; frequency: *;*;*: yl multiplied 

; the "*;*;*;*;*"-sequence must be IOOOOh !!!!! 

: a-b-c, where a*cjust smaller then 10000h. b=2c-2 
;possible combinations are 249h-deOh-70h=7h,4 
;Next try: 276h-ceOh-68h=dh,3 

;; maxspecd is  b=lO and d=4:;1S&lO:super 
a .word 5 
aa .word 5 
b .word 10; ... 10 was here togethet wit 4 below at d 

d .word 64 ;5 ; a,b,c,d are the values which are going 
; to be written in aa,bb,cc,dd respectively. 

dd .word I 
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Ihi .word Om 
delta-l .word 07a00h 
lrefhi .word OaOOOh 
dlref .word OOlOOh 
n03fefh .word 03fefh 
n08000h .word 08000h 
n02000h .word 02000h 

.ds OlOlOh 
coeff .word OOh 
ccnt .word 0190h 
offset .word Oh 
richhlng .word Oh 
ystep .word OlOOh 
xstep .word OlOOh 

ring$ .word OOh 
;rings .space OeeOh 
; r i ng  .word Olmh 

.ps 0806h 
inO: I3 office4 
tint: B walker 

The Include File "dspinitn.h": 

;dspinit.h : does all the register setups ofthe dsp and aic's 

.ps OaOOh 

.entry 
START: SETC lNTM ;Disable interrupts 

Idp #O 
SPLK #020h,TCR ; T 
SPLK #02ah,PRD ; for AIC master clock (max:2Oh & 2ah) 

OPL #0834h,PMST 
LACC #O 
SAMM CWSR : Set software wait state to 0 
SAMM PDWSR ; 

Idp #O 
CLRC OVM ;OVM=O 
SPM 0 ;PM=O 

Idp #O 
;call hierl 
Idp #O 
SPLK #Och.lMR ; useing tint as intcmpt 
lac1 #04h ; AICinit-mode 
samm ARI 
call AlClNlT 
setc intm 
call calc 

Idp #O 
lac1 #04h 
samm IMR 
lamm IFR 
samm IFR 
lac1 #08h 
samm51h 
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lac1 #O 
samm PSPxO 

Idp #O 
splk #03mh,dbmr 
lar ARO,#03m)h;lOh; z-count 
lar ARI,#8003h; read-l mode 
lar AR2,#0200Oh; x-count 
lar AR3,#02000h; y-count 
lar AR4,#02OOOh; x-slope:02000h=incr,Ofdftl1=decr 
lar AR5,#02000h; y-slope:O200Oh=incr,Ofdfth=decr 
lar AR6,Urings; walker-cycle 
Idp #xstcp 
lar AR7,Uxsrep 

lacc #03fffh;#O 
Idp #offset 
sac1 richtung 
sfr 
sac1 offset 

Idp #ofti 
mar *,ar2 
lamm ar2 
xor ar4 
samm DASlx 
lamm ar3 
ror  a15 
samm DASly 

CLRC IN'I'M ; cnable 
lamm 5 l h 
bsar 8 
sac1 nlli 
lacc #Ol fmh 
samm DASlv 
lamm arO 
samm DASlz 

lac1 #O 
samm tdxr 
samm PSPxO 
clrc sxm 

Tlze Include File "rnain.hW: 

rpt 15 
lamm 50h 

lac1 #O 
samm Oah; prcset Status C to "stop before setpoint" 
lac1 U O  
samm 09h; preset walker movement as stop point; 
lac1 #OI 
samm lth 

:Oah=stalusC (command): ARI is reccnt status; 09h is ~tatusE3 (used for 
;second transmission and for compare register: "run until ARI=StatusB") 
:I th is counter for walker steps 

wait: 
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lamm 5ah 
and#l , l l  
bcnd notempty,neq 
lamm ARI; StaNs 
subU1.15; 
bcnd wait,lt; Wait for current Job to be over (over if <O) 

Setc MTM 
lamm Oah,  StaNsC 
bcnd wait,eq; =O? => stop 
sub U8; 
bcnd nonconclt; StatusC<R =>no"-continous mode 
sub#l 
bcnd concneq ; IMP for not 9. C=9 is "continue until arl=StatusBU 
lamm ARI ;+; 
xor#1,15;+; 
samm ARL; Status 

and U0fh 
Idp UO; 
sub 09h; Compare to Status B, which is "run until ARl=StaNsB" 
bcnd nc2,neq 
lamm ARI 
or#1,15 
samm ARI; Pause(Bit 15 ofAR1 =I) 
lac1 U O  
samm Oah, Pause (C=O) 
b wait 

cont: 
lamm ARI;+; 
xor #1,15;c; 
samm ARI; Status 
b nc2 

noncont: 
add #2; check for c=6 
bcnd nc2,neq 
lamm lfh ; counter 
sub # l  ; decrease 
bcnd ncl1,eq ; jmp out if it was 1 (keep it at value'l') 
samm 1% ;save decreased counter 
call walk 
b nc3 

nc l l :  
lamm 09h 
m d # l  
bcnd nc3,neq 
lacc #Ol l l h  

; samm DASlv 
b nc3 

nc2: lacc #3fRh 
Idp #offset 
sac1 richNng 
sfr 
sac1 offset 
Idp #O 

nc3: lamm 51h 
clrc INTM 
b wait; and loop 

notempty: 
lamm 50h; Read from PC 
and #Ofh,O 
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samm Oah; StatusC 
lac1 #08lh: 129 is my convention for "first instruction received" 
samm 50h 
lamm Oah 
samm Soh 

lamm ARI 
or#1,15 
samm ARI ; Stops current Pmcess 

call getnext 
samm 09h; StatusB 
bcnd nzero,neq 
lamm Oah, 
sub #5 
bcnd nzero,eq; only if c=5, then second transmission4 permittet! 
lac1 #O 
samm Oah ; StatusA: if second transmition is rero, always stop the system 

nzero: lamm Oah ;StatusC 
bcnd send,eq; if c=O (Pause) 
sub #07 
bcnd single,lt;;; needsd to set ARI 
bcnd conti,gt ;; cantinuous-procedure for 0 = 8  
lamm ARI;+; 
xor#1,15;c; 
sammAR1: Status 
samm 09h: StatusB 
b send 

conti: 
1ammARl;c; 
and #7fRh;+: 
samm ARI; Status 
b send 

single: ; singlestep procedure for c<7 
add #2 
bcnd count,eq ; set counter for walker if c=5 
add#] 
bcnd setvalue,eq; set value #B if r4 
;;; from now on c=6 or c=1,2 or 3 
lamm 09h: load second transmission value 
sub #I; walk left 
bcnd walk-l,eq 
sub #I; walk fonvard 
bcnd walk-f,eq 
sub#]; walk right 
bcnd walk-r,eq 
sub #I; walk backward 
bcnd walk-b,eq 
sub # 1; contract z 
bcnd rejecfeq 
sub #I;; readl(expand2) 
bcnd expand,eq 
sub #I;; scanx 
bcnd send,neq 

lacc #OlfRh 
samm DASlv 
lac1 #5;< scanx mode 
samm ARI: oause mode 
lar ~ ~ 7 , # & t e ~  
Idp #O 
splk #03fW,dbm1 
clrc SXm 

lac1 #O 
samm PSPxO 
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mar *,a12 
b send 

reject: lamm arO 
Idp #n03fefh 
sub n03fefh 
Idp #O 
bcnd send, geq 

lac1 #02h 
samm 51h 
Idp #O 
SPLK #02Oh,TCR ; T 
SPLK #03ah.PRD : for AIC master clock lmax:2Oh & 2ah) 
Idp #[hi 
lac1 #Oh;+; conhact-z-mode 
samm ARI; pause mode 
b send 

count: ;(c=5) 
lamm 09h 
samm lfh 
call getl2bit 
b send 

setvalue: 
lacc #7eh 
samm 50h 
lamm 09h 
samm 50h 
sub #I 
sfl 
sfl 
sacb ; andstore #B in ACCB 
call geulext 
samm lfh 
call getl2bit 
call getPC 
clrc C:+l 
adcb ;+I; PC points on this instruction 
add #Ofh ;+I; this has to point on numO!!!!!! 
cala ;+I 
lacb ;+I; ACCB is (#B-1)*4. B=1 and B=2 are for Walke~>ACCB=fl& 4 
sub #%+I 
cc calc,leq;+Z; re-calculate walker cycle 
lac1 #I;+I 
samm ifh,+l 
b send ;+2 

getPC: pop ;+I 
push ;+I 

ret ;+I 

numl: 
Idp #yl 
lamm lfh 
sac1 y l 
ret 

num2: 
Idp #ccnt 
lamm lfh 
sac1 ccnt 
ret 

num3: 
Idp #Ihi 
lamm lfh 
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num4: 

num5: 

num6: 

num7: 

num8: 

num9: 

numa: 

numb: 

numc: 

numd: 

numc: 

numf 

sac1 lhi 
ret 

Idp #delta-l 
lamm I fh 
sac1 delta-l 
ret 

Idp UIrefhi 
lamm l fh  
sacl lrefhi 
ret 

Idp #dlref 
lamm I fh 
sac1 dlref 
ret 

Idp Uxstep 
lamm 1 fh 
sac1 xstep 
ret 

Idp #ystep 
lamm l fh  
sac1 ystep 
ICt 

lamnl I fh 
nap 
samm DASIv;; no xor. Thus 0=0 and +=max and =mi" 
rct 

lamm I fh 
samm AR2:;:x 
samm DASlx;;: wrong, since xor is missing 
ret 

lamm I fh 
samm AR3:::;y 
samm DASly ;:;wrong, since xor is missing 
rct 

Idp Uxstep 
lamm I fh 
Sac1 xstep 
ret 

Idp Uxstep 
lamm l th  
sacl xstcp 
ret 

Idp Uxstep 
lamm 1 fh 
sac1 xstep 
ret 

lamm l fh  
samm ARO:;;z pos : BE CAREFULL: Z-STEP WON'T BE SLOWED DOWN!! 
Idn #n02000h 
xdr nO2OOOh 
samm DASlz 
samm DASlz 

Case 1:07-mc-00493-RMC     Document 188-15      Filed 07/23/2008     Page 82 of 95



samm DASJz 
samm DASlz 
ret 

send: 
;(Band 128) will tell PC, whether B>O or B<O 
;(C and 192) will tell PC, whether C <,=,>O 

=O =>c=O, =I92 => c<O, =64 =>PO 
lacc #Offh 
samm 50h 
samm 50h 
lamm Oah, StatusC 
samm 50h; 
bcnd null,eq 
sub #8 
bcnd null,eq 
add#L 
bcnd null,eq 
lamm 09h; StatusB 
samm 50h 
lamm Obh; StatusD 
b nomull 

null: lamm arO 
samm 50h 
bsar 8 

nomull: 
samm 50h; 
lamm ARI; Status 
samm 50h 

sub#l 
bcnd nn2,eq 
sub #2 
bcnd nnl,neq 
lamm d,; if next step = Read-i then check if z not already at zmin 
sub# l l  
bcnd nnl.gt 

nnO: lammarl 
or#1,15 
samm arl 

nnl: lamm 51h 
clrc MTM 
b wait; and Imp 

nn2: lamm arO 
Idp #n03fefh 
sub n03fefh 
bcnd nn0,geq 
b nnl 

walk-1: b walk-f 
walk-I: b walk-b 
walk-f: lacc #3fffh 

Idp #offset 
sac1 richtung 
sfr 
sac1 offset 
b walk 

walk-b: lac1 #O 
Idp #offset 
sac1 offset 
sac1 richtung 
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walk: 
lac1 #OOh 
samm51h 
lac1 #Och;#08;#0ch 
samm IMR 
lamm lFR 
samm IFR 
Idp #O 
SPLK #OZOh.TCR : T 
SPLK # O Z ~ ~ ; P R D  (for AIC master clock (max:ZOh & 2ah) 
lac1 #02;;; lamm 09h 
samm ARI 
mar *,AR6 
lac1 
samm DASlv 
clrc intm 
b send 

- 
lamm 5ah 
and#l,!l 
bcnd getnext,eg;: "wait for next value" MUST be in here!!! 
lamm-50h; -Read from PC 
and #Oth,O 
ret 

getl2bit: ;(first 4 bits need to be in 181) 
call getnext 
samm 09h; StatusB 
lamm lfh 
Idp #O 
add 09h.4 
samm lth 
samm 09h 

call getnext 
samm Ohh: StatusD 
lamm lth 
Idp #O 
add Obh.8 

call getnext 
samm Obh; StatusD 
lamm lfh 
Idp #O 
add Obh.12 
samm !th 
bsar 8 
samm Obh 
ret 

expand: 
lacl#l 
samm l f i  
lac1 #04h 
samm IMR 
lamm IFR 
samm IFR 
lac1 U08h 
samm 51h 
lac1 #03h:+: rd-I-mode . . 
samm arl; 
lamm a*,,; if next step = Read-i then check if z not already at zmin 
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sub# l l  
bcnd send,@ 
lamm arl 
or#1,15 
samm arl 

b send 

; idea: PC writes to StatusB 
: Internot-Procedures write to StatusD 
I ~ t a t u s b  will determine the mode: O=Stop (wait for PC) 

>=8 wntinous (StahlsD --> Status) 
<8 PC-driven (StatusB --> Status) 

(0 (wait)--> StahlsB) 
;Status = ARL; StatusB,C,D are 09h,Oah,Obh 
; Requirements for StatusB and D: bits 6 and 7 must be 0 

The Include File "scannc.h": 
;scan: scans over whole range 
; fullfill all prercquisiw before!!!! 

; Olch summ register 

office4:;; l=con~2=walk,3=readl,4=setAlCC5=sc~X,6=EndOfTmage, 
;;7=scanX-OutOtRange,5+8=scanY,7+8a~anY-OutOfRange 
lamm51h 
lamm ARI 
and #08007h 
sub #I 
bcnd contract-z,eq 
sub #Z 
bcnd read-l,eq 
;and #Odh 
sub #2 
bcnd scan,eq 
sub #2 
bcnd scan,eq 
Fete 

SCM: 
lamm PSPxO 
;; make summ her: a*oldvalue+b new values (save it in Olch) 
Idp #O 
xor #08000h 
sacb 
add 0lch,2 
addOlch 
bsar 2 
samm lch 
lacb 
Idp UIrethi 
sub lrefhi 
bcnd zdec,gt 
add dlref 
bcnd zinc.lt 

scan2 
lac1 #O 
samm 08h;;flag(=I => dec, =2 => inc) 
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Idp ti0 
splk #O,arcr 
bit arl,Och 
bcnd scanx,ntc 

scany: 
mar *,a3 
mar *+ 
bit ar3.1 
mar *- 
xc 2,tc 
xpl ar3 
xpl ar5 
mar *+,a17 
lamm ar3 
xor 2x5 
samm DASly 
cmpr 0 
mar *-,a13 
xc I, ntc 
rete 

lar arl.ti8005h 
Idp #xstep 
lac1 xstep 
sh ; since indx=2 
samm ar7 
mar *,a12 
b send-z 

scam: 
mar *+,ar7 
lamm 212 
xor a14 
samm DASlx 
cmpr 0 
bcndd scanxl,ntc 
mar *-,a12 
mar *+ 
Idp #xstep 
lac1 xstep 
samm ar7 
Idp #O 

;warten: 
; lamm 5ah 
; and#1,8 
; bcnd warten,eq 
lamm arO 
sfl 
sfl 
and UOfRch 
samm 50h 
bsar 8 
samm 50h 

scanx1: 
bit ar2.1 
mar *- 
xc 1,ntc 
rete 

xpl ar2 
xpl ar4 
lar arl,#800dh 

Idp Uystep 
lac1 ystep 
sfr ; since indx = 2 
samm ar7 
mar *,ar3 
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send-z: 
;warten2 
; lamm 5ah 
; and#1,8 
; bcnd warten2,eq 
lamm arO 
and #Offfch 
samm 50h 
bsar 8 
samm 50h 
;;lamm ar0; the summ is Olch 
;;and #7fh 
;;samm Soh 
;;lamm arO; the summ in Oleh 
;;bsar 7 
;;or #80h 
;;samm 50h 
; lmm 01 
;and #07fh 
:samm 50h 
;lamm 0 I 
;bsar 7 
;or #80h 
;samm 50h 
:;lac1 #O 
;;samm Olch 
;samm 01 

rete 

zdec: 
;;lac1 #O 
;;samm PSPxO 
lamm 08h 
sub #2; already inc'? 
bcnd scan2,eq 
lac1 #I  : set dec mode 
samm 08h 

lamm arO 
sub#l 
samm arO 
xar #02000h 
samm DASlz 
lamm arO 
sub #2 
bcnd zdec2,gt 
; OUT OF RANGE 
lamm a d  
add#l 

OOR: samm arO 
rete 

lamm arl 
or #02h 
samm arl 
~~ ~~ 

Idp #O 
sub 09h :;compare to Stutus B 
bcnd scan2,nei 
lilmm Oah ;statusc 
sub #09;; to check for "run until" 
bcnd scan2,neq;; stop only if "run until O O R  
rete 

zdec2: 
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reti 
conzl: rete 

The Include File "read-ipc.h1': 
;read-I: expands piem as long as I within the limits (=no Nmeling) 

read-I: 
lamm PSPxO 
Idp #[hi 
xor n08000h 
subs Ihi 
bcnd rdI2,gt 
adds delta-l 
bcnd rdl2,lt 

lamm ARO ; z-count 
subUI0h:addUlOh 
samm ARO 

rdIO: 
Idp UIhi 

xor n02000h 
samm DASlz 
lamm ARO 
sub #llh;n03fetl 
bcnd rdIl,gt;lt 

lac1 #10h 
samm ARO 

lac1 #02h 
samm 51h 
Idp #O 
SPLK #O2Oh,TCR ; T 
SPLK #03ah,PRD ; for AIC master clock (max3Oh & 2ah) 
Ido Ulhi 
lac! #01 h;+; contract-z-mode 
or#1,15 
samm AR1; pause mode 

rdll: rete 
rdl2: 

lac1 #5;+; scanx mode 
or#1,15 
samm ARI; pause mode 
lar AR7,Uxstep 
Idp #O 
splk #03Wh,dbmr 
ClIC s m  
lac1 #O 
samm PSPxO 
mar *,a12 

reti 

The Include File "walkerc.h": 
;Walker: puts out one walker cycloid 

walker: 
lamm arl 
andU1.15;bsar 15 
retc neq 

mar *.A116 
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lac1 *+ 
Idp #richlung 
xor richtung 

add offset;;+ 
samm DASIv 
lac1 #O 
samm PSPxO 
cmpr 0 
bcnd walkl,NTC 
lamm lfn 
sub#l 
samm 1fh 
bcnd walk1,neq 
lac1 #I 
samm lfn 
lac1 #04h 
samm IMR 
lamm IFR 
samm IFR 
lac1 #08h 
Samlll51h 
lac1 #03h;+: rd-l-mode 
or#1,15 
samm arl; pause mode 
lac1 #O 
samm PSPxO 
reti 

walkl: rete 

The Include File "pspinit.hW : 
;PSPinit: sets PSPZ to values given in VAROl.prt 
* aic initialization data 

AICINIT: 
home: 

lac1 #80h 
samm 51h 
Idp #O 
SPLK #Offh,lFR 

QETC SXM 
clrc intm ;enable interrupts 
lamm51h 

lac1 #Oh 
samm 52h 
nap 
nap 
nap 
nap 
nap 
nap 
nap 
nap 
nap 
nap 
nap 
nap 
nap 
nap 
nap 
samm 52h 
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idle 

LDP #a 
LAC1 a 
add aa,8 
sac1 la 
CALL AIC-2ND 

LAC1 b 
add bb.8 
sac1 la 
CALL AICIND 

~ A C I  c 
add cc,8 
sac1 ta 
CALL AIC-2ND 

LACi d 
add dd,8 
sac1 ta 
CALL AIC-2ND 

clrc intm ; cnable interrupts 
lamm5ih 
lac1 #03h 
samm 52h 
nap 
nap 
nup  
nap 
nap 
nap 
nap 
nap 
nap 
nap 
nap 
nap 
nap 
nap 
nap 
nap 
lac1 la 
samm 52h 
idle 

RET 

Tlte Include File "calcOf3n.h": 

:calcOm73: calculates Walker-eycloid in "#Ofh,03h"-stcps 

~ 8 1 ~ :  
Idp #O 
splk #rings,cbsri 
Idp #ccnt 
iacc ccnt,l 
sub #2 
add #rings,O 
samm cberl 
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samm arc1 
Idp #O 
mar *,AR6 
lar AR6.#rinss 
splk #0eh,cbcr 
lac1 #O 
Idp Ucoeff 

. 
LDP USIN-SW 
bit SIN-SW.15 
BCND SUBTRC.TC 
Idp #coeff 
lac1 coeff 
add#l 
sacl coeff 
Idp #cent 
sub ccnt; ;*;*;*;*;*;* 20 far 800 
Idp Ucoeff 
bcnd REC2,LT 
Idp #SN-SW 
lac1 #IS 
sac1 SIN-SW 
b REC2 

SUBTRC: 
Idp #coeff 
lac1 coeff 
subUl 
sac1 coeff 
bcnd REC2,GT 

sail S I N ~ W  
mar *,AR6 
lar AR6,#rings 
ret 

REC2: 
clrc SXM 
mpy #0 
lac1 #O 
Idp #yl 
Macd coeff,yl 
apac 
sfi ;=>Max 15 Bit longyl 

Idp #y2 
sac1 y2 
sqra y2 
lac1 #O 
apac 
sach y2h 
sacl y2I 
lacc#8,15 
rpt #I1 
sfl 
sub # l  ; t o  get something like 'Iff87 ... 
sub y2h.16 
sub y21 ; (I-(plpmax)"2), WHERE 1=1*2"30 
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neg 
add#l5%,2 
and UOfffch 

sqroot: 
Bcnd loo4,EQ 
sac1 y2I 
sach-y2h 
Idp #y3 
lacc#1,15 
sacb 
CLRC SXM 

1001: sac1 y3 
sqra y3 
lacc y2h,16 
add y21 
setc SXM 
neg 
aoac 
circ SXM 
Bcnd Iw2,NC 
lac1 y3 
sbb 
sac1 y3 

1002: lacb 
sfi 
Bcnd loo3,C 
sacb 
lac1 v3 
adcb 
B loo1 

1003: laclv3 
1004: ret 

walker direction -A- 
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. , ifor Windows 196 
, , , , 
j ! 
; i installed, Video clips can be played back using the Windows Media Player utility; 
: sequences can be edited using the supplied VidEdit utility and video recorded with 
' , the VidCap utility; the quality of the vidw playback depends on the performance of 
! the PC hardware, and the size of the playback window. With a window size of 

, 160x120 pixels, any 486 or higher processor can display flicker-free video; for full- 
! , screen video playback at 640x480 pixels only a Pentinm-based PC can display 
, . smooth motion 

video game 
game played on a compnter that can be either an adventure game where yon have to 
explore an electronic world or an arcade game in wh~ch you have to outw~t or shoot 
lots of baddies! 

video graphics array 
see 

VGA 

video graphics card or overlay card 
expansion card that fits into an expansion slot inside your PC and that allows a 
computer to display both generated text and graphics and moving video images 
from an external camera or VCR 

video memory or video RAM (VRAM) 
section of memory fitted on a video adapter that is used as a temporary store for 
image data sent from the computer's main memory or to store an image as it is built 
up and before it is displayed on the screen 

VIM 
VENWR-INDEPENDENT MESSAGING 
set of standards developed by IBM, Borland, Novell and Apple, that provides a way 
of sending electronic mail messages between applications 
compare wrth 
MAPI 

virtual 
something that does not actually exist, except in an imaginary form in a compnter, 

virtual address 
address that refers to a location in vitual memory 

virtual desktop or screen 
area that is bigger than the physical limits of the monitor, and which can co 
text, images, windows, etc; the monitor acts as a window onto this area 
can scroll around to view a different parts of the virtual screen; often u 
organise a window that has lots of icons 

virtual image 
complete image stored in memory rather than the part of it that is displayed 

virtual memory 
large, imaginary, main memory made available to an operating system b 
unused parts of the virtual memory on disk and then transferring these p 

197 ! 

volume 
available main memory as and when they are required 

virtual reality (VR) 
simulation of a real-life scene or environment by a computer with 

you can interact and explore 

virtual reality modeling language 
see 
VRML 

virus 
software that is designed to corrupt your data files and copy itself antomatically 
from one computer to another, usually by attaching itself to a noma] application 
file; if yon download a lot of programs from the internet, yon should cany out a 
regular check with a virus checker that your compnter has not been infected by a 
virus 

virus checker 
software that is used to hy and detect and remove unwanted virus programs from 
the hard disk of your computer 

Visual BasicTM 
programming tool developed by Microsoft, that allows users to create Windows 
applications very easily. Visual Basic is a rapid application development (RAD) 
tool that allows users with little programming knowledge to create a complex 
Windows application - although the finished applications are not as fast as programs 
written in C 

Visual Basic ScriptTM 
see 
VBSCRIPT 

Visual Basic for ApplicationsTM (VBA) 
see 
VBA 

VL-bus or VL local bus 
see 
VESA 

voice 
i) (in MIDI) another name for a note or sound effect (such as a whistle); instruments 
that are multi-voice can play several notes at the same time. 
ii) sound of a person speaking 

voice mail 
sophisticated telephone answering machine normally used in large companies, but 
also a feature of some new modems 

Volatile 
electronic memory component that does not retain information when the electrical 
power is switched off 

Volume 
convenient name used to identify a particular hard disk, CD-ROM drive or tape unit 
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