Texas Instruments, Sxeellence i efecyonis 19th January 1982
Attn: Jim Arnold,

P.0. Box 10508, M/S 5873,

Lubbock, TX 79408

Dear Jim Arnold

In review of the agreement between Texas Instruments and
Exatron, to promote the Stringy Floppy as an Industry Standard
mass-storage peripheral, there are many details which need to be
resolved at an early date.

The following issues need to be considered:

1. How will "standard products" be determined?

2. How will standard product descriptions and
specifications be developed?

3. When and how will the above information be officially
released?

4. Under what conditions can the "second source" agreement
be disclosed to prospective customers?

5. To what degree is it desireable to recommend standard
data recording formats, file structures, and hardware
and software interface standards.

Specifically Exatron has received a request for quotation
for 500,000 Stringy Floppy drive mechanisms from Commodore
International. Exatron would like to propose to supply both a
"standard drive mechanism" and a standard "universal read/write
interface", containing all the analog circuits needed to
interface the Stringy Floppy to a "standard" digital interface
connection. This would allow the production of a "pluggable
subassembly™ which could be used by a large number of OEM
customers.

I ©believe that the Commodore opportunity creates = unique
opportunity for Exatron and Texas Instruments to begin a joint
marketing plan which will result in the rapid acceptance of the
Stringy Floppy as an Industry Standard mass storage peripheral
for use with small computers.

I also believe that Commodore is expecting a prompt response
from Exatron. To what extent is Texas Instruments prepared to
participate in preparing a response to Commodore International
confirming the Industry Standard nature of the Stringy Floppy
and TI's role as a second source?

Sincerely,

Robert L. Howell RLH/jp-ep

xatron

1R1 Cammarecial Straar a Quinnuuzla Mafifarnias 9A0Q8 - (ANQY 7297 711



'284 Lawrence S{ar/on Road / Sunnyvale, CA 94086 / (408)734-3133 / Telex 176337

April 11, 1983

Mr. C. B. Wilson ’entrepo

Engineering Manager

Consumer Products Group

Texas Instruments Inc. !
P. 0. Box 10508 MS 5891 . -k
Lubbock, TX 79408

Dear Mr. Wilson: %
Entrepo (formerly Exatron) wishes to officially inform you that
we have recently discovered the existence of another licensee for
the technology made available to you exclusively through June 30, . .:-
1983 and non-exclusively thereafter in our agreement dated
December 16, 1981, This license was issued to California
Technolegy, Inc. in 1979 by Microcommunications, Inc. prior to
Exatron's acquiring the assets of that corporation. The license

Is non-exclusive and entitles California Technology, Inc., to the
technology as it then existed but not subsequent improvements
developed by Entrepo or our licensees.

We are currently in discussions with California Technology, 1Inc,
regarding this matter. While these talks are not concluded, our
current thinking would be to form no relationship with that
company and to let them use the old technology and not provide
them with subsequent improvements. We believe, that at worst,
there could be some future confusion in the marketplace should
they persist in marketing products based on the technology.,

This license was apparently overlooked in our previous
negotiations with TI, but I believe, not purposely. I shall
attempt to contact you by phone to discuss this matter that is
more a technicality than a matter of substance to L. However,
to make our records complete, we would like to ask you to return
: an endorsed copy of this letter to me via express shipment to = -
= confirm that Texas Instruments does not consider the above to be  **
a breach of Entrepo's contract with you.

Robert A, McDonald
President TEXAS INSTRUMENTS INCORPORATED

BY:

DATE:

cc: Darrell Whitten, Program Manager, T, I



Introducing . ..

“Wafer “Wheel

e Protect your valuable collection v &( S
of Stringy-Floppy Wafers. w}“
Holds 40 Wafers in ten compartments for easy organization. ™

Rotates to eye level for easy access.

Can be positioned on top of drive unit to conserve space.

Made of high impact ABS plastic (like your telephone) in chocolate brown.

% DRIVE UNIT 8 WAFERS NOT INCLUDED. (ALLOW 4 - 8 WEEKS DE!

INTRODUCTORY PRICE

$18.50 ea.
Reg. $24.95 Offer Expires May 30, 1982 SSpecialty Froducts for Computers

o o unny

ale alifernia 3408

Please send me __ Wafer Wheels at the
introductory price of $18.50 each. Add
$2.00 for shipping & handling. (Calif. resi-
dents add applicable sales tax.) Enclosed
is my: [JCheck [JMaster Charge [JVisa
Card #

Expiration date
ORDER YOURS TODAY

Satisfaction Guaranteed or Money Back
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1.0 This specificscion deserides che vefer cape utilized by the Lacrepo’s
Model 100 Wafer Tape OTive. Siace cthe cape i3 wound iz 3 eontinuous
loep form, the tape =St D¢ dack-costed with & low-frictiom colloidal
graphite to provide axtended ctape life.
2.0 PMiysical Characteristics:
Base Mataerial: Polyester (balaaced)
Thickness 780 : 20 Micre lach
Yield SCremgth: .4 1lbs/Tape width minimm
Oxide Thickness: (80 = 20 Micre lach
3.0 Magnetic Propercies:
Oxide: Longitudinally oriented chromium dioxide or cobalt
aodified ferric oxide.
Coetcivity: 680 £ 50 OCarsteds
Recentivicy: 1200 Cause minimss
Squarsness: 0.80 atnisum
4.0 Backcoating Properties:
Coating: Colloidal graphits, or equivalese.
Thickaess: 50 = 10 Micre lach
5.0 Operatiang Performsncs:
Tape speed - Sormal 10 Iaches/Second
- Fast Forvard |5 laches/Secoud
Recording Demsicy: 4600 Flux Crossing/Iseh aiaimm
Expected Life: 5000 Pasges
Soft Lrror Race: l x 10 _ucmnlbul transferved
Bard Irror Rage: 1 x10 erTers/bits cransferred <
6.0 Cavirosmescal: .
Storage Temperaturs: 1°C co 50°C
Operacing Temperstura: 10°C co 45°¢C
Ralstive humidicy: 202 zo 002
7.0 m_ Tape may be sccepced (a &y ouws of the following stages:
7.1 Scage I: l-thu-huoaummy.
7.1.1 12 Inches co |3 Inches Wide
7.1.2 25 Inches to 26 Isches ¥ide
7.2 Stage II: Best Bsll - Oxide plus Basckeccasing.
7.2.1 12 laches to |3 Iaches Wide -
7.2.2 13 laches to 26 Iaches Wide
7.3 Scags III: S$liz zo 0.0670 inch £ 0.0010 inch.
UNLESS OTHERWISE SPECIFIED NATURE AND DATE W 1294 Lawrence Staion Road
DIMENSIONS ARE IN INCHES Py -/2-8% ’ Sunnyvase. CA 94086
TOLERANCES
ANGLES = 1° 3 PLC DEC =005 e | & M cero 6-,6@2 TILE
e ancPE esa ' WAFER TAPE SPECIFICATIONS
INTERPRET THIS DWG PER USA STANDARDS [~ rrou & ”“"L' z ,/, 5/3,3
MAT'L: s ' Y SIZE [ DRAWING NO. ol
FINISH A 140007 B
SCALE |sHEET 1 OF 1

P
Fi O BISHOP GRAPHICS/ACCUPRESS

REORDER NO. A23047

A
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OBJECTIVE

This document is CONFIDENTIAL and the SHEET M101 WAFERDRIV-

PROPERTY OF ENTREPO, INC.

2 OF 5 # 030015

The purpose of this document is to specify all electrical
components inherent to the M101 Waferdrive electronics.

B. REFERENCE DOCUMENTS:

Transport Motor - Dwg# 140006

Transport Head - Dwg# 140008

Schematic Diagram - Dwg# 240037

Waferdrive Test Specification - Dwg# 030009
Transport Switches:

Assembly, Contact Stat., Write Protect - #200048
Assembly, Contact Move., Write Protect - #200049
Assembly, Contact Stat., Wafer Present - #200050
Assembly, Contact Move., Wafer Present - #200051

C. MI101 TRANSPORT MOTOR:

ormance Requirements...

Nominal Voltage 6 vDC

Voltage Range 3 VDC to 9 VDC

Direction of Rotation Clockwise, as viewed from shafe
No Load Speed 2700 (+/-) 250 rpm

No Load Current 30 mA maximum

Current (load of 10g-cm) 85 mA maximum

Reliability 1000 POH MTBF minimum at 6 VDC
Capstan to Case resistance 100 ohms maximum

2. Shaft Requirements...

Material Stainless Steel Type 303
End Play 0.010 inch maximum

Run Out 0.0015 inch TIR

Surface Finish 8 RMS

T A A~
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D.

M101 TRANSPORT HEAD: (Digital Magnetic Recording Head)

1.

M101

Electrical Static--

Inductance

Turns

DC Resistence

Resonant Fregquency
Stray Capacitance

Core to Case Resistence

™
.

Hh T QN O
P T

Electrical Dynamic...

a Reference
(1) Media should be Entrepo
(2) 1f = 10 KHz
(3) 2f = 20 KHz
(4) Write Current = 25 mAff

b. Signal Amplitudes

(1)
(2)

V2§
Vif

Mechanical...

a. Gap Material

b. Core Contact Surface Finish
C Core Material

d. Gap Width

€. Core Potting and Lamination
Material
f. Casing Surface Roughness

STATUS SWITCHES:

Write Protect
Wafer Present

ELECTRONICS:

Write Channel...

Write Current
b. Write Data Asymmetry
See Figure 1.

a.

's Microwafer,

10 mH (+/=) 15%
maximum with inductance
45 ohms maximum

100 KHz minimum

50 pf maximum

10 ohms maximum

Dwg# 030006

5 mVpp minimum
12 mVpp maximum

Titanium

8 microinch RMS maximum
Permalloy, or equivalent
100 microinch (=/-) 10%

Epoxy
125 microinch RMS maximum

25 mAff (+/-) 10%
0.1% maximum

-~
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WRITE DATA l 1 {* l

FIGURE 1. WRITE DATA ASSYMMETRY

2 Read Channel...

a. Voltage Gains at Z5-14 and Z5-15:
(1) Av(1f) 97 (+/-) 20 V/V
(2) Av(2f) 88 (+/-) 20 V/V

b. Droop Ignorer

(1) o/s1 (Z25-7) 15.2 us (+/-) 35%
(2) 0/S82 (25-9) 4.7 aus (+/=) 35%
c. Read Data at Z5-10 for an input voltage of 5 mVpp
at frequency of 20 KHz. See Figure 1.
{1) Pulse Widcth 4.7 us (+/=) 35%
(2) Assymmectry 0.5 us maximum
— ot
READ DATA 7= :’r 2£7: H / l
l!,* ' e 2,5 b S
FIGURE 2. READ DATA PULSES
3 Status Switches...
a. Write Protect
(1) Write Protected 2.5 VDC minimum
(2) Not Write Protected 0.4 VDC maximum

b. Wafer Present

(1) Wafer Present 0.4 VDC maximum
(2) Not Wafer Present 2.5 VDC minimum
4, Motor Control Circuir
a. Nominal Motor Voul:ruage 6.0 VDC
b. Voltage Range 3.5 VDC to 9.0 VDC

C. Incremental Variation 1% maximum

P A LS Mgt b B -
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WAFERDRIVI
This document is CONFIDENTIAL and the SHEET

b ’e 1294 Lawrence Station Road DATE: spmias ELECT. ENG.
w3 Sunnyvale, CA 94086 B SPECIFICATION
M101
#0

J>. Motor Speed Pulse Circuit...

a. Voltage Gain 280 V/V (+/=) 25%
(Z1-7 and f=15 KHz)

b. Motor Speed Pulse Width 520 ms (+/-) 35%

c Motor Speed PRR .12 ms (+/-) 5%
(PRR = Pulse Recurrance Rate). See Figure 2.

6- ,Index---

a. Index Pulse Width 52 ms (+/=) 35%
b. Index PRR Dependent upon wafer tape
length.
—] P

M SPEED JLSE

MOTOR SPEE PULSES FL 1L_| m

— f— Pw F*———ﬁi%————ﬁ
H_

INDEX

FIGURE 3. MOTOR SPEED PULSES & INDEX PULSE

PR B RS S i m cmm o m— w
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GENERAL:

The Model 101 Waferdrive is a low cost wafertransport and read/write
electronics capable of reading and writing on the Microwafer. The
Microwafer is a continuous loop magnetic tape cartridge with capacity
of 151 KBytes of FM encoded digital data in a 256 byte sector format
and a data transfer of 20 Kbits/sec. The Waferdrive can sense the
presense of the Microwafer to provide data security.

REQUIRED DOCUMENTS:

; o200 !S5
1. M10l1 WAFERDRIVE ELECTRICAL SPECIFICATIONS $23666%
2. M101 WAFERDRIVE MECHANICAL SPECIFICATIONS #140011
3. M101 MICROWAFER SPECIFICATION $6366G%

SPECIFICATION SUMMARY:

1. PERFORMANCE SPECIFICATIONS:

a. Capacity 151 KBytes max (50' tape)
b, Transfer Rate 20 Kbits/sec

c. Latency (Average) 30 sec max (50' tape)

d., Start Time 200 msec

e. Stop Time 100 msec

2, FUNCTIONAL SPECIFICATIONS:

a. Tape Speed

(1) Read/Write 10 ips (+/-) 4%
(2) Fast Forward 14 ips (+/-) 10%.
b. Encoding Method FM (digital saturation recording)
c. Recording Density 2048 bpi
d. Flux Density 4096 fci
e. Tracks 1
f. Index 1

3., PHYSICAL SPECIFICATIONS:

a. Environmental Limits: OpPerating Shipping Storage
(1) Ambient Temperature 10C to 45C
(2) Relative Humidity 20% to 80%
(3) Max Wet Bulb 30C (no condensation)
b. Power Requirements:
(1) +12V DC (+/-) 5% 110 mA (typ): S00 mA (max)
(2) +5V DC (+/-) 5% 100 mA (typ): 200 mA (max)
¢. Mechanical Dimensions:
(1) Height 2.70 inches
(2) Width 3.25 inches
(3) Depth 3.00 inches
(4) Weight 4 ounces
d. Operating Position: Horizontal (+/-) 45 degrees
e. Power Dissipation: 1.94W (typ): 7.24W (max)

FORM NN /8 SICUAD ADADL 01 A Fm ISDEeE
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1.

D. ELECTRICAL INTERFACE:

RELIABILITY SPECIFICATIONS:
*a, Mean Time Between Failures: 10,000 POH (typical)

b, Preventive Maintenance: clean head/capstan every 1000 POH,
c. Components Design--Life: 5 years
d. Error Rates: /,8
(1) soft Errors 1 per 1BB) bits read
(2) Hard Errors 1 per 1lE1ll bits read
e. Media Life: 5,000 passes

*MTFB assumes drive motor duty cycle of 10%.

PHYSICAL INTERFACE:

The physical interface between the Waferdrive and the host system
is via a single connector, Jl, This connector provides the
signal interface, DC power, and ground.

The signal interface of connector Jl is listed on Table 1,

PIN SICNAL NAME
2 -WRITE DATA
4 -READ DATA
6 +WRITE PROTECT
8 -WRITE GATE
10 +INDEX
12 +CLK
14 -RESET
16 +SD
18 -WAFER PRESENT
20 +MOTOR SPEED
22 +5V DC
24 +12v DC (LOGIC)
26 +12V DC (MOTOR)

(All odd numbered pins are ground)

TABLE 1. CONNECTOR J1 SIGNAL INTERFACE

FORM NANNNT /4 B1SHAS ABADMIAS A~A isocee
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MICRO WAFER RECORDING FORMAT

ENTREPO

1294 Lawrence Station Rd.
Sunnyvale, CA 94086
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APPLICATIONS NOTE #1 November 1, 1983

1.0 RECORDING FORMAT

Data integrity specifications of the Entrepo Micro Drive are
based upon extensive testing of the transport, electronics and
Micro Wafer (TM) with data recorded in the following format. The
specifications are valid only if the host system adheres to the
following recommended format.

Data is recorded on the Micro Wafer (TM) using frequency
modulation as the recording mode, i.e., each data bit recorded on
the Micro Wafer (TM) has an associated clock bit recorded with
it, Data written on and read back from the Micro Wafer (TM)
takes the form as shown in figure 1. The binary data pattern
shown represents a 101.

iy i

OATANTS
FIGURE | DATA PATTERN

1.1 BIT CELL

As shown in figure 2, the clock bits and data bits (if present)
are interleaved. By definition, a Bit Cell is the period between
the 1leading edge of one clock bit and the leading edge of the
next clock bit,

Qocx wTe

( DATA T \
L

' (1P PRESENT)

o LB TL

\‘ f— == 23.G 8
T CRLL
472 -

FIGURE ) BIT CELL

1.2 BYTE

A Byte, when referring to serial data (being written onto or read
from the Micro Wafer (TM)), is defined as eight (8) consecutive
bit cells. The most significant bit cell is defined as bit cell
7. When reference is made to a specific data bit (i.e., data bit

3), it 1is with respect to the corresponding bit cell (bit cell
3).

During a write operation, bit cell 0 of each byte is transferred
to the Micro wafer (TM) first with bit cell 7 being transferred
last, Correspondingly, the 1least significant byte of data is
transferred to the wafer first and the most significant byte is
transferred last.



APPLICATIONS NOTE #1 November 1, 1983

When data is being read back from the drive, bit cell 0 of each
byte will be transferred first with bit cell 7 1last. As with
reading, the most significant byte will be transferred first from
the drive to the user,

Figure 3, illustrates the relationship of the bits within a byte
and figure 4., illustrates the relationship of the bytes for read
and write data.

B ¢
NTCEL S I WITCELLY [ BITCELLZ | BITCELLY | MiTcELL 4 I BTCELLS I sTcaLie | wTce | mr u._f."
w33 L33
svTE

BINARY REPRESENTATION OF:

DATA BITS 1 1 1 0 1 0

CLOCX mTS 1 1 1 1 1
HEXADECIMAL
AEPRESENTATION
OF:

DATA mTS A

CLOCK BITS

Ld

BYTE
0

el el lololalololululolulo]ofs
! !

BITCELLOOF8YTEQ IS BITCELL7OFBYTE 1718
FIRST DATA TO BE SENT LAST DATA TO BE SENT TO
TO THE DRIVE WHEN THE DRIVE WHEN WRITING
WRITING ANO FROM THE AND FROM THE DRIVE
ORIVE WHEN READING WHEN READING

FIGURE Y DATABYTES



APPLICATIONS NOTE #1 November 1, 1983 °

1.3 WAFER FORMAT

The Model 104 wafer format is started by a physical iqdex _pulse
and then each record is preceded by a unique rgcordgd 1§eqt1f1er.
Figure 5, shows the format. The format described is similar to
IBM disc formats with the interrecord gaps Gl, G2, G3 and G4.
The Entrepo Micro Wafer (TM) is the media to be used.

1.3.1 Gaps

Each field on a wafer is separated from adjacent fields by a
number of bytes. These areas are referred to as gaps and are
provided to allow the updating of one field without affecting
adjacent fields, At the end of each gap, except Gap 4, are three
bytes of =zeros which are used for synchronizing the data
separator. As can be seen from figure 5., there are four
different types of gaps on each wafer.

Gap 1 1Index Gap

This gap is defined as the 1100 bytes between Pre Index Gap and
the ID Address Mark for Record zero. This gap is always 1100
bytes in length and is not affected by any updating process.

Gap 2 1ID Gap

The 6 bytes between the ID Field and the Data Field are defined

as Gap 2 (ID Gap). This gap may vary in size slightly in length
after the Data Field has been updated,

Gap 3 Data Gap

The. 26 bytes between the Data Field and the next ID Field is
defined as Gap 3 (Data Gap). As with the ID Gap, the Data Gap

may vary slightly in length after the adjacent Data Field has
been updated.

Gap 4 Pre-Index Gap

The 1100 bytes between the last Data Field on a wafer and the
Index Gap 1is defined as Gap 4 (Pre Index Gap). This gap is
normally 1100 bytes in length; however, due to variance in the
physical length of tape and write frequency tolerances, this gap
may vary slightly in length. Also, after the data field of
the last record has been updated, this gap may again change
slightly in length,
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"APPLICATIONS NOTE #1 November 1, 1983
1.3.2 Address Marks (AM)

Address Marks are unique bit patterns one byte in length which
are used in this recommended recording format to identigy the
beginning of ID and Data Fields and to synchronize . the
deserializing software with the first byte of each field.
Address Mark bytes are unique from all other data bytes in that
certain bit cells do not contain a clock bit (all other data
bytes have clock bits in every bit cell.) There are two
different types of Address Marks used. Each of these is used to
identify different types of fields.

ID Address Mark

The 1ID Address Mark byte is located at the beginning of each 1ID

Field on the Micro Wafer (TM). The bit configuration for this
Address Mark is shown in figure 6.

Data Address Mark

The Data Address Mark byte is located at the beginning of each

normal Data Field on the Micro Wafer (TM). The bit configuration
for this Address Mark is shown in figure 7.

< c ] C ) o ) 0 c 0 C 0 C c C
I:l‘l' CELL7 | MTCELLS BITCELLTY | ;1T CEI.L:I

BITCELL! | ITCELLY | BITCELLD | MiTCELL4

SITCELLS | ITCELLS

/D ADDRESS MARK BYTE

BINARY REPRESENTATION OF

DATAGITS
CLOCK 8I1TS 1 K
MEXADECIMAL
nruuuufm
DATA BITS ‘\

CLOCK TS

FIGURE () 1D ADORESS MARK
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1.3.3 CRC

Each field written on the Micro Wafer (TM) is appended with two
Cyclic Redundancy Check (CRC) bytes. These two CRC bytes are
generated from a cyclic permutation of the data bits starting
with bit zero of the first data byte and ending with bit seven of
the last byte within a field (excluding the CRC bytes). When a
field is read back from a Micro Wafer (TM), the data bits (from
bit zero of the address mark to bit seven of the second CRC byte)
are divided by the same generator polynomial, A non-zero
remainder indicates an error within the data read back from the

drive while a remainder of zero indicates the data has been read
back correctly from the wafer.

I BITCELLT | ITCELLS

ITCELLY l:YCILLZ IN?C‘LLI

SITCELLS | BITCELLS I BITCELLS I SITCELLY | ITCELLS I

OATA ADDARESS MARK 8YTE

BINARY REPRESENTATION OF

CATA TS

! 0
cLoCcx miTs ! 1 )
HEXADECIMAL
REPRESENTATION OF
DATA QTS L]
CLOCK 8iTS v

FIGURE "/ DATA ADDRESS MARK



ENTREPO WAFERDRIVE AND MICROWAFER

PRODUCT SELECTION GUIDE
READ/WRITE

LOW PROFILE MOTOR

BATTERY OPERATION

MICROCOMPUTER

I

LOW LEVEL DRIVERS

I

FILE MANAGEMENT SYSTEM

POWER SUPPLY

I
I
I
I
I
I
I
I
I
I
!
I
|
I
I

|
| |
| |
£ 3
| | | CASE
T T
Il 1 | | RS232
L 1 € 0
: : | | | TTL PARALLEL INTERFACE
| | | |
: : : | | | DATA BUFFERING
| | | |
MODEL | | | | | | |
101 X
102 X X X
103 X X X X X X
104 X X X X X X X X
107 X X X X X X
108 X X X X X X X X



Exatron St_nngjv Flop;y— Owners Association
181 Commercial, Sunnyvale, CA 94086

Annual Report

Dear ESFOA member,

The last year has been one of tremendous growth for both Exatron and the Owners Association. There
are now several thousand Stringy Floppies in use, more than 250 local Workshop Chairmen, and the
ESFOA library has broken the 200 program barrier.

Exatron has never been a “sell it, and forget it” type of company, and is working hard to provide
user support. With the network of local Workshop Chairmen, @ NEWS in 80-US Journal, @LOAD
magazine, the ESFOA software library and toll-free hotline, the Stringy Floppy is one of the best
supported peripherals available.

Looking forward, 1982 is certain to be an exciting year. A major goal is to improve communications
among all ESFOA members. Jim Perry has joined Exatron on a full-time basis, and will be busy
preparing new manuals, catalogs and newsletters. Several new products have been developed, some are
described later in this report, and several more are nearing completion. The preparation of support
documentation always seems to be the pacing factor in getting new products to market—we will sell no
manual until it has been written!

A new product of interest to all Model I owners is a 64K memory board, the MMB800. It installs
inside the keyboard in a similar fashion to the 48K Holmes board, but has several advantages. It uses
the latest 64K dynamic RAM chips, includes a 50- or 100-percent speedup circuit, and allows you to
replace ROM with RAM. The possibilities are endless with the ROM/RAM featurs, for example, you can
copy Level IT into RAM and then modify it. The MMS800 is $199.50.

If you have an early Model I, with the ugly ‘“up in the air” lowercase display, then the new Exatron
character-generator kit may be of interest. The Radio Shack character-generator kit retails for $39.95,
the Exatron kit is only $19.95. The Exatron kit has a couple of other advantages over the Shack’s kit,
besides being $20.00 cheaper; it displays control codes in reverse video and, because it is based on a
2716 EPROM, can be modified for special characters (if you have access to an EPROM programmer).

For those of you who have been waiting patiently for the Model IIT ESF—it's now available! The
recording format used is the same as that used by the Model I ESF, making program transfer
straightforward. The single-drive version is $349.50 and the twin-drive unit is $449.50, more details
inside.

A lot of good quality commercial software is available from Exatron, and many other sources, at
reasonable cost. The latest additions to the commercial software catalog are described later on. If your
sgitw&re catalog is dated earlier than August 1981 then let us know, and we'll send you a current
edition.

@LOAD R ia now available. A big effort is being made to increase the number of @LOAD wafers in
198R. A major criteria in selecting programs for future @LOAD editions will be their educational value.
If you haven't seen @LOAD O or @LOAD 1 then you're really missing out!

Speaking of education, a selection of public-domain educational programs have been put together
for a school starter kit. This software package is available to schools purchasing starter kits in place of
the normal starter kit software. The programs are also available through your local ESFOA library for
the cost of wafers, and a nominal duplication charge.

A current list of library software, both public domain and magsazine, is also included. These
programs ars only available through your local Workshop Librarian. Many local software libraries have
been slarled in this last year, and hopefully many more will be founded this year:

Those of you who have accumulated a lot of wafers, and are looking for an efficient storage method,
will be interested in the enclosed Wafer Wheel brochure. Developed by ESFOA Chapter O members, John
Grass and Bill Stokes, the Wafer Wheel is a really useful addition to any work station.

Finslly, if you haven’t already, join and support your local Workshop—or start one yourself! 1982 is
going to be a great year for both Exatron and the ESFQA.

- Robert L. Howell,
O""‘.‘ f Chairman of the Board.




MODEL III ESF
NOW AVAILABLE

The Exatron Stringy Floppy for the
TRS-80 Model lll, operates just like, and
is compatible with, its popular prede-
cessor, the ESF for the TRS-80 Model 1.
This means that most BASIC programs
written on the Model | and stored on an
ESF wafer may be @ LOADed and RUN
on the ESF III.

The ESF Ill requires no special inter-
face as it connects to the Model |l
through the 50-pin I/O bus on the rear of
the computer. However, you must have
at least 16K Level || BASIC and a cas-
sette cable.

The ESF Il will work together with a
disk or cassette system-—it does not
eliminate any of the capabilities or
functions that your present system
now has.

The ESF Ill Operating System (ESF
Il O/S) with DATA 1/O occupies about
4K bytes on non-relocatable memory
(RAM) and is loaded through the cas-
sette port (there are jacks on the ESF Il
to connect to your cassette cable).
Once the ESF Il O/S is loaded, the cas-
sette cable may be removed. The ESF
Il O/S then relocates itself to high
memory, and resets the top of memory
1o protect itself,

COMMANDS

The command set of the ESF Ill is sum-
marized below. The suffix “n"” is a num-
ber between 1and 99 and designates a

64K IN-KEYBOARD
'MODEL I MEMORY

The Exatron 64K In-Keyboard Memory
Unit (MM800) modifies your TRS-80
Model |, and has the following fea-
tures:

* Gives 64K bytes of RAM (61440
bytes user modifiable)

¢ Allows RAM to replace ROM.

* Easy return to normal TRS-80 mode
(just press RESET key)

* Adds 50- or 100-percent speedup
(software selectable).

file number. The number of files which
may be stored on a wafer is determined
by the length of the wafer and the data
(or programs) to be stored.

@LOADn Equivalent to the com-
mands CLOAD in cas-
sette and LOAD in disk
systems.

Equivalent to the com-
mands CSAVE in cas-
sette and SAVE in disk
systems.

Certifies wafers by writ-
ing data to the wafer and
reading this pattern back.
This checks the tape for
any dropouts and deter-
mines how many unused
bytes are available on the
wafer.

@ SAVEn

@NEWn

DATA IO
The ESF lll Data IO program provides
the ESF Il with data-file handling capa-

* Easy installation

¢ Mounts in keyboard

* Uses 64K RAM chips—only 8
required.

* No expansion interface requirad.

In addition to having a full 48K of RAM
available while in normal TRS-80 mode,

NEW CHARACTER
GENERATOR

ELECTRIC PENCIL
VERSION 2.0

The new character-generator board
from Exatron is easy to install, and
gives two switch-selectable character
sets. The first set has reverse video for
control codes, and the second set dis-
plays control codes with an underline.

Based on a 2716 EPROM, you can
even design your own displays (if you
have access to an EPROM program-
mer).

Michael Shrayer’s Electric Pencil is one
of the most popular word processors in
the world. This is a totally new version,
with built-in Stringy Floppy commands,
as well as cassette operation.

All known “bugs” have been elimi-
nated, several new features have been
added, and the price has been dropped
to only $59.95, for the Model | or Model
Il version.

bilities. The Data |/O program is
included in the Starter Kit when you
purchase an ESF IIl. The Data I/O com-
mand set is summarized below. These
commands, with examples of how they
are used, are covered in great detail in
the ESF Il Data /O program documen-
tation.

@OPEN Initiates the link between
the Data I/O program and
the ESF Il firmware in
preparation for writing or
reading a data file.

@PRINT  Writes a data file to the
wafer.

@CLOSE Closes the file.

@INPUT  Reads a data file from
wafer.

@CLEAR Similar to the @ CLOSE

command. Normally used
in data handling and
error trapping routines.

you can replace ROM with RAM and
make BASIC work your way. Add to,
change, delete, or replace ROM rou-
tines. It becomes possible to replace
BASIC with other operating systems,
such as CPM, Forth, FORTRAN,
COBOL, or your own.

All existing Electric Pencil files can
be used by this version, and it can also
réad Scripsit files. The 128-page man-
ual was written by Harvard Pennington
(of Disk & Other Mysteries fame). and
anyone can learn to use the program in
a few hours.

New features include saving of print
parameters, separate print and control
menus, three built-in print drivers, dis-
play of system status, and a multi-key
type-ahead buffer.
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Exatron Stringy Floppy Owners Association
181 Commercial, Sunnyvale, CA 94086

Annual Report

e —

C""‘-w-.

Dear ESFOA member,

The last year has been one of tremendous growth for both Exatron and the Owners Association. There
are now several thousand Stringy Floppies in use, more than 250 local Workshop Chairmen, and the
ESFOA library has broken the 200 program barrier.

Exatron has never been a “sell 1t, and forget it” type of company, and is working hard to provide
user support. With the network of local Workshop Chairmen, @ NEWS in 80-US Journal, @LOAD
magazine, the ESFOA software library and toll-free hotline, the Stringy Floppy is one of the best
supported peripherals available.

Looking forward, 1982 is certain to be an exciting year A major goal is to improve communications
among all ESFOA members. Jim Perry has joined Exatron on a full-time basis, and will be busy
preparing new manuals, catalogs and newsletters. Several new products have been developed, some are
described later in this report, and several Inore are nearing completion. The preparation of support
documentation always seems to be the pacing factor in getting new products to market—we will gell no
manual until it has been written!

A new product of interest to all Model I owners is & 64K memory board, the MMS8QO. It installs
inside the keyboard in a similar fashion to the 48K Holmes board, but has several advantages. It uses
the latest 64K dynamic RAM chips, includes a 50- or 100-percent speedup circuit, and allows you %o
replace ROM with RAM. The possibilities are endless with the ROM/RAM feature, for example, you can
copy Level II into RAM and then modify it. The MMB800 is $199.50.

If you have an early Model I, with the ugly “up in the air"” lowercase display, then the new Exatron
character-generator kit may be of interest. The Radio Shack character-generator kit retails for $39.95,
the Exatron kit is only $19.95. The Exatron kit has a couple of other advantages over the Shack’s kit,
besides being $20.00 cheaper; it displays control codes in reverse video and, because it is based on a
2716 EFROM, can be modified for special characters (if you have access to an EPROM programmer).

For those of you who have been waiting patiently for the Model IIT ESE—it’s now available! The
recording format used is the same as that used by the Model I ESF, making program transfer
straightforward. The single-drive version is $349.50 and the twin-drive unit is $449.50, more details
inside.

A lot of good quality commercial software is available from Exatron, and many other sources, at
reasonable cost. The latest additions to the commercial software catalog are described later on. If your
software catalog is dated earlier than August 1981 then let us know, and we’ll send you a current
edition.

@LOAD 2 ia now available. A big effort is being made to increase the number of @LOAD wafers in
1982. A major criteria in selecting programs for future @LOAD editions will be their educational value.
If you haven't seen @LOAD 0 or @LOAD 1 then you're really missing out!

Speaking of education, & sslection of public-domain educational programs have been put together
for a school starter kit. This software package is available to schools purchasing starter kits in place of
the normal starter kit software. The programs are also available through your local ESFOA library for
the cost of wafers, and & nominal duplication charge.

A current list of library software, both public domain and magazine, is also included. These
programs are only available through your local Workshop Librarian. Many local software libraries have
been started in the last year, and hopefully many more will be founded this year.

Those of you who have accumulated a lot of wafers, and are looking for an efficient storage method,
will be interested in the enclosed Wafer Whesl brochure. Developed by ESFOA Chapter O members, John
Grass and Bill Stokes, the Wafer Wheel is a really useful addition to any work station.

Finally, if you haven't already, join and support your local Workshop—or start one yourself! 1982 is
£0ing to be a great year for both Exatron and the ESFOA.

BT é'/ ’ Robert L. Howell,
. \ Chairman of the Board.




SOFTWARE
UPDATE

Some of these programs are new or en-
hanced versions of existing programs.
If you purchased an earlier version then
you can “upgrade” by paying the differ-
ence in cost of the versions (if any),
plus $3.95 for duplication costs.

To receive credit you must supply
proof-of-purchase of the earlier ver-
sion. This can be done by returning the
original wafer (with its label still af-
fixed), or a photocopy of your original
invoice, with your order. To make life
easier, the upgrade cost is shown
where applicable.

BUSINESS
REAL ESTATE “SCRATCH PAD”

By Bob Sexton
Catalog #184 - 524.95
This program provides a five-year pro-
jection for any property from single
family to large apartments. It is unique
in that any factor in the analysis can be
changed at any time. Even loan strat-
egy can be changed in analysis mid-
stream. The “What if?” game can be
played with instant answers.
Provisions are made for entering lo-
cal parameters where necessary, and
full or partial reports can be printed
with the touch of a key.

SMALL HOME-BUSINESS
PROGRAMS
By Fred Blechman
Catalog #179-$25.00
These programs are designed for the
small entrepreneur with no employees,
operating a home-based business
such as Amway. Avon, Fuller Brush,
Shaklee, Tupperware, Mail Order, Spe-
cialty Salesman, Insurance or Real Es-
tate. The programs are designed for a
16K, Level I, Model |. No disk is re-
Guired, but an 80-column printer is
needed for three of the programs.

The 5 programs are:

* Speed-letter—a word processor.

¢ 12-Column Ledger—an accounting
program.

* 3-Across Mailing Labels—a mailing
list program.

* Telephone Auto-Dialer/Timer

* Toll-Charge—Real-time display of
phone charges.

STRINGY MAILING SYSTEM

By Bob Sexton

Catalog #181-$99.95

Written to take full advantage of your
Exatron Stringy Floppy, this program
can be used as a conventional mailing
list or for direct-mail advertising lists.
The program features machine level
data creation and editing, automatic
computer created addresses, fast
single-keystroke data entry for general

mailings and program control, and in-
structions for use with virtually any
printer configuration.

Memory conservation features in-
clude the use of program overlays, to-
kens for certain data, and storage of a
single address for multiple label print-
ing in general mailings. (As many as
1300 different labels have been printed
with a list of less than 80 address
entries—this was done in a 16K ma-
chine with one data load.)

PATCHES
R. S. EDTASM

By David Purdue

Catalog #106 - $11.95 ($5.95 upgrade)

This is an enhanced version of the ex-
isting patch, to the cassette version of
the Radio Shack Editor/Assembler (ED-
TASM). In this version both SOURCE
and OBJECT codes may be saved and
loaded with your ESF. The wafer con-
tains patches for versions 1.1, 1.2 and
Series 1 (version 1.0) of EDTASM.

CROWN MICROPRODUCTS
ROM-116
By James Sladek
Catalog #186 - $7.95
This patch changes the general-
purpose, and main-text, routines in
RTTY version 1.3 to work with an ESF
With it you can also readiwrite line and
callsign buffers, display the read/write
mode, exit without ESF action and ver-
ify wafers. A limited display of ESF er-
ror messages is also implemented.
Tape operation is limited, due to the
file number prompt needed to write
files.

R. S. TINY PASCAL (32K)

By L. S. Preston
Catalog #183-59.95

A patch for the 32K version of Radio
Shack's Tiny Pascal, which provides for
ESF storage andlor retrieval of source
and P-code files. Also available is a
command to print source code on a
line printer.

UTILITIES
SUPER LABEL MAKER (32/48K)

By BIill Burnham

Catalog #182-$9.95

This program provides the capability of
printing up to five lines of text on a
standard 3'%;" by *She” mailing label.
You can print special “Title Labels” that
can be affixed 10 wafers for identifying
program files, as well as printing mail
and identifier labels for notebooks, file
drawers, etc.

The number of characters printed
per line is automatically set depending
on which of four label formats is se-
lected.

All text data can be saved as data
files and loaded at a later date, for print-
ing more titles or labels with the same
text and format. These data files may

be saved or read in the standard Data
IO format, or by a method that does
not require the use of the Data I/0 pro-
gram. This method will also verify the
saved data file.

EASY DOES IT (48K)

By Bill Burnham
Catalog #185-514.95

The ultimate in a screen display/
formatter. Create mixed text and
graphic displays, in either 32- or 64-
character mode, with all or any portion
of the screen automatically coded into
packed strings—for fast, or animated,
reproduction in your own program.

Choose your own packed string vari-
able names and their resident line num-
bers. This program has screen editing
functions similar to a word processor.
Graphics can be generated utilizing the
full graphics block (8 pixels at a time) or
by utilizing just a single pixel.

Will automatically draw circles, rec-
tangles, and diagonals of any size, any-
where on the screen. Just tell the
program what you want and it will fig-
ure out how to do it for you.

ESOS 24

By Tom Wheeler

Catalog #169- $35.00 ($13.95 upgrade)
ESOS 2.4 is an enhanced version of the
original Extended BASIC (ESOS 1.4)
and can operate with as little as 16K of
memory, however, 32K or 48K is recom-
mended.

The Extended BASIC part of ESOS
2.4 contains many useful new func-
tions: Program Renumber, Hex to Deci-
mal conversion (and vice-versa),
flexible user-defined functions, screen
(or directory) dump to line printer, and
many others.

An “intelligent” upper-lowercase
driver is also included (it works with the
Radio Shack modification). BASIC pro-
grams can control this driver.

All of these features are in addition
to the original ESOS features of wafer
directory, named files, passwords, etc.
A 40-page manual takes you step-by-
step through all the features of the op-
erating system.

ZAP & DUMP

By Brad Kidder

Catalog #109-89.95

These two machine-language utility
programs may be used to display and
modify memory in a 16, 32, or 48K
Moael 1.

The display is in both hexadecimal
and ASCIL. The arrow keys are used to
“scroll” the display through memory.
and to position a cursor. Any byte in
memory can be modified by simply typ-
ing over it on the display—just like us-
ing a word processor!

If you have ever wanted to know
what is in memory, or needed to modify
memory, then this wafer is the answer.
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@LOAD 2
AVAILABLE

@LOAD 2 is now ready and orders
are being taken. It contains five pro-

grams. Here is a brief description of
each:

CHART OF ACCOUNTS: Data Input
Module. First of a series of
accounting programs that will be
appearing in future issues.

SCREEN PRINT: Machine language
utility. Will print any character
(alphanumeric or graphic) that
appears on the screen to a printer.

MISSOURI MULE: A game that is sim-
ple to play but not easy to win.
Excellent graphics and the program
code is written in a clean open
style for easy study of program-
ming techniques.

FRACTION BLOWOUT: An excellent
educational game that first
appeared in Personal Computing
magazine. It has been reproduced
with permission from Persona/l
Computing.

PEEK AND POKE: A BASIC utility.
Allows inspecting and changing
memory contents directly.

We, as well as all ESF owners, appreci-
ate the work being contributed to help
make @LOAD a success. As a brief
reminder of the @LCAD concept, the
following is an excerpt from the
@LOAD O covering letter.

The three main objectives of
@LOAD are to provide our ESFOA
members with good software at a rea-
sonable price; to give recognition 1o

ORDER FORM
Qty item Unit cost Tota
HARDWARE
... MMB00 64K RAM Board 200.00
ESF IIl (Starter Kit) . ....... 349.50
ESF Il (Twin drive) ....... 449.50
.. IBM Super Disk Card ... ... 885.00 .....
LBMESF. . 295.00 .
SOFTWARE
Character Generator ; 18.85
@LOAD 0 395 .
@LOAD 1 o 995 ..
oo @LOAD:2 & LR R 9.95 ...
... Electric Penci 2.0. . 5995 .....
... Roal Ectate (184) ... ... 2495 .....
... Small Business (179) 25.00 .....
... Maifing System (181). 99.95
.. EDTASM Patch (106) 11.85
106 Upgrade. . . Y R
ROM-116 Patch (186) ...... 795 ...
. Pascal Patch (183) ........ 995 ...
... Label Maker (182). ........ 9.95
.. EasyDoes it (185) ........ 14.95
.. ES0S2.4(169). . .. 35.00
169 Upgrade. .. ...... 13.95 .

Zap & Dumg (109) 995 ...

SUPER-DISK
FOR IBM

The Exatron Super Disk adds 192K of
dynamic RAM to a 64K IBM Personal
Computer, and it operates like a super-
fast solid-state disk!

With the addition of a Stringy Floppy
you can load and save the Super-Disk
memaory in seconds. Alternatively, if a
disk drive is installed, the IBM DOS can
be converted to SUPERDOS which will
allow disk software to run in RAM.

Super Disk Version §.08
(C)Copyright Lichen Vang 1982
Enter today's date (ad-y): 31302

The 1IN Persosal Compater WS
Version 1.08 (C)Capyright 1N Corp 1981

D

The Super Disk was designed by Dr.
Lichen Wang. the author of Palo Alto
Tiny BASIC and the TRS-80 Stringy
Floppy operating system. The 192K
card is $995.00, and the ESF drive is
$295.00.

the many capable authors out there in
ESF land that have an unpublished
quality program that they wish to
share with others; and to point out
and share examples of good program-
ming techniques and useful routines
that may be utilized in other programs
of your own.

The per issue cost of @LOAD is
$9.95. This charge does not represent
any cost to you for the programs con-
tained on the @ LOAD wafer. These pro-
grams are free. The charge is made
only to help defray the costs of ship-
ping and, wafer/documentation repro-
duction.

HOTLINE 800-538-8559 or 408-737-7111

Qty item Unit cost  Total
REGULAR WAFERS
ST L) e 2.00
10 (SFI0). ....ve e . 2.00
.t o 3 3 v 0) NSRS et 3.00
35 (SFI35) ..« v L 3.00
.. 50" (SF150) .. .. ewse AN

Shipping & Handling: Software & Wafers $3.00. Hardware $6.50
All Canadian orders $10.00. C.0.D. an extrz §1.50. USA shipping

includes insuranca

UPS is usad for USA shipments. Aliow two wesks for clearance of

personal checks and/or four weexs ‘or

Fayment by:
Check ~]
MasterCard L
Interbank # .. ..

Money Order _
Visa T

Name .o ee e ceeaanas
ADdIesS ool e eV SRS
O s o T R SR R SR
Phone: Bus. (...... ) [P

C.O.D. C
Expires

Qty Itew Unit cost Total
CERTIFIED WAFERS
.. D' (SF205) ....... R 3.00
WASEZN) i aiiaiias 3.00
R al 1 s | R T 400 ...
L 7 ) (T 400 ..
.. 90" (SF250) ...... 450 .....
Subtotal .....

694 Sales Tax (GA only) .....
Shipping & Handling .....
C.0.D. Charge ...
Total

(Cash or certified check)

—

Exatron l£§l Commercial, Sunnyvale, CA794086
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WORKSHOP

CHAIRMEN
ALABAMA

BESSEMER Jim S. Griffith 205 870-6209
STAPLETON S. D. Bowman 205 537-5812

ALASKA
DILLINGHAM Thayne Anderson 907 842-5201

ARKANSAS

LITTLE ROCK Patrick M. Heity 501 455.0585
ARIZONA

PHOENIX Bill Watling 602 978-3320

TUCSON Steve Muiler 802 746-5598

TUCSON Elio Zambrano 602 583-6675
CALIFORNIA

APPLE VALLEY Harry B. Lawrence 714 247-2165
BERKELEY Richard Bidlemann 415 841.3431
BONITA Loy D. Rickman 213 271.2677
CARLOTTA VA. Jupe 707 7583833

CARMEL Jack Parsons 408 6252274

ETNA Allrad J. Keip 916 457-3255

GOLETA LS. Praston 805 9586690

HEMET Art W. James 714 8588702

HICKMAN William Rogers 209 8741118
LAFAYETTE Bilt Ambross 415 300781
LANCASTER Ivan Anderson 805 9484030
LANCASTER Richard L. Ellis 805 842.7452
LIVERMORE Gerald Melin 415 443-5587
MILLBRAE Jim Rich 415 697.7708

MORRO BAY Bill Morisy 805 772.7343
ONTARIO Robert Giannamors 714 7365228
ORANGE Norm Prillips 714 9360434

ORINDA Gregg King 415 254-4125

PALMDALE John F, Sturgeon 825 2730383
PALOS VERDES RE. Arison 213 5415328
PEBBLE BEACH Benjamin 0. Ress 406 372-1310
SACRAMENTO Andrew Koledin 318 334.8329
SAN DIEGO Brzhna R Derr 714 566-6266

SAN FRANCISCO A.H. Elliott. Jr. 415 585-385%6
SAN FRANCISCO Dana L. HuH 415 8484850
SAN JOSE G Bill Jimenez 408 263-8647

SAN MATEQ Douglas O. Hammed 415 585-1100
SIMI VALLEY David Hall 805 527-1331
STOCKTON Thomas L. Clark 209 475.3444
STOCKTON Ron Lesan 209 478-0170

UPLAND Dsbble Donchoe 714 981.3711
VANDENBURG AF8 Herert E. Tisdale 805 734-2338
VISALIA Donald Hasell 208 625-5823
COLORADO

WESTMINSTER Jirn Larman 714 8946135
ARVADA Bob Tucker 303 4241021

AURORA RA Wiedemann 303 366-4900
COLORADO SPGS John G. Mcilnay 606 576-2602
DENVER W.L. Marcy 303 385-4336

LITTLETON Don Lovegay 303 978-0520
CONNECTICUT

FAIRFIELD Robert J. McGrath 203 5798751
STAMFORD John A. Viestenz 212 5366475

FLORIDA

BRADENTON Edward J. Hoge 813 756-2082

FT. WALTON BCH Robert L. Powell 304 8526867
MARATHON Richard Nelson 305 7439135
MIAMI Paul Rashkingd 305 385-3876

OCALA Alfred A Forte 11 904 7320711
PENSACOLA Robert R Scolt 304 4528323
POLK CITY Don Dewses 813 3841326
SARASOTA Charles Rhein B13 371-2153
TALLAHASSEE Robert W Hopking 904 893-6840
GEORGIA

ATLANTA Pascal S. Larmat 04 8968770
AUGUSTA Owen Black 404 853.4443

COLMBUS Charles J. Nobes 404 5631385

FT OGLETHORPE Jerry E. Robinson 404 851-4468
GAINSVILLE Richard Coker 404 535-3090

GUAM
AGANA Geralig P McDaniel 571 8481822

HAWAN

AIEA Lawrence Elliott BB 488-5471
HONOLULU Raymond J. McCarthy 806 B33-7120
IDAHO

BUHL Gecrge W, Anthony 208 543-6232
FHUITLAND Dennis £ Stone 208 452-4897
ILLINOIS

ALTON Chris Ellison 618 4655302

ARLINGTON HTS Jack A, Lythe 312 392-2826
BENSENVILLE Torn Ceoper 312 535-5350
DECATUR Don Lowe 217 877-37%0

DES PLAINES Donald Stein 312 2881111
ELMHURST Larry Krengel 312 333-4566

LOVES PARK Dale Lanais 815 6330620
NORMAL Ken Kerttula 309 4541678

OAK PARK Mank S. Leopold 312 848-5134
PERU Lt. Col. Eugens F. Keutzer 815 223-06%0
PLAINFIELD Cart M. Klindworth B15 438-2208
POSEN Jefi Schock 312 3714680

WOOD RIVER John M. Deianey, Jr. 618 532-4550

INDIANA

DANVILLE Larry Dackard 317 7453161
LAFAYETTE George W. Felix 317 742.0258
MARTINSVILLE Joseph W. Baire 317 831.3347
MISHAWAKA Greg Crouch 218 2553371
PLAINFIELD William Gouge 317 833-6520
ROCKPORT John Sorenson B12 5482896
SOUTH BEND Dr Dean Cook 219 291-2838

VW LAFAYETTE Ben Laimkunier 317 7434315
IOWA

|OWA CITY Richard Harmon 319 3387133
KANSAS

GARDEN CITY Bllly Mar 318 276-3512
MCPHERSON Ward Ferguson 316 241-3497
PITTSBURG Martin C. Campion 318 2317886
PRAIRIE VLG, EF. Forest 913 645-1513
TOPEKA George Kell 313 2678374
KENTUCKY

NICHOLASVILLE Richarg V. Lawrenca 606 2233061
LOUISIANA

RIVER RIDGE Ricarde H. Wade 504 737-9722
RUSTON Gregory C. Huinagle 318 2550096
MAINE

FRYEBURG Rev. Richard W. Beebe 207 5352272
LORING AFB May. C. E. Zimmer 207 3289589
SOLON Michae: Keller 207 643-2437

MASSACHUSETTS

FALL RIVER Edmond P Cota 617 5786151
PITTSFIELD William Theroux 413 443-5754
WORCHESTER Kenneth A. Scott 617 7525354
MARYLAND

BALTIMORAE James E. Spath 301 383-3147
COLUMBIA Gary Smith 301 7307356
SALISBURY Charles Sutton 301 742-8318
MICHIGAN

DETROIT Dennis L, Goward 313 2557085
DOWAGIAC Ranutaoioi 816 4245240
GRAND HAVEN Hartey Dyk 816 846-2377
GRAND RAPIDS Fritz Mithaupt 616 949.5511
MILWAUKEE Harold G. Oemig 414 9336088
MONROE Henry Passanger 313 2426044
CWOSSO Kennetn Someriot 517 7238131
REDFORD Robert Clark 313 5365722
ROYAL OAK Phillip Foster 313 645.4167
SAGINAW Rodert Harrison 517 7930165

MINNESOTA
HASTINGS Marty Rodewald 812 437-2647
MINNEAPOLIS Ilva Tulchinsky 612 938-2716
PRINCETON Bifly J. Baldwin 612 3845375
WABASHA Thomas B. Fisk 507 452-1660

MISSISSIPP!

ABERDEEN Richard Swinzy 801 3554675
GULFPORT John Beiham, Jr 601 8963634
JACKSON Richard Thomas 601 8610314
PRAIRIE POINT Sumner Loomis 801 728-5524
MISSOUR!

BELTON James J. Howard 816 331-4558
ELLIOTT CITY Donald Rahmiow 307 461-3533
KANSAS CITY Steve Odneal 816 3562345
WEBSTER GROVES Robart L Heritage, Jr
314 551.0102

NEBRASKA
HOLDREGE Robest K. Lahm 308 9954071
OMAHA Dan Sheioy 402 281-5300

NEVADA
LAS VEGAS Thomas Maztingly 702 870-8555

NEW HAMPSHIRE

FARANCONIA Torm Ford 603 8238691

FRANKLIN John Hartford 603 834-2587
HANOVER Del Goodwin 503 543-4185

NEW JERSEY

BOGOTA Thomas Penisch 201 343-3328
LIVINGSTON Barry Geller 201 332-5a31
MOORESTOWN Gary Pizzigatl 609 2354382
MOUNT LAUREL Robert L Chappal! 500 234.3580
WEST BERLIN William M. Greenawalt 509 348-2214
WEST ORANGE Gardner L. Marris 201 3796800
NEW MEXICO

HOBBS R Don Robinson 505 332-4835

LAS CRUCES Gary Martin 505 524-2218

LOS CRUCES Steven P Wallin 505 5237325

NEW YORK

EAST AURCRA David G. Grosaman 716 §52-2581
FAYETTEVILLE Lew Daly 315 637-8836
JAMAICA Morris Balamut 212 2812433
MACEDON Harry C. Webster, Jr. 315 888-2176
NEW YORK Wayne King 212 587-3335

ROME Windsor S. Thomas 315 337-6468

ST. REGIS FALLS McLaughlin 518 856-3626
TONAWANDA Deans r3 716 6335109
WILLIAMSVILLE R Walter Steur 716 634.1244
YONKERS Mitch Wein 914 475-0361

NORTH CAROLINA

CARY Dennis Wind 519 838-4583
GREENSBORO David Brown 918 7257261
NORTH DAKOTA

LARIMORE Roger Anderson 701 343-2240
MINOT Gary Shawver 701 839-5354
HASTINGS James Phillips 402 462-2141

OHIO

BEDFORD Walter J. Jeffrey 216 2327455
CLEVELAND Thomas Mason 216 5755847
DAYTON Alonza Foy 513 873-1422

EUCLID J. Donala Cairns 216 6373643
GALLIPOLIS Steven Little 614 2455055
OTTAWA Don Heringhaus 419 5234675

OKLAHOMA
ARDMORE Robert S. Hare 405 2262341
PONGCA CITY Steve Hill 405 7855342
POTEAU David Hamlin 918 547.3892
TULSA Curt Arnold 918 584-1982
TULSA John E. Best 918 8352802

OREGON

KLAMATH FALLS James R. Shunn 503 882.2023
PORT OXFORD Gien Hughes 503 3327531
PORTLAND Barry J, Wackarly 503 253-8588
SALEM Ken Ernst 503 38311

PENNSYLVANIA

BADEN Jim Lyon 412 2668962

CORAQOPOLIS Paul Sturpe 412 264.1482
DALLASTOWN Lee E. Sumner, Jr 717 8467590
EAST STROUDBURG H. Kenneth Lee 717 4214889
GLENSIDE Fred Donaldson 215 5760062
KINGSTON Art Prutzman 747 6752654
LEWISTON Rovert C. Bander 717 2480057
MOOSIC B. Platsky 717 8234058

NASARATH William Gieske 215 837-0223
NATRONA HGTS Michael Haranski 412 226-33%0
PITTSBURGH John Corridon 412 828 2612
PITTSBURGH Bifl Dalesandry 412 2211968
UPPER DERBY Ron Cameron 215 3524265
WILKES-BARRE David Hersker 717 §22-1101
YORK Lon Culbertson 717 8433425

RHODE ISLAND

PORTSMOUTH Keith Falt 401 841-2454
SOUTH DAKOTA

SIOUX FALLS Gary Meade 805 3359584
TENNESSEE

BRENTWOOD Edward F, Jaekle 615 3730876
KNOXVILLE R. Gilbert Guay, Jr 615 585-3804
KNOXVILLE Victor H. Kleln 615 6335267
TEXAS

AUSTIN James A. Istell, Jr 512 266-2115
BROWNWOOD Duane L Schwab 915 6433943
CORPUS CHRISTIE Staven E. Fisch 512 951-4584
DAYTON Stave Wright 713 2587338

DECATUR W. Lowsll Lonnon 817 627.3838
EDINBURG Robert L Weathers 512 383-5706
FT. WORTH JA. Van Vielzer 817 4518216
GARLAND Rich Casay 214 840-1813
HARLINGEN Sue Knetig 512 4258655
HOUSTON Ron Pounds 713 4957085

ODESA Les Blalock 915 3670408

ROCKWELL Claude Sturgaon 214 722-3250
UTAH

SANDY R. Wayne Horscroft 801 5867231
YIRGINIA
ALEXANDRIA Doug Andarson 703 786-3756
ALEXANDRIA Aubrey Mitchell 703 768-2452
FARMVILLE John Friad 804 332.4111
GRAFTON H. Ross Wiant 508 8886121
LORTON William Clugston 703 333-5873
AESTON Karl W. Berger 703 4714007
VIRGINIA BEACH Stephen Moulton 804 455-8482
WASHINGTON

ENUMCLAW Willizm P Foley 206 5255673
MOUNTLAKE TER. Vere K. Harlow 206 7755801
OLYMPIA Timothy E. Linehan, MD 205 357-8300
PUYALLUP Ronald Hortloff 208 927-2175
RENTON Bert D. Pepper 208 226-5619
RICHLAND Dennis Hyde 509 8460033
SEATTLE Ron Munson 206 2258-5862
SPOXANE Tim Bowman 509 4554174
SPOKANE Charles Hagy 509 8384039
TACOMA Richard Frasier 206 7584444

WEST VIRGINIA

ST ALBANS Kay Howarg 304 348.2411

WISCONSIN

HALES CORNER Leo L. Lamacchia 414 4256381
HORICON Daniel E Halfmann 414 485-4380
KEWAUNEE William R. 414 383-3215
MADISON Pat Stefonek 606 2211817

MADISON Doug Swiggum 608 284-3440
WYOMING

CHEYENNE Vincent P Foley 307 6354157

e e————————————————————————
IF THERE IS NO WORKSHOP NEAR YOU
WHY NOT START ONE YOURSELF!




THE ESFOA
LIBRARY

All of the programs on this page are
only available through your local ES-
FOA Librarian.

Programs are available for the cost
of a wafer and a small duplication
charge.

MAGAZINE
LIBRARY

APPLICATIONS
DECIDE 027Mm
ESP 063M  B0MC 1/80
MERRY TRSMAS 033M 80MC 1/80
HISTOGRAMS 049M B0MC 1/81
CAL81 038M  80MC 12/80
SHOPPING LIST 046M B0MC 3/81
PROTECTED RELDS 106M B0US 3481
SURVIVAL BUDGET 070M B8OUS 3/81
WEIR FLOW 107M  80US 3/81
SCHEDULE G 1980 045M C/COMP 3/81
PHOTOGRAPHIC
EXPOSURE 108M CLOAD /79
BUSINESS CYCLE 031M  KILOBAUD 1278
DEPRECIATION 101M  ON COMP 10v81
ENCRYPT/DECRYPT 064M  P/COMP 11/80
STOCK MKT RECORD
PGM 072M RS
ORIENTEERING 074M  SOFTSIDE /81
COMPU-SKETCH 104M  SOFTSIDE &/61
DATA BASE MANAGER  067M  SOFTSIDE 9/81
EDUCATION
DVORAK KEYBOARD 009M BOMC 12/80
VOCABULARY BUILDER 090M BOMC 2/81
PRE-SCHOOL MATH 034M  80MC 4/80
KID-STUFF 037M 80MC 9/80
PROGRAMMING
ESTIMATOR 081M B0US /81
GEOGRAPHY 044M  C/COMP 9/79
COEFRICIENTS 056M CCSF /81
SPELLING EXERCISE ~ 051M  P/COMP 10/80
BASIC TYPIST 050M P/COMP 4/80
DECIMAL TO ROMAN ~ 085M R/S 1/81
ON A SNOWY EVENING  032M  R/S MANUAL (L)
VOLCANO 047M SOFTSIDE 3/81
GAMES
23 MATCHES 059M
BIORHYTHM 039M
THE DUCK HUNTER 058M
SKI RACER 011M  80MC
THIRTEEN WAYS 007M  BOMC
ASTEROID ADVENTURE  063M  BOMC 10/80
PETALS AROUND ROSE  065M 8OMC 12/79
FIFTEEN PUZZLES 030M 80MC 2/81
MICRO-BASKETBALL 041M  BOMC 3/81
SIMUL-80 055M  80MC 4/81
THIS AIN'T NO PARTY  096M  SOMC 4/81
THE GAME OF LIFE 035M BOMC 6/80
SUPER MAZE 098M BOMC 6/81
TTT THIRD DIMENSION  062M  80MC 7/80
FRANKENSTEIN 100M  80MC 8/81
MAZE W/SOUND 052M 80US 1180
SURVIVAL 026M 80US 380
YAHTZEE 018M  80US 3/80
SMART TIC-TAC-TOE ~ 024M  BOUS 3/81
SPACE MARAUDER 084M B0US 5/81
SUNDANCE 098M 80US 7/81

Contact your nearest Workshop
Chariman for the name and address of
your local librarian. If a library has not
been established locally, and you are
interested in setting one up, then con-
tact Exatron.

START A

LIBRARY
SLALOM RUN 006M B0US (6/80)&1/81
DUKEDOM 015M  C/COMP 2/80
TRUCKER 025M C/COMP 3/81
ELECTRIC COMPANY ~ 032M C/COMP 7/80
HANGMAN 016M H&E COMP 12/30
HUNT THE WUMPUS ~ 071M  KILOBAUD 2777
FRACTION BLOWOUT ~ 095M P/COMP 7/81
THE OLD SHELL GAME  060M R/COMP 5/80
PRESS UPS 004M SOFTSIDE 1/80
SHIP DESTROYER 002M SOFTSIDE 1/81
CLIMB MT EVEREST 057M SOFTSIDE 1479
KRIEGSSPIEL DO5M  SOFTSIDE 11/80
MAD SCIENTIST 003M  SOFTSIDE 11/80
METEQR STORM 008M SOFTSIDE 11/80
OiL BARON 054M  SOFTSIDE 12179
MISSION INVASION 001M SOFTSIDE 12/80
TANKS-A-LOT 017M  SOFTSIDE 2/80
MINER 048M  SOFTSIDE 2/81
MINI GOLF 018M  SOFTSIDE 2/81
SCORE 4 040M SOFTSIDE 3/81
STRATEGY STRIKE 075M  SOFTSIDE 3/81
STUD 094M  SOFTSIDE 4/80
DOMINOES 061M SOFTSIDE 4/81
ROBOT BUILDER 053M SOFTSIDE 4/81
DAIRY FARMING 073M  SOFTSIDE 5/81
BATS 102M  SOFTSIOE &/81
DIVIDE/CONQUER 105M SOFTSIDE 6/81
BASEBALL D66M SOFTSIDE 7/79
IMHOTEP 012M  SOFTSIOE 7/80
GRAND PRIX 010M SOFTSIDE 8/80
PROTOUR 80 013M SOFTSIDE 8/80
BATTLEFIELD 103M SOFTSIDE 8/81
ENGINEER 089M SOFTSIDE 379
CONCENTRATION 014M SOFTSIDE 9/80
ROMULAN 093M C/COMP /78
UTILITIES
BANNER BANTER 083M 30MC 2/81
ENDORSEWRITE
CHECK 087M  80MC 4/81
PILOT (LANGUAGE) 097M 80MC 7/81
FIXNEW 022M  80MC 1/80
CROSS REFERENCE 023M  8OMC 1/81
CONVERT A NUMBER  042M 80MC 3/81
FINO GOTO/GOSUB 043M  80MC 3/81
TWOHAF 088M  BOMC 7/81
SCREEN PRINT 020M 80MC 9/80
SPACE 021M  8OMC 9/80
UNLKEY 036M BOMC 9/80
ANDY CALENDAR
MAKER 076M  80US 1/81
BASIC DATE
CONVERTER 0B6M  80US 1/81
CASSETTE UTILITIES ~ 078M  80US 1/81
CONTROLLED
SCROLLING 082M B0US 1/81
TRS80 GRAPHICS
EDITOR 079M BOUS 1/8t
WEEK/DAY BETWEEN
DATES 077M B80US /81
PRINTING CALCULATOR 091M  SOFTSIDE 7/81
SUBSCRIPTION LIST 068M P/COMP 3/81
BASE CONVERTER 029M R/S 12/80
REDIRECT PRINT 028M RS 2/81

DONATION
LIBRARY

APPLICATIONS
CALORIE AVERAGER X061D Jack Smock
CONSUMER PRICE INDEX X059 Brad Kidder
DATE X055 Bob Vollmer
GAS GUZZLER X010  Jack Smock
GROCERY LIST X065 Jack Martin
IRS FOR 1040 X008 R.D. Osborme
JAPANESE TRAINER X033 Foe Fouke
LABELS/NAME TAGS X060 Dana Huff
MOVING AVERAGES X007D Bob Wilson
PANEL EDITOR/COPIER X006D Bob \Volimer
PERSONAL SECRETARY X064 Jack Martin
PHONE LIST X023 Brad Kidder
SLIDE TITLER X001D Lou Genco
SORT X054 Bob Voimer
TRAVEL EXPENSES X012 Tom Warfield
UNIT PRICES X016 R. Fasmore
WORM X017 Brad Kidder
CONVERSIONS
ADVENTURE CONVERTER ~ X005D Lue Genco
EOTASM PATCH X013D Tom Wheeler
ENHBAS X009 Donald Howe
EDUCATION
LIFE EXPECTANCY PGM X034 Foe Fouke
MATH TEST X022 Brad Kidder
QUIZ MASTER X039D J. Tregeagle
SNOWFLAKES X048D V. Vann
GAMES
ADVENTURE ZERD X031 Scott Adams
BACCARAT IN BASIC X063 Lou Genco
BAD KEYBOARD X018 Brac Kidder
CHECKERS X014D Bob Wison
CRAPS X031 Brad Kidder
DREAD-NAUGHTS X052 Lou Genco
GUESS A CARD X044 Bm Howel
GUESS A NUMBER X021 Brad Kidder
MASTERMIND X015 Carl Kaminski
MAZE X025 Brao Kidder
MISSOURI MULE X058 Dan Shelby
OTHELLO X057 Dan Shelby
RANDOM FOOD MENU X040D Jack Smock
REACTION X019  Brad Kidcer
SKETCH PAD X002 Bob Wilson
SLOT MACHINE GAME X003 Bob Volimer
SLOT MACHINE W/SOUND X029 Brad Kidder
THE GAME OF ‘LIFE' X030D Brad Kidder
UNLIST X028D D. Dickerson
X-0-TR&N X020 Brad Kidder
UTILITIES
2 CONVERSION PGMS X038 Joe Fouke
ARTIST + X062D0 Bob Sexton
CENTERING AID X048D Benninghoff
DUMP & ZAP X024D Brad Kidder
EXATRON DISPLAY AD X035 Wee Willy
LINK X0420 George Welr
MATINV X043 George Weir
MERGE X041D George Weir
QNEW X027 Jim Preston
OUTLINE PROGRAM X046D Geraid Melin
PEAK & POKEN X026D Bill Bumham
PERSOMNAL DIRECTORY X037D Ridge Cotton
RECIPE CONVERTER X047 B. Carison
SCREEN EDIT X051 M. Van Pelt
SCREEN PRINT X065 David Gavin
SINGLE VARIABLE
ANALYSIS X050 Dale Porter
SOUND DEMO X045 Wee Wily
STRINGY INDEX X036 Nolan Coker
STRING PACKER X011 M. Van Peit
SUPER GRAPHICS X004D Paul Kafpure
VARIABLE PRINT X0530 Davic Gavin
Z-LANGUAGE X067D Spencer Hall
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BSR Computer Components

SF1105 Series
Stringy Floppy™
Microdrive

DESCRIPTION

Thg BSR SF1105 Series Stringy Floppy™ Microdrive is
a high-performance memory storage system combining
fast, convenient data/program access and reliability in
a low-cost, compact device.

Featuring a data transfer rate of 17066 bits per second,
the Microdrive uses a removable, continuous-loop mag-
netic tape cartridge’ for storage, distribution and
mailin%of data or programs.

The high-reliability drive mechanism,
low power consumption,
and rugged high-density
cartridges make the
Microdrive well suited
as an economical
replacement for floppy
disc systems, as back-up
storage, and for portable
applications ranging from computers, remote data
devices, typewriters and printers to cash registers,
data loggers and telecommunications systems.

FEATURES

T Storage capacity up to 131 Kbytes
(formatted), 151 Kbytes (unformatted)
Minimal power consumption
Mechanical write-protect for data s Software distribution media
security » Small data loggers

; Media-detect sensor .

17066 Dbits-per-second transfer rate

Easily interfaced

Unique sliding cover for media

protection

Small size

" Special tape coating for low friction

APPLICATIONS

* Home/perscnal computers
* Smart telephones
* Small PBX systems

» Electronic typewriters

* Word processors

* Smart printers

* Portable computers

= Electronic cash registers

Figure 1. Block Diagram
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BSR Computer Components

SF 1105 Series

Sinngy Floppy™
Microdrive

DESCRIPTION

The BSR SF1105 Series Stringy Floppy™ Microdrive is
a high-performance memory storage system combining
fast, convenient data/program access and reliability in
a low-cost, compact device.

Featuring a data transfer rate of 17066 bits per second,
the Microdrive uses a removable, continuous-loop mag-
netic tape cartridge' for storage, distribution and
mailing of data or programs.

The high-reliability drive mechanism,
low power consumption,
and rugged high-density
cartridges make the
Microdrive well suited
as an economical
replacement for floppy
disc systems, as back-up
storage, and for portable
applications ranging from computers, remote data
devices, typewriters and printers to cash registers,
data loggers and telecommunications systems.

FEATURES

Storage capacity up to 131 Kbytes
(formatted), 151 Kbytes (unformatted)
—. Minimal power consumption
Mechanical write-protect for data
security

~ Media-detect senscr

17066 Dbits-per-second transfer rate
Easily interfaced

Unique sliding cover for media
protection

— Small size

" Special tape coating for low friction

APPLICATIONS

e Home/personal computers
* Smart telephones

¢ Small PBX systems

e Software distribution media
» Small data loggers

* Electronic typewriters

* Word processors

e Smart printers

* Portable computers

e Electronic cash registers

Figure 1. Block Diagram

Sensor Circuits

—— Index
——e Water Present

—e Write Protec!

Motor On
Fast Forward—

Water™ and others {1c be announced)
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Copyright 1963, BSR USA LTD A
Worldwide patent rights applied for
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TAPE LENGTHS ANC CAPACITIES

FUNCTIONAL

Tape sSpeed tolera:
Read/VWrite
Fast forward

Tape positioning
Start time

SPREIVI

tolerances

CATICN

250ms

(0-1% of nominal veleccity)

Stop time
Start distance
Stop distance

Recording density
Flux density

100ms “ o
2 ins
O 5§ ins

1706 bpi
3413 fci

Media requirements Entrepo lMicrowafar

L]

SECONDS

P

o 5 w0

'S 20 285 30 315 40 45 5O S5 FEET

APPROXIMATE ACCESS TIME -

INTERFACE CONNECTION

-8y OC IMOGTOR!
<12V oC

«%y OciLoGic!
SND

WAFER PAESENT
r—As—Y'F'oEWATn'

WRITE GATE

WRITE PROTECY
READ DATA
WRITE CATA

1.3.5, 7,9, 1, 13,5%,17,19,21,23,25 -~ GND

v 38 o=y
v R |

(=]
D

s I

A BSR Company

A

N I

16 Albury Close, Reading, Berkshire, U.X. Tel

ALL ir tsare L . e
Input 5 . e
Logic 2 Yy C.6ma (ma.x}
Logic o1 9225y 20ma (max) .
Quktput Al
Logice zaro AT 8ma  .(max)
logic one e L.2%ma (m.'".J
PHYSICAL SfsCI¥ic:TIONS %
Znviromental limits

Voerating Noncperatin

Ambient tomp 10-45°¢C ~20-+60°C
Rel humidity ~OF-807 SH-95%
Max wet tulb 30°¢C 30°¢
Operating pezitians

Kormal mounting S deg X,Y,Z axis

Operation 45 deg ¥,Y,Z axis

(3uzh as in porsable =juiptment)
RELIABILITY SPECTFICATION
Product 1ife 10,020 POH (35 duty cycle)
Component Life 5 yeagrs
Bit Error Rate (B54) 1| rer 108 bits read
Media Life 5000 vasses s :
““Pventat ve Maintenanc

Pericdic cl- aning orf
(approx every 1 bi

22
A

[l
e

tne head
tz read)

o s |

e e Rt =Y
ERRF ARy
r AR 75 \ e
v MG CENTRE | Be
FRONT VIEW

2-HOLES TamPeD
*4-40 X J2uw DECP -

{0734)53067

_1 — COMPONENT S10C
- et

UTG CE N'l'l(
SioE view

BSR USA LTD 2880 San Tomas Expressway,Suite 200 Santa Clara,California 85051 (408)748-1200
ASTEC EUROPE LTD
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n

FEET

FUNCTIOMNAL SPECIFICATIOR 3
Tape speed tolarances:
Read/Write 1Q ips 4

Fast forward up to 16 ips

Tape positioning tolarauces (nominak)

Start time 250ms .
(0-1% of nominal velocity) ; i
Stop time 100ms ’

Start distance 2 ins
Stop distance Q.5 ins

Recording density 1706 bpi
Flux density 3413 fei
Media requirements Entrepo

1

icrowafer

30 T
V
|

28 : L /
@ - ”1”/‘
§l5 //1
[+} /
el 1]
w =
n 1~

54—

o

© S 10 15 20 25 3¢ 35 4C 45 50 55 FIAT
APPROXIMATE ACCESS TIME -

INTERFACE CONNECTION

26 o

24

2 meressmssmmememe———eeee  GY DCILOSIC!
20 z —— GND

WAFER PRESENT
TAST TOAWARD
WOTOR ON

GND

INDEX

WaiITE PROTELCT
READ DATA
WRITE DATA

D
[ | e oot |

A BSR Company

Enviromental limit:

{

‘Ré&d/hwlhc fo

~ Media Lifo 5200 passes

muiresim
+12 volts £5. « 10m “vyp
+5 volts =*5% - TOr___y] R .

Motor/Control power require

+Svolts SU0ma surge for _Jé: ” T
-5velts 150ma typ. Bead/wTite state
. 4208 200ma typ. Fast forward ‘state

Interface EZlectrical roruirements

£11 inputs & ocutput= are TTL compatabla
Input i

Logic zero 0.0-G.4v C.6ma  (max)
Logic one 2.5-5.25v Z0ma (max )
Qutput :
[ogic zero o.hv Ema (max)
logic one 2. 5v

C.z25n2 (max)

PHYSICAL SPECIFICATIONS

Operating Mcnoperatling
Ambient temp 10=35°¢ -20-460°C
Rel humidity =g 5%-95%
Max wet bulb  30°C 30°C

Operating positions
Normal mounting S5 d=g X,Y,2 axis
Operation A5 deg X,Y,2 axis
{Such as in portable «juiptment) -

RELIABILITY SPEZCIFICATION

Product life 10,000 POH (5% duty--cycle)
Component Life 5 yrars

Bit Error Rate (BIX) 1 por 10% bits read

Preventalive Maintcnanc
» Pericdic clianing of the head
(approx every 1 bits r=ad)
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BSR USA LTD 2880 San Tomas Expressway,Suite 200 Santa Clara California 95051 (408)748-1200

ASTEC EUROPE LTD 16 Albury Close, Reading, Berkshire, U.K. Tel (0734)53087
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SCHEDULE

100-499 500-999 1000 up

$93.00

3.25

MICRO COMMUNICATIONS CORPORATION PRICE
MODEL
NUMBER DESCRIPTION 1-9  10-49 50-99
25-300 ELECTRONIC R/W TAPE SYSTEM, $110.00 $105.00 $99.00
tape transport complete with
sensors, motor control, TTL CMOS
logic compatible, bit-serial,
3 ips R/W speed and 6 ips FF speed.
20-102 TAPE TRANSPORT, mechanical only 40.00 38.00 36.00
complete with drive motor, R/W
head, lead connections, 3 ips R/W
speed and 6 ips FF speed. Motor
control not included.
OPTIONS
103 MOTOR-CONTROL CHIP 4.00 4.00 4.00
105 SENSOR BOARD, complete with EOT 25.00 24.00 23.00

(End of Tape) & WP (Write Permit)
sensors attached to the Tape Trans-
ports.

22.00

$80.00 $69.00
30.00 25.00

3.25 2.25
20.00 19.00

-------------------------------------------------------------------------------------------

TAPE WAFER CARTRIDGES (100% Certified, packaged 10 to a box).

Model No. Length Prices per box of:
91-003 5'

92-003 10"

93-003 15!

94-003 20"

95-003 25'

96-003 30

97-003 35

9X-003 Assorted (1 of each length)
98-003 40"

99-003 45'

90-003 50"

1-99
.00

100 up
.00
17
17

$17

00

For additional QEM quantity discounts, consult your local rcprescntative or the factory.
A1l prices FOB Waltham, Massachusetts.
Prices effective 1 May 1978.

Prices and specifications subject to change without notice.
Copyright May 1978, Micro Communications Corporation.

A BUCKEYE INTERNATIONAL COMPANY m 80 Bacon Street, Waltham, Massachusetts 02154 617/892-8B111



Dear Engineering Manager:

As both a user of microprocessors and low cost digital tape transports, you are quite aware of
the increasing need of a low cost peripheral loading device of RAM memory. Undoubtedly,
devices such as floppy-disc drives and bubbles come to mind, but I'm sure the availability
and their price/performance has to be your prime concern, especially if you are building
systems for OEM distribution.

The Micro Digital Tape Transport is by far the lowest cost tape unit available today, with
characteristics such as 3200 fci, a 4800 baud rate and along with its incredibly small size
makes the Micro Tape Transport and System a better performer than any of its competitors.

Micro can provide transport systems based upon a user’s application and electronic expertise.
For example, we offer an Electronic Read/Write System or the “transport-only.” We will
soon make available for the Electronic Read/WTite System a complete encoder/decoder
microprocessor interfaced system consisting of an “option-board.”

In addition, we also offer special systems consisting of dual transports with multi-tracks
which run at tremendously high speeds and have an effective transfer rate of 64K
bits-per-second.

For additional information concerning Micro products, please do not hesitate to contact me
directly.

I look forward to hearing from you in the near future.
Sincerely,

MICRO COMMUNICATIONS CORPORATION

Maurice W. Kirby ';
Director of Marketing

A BUCKEYE INTERNATIONAL COMPANY m 80 Bacon Street, Waltham, Massachusetts 02154 617/893-8111
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MAGNETIC
TAPE WAFERS

Any tape transport system design is dependent upon the
characteristics and constraints of the media it must
manipulate. Tape systems that use cassettes and
cartridges must compensate as well as regulate speed-
sensitive motors which are required for reel-to-reel type
transport systems.

The Micro Tape Wafer is both simple and inexpensive (a
fraction of the cost of cassettes and cartridges) and can
neatly fit into a first-class mailer.

A Micro Magnetic Wafer is a small, thin, continuous-loop
cartridge containing a single reel of tape with the ends
spliced together. In operation, the Micro single-point drive
pulls the tape from the center of the wafer reel causing
the entire reel to rotate. Thus, the tape automatically
winds around the outside of the reel at the same rate at
which it unwinds from the inside. There is only one reel
and the diameter of that reel never changes.

THE TAPE

The recording tape used in wafers is different from
ordinary recording tape in that the base is mylar, and its
magnetic coating is a low friction dispersion of chromium
dioxide and not ferric oxide like other digital tape. The
back (non-recording) side of the wafer tape is coated with
protrietary, low friction, high adhesive material that
guarantees smooth tape motion. All digital wafers are
certified for no errors at 3200 flux changes per inch.
Micro Wafers are life tested to exceed the published
figures of small cassette tapes.

STORAGE CAPACITY

Wafers are available in 5-foot increments of tape length
from a minimum of 5 feet to a maximum of 50 feet. In
-terms of storage capacity, 50 feet of magnetic tape stores
1.92 million flux changes at 3200 flux changes per inch
(fci). If your encoding/decoding scheme utilizes a phase-
encoding technique, you could store 120,000 bytes of
information on a 50 foot wafer.

EOT/BOT AND FILE PROTECT

In @ continuous-loop cartridge the end is, of course, the
beginning and EOT = BOT. Thus, one EOT/BOT indicator
is all that's required in a Wafer. That indicator is a piece
of reflective tape that splices both ends together. An
EOT/BOT sensor is included with all tape systems. The
mechanical tape transport can be ordered with the
EOT/BOT sensor by including Option # 105. The sensor
board contains a photosensor/LED pair that generates an
output signal each time the reflective splice passes it.

File protection (WP) is generated by means of a
conductive removable sticker on the wafer label. The
presence of the sticker enables writing. You simply

peel off the sticker from the label to protect the tape and
when you want to write on the tape again, you simply
paste on a new sticker (we sell them in sheets). Along
with the EOT/BOT sensor, Write Protect (WP) is also
included in the tape system and transports via Option # 105.

ACTUAL
SIZE

SPECIFICATIONS

Configuration
Number of tracks
Capacity, maximum

(50 feet recorded at 3200 fci) ................. 192 x 10 fc
Tapegrade......... S Certified: Zero errors at 3200 fci

Loop time at 6 ips search speed:
Maximum length

(S0 foot) wafer ... ... .. ...... 1 minute, 40 seconds +20%
Minimum length {5 foot) wafer .......,.. 10 seconds +20%
Dimensions:
Wafer
DT AT S R e et - T 1.6 x 2.7 x 0.2 inches
WelgE(00 f00) 72 u o T e e v s T Foas 1/8 ounce
Tape.
N e e N S e e A e S R A e 0.070 inches
Length
IVIRERESIRIIY Y <o - - b g SRR Wt o B 50 feet
Minimum. ... S P R s A Rl B = T o av s 5 feet
RO, R S e SR N S e i 0.001 inches
EOT/BOT marker- Length .. .. .........._.. 2 i 0.55 inches
Write Permit marker: Diameter ... . .............. 0.25 inches
Tape Materials
e A S O S e Mylar
Magnetic Coating .- . ... .. iwvnivanna. Chromium Dioxide
Back Coating ......... Bt 2T RN e N e T Froprietary,

low friction high adhesive



ACTUAL SIZE

TAPE TRANSPORT

A Micro Transport is a very simple mechanism consisting
of a precision die-cast aluminum block in which are
mounted a magnetic tape head, drive motor and capstan.
The Micro wafer cartridge edge-loads into a slot in the
block, and the capstan drives the tape at a single point.
Nominal tape read/write speed is 3 inches per second,
likewise nominal fast forward speed is 6 inches per sec-
ond. Optional sensors are available (option # 105) to
detect the Write Permil (file protection) marker on the
cartridge label and the end of the tape (EOT/BOT)
reflector on the tape. A small unprotruding p.c. board
mounted on the block provides easy access to head,
sensor and motor leads in models ordered with sensors,

SPECIFICATIONS
Rl o S e Precision die-cast aluminum
Tl et (e S B A N e (R Black Anodized
Weight:
Without Sensor Board Option ..................... 3.8 ounces
With Sensor Board Option .................ccoou.n.. 4 ounces
Tape path length from EOT sensory location
B R O o e O L S S R A S e o R 2 inches
Operating environment:
Ll Rk e N e S B e 5°C to 45°C
Relative Humidity, noncondensing . ........o.e.... 20% 10 80%
Motor:
£ 510 PR RN Bt R Lo e et Dc permanent magnet, 5 pole
VOO0, ORI &5 e S A T S i S volts
LORG CUrPANL SYPICIIL Vi oo e e veis e e e d A b s s i 100 ma
Btk o ConSiant: (oo rtar s i el e sl 1 volt/ips
B A e SR S N 142 ohms
Head:
TeackWidthi(Tul) - oo-. o s Sttt e e 0.074 inches
YA AN O ORI I o e T e oo oy B b e A 50 mh
Resistance, maximum..................c.ceiueennn.. 100 ohms
Gaptength:. . s S e 0.0001 inches

Write current, p-p:

1450 Saturalion & .. S vt s i e e A e 28 ma
Qutput, p-p minimum at 3 ips and 3200 fci
POl SaUIalION . .. o Y i et b S 2mVv

Sensor Board Option:
Power requirements:

O e O e e, e e e b I 5 vde

BT B (S I R T S 35 ma
Output voltage:

Sensor marker absent, minimum ..................... 2.4 vdc

Sensor marker present, MAXimum .................... 0.4 vdc

Any transport can be operated at a lower tape speed,
depending upon the requirements of the motor control
circuit being used, but the motor should not be operated
continuously at greater than approximately 6 ips.
Certified Micro wafers are delivered with the certification
program intact. The program consists of a continuous
string of flux changes at a density of 3200 fci. Since the
head signal frequency is Hz divided by 1600 is equal to
the tape speed in ips, that pattern can be used to adjust
tape speed.

P2 MOTOR CONTROL CHIP

The Micro P2 Motor Control Chip (option #103) is
recommended for use with Micro transports. The P2 is a
monolithic, integrated-circuit chip that provides precise
speed regulation at tape speeds of 1 to 5.5 ips sufficient
to generate 1 volt of motor back emf

Its ratings (at 25°C) are as follows

Supply Voltage ......... s 4 vdc 1o 18 vdc

Output:Corrent: .. ..o .. . in. el s s 8 SN -..1Tamp
Dissipation, maximum . . R e A . 1.4 watts
Speed regulation vs load, typical . ... . S . 1%

Speed regulation vs supply voltage. typical .. -..0.6%/235%
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Electronic Read/Write

ACTUAL SIZE Tape System

The Micro Read/Write Digital Data
Storage System is a complete
digital input/output system de-
signed for use in storing and
retrieving digital information that is
encoded and decoded by the user.
In addition to complete electronics,
the Electronic Read/Write System
contains sensors for both
EOT/BOT and Write Permit,

When coupled with a micro-
processor or other CPU (or the
appropriate hardware logic) an
Electronic Read/Write System
becomes a complete serial data
storage and retrieval system at a
fraction of the usual cost. Because
they leave the encoding and
decoding to the user, Electronic
Read/Write Systems permit the use
of any bit-serial, self-ciocking

code.
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Electronic Read/Write
Tape System

PERFORMANCE

The Electronic Read/Write System has distinct
advantages over other competitive bit serial systems. The
input/output signals are TTL and 5-volt CMOS
compatible. All input/output signals are true digital logic
levels. The analog circuit functions are completely
transparent to the user.

The operating characteristics of the Electronic Read/Write
System are quite impressive and certainly are more than
one would expect from a low-cost digital tape system.
Because of the high packing densities, a transfer rate
(using normal read/write speed of 3 inches per second) of
9600 fcs is possible. The system can affect a 4800 baud
transfer rate when reading and writing, start time is at 30
ms while stop time is at 40 ms.

SELF-CLOCKING CODES

Because tape systems are basically mechanical
assemblies, they cannot be relied upon to maintain
perfectly constant speed. To overcome this obstacle a
digital tape system must transmit a recorded clock signal
along with the binary information. This information must
be recorded together. Choosing a self-clocking code
generally boils down to a compromise between tape
storage and speed control. In a Micro wafer cartridge,
which is certified for 3200 fci, the maximum bit density
and storage capacity for the two most commanly used
codes are shown on the following page.

ACTUAL SIZE

\-cilsiig
c—“o

m !’f'll'i{ M

Al

SPECIFICATIONS
O DBNBIONE oo ot s e el i 58 5.30 x 2.94 x 1.67 inches
Ol e o e A N R A T S e i o 6 ounces
Operating Environment:

TOMPBIANIN oo vin s s saev s e s oaaave s as 5°C to 45°C

Relative Humidity (non-condensing)............. 20% to 80%
Power Requirements:

Voltage (nominal) ...........ovviririnininiianans +12 & +5 vde
Current:

Operation (typical) +12v +5V
Standby s T ST R S R 47 ma
Normal Speed........ OB oo ssainintdines 48 ma
Fast Forward ......... i [FE] | RS 48 ma
Starting <o i eies TR i orsivscvsse 48 ma

Consumption:

AN 3 A G S R S Sk 0.7 watts

OPeralNG: <= vy v v S s e S et aaie 1.5 watts

PORIC: o oo oomaminswigmassiesny wyiseins oot @i s e vaes 2.2 watts

Tape Speed:
Read/Write:
AIPOBEL a0 e 3 ips (£3%)
g Ry - Wik YT I P R 30 ms
Stark:Distanee o L R R R e TR 0.05 Inches
SO THNR 5w v i e T S s S e s 40 ms
ST T T e LS N L 0.06 inches

Fast Forward:

S o Bt R N N ML N SRR 6 ips (£10%)

g 8 U e A SRR R SO A A S SR 40 ms

SEAYE ERBYRTICR. . - o500 v sruiviwiorars's b aiale s ssnina'a s nm wia 0.12 inches

T B R e P ey . S0 ms

SIOP - DISIANCE & . v ioinni i daa S s et e e ey 0.15 inches
Control & Status Signals:

LBV oo oue s e S SR R LSTTL Compatible

IPOLLORUING & <o onwaia an s maias wy sisipitaneeswies 1LSTTL load

Drive Capability ...........civeveverane. 15 TTL or 60 LSTTL

0 1] SO e T S e (i DA K s o P e e ety 5% or less

EIAIA DORGIY oo 5o ow oo 5/n it miien wiis shwicia o S st piass 300 to 3200 fci

Data Transfer Rate, maximum ......... 9600 fcs or 4800 baud

Dot CRPACRY . o it i daniins Pans panis s o 960K bits/120K bytes
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. Maximum Storage Capacity per 50° Wafer Prices and specifications
Flux Changes Density on 2
S plas Tape (BP1) = e subject to change without notice.
Ratio 3 1,067 640,000 80,000
Biphase 2 1,600 960,000 120,000

INTERFACE FOR ELECTRONIC READ/WRITE SYSTEM

Board Conn. #Abbrev. Signal
A1 EOT END OF TAPE status output
A2 WP WRITE PERMIT status output
A3 CIP Not used.
Ad LGND LOGIC GROUND
AS LGND LOGIC GROUND
A6 LGND LOGIC GROUND
AT Not used.
A8 MGND MOTOR GROUND
A9 MGND MOTOR GROUND
A10 CGND CHASSIS GROUND
B1 WEN WRITE ENABLE input
B2 RMOD READ MODULATION output
B3 MEN MOTOR ENABLE input
B4 FAST FAST speed input
B5 WMOD WRITE MODULATION input
86 SEL Drive SELect input
B7 Not used.
B8 +5V +5V logic supply
B89 12V +12V motor supply

810 Not used.

. Micro
Communications
Corporation
m A BUCKEYE INTERNATIONAL COMPANY
80 Bacon Street, Waltham, Massachusetts 02154 617/899-8111
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Digital
Recording
In

Low Cost
Transports

by Clark E. Johnson, Jr.

Clark E. Johnson, Jr. is President of Micro Communi-
cations Corporation in Waltham, Massachusetts.

Historically, most digital engineers have looked upon mag-
netic tape peripherals as black boxes which were fairly easi-
Iy connected to the computer without much concem'for

the magnetic recording process and its requirements. The
advent of microprocessors and microprocessor-based systems
has greatly increased the need for low cost tape storage, re-
quiring the software to do more and more of the data mani-
pulation, encoding and decoding. This article reviews the
system constraints imposed by the magnetic recording and
playback process and shows you how to overcome them.
This article is restricted to direct digital recording; it does
not include such analog and quasi-analog techniques as fre-
quency selective keying (FSK) or other tone-burst approaches.

introduction

A magnetic recording system may be thought of as a band-
width limited communications channel. We must, of course,
ignore the time delay between the writing and reading of a
given unit of information. Fig | shows the usual model of a
communications system. It consists of five components: an,
encoder, 2 modulator, the communications channel itself,

a detector and & decoder. Some of these elements may be
combined in whole or in part and each of them will be
briefly explored as to its relevance in a magnetic recording
system.

Since we are concerned only with recording digitally, we
first must review how a pattern of ones and zeros is laid
down on the tape. Clearly, only two unique states of mag-
netization are necessary for the storage of binary dara.
These states are normally positive and negative saturation
of the magnetic tape surface to give maximum differentia-
tion between the two states. Saturation recording takes ma-
ximum advantage of the non-linear saturation characteristic
of the magnetic recording medium. It is to be clearly dis-
tinguished from a normal analog recording in which only
about 25% of the magnetic moment of the media is put to
use. Thus, the output from a saturated recording is appro-
ximately 12 db higher than that of an audio recording. The
magnetic material in saturation recording provides inherent
limiting action which greatly reduces the effects of varia-
tions in write current, tape-to-head spacing and media para-
meters. Because of the use of saturation techniques, you
cannot use a direct correspondence between the input and
output of a magnetic tape channel and a conventional signal
transmission system.

the encoder
The function of the encoder is to take raw data at the input

to the system (a bit stream of zeros and ones) and transform
it into another data stream that has been specifically condi-
tioned for transmission through the channel. This condi-
ioning serves a number of purposes: for example, the addi-
tion of parity bits, error propagation limitation, spectral
shaping and speed tolerance. Note that with a microproces-
sor-controlled system, software easily accomplishes this
encoding and subsequent decoding. A later section will go
into detail on various encoding techniques.



the modulator

The purpose of the modulator is to take the digital sequence
produced by the encoder and convert it into an analog wave-
form that can then be transmitted through the channel. In a
communications system with linear but bandwidth-limited
channels, the modulator normally serves the purpose of pro-
ducing a waveform whose spectrum is matched 1o the band-
pass of the channel. In magnetic recording systems where

magnetic and mechanical characteristics of the media itself
such as surface finish, coating thickness, coercive force and
saturation magnetization. The maost access.ble parameter 1o
the user is tape speed which is directly proportional to the
tfrequency response of the channel. Since the fundamental
limiting feature of the magnetic recording channel is the
tape/read-head interface, the read head is considered a part
of the channel.

‘Record Head

Data Data
in Out
E Madul Ch | Di tor Decoder
— P ncoder gl Modulator L annel  j—Jm Detec !_*.
Encoding Head Driver Magnetic Ampiifier, Decoding
Algorithm & Tape, Drive, Peak, Det. Algorithm
; C > Playback Head

the channel exhibits both saturation and hysteresis effects,
as well as a frequency limitation, the modulator must serve
the additional function of setting the proper write current
amplitude and switching characteristic. The modulator in a
tape system therefore consists of the magnetic recording
head and the head driver. Recording takes place at the trail-
ing edge of the record gap by the fringing flux, since this is
the area of the highest flux gradient. Excessive current in the
record head simply moves the magnetizing zone downstream
from the gap.

the channel

In the usual communications channel, there is normally very
little control over the channel characteristics, and the rest

of the system is designed around it. Things are not so fixed
in the magnetic recording channel. The transmission (storage)
medium can be controlled in several ways. These include the

Fig 2 shows the magnetic tape channel frequency re-
sponse. Notice that a low frequencies the output rises at
6 db per octave in accordance with Faraday’s Law. The
output goes exactly to zero at the point where the recorded
wavelength is equal to one-half of the playback head gap
length. The peak of the response curve depends upon the
magnetic parameters of the tape and can be pushed to
higher frequencies by increasing the coercive force and de-
creasing the coating thickness. A main contributor to the
roll-off of response with decreesing recorded wavelength
on the tape is self-demagnetization. That is, as the re-
corded wavelength decreases, a decreasing amount of flux
finds its way through the read head. and more of it is short-
circuited through the tape itself. Clearly. significant advances
in performance can be expected as tape materials and ma-
nufacturing techniques improve.

detector

The detector is the device that takes the incoming analog
signal from the channel and converts it into a digital signal
identical to that of the input to the modulator. Since, in

the magnetic tape system, the read head is part of the
channel, the detector is merely the amplifier and bit-by-

bit detector, normally a peak detector. Note that the in-
formation content of the signal, located at the zero cross-
ings of the record current, becomes translated to peaks of
the detected voltage. The detector also recovers the timing
information necessary to reconstruct the digital data stream.

decoder

The function of the decoder is exactly opposite that of the
encoder: it takes the output of the detector and converts it
back into the input data bit stream. Depending upon the
type of encoding used, the decoder may correct errors in
addition to performing the inverse algorithm of the encoder.

recording density limits
Since the recording process itself takes place at the trailing
edge of the write-head gap, bit density on the tape does not



COMPARISON OF VARIOUS ENCODING SCHEMES
Encoding |[DC 0.5f 1.0f 15f DC Transitions | Fonax Pre Speed Tolerance s
Scheme | 4———f——t—f— | Present? | Bit Density | Frmin | /o227 [Eitt0-Bit* | Long Torm Notes
NRZ — Yes 1 - - = o Listed for com-
paraitive purposes.
RZ ] Yes 2 4 No High High Requires demag-
Virtually netized tape,
Asynch-
TONous
S-NRZ E— Yas 1.125 9 Yes Low None
Bisphase — No 2 2 No** £33% +33% Includes Man-
chester, Phase,
FM.
Double "y Yes 1 2 Yes Low None Includes MFM,
Density PM, Miller, stc.
Ratio — No 3 2 No High High ’
M Record length on
vCW } J Yes 2 2 No =20% £20% tape depends ipon
ratio of 0's 10 1's,
*Tolerance shown is total of both write and read.
**Some configurations require preambles.
Fig 3 Characteristics of various self-clocking data encoding schemes showing bandwidth (in terms of the fundamental fre-
quency component of the data rate), the presence of dc in the recorded signal, the ratio of the transition density to bit
length, the bandspread ratio, whether the scheme requires & lengthy (=1 bit} preamble and speed tolerance both a short-term
{bit-to-bit) and long-term basis.

depend, at least to the first order, on the write-head-gap
length. The cutoff wavelength (Fig 2) is directly proportion-
al to the playback-gap length. There are, however, several
other factors involved. One of these is head-to-tape spacing
which greatly affects the playback output voltage and
waveform. Reduction in output voltage causes errors in the
detected signal because of insufficient amplifier gain to
drive the detector. This reduction is dependent upon the
ratio of band-to-tape spacing divided by read head gap
length. Wave-shape broadening increases the effect of pulse
crowding. Any non-uniformity of the head-tape interface
such &s debris on the tape or non-uniform surface, can cause
an increase in head-to-tape spacing. As an example of how
serious this is, a system which may exhibit one error in 107
bits at 800 bits-per-inch could easily exhibit one error in
10? bits at 1200 bits-per-inch using the same encoding
scheme.

Pulse crowding is another effect that needs to be con-
sidered. In essence, the playback system (i.e., the detector)
is linear and subject to the superposition theorem. The re-
cord process is very non-linear and depends upon the state
of magnetization of the previous pulse, assuming that the
magnetization did not reach zero before the next pulse
came along. As a result, there is a phase shift of higher
density pulses with respect to lower density pulses. Con-
sequently, the detection window and amplitude of each
pulse is dependent not only upon its own characteristics
but those of its predecessor. Most manufacturers give spe-
cifications as to the acceptable maximum flux changes
per unit length of tape for their system for low error rates.

signal processing techniques

There are basically two types of digital magnetic recording
schemes: those providing a separate clock track independent-

ly recorded, and those which are self-clocking — that is, in
which the data stream and the clock are encoded together
into a single bit stream. Since this discussion is related to
single-track recording, we are restricting ourselves to the
latter case. One might legitimately ask why it is necessary

to provide timing information at all. Why can't the data be
recorded on tape and then played back using an independent
timing oscillator identical to that used during recording? The
problem is, of course, that tape systems, being mechanical,
cannot provide the precise tape speed control necessary 10
make this feasible. In fact, it is even difficult to take the
serial output from a UART, record it on tape, and then play
it back on a different machine into a UART and recover
error-free data. The reason for this is that the data timing
between input and output can only change by 4% over one
byte to faithfully recover the data. As a consequence, it is
essential to provide independent clocking on the channel it-
self.

There are a number of self-clocking codes that can be
used with digital recording. One author reports over a
hundred of them, but most of them can be reduced to half
a dozen or so basically different schemes. If we now refer
to Fig 2, we note that dc cannot be transmitted through the
magnetic tape channel. In fact, to reduce equalization, it is
desirable to reduce the bandwidth spread as much as possible.
Fig 3 shows the characteristics of various types of self-clock-
ing codes (with NRZ included for the sake of comparison).

The abscissa of Fig 3 is the fundamental frequency band-
width component required in terms of the data rate. The
columns at the right indicate various characteristics of these
codes. “DC Present™ is whether or not the encoded wave-
form is asymmetric; that is, does it include a dc component.
The second column is the “Ratio of the Transition Density
to the Bit Density,” which is a measure of the efficiency of



the recording scheme. Note that NRZ recording has a ratio
of one. The third column gives the bandwidth requirements
of the channel in terms of the “Ratio of the Maximum
Frequency to the Minimum Frequency.” The fourth
column is whether a “Preamble” is required to provide read
clock synchrony. A preamble is a known bit length and
pattern appended to the front of each record. Generally, a
preamble is required for all systems, but it may be only

one bit long, as in biphase or ratio recording. Methods
which do not provide a clock pulse for every bit require
long, formalized preambles. Only long preambles have a
“yes™ in this column. The next two columns give the re-
lative “*Speed Tolerance™ on both a bit-to-bit basis and on
along-term basis. Finally, the last column gives some addi-
tional comments.

Now let’s look at each of these encoding schemes by it-
self and try to draw some conclusions about them. Fig 4
shows the encoded data stream for some of the encoding
schemes of Fig 3 for an arbitrary 16 bits of data.

RZ recording starts out with unmagnetized tape (not
such an easy requirement if one wants to reuse an already
recorded tape) and simply goes positive for a one and
negative for a zero, always returning to the demagnetized
state between bits. The densities are relatively low, due to
need to get back to.zero between bits. The bandwidth re-
quirements run roughly from 0.25 times the data rate to
the data rate. RZ recording is particularly attractive for
low density recording because it is virtually asynchronous,
making minimal constraints on the density of the recorded
data. RZ recording does not require a preamble.

S-NRZ recording is simply NRZ recording with an extra
bit at every eight bits to provide a lower bound to the band-
width requirements. Rather tricky electronics and buffer-
ing are required to squeeze an extra bit in for every eight
in encoding and then clip it out again in decoding.

Bi-phasc recording is a class of double frequency self-
clocking schemes, many of which require no preamble and
have a bandwidth requirement of only two to one. Bi-
phase goes under many names, such as Manchester Code,
Phase Encoding and Frequency Modulation. These are
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Fig4 The encoded data stream ss a function of the input

all essentially the same scheme in which a one bit is repre-
sented by two flux changes and a zero bit by one flux
change. All the other schemes in this category are simply
variations on this with inversions and phase shifts brought
into play. All have essentially the same mathematical
characteristics as far as the channel is concerned. Bi-phase
(which I have elected to use as the generic name) generally
has no dc component present and is relatively insensitive
to small speed changes both on a bit-to-bit or over a long-
term basis. Fancy electronics can take into account long
term speed changes by simply altering the sampling clock
rate to agree with the average bit cell.

Double density recording, used in various disk files, do
not provide a clock bit for every data bit and thus requires
a preamble to provide read clock synchronization. With the
exception of ZM recording, discussed below, all double den-
sity schemes have dc present and are very sensitive to speed
changes. Their bandwidth requirements, however, are
equal to one-half the data rate.

Ratio recording is a relatively inefficient scheme, but one
which has significant virtues for low cost systems. In ratio
recording, a positive-going flux change at the leading bit
cell edge always corresponds to a clock pulse while the posi-
tion of the negative-going change (whether it is in the first
half or the second half of the bit cell) determines the data.
Since each bit cell stands alone, no preamble is required;

a lost bit has no effect on adjacent bits as happens with
double density and some bi-phase schemes. In addition, the
speed tolerance is theoretically =50% on a bit-to-bit basis
and very high on a long term basis, limited only by the abi-
lity of the amplifier to provide sufficient gain for slow-mov-
ing tape or to handle the bandwidth requirements of rapid-
ly-moving tape. You pay a price for this capability, however,
in that there are essentially three flux changes per bit cell,
thereby limiting the maximum recorded density. Detection
is done by charging a capacitor (or turning on an up-counter)
during the first portion of the cycle and then discharging
the capacitor ( or causing the counter to count downward)
during the second part of the cycle Since the capacitor is
discharged at the end of each bit cell to start over again (or
the counter reset to zero), the presence of de in the detector
is of no consequence.

Zero modulation or ZM recording was developed by IBM
for their 3850 Honeycomb Mass Storage System. This is
simply an algorithm of other double density schemes, but
one which has zero dc component, thereby eliminating the
accumulated unbalance between positive and negative pulse
durations which cause baseline shift. This scheme is very
sophisticated in terms of generating the encoded bit stream,
since it requires an algorithm which looks both forward
and backward in the data pattern, thereby requiring exter-
nal memory. It is too sophisticated for simple cassetie and
cartridge tape systems,

Variable Cell Width, developed by 3M for use with their
DC-100 transport, uses a combination of bi-phase and ratio
recording. In this scheme, the bit cell length for a one is 50%
longer than that for a zero. A zero is two pulses of opposite
polarity for half the time, whereas for a one, the leading or



negative pulse is equal to the leading or negative pulse for
the zero, but the positive pulse is twice as long.

what encoding scheme to use?

This is not an easy question to answer since it depends
upon the following factors:

® Mechanical stability

® The nature of the data being recorded, and

® Whether one can use error-correcting codes.

The mechanical stability of the system includes such
things as the need for interchangeability of tapes recorded
on one machine to play on another, the accuracy and unifor-
mity of tape speed and the mechancial rigidity of the tape-
handling system to minimize structurally caused azimuth
problems, etc. Apropos of the latter, the alignment between
the gap in the playback head and the recorded data on the
tape is very critical at high flux-change densities and requires
the tape to pass over the head at a constant angle no matter
what machine the tape is played on and no matter when
and under what conditions. At high deta densities, a slight
azimuth misalignment of the tape with the head will cause
a serious decrease in outpur and increased errors. Nonuni-
form tape speed requires the use of a speed-tolerant record-
ing system such as ratio recording.

A second factor is the nature of the recorded data. Some
of the encoding techniques require a preamble which must
be appended to each record — expensive in terms of tape
utilization if the records are short. Clearly, it is not any pro-
problem for a long, unformatted record since the preamble
will represent only a minuscule fraction of the total record
length. However, for short recerds, the requirement to ap-
pend a preamble will cause an appreciable increase in the
record length, thereby negating the gains made by going to
a higher density recording scheme. In addition, the use of
double density schemes on tape is particularly tricky, since
they are virtually intolerant of any long term speed changes
because their detection window is extremely narrow and
difficult to change in concert with a change in data rate.

Finally, the use of error-correcting codes, either cyclic
codes added on to fixed-length records or other more axotic
codes, can provide automatic error correction in the de-
coding process itself. Again, the addition of error-correct-
ing codes may or may not be required, depending upon
what is to be done with the data. Most users find it suf-
ficient to add a checksum at the end of a record in order
to tell if the record has been received correctly by the de-
coder.

using a microprocessor to replace the
encoder and decoder

Clearly, & microprocessor can be used to generate the en-
coded waveforms from the data stream, based on which
encoding algorithm is required. The microprocessor can
be run in interrupt mode during encoding, since the timing
for writing the data is not critical. In playback, however,
since the timing comes off the tape, the MICIOProcessor
must be dedicated to the reading of tape. If the system
already has a'microprocessor in it, then it may be easy

to dedicate a small amount of the program to wri ting

and reading tape, thereby saving the considerable expense
of hardware implementation of encoding and decoding.









Robert A. McDonald, President

ENTREPO, A NEW COMPANY WITH A
NEW DATA STORAGE MEDIUM.

Entrepo has introduced a major new
data storage technology and product line
that promise to have significant impact
on home computers, video games, port-
able computers, electronic typewriters
and other products. Entrepo’s Wafer
Drive technology offers performance ap-
proaching flexible disk drives at one third
of the price. The low power consurmp-
tion and small size make the Wafer Drive
ideal for portable applications.

Entrepo’s Micro Wafer is a continuous
foop of magnetic tape in a cartridge.
Each wafer is the size of a business card,
Stores up to 100K bytes of data and dem-
onstrates the data integrity of a flexible
disk. The Entrepo Wafer Drive is a wafer
iransport with read write electronics
to interface with micrecomputers, The
Micro Wefer and Warfer Drive offer OFM's
a new; cost efiective magnetic storage
medium to expand the markets for their
prooucts

Systems des
tronics
aavaniages u f Entrepo
sysiem ana technology. New products
recently introduced by Entrepo custom-
ers ofier consumers the sophistication of
disk operating systems including sulo-
mated file maintenance

The real power of a miCroprocessor 1s
never realized unless the owner has a
magnetic storage device for loading and
saving prog-c.ne ~ritten on the systern
or loading poweriul financial analyses,
word processing programs and video
games develope=d by software manufac-
turers. While advances in semiconductor
technology have resulted in dramatic de-
creases in the price of home computers
and made them available to consumers,
the cost of flexible disk systems has re
mained high. Frequently purchasers of

J

jor elec-
rized the
r Drive

ner
i<

b &

CoOmpanites n

home computers must pay two to three
times as much for a disk drive as for

the computer itself— ar settle for the
reduced capability of audio cassette pro-
gram recorders. Entrepo’s Wafer Drive
technology provides a less expensive
alternative which means expanded
markets for OFM'’s.

Entrepo President Bob McDonald has
drawn on his marketing experience in
the consumer electronics and semicon-
ductor industries to recognize the Wafer
Drive technology as the solution to many
customer problerms. His experience in
high volume manufacturing gave him
the insight that the product could be pro-
duced at reasonable costs. This would
enable Entrepo’s customers to sell their
products at retail price points that fit con-
sumer expectations.

Entrepo’s manufacturing capabilities
will stress quality techniques that will
insure @ high degree of control over
the large volumes of products required
by consumer markets. The manufactur-
ing strategy will depend heavily on
auvtemalion of production and testing
Drocesses.

Entrepo is headquartered in Sunny-
vale, California.
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MODEL 101 WAFERDRIVE

PRELIMINARY

$ entrepc

FEATURES
UP TO 151 KBYTES PER WAFER
20 KBITS/SEC DATA TRANSFER
FAST PORWARD SEEK
LOW POWER DISSIPATION
COMPACT DESIGN

5, 10, 20, 35 AND 50 POOT TAPES

READ/ WRITE ELECTRONICS
DIGITAL MOTOR CONTROL CIRCUIT

TTL INTERFACE

The Entrepo Model 101 waferdrive is a compact low cost,
fast access mass storage device optimized for program
and load and save applications, The drive consists of a
Wafertransport with read/write and motor control
electronics capable of reading and writing on the
Entrepo Microwafer with a data transfer rate of 20
Rbits per second. The Microwafer is a continuous loop
of magnetic tape in a cartridge with maximum unformatted
capacity of 151 Rbytes or 131 Kbytes formatted in 256
byte sectors. The Waferdrive can sense the presence of

a Microwafer and the write protect feature on the

Microwafer to provide data security.

SPECIFICATIONS SUMMARY

Transfer Rate 20 Kbits/sec

Recording Density 2048 bpi

FPlux Density 4096 fci

Recording Method FM

Tape Speed

Read/Write 10 + 4% ips

Fast Forward 16 + 10% ips

Start Time 200 msec

Stop Tinme 100 msec

Start Distance 1.5 in

Stop Distance 0.5 in

Tape Length/Capacity Formatted Unformatted
5 feet +10%-0 feet 11 Kbytes 13 Xbytes
10 feet +10%-0 feet 24 Kbytes 28 Kbytes

20 feet +10%-0 feet 51 Ebytes 59 Ebytes
35 feet +10%-0 feet S1 Kbytes 105 Ebytes
50 feet +10%-0 feet 131 Kbytes 151 Rbytes

Media Reguirements: Entrepo Microwafer

READ/WRITE CIRCUIT

- WRITE GATE When Write Gate is low, Write Data will be
written on the Microwafer if the Microwafer has not been
write protected. Refer to figures 1 and 2 for timing.

WRITE DATA Provides the data to be written on the Micro

Wafer. Each transition from a logical one level to a
logical zero level or vice versa, WwWill cause current
through the R/W head to be reversed thereby writing a
data bit. This line in enabled by wWrite Gate being
active. Refer to figures 1 and 2 for timing.

- READ DATA Provides the clock and data pulses as
detected by the read/write electronics. Reference
figures 1 and 2 for timing and bit shift tolerance

within normal media variations.

EAD DATA 4=t READ/WRITE

RITE
RITE

GATE st
DATA

CIRCOIT

ED  w—

CLOCE s

RESET em——

MOTOR CONTROL CIRCUIT

SERIAL DATA Data input to least bit
Motor Centrol Register,
into the Motor Control Register the value is
to an analog voltage and applied to the motor.

significant 3
When a binary number is shifted

of

converted

CLOCK Clock input of the MOtor Control Register. Data
that is present on the Serial Data input will be clocked
into the 1least significant bit of the Motor cControl
Register and each bit that is in the register will be
shifted to the next most significant bit position on the
low to high transition of the Clock input.

- RESET Reset input of the Motor Control Register,
bits of the Motor Control Register will be szet to
when the Reset input is held low for a minimum
nanoseconds,

all
zero

of 40

MOTOR SPEED The signal is a pulse with duration of
microseconds that occurs six times per revolution of
shaft. The tape speed can be calculated in inches
second by dividing 0.0412 by the time between pulses
the motor speed line.

520
the
per

on

SENSORS

IXDE¥ _Active for a periocd of 50 milliseconds once each
revolution of the tape to indicate the beginning of
tape.

= WRITE PROTECT TO write protect a Microwafer, the user
must remove the write protect knock out area on the
wafer. A sense switch will detect the missing tab and
inhibit writing. The Write Protect signal will be low
when there is no wafer present and when a write
protected wafer is in the drive,

- WAFER PRESENT This signal is low whenever a wafer is
ingerted into the Drive.
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DC POWER /
|¢=== ===>1 10 MICROSEC MINIMUM

MOTOR VOLTAGE —/
|¢== ==>] 200 MSEC MINIMUM

VALID READ DATA P Pttt 1 o 1R PO s O R

WRITE GATE / \
1¢<== ==>| 48.8 USEC MAXIMUM

WRITE DATA N 5 R i R X |

Figure 1. INTERFACE TIMING

Reading data from the Model 101 is accomplished by holding Write Gate being inactive and moving the tape at the
read/write speed, Writing data to the Model 101 is accomplished by moving the tape at the read/write speed, activating
the Write Gate line, and pulsing the Write Data line with the data to be written., The timing relationships reguired to
initiate a write data sequence are shown in figures 1. Moving the tape at read/write speed is accomplished by storing
the appropriate binary value in the Motor COntrol Register, monitoring the motor speed line and adjusting the value |in
the Motor Control Register until the motor sSpeed is within an acceptable tolerance.

DATA BIT VALUE I 1 | 1 | 1 I 0 I 1 | 0 | 0 | 0 I 1 |
I<==>1 24,4 USEC % 1% I<=~ -=>1 48.8 USEC 2 1 &%
WRITE DATA 1 I 1 | ! 1 | [T | P ORESER | ievl I | |
igo s
5 3o :
1<-->| 24.4 USEC #+ 20% I<-- —>0did@.8 USEC + 20%
0gayr
C D C D C D C C D C C 3 g3:sl C D C
READ DATA _________I! I I |1 il 11 N 11 11 il llsﬁ_:":* 1 B [y I

Figure 2. READ/WRITE TIMING

The read/write circuits have been optimized for FM encoding and the data integrity specifications are based upon testing
done with FM encoding, Other encoding schemes may have-a detrimental effect upon data integrity, The timing of write
data is shown in Figure 2. The fundemental write oscillator frequency can be determined within a range of +20% - 0%,
however once the value is selected, the actual oscillator should be crystal controlled. Read data bit shift tolerances
are also shown in figure 2.

PHYSICAL SPECIFICATIONS

3 OPERATING NON OPERATING
Environment Limits
Ambient Temp 10 to 45 C ~20 to #60 C
Rel Humidity 20% to 80% 5% to 95%
Max Wet Bulb 30 C 30 C

(No Condensation)
Power Requirements

Read/Write Electronics

+12 Volts +3% 110 mA typ 500 mA max
+5 Volts *5% 100 =a typ 200 mA max

Motor Control Electronics

+12 Volts 500 mA surge for 100 msec
read/write 40 mA typ steady state
fast forward 80 mA typ steady state
Weight 4 ounces

RELIABILITY SPECIFICATIONS

MTBF 10,000 POH =
Component Life 5 Years
Media Life 5000 passes

Efror Rates

Soft Read Etrors 1 per 10 exp B8 bits read
Hard Read Brrors 1 per 10 exp 1l bits read

Preventive Maintenance Clean head and capstan
every 1000 POH, *

» Assumes 10% duty cycle
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MODEL 102 WAFERDRIVE

PRELIMINARY

FEATURES
UP TO 151 KBYTES PER WAPER
20 KBITS/SEC DATA TRANSFER
SINGLE POWER SUPPLY (+5 VOLTS)
OPTIMIZED FOR BATTERY OPERATION
LOW POWER DISSIPATION
COMPACT DESIGN
5, 10, 20, 35 AND 50 FOOT TAPES
READ/ WRITE ELECTRONICS
DIGITAL MOTOR CONTROL CIRCUIT

TTL INTERFACE H Y

The Entrepo Model 102 Waferdrive is a compact low cost,
fast access mass storage device optimized for battery
operation. The drive consists of a Wafertransport with
read/write and motor controlilelectronics capable of
reading and writing on the Entrepo Nicrowafer with a
data transfer rate of 20 Kbits per second. The
Microwafer is a continuous loop of magnetic tape in a
cartridge with maximum unformatted capacity of 151
Kbytes or 131 Kbytes formatted in 256 byte sectors. The
Waferdrive can sense the presence of a Microwafer and
the write protect feature on the Microwafer to provide
data security.

SPECIFICATIONRS SUMMARY

Transfer Rate 20 Kbits/sec

Recording Density 2048 bpi

Flux Density 4096 fci

Recording Method FM

Tape Speed

Read/Write .- 10 & 4% ips

Start Time -~ 4. 200 msec

Stop Time - 100 msec

Start Distance 1.5 in

Stop Distance ) 0.5 in

Tape Length/Capacity Formatted Unformatted
5 feet +10%-0 feet 11 Kbytes 13 Rbytes
10 feet +10%-0 feet 24 Kbytes 28 Ebytes
20 feet +10%-0 feet 51 Kbytes 59 Rbytes
35 feet +10%-0 feet 91 Kbytes 105 Kbytes

50 feet +10%-0 feet 131 Kbytes 151 Kbytes

Media Requirements: Entrepo Microwafer

READ/WRITE CIRCUIT

- WRITE GATE When Write Gate is low, Write Data will be
written on the Microwafer if the Microwafer has not been
write protected, Refer to figures 1 and 2 for timing.

WRITE DATA Provides the data to be written on the Micro
Wafer. Each transition from a logical one level to a
logical =zero level or vice versa, will cause current
through the R/W head to be reversed thereby writing a
data bit, This line in enabled by Write Gate being
active, Refer to figures 1 and 2 for timing.

- READ DATA Provides the clock and data pulses as
cdetected Dby the read/write electronics, Reference
figures 1 and 2 for timing and bit shift tolerance
within normal media variations.

SENSE CIRCUITS pmmmmmmd INDEX
{! ey WRITE PRC
i
SEAD DATA ¢=——————{ READ/WRITE MOTOR CONTROL | MOTOR SPE

WRITE GATE et CIRCUIT CIRCUIT |
WRITE DATA b

MOTOR CONTROL CIRCUIT

SERIAL DATA Data input to least significant bit of
Motor Control Register. When a binary number is shifted
into the Motor Control Register the value is converted
to an analog voltage and applied to the motor.

CLOCK Clock input of the Motor Control Register. Data
that is present on the Serial Data input will be clocked
into the least significant bit of the Motor Control
Register and each bit that is in the register will be
shifted to the next most significant bit position on the
low to high transition of the Clock input.

- RESET Reset input of the Motor Control Register. All
bits of the Motor Control Register will be set to zero
when the Reset input is held low for a minimum of 40
nanoseconds,

MOTOR SPEED The signal is a pulse with duration of 520
microseconds that occurs six times per revolution of the
shaft. The tape speed can be calculated in inches per
second by dividing 0.0412 by the time between pulses on
the motor speed line.

SENSORS

INDEX Active for a pericd of 50 milliseconds once each
revolution of the tape to indicate the beginning of
tape.

- WRITE PROTECT ToO write protect a Microwafer, the user
must remove the write protect knock out area on the
wafer. A sense switch will detect the missing tab and
inhibit writing. The Write Protect signal will be low
when there is no wafer present and when a write
protected wafer is in the drive.

= WAFER PRESENT This signal is low whenever a wafer is
inserted into the Drive,
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MODEL 102 DATA SHEET PRELIMINARY

DC POWER ____/

I¢=== ==->1 10 MICROSEC MINIMUM
MOTOR VOLTAGE /
I<== ==>| 200 MSEC MINIMUM
VALID READ DATA B Y Y R Y | | ] Jp S 5 | ll__ll__l|______|I__I|__II____
WRITE GATE / \
| {== ==31 48,8 USEC MAXIMUM
WRITE DATA R T g B o =

Figure 1, INTERFACE TIMING

Reading data from the Model 102 is accomplished by holding Write Gate being inactive and moving the tape at the
read/write speed. Writing data to the Model 102 is accomplished by moving the tape at the read/write speed, activating
the Write Gate line, and pulsing the Write Data line with the data to be written. The timing relationships required to
initiate a write data sequence are shown in figures 1, Moving the tape at read/write speed is accomplighed by storing
the appropriate binary value in the Motor Control Register, monitoring the motor speed line and adjusting the value in
the Motor Control Register until the motor Speed is within an acceptable tolerance.

DATA BIT VALUE | 1 I 1 1 1 I 0 I 1 I 0 I ) I 0 ' 1 |
3l o
I<==>1 24,4 USEC % 1% I<== =-=>b48.8 USEC £ 1 &
WRITE DATA | I [ ! ! 1 | I I 1 I isals I | I 1 I
ogs3”
I<==>1 24.4 USEC = 20% I<== -~} 48,8 USEC + 20%
301 2
C D C D ¢ D c c D c C- 5. c C
READ DATA (R B B TS 1 T 1 AR, (A PE k) 9 ] R S e

Figure 2. READ/WRITE TIMING

The read/write circuits have been optimized for FM encoding and the data integrity specifications are based upon testing
done with FM encoding. Other encoding schemes may have a detrimental effect upon data integrity. The timing of write
data is shown in Figure 2. The fundemental write oscillator frequency can be determined within a range of +20% =~ 0%,
however once the value is selected, the actual oscillator should be crystal controlled. Read data bit shift tolerances
are also shown in figure 2.

PHYSICAL SPECIFICATIONS

OPERATING NON OPERATING
Environment Limits
Ambient Temp 10 to 45 C =20 to #60 C
Rel Aumidity 20% to 80% 5% to 95%
Max wWet Bulb 30 C 30 ¢C

(No Condensation)
Power Requirements

Read/Write Electronics
+5 Volts £5% 120 mA max
Weight 4 ounces

RELIABILITY SPECIFICATIONS

MTBF 10,000 POH *
Component Life 5 Years
Media Life 5000 passes

Error Rates

Soft Read Errors 1l per 10 exp 8 bits read
Hard Read Errors 1l per 10 exp 11 bits read

Preventive Maintenance <Clean head and capstan
every 1000 POH. *

* Assumes 10% duty cycle
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MODEL 107 WAFERDRIVE

FEATURES

PRELIMINARY

UP TO 131K BYTES PER TAPE

ON BOARD MICROCOMPUTER CONTROLLER

IBM SOPT SECTORED FORMAT CAPABILITY

MULTIPLE OR SINGLE SECTOR READS AND WRITES

BYTE PARALLEL TTL INTERFACE

FAST FORWARD SEEK

5, 10, 20, 35, AND 50 FPOOT TAPES

WRITE PRECOMPENSATION

COPY PROTECTION FEATURE

ERROR DETECTION
The Entrepc Model 107 is a compact, low cost, fast
access, mass storage system ‘optimized for ease of
interface in program load and save applications,
The system consists of a Wafertransport, read/write,
motor control, sensor electronics, and microcomputer on
a circuit board which provides a reliable, inexpensive
mass storage subsystem, - -
The Model 107 is capable of reading and writing on the
Entrepo Microwafer., The Microwafer is a continuous loop
of magnetic tape in a cartridge with maximum capacity of
151 FKbytes unformatted or 131 Kbytes formatted in 256
byte sectors.
Simple to use, the controller has just seven commands:
FORMAT - formats the tape
READ - reads a sector from the wéfcr
WRITE - writes sector onto the wafer
READ MULTIPLE - reads multiple sectors from the wafer
WRITE MULTIPLE - vtites-a2§g§gle sectors onto the wafer
STATUS =~ returns the tape controller status
REWIND - positions the tape at the index
PERFORMANCE SPECIFICATIONS
Maximum Storage Capacity (Unformatted) 151 Ebytes

Host Communications Transfer Rate 2,560 Bytes/sec
Medla Data Transfer Rate 3 20,480 Bits/sec

Tape Speed

Read/wWrite 10 + 4% ips
Fast Porward 16 + 10% ips
Start Time 200 msec
Stop Time ' 100 msec

Start Distance 1.5 inches

Stop Distance 0.5 inches
Tape Length Capacity
Formatted Unformatted

5 feet +10% - 0 feet 11 Kbytes 13 gbytes
10 feet +#10% - 0 feet 24 Kbytes 28 Kbytes
20 feet +10% - 0 feet S1 Kbytes 59 Kbytes
35 feet +10% - 0 feet S1 Kbytes 105 Kbytes
50 feet +10% - 0 feet 131 EXbytes 151 Kbytes
Recording Density 2048 bpi
Flux density 4096 fci
Index 1
Encoding Method M

T T T T

L = L reocesy AT IO PG e DATA M 4 -7
PHYSICAL SPECIFICATIONS
OPERATING NON OPERATING
Environment Limits
Ambient Te 10 to 45 C -30 to +60 C
Rel aunxdizg 20% to 80% 5% to 95%
Max wWet Bulb 30C o 30¢
(No Condensation)
Power Regquirements
To be determined
Weight 5 ounces
RELIABILITY SPECIFICATIONS
MTBF 10,000 POE *
Component Life S Years
Media Life 5,000 passes
Error Rates
Soft Read Errors 1 per 10 exp 8 bits read
Hard Read Errors 1 per 10 exp 1l bits read
Preventive Maintenance Clean head and capstan

every 1000 POH, *

* Assumes 10% duty cycle
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“nhe Mcuel 1%g <ontains these main components:

Wwrite Clrcultry - energizes the read/write head to put
flux transitions on the tape.

Read Circuitry - reads the signal off the tape,
amplifies it, filters the signal, detects flux
transitions, additionally filters it, and supplies the

controller with the flux change data,

Motor Control - adjusts the speed of the motor via a
closed 1loop servo technigue when reading and writing,
and operates the motor at full speed during searches.

Controller which contains:

Data Separator - converts the FM signal from the tape
into 1's and 0's.

Address mark detector - finds special data encodings
which identify the beginning of ID blocks and DATA
blocks,

Deserializer = accumulates 1's and 0's into bytes.

Error Detector = accumulates check bytes and compares
these against the check bytes written with the data on
the tape,

Serializer - converts bytes to 1l's and 0's,

FM Modulator - takes 1l's and 0's and converts them to an
FM signal to be written on the tape.

Check Byte Gnrtr - generates check bytes from the sector
data to be written on the tape along with the data.
locp for

Motor Controller =- participates in the servo

" the motor sSpeed controller.

Formatter - generates an beginning-of-tape gap, a string
of sectors, and an end-of-tape gap; then verifies the
tape for dropouts, improper length, missing index.

Command Intrprtr - decodes commands from the host and
which activates the various sections of the controller.

Sector Locater - finds a specified sector by repeatedly

reading ID blocks.

Read Sector Cntrl - activates the sector locator and
which transfers data from the data deserializer to the
host.

Write Sectr Cntrl = actives the sector locator and
transfers data from the deserializer to the host.

RECORDING FORMAT

Data is recorded on the Micro Wafer (TM) using frequency
modulation as the recording mode., The format is similar
to the IBM soft sector for flexible disk. The format is
described in application note #1,

- . Ie,

RS SRRC S e B L
1<=== t1 ===31
DBO-7 X X ¢
1<=£2=>1<= £3 =3
[ <mmme £4 —=m=d |
ACK \
DATA OUTPUT FROM CONTROLLER TO HOST
ACK Xig=. -y \
DBO-7 __ X X

<= t5 =>1<~t6->I<- &7 =>1 |
[¢=== 8 —==>]

R2Q \ S

COMMAND OUTPUT TO BUSY

REQ X /

DBO-7 _X X
ACK LN
[ <= t9 >1

BUSY* \
:é = gfs - 2§2dn. mninimum

- a va set up time to REQ low s
t3 = data hold time to REQ low = go ns.- Womss
t4 = REQ low to ACK low (depends on command executic

5 time)

t5 = output data valid to ACK delay = 50 ns

£6 = ACK low to REQ 1low = 1§o us maximum whe
transferring data bytes. (i.e. the host must ke
up with the byte data rate off of the tape = 25¢
bytes per second with FM encoding).

t7 = REQ low to ACK high delay = 100 ns max,

t8 = REQ low to data not valid = 1 us minimum

£9 = REQ low to ACK when controller not busy = 100 usec

PARALLEL INTERFACE TRANSFERS

To write a command, parameter, or data b e
controller, the HOST puts the byte on the dazg.bug? o§5
7, and pulses the REQ line. This will latch the byt
into the controller. Subsequently, the controlle
f:ocessel the byte and returne a pulse on the ACK 1lin
ndicating that the byte has been input to th
controller and another byte can be put on the data bus

For bytes to be transfered from the contreoller to th

HOST, the controller places the byte on
the cata bus
280-7, and pulses the ACK line, The host reads the dat:
us, then pulses the REQ line to indicate that the byt
g:: been taken and another can be placed on the dat;
COMMAND
FORMAT Writes beginning of ta i
2 A P& gap. Writes II
:f:k8,qa;g 5:31234 gata marks, da;a‘fieldspinitilized t
KA s ol ap¢ gap. Verifies the tape to [fin
READ SECTOR Searches for the specified s
ector
the sector, computes and checks the checkbytes? r FRACH
WRITE SECTOR Searches for the specifi i
the sector and checkbytes, 2 SR MElte
gg:z:? Spaces to the tape INDEX mark at fast forward

STATUS Returns the status from the previous command,
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MODEL 301 WAFERDRIVE

PRELIMINARY

FEATURES:

UP TO 1.593 MEGABYTES PER MICROWAFER

125 KBITS PER SECOND DATA TRANSFER

IBM PC COMPATIBLE 369 KBYTE WITH 3,7 SEC AVG ACCESS

SINGLE POWER SUPPLY (45 VOLTS)

LOW POWER DISSIPATION (0.75 WATT)

OPTIMIZED FOR BATTERY OPERATION

COMPACT DESIGN (1" X 2" X 3,25")

READ/WRITE ELECTONICS

MOTOR CONTROL CIRCUIT

TTL INTERFACE
The Entrepo Model 301 Waferdrive is a compact, low cost,
fast access, mass storage devicd optimized for battery
operation, The drive consists of a Wafertransport with
read/write and moter control electronics capable of
reading and writing on the Entrepo Microwafer with a
data transfer rate of 125 Kbits/sec. The Microwafer is
2 continuous loop of magnetic itape<in a cartridge with
maximum capacity of 1.593 Mbytes formatted in 512 byte

sectors, A Microwafer with 12 foot tape length can be
formatted into an IBM PC compatible 369 Kbyte format

with an average access time of 3.7 seconds. The
Waferdrive can sense the presence of a Microwafer and
the write protect feature on the Microwafer to provide
data security,

SPECIFICATIONS SUMMARY

Transfer Rate 125 RKbits/sec

Recording Density 6250 bpi

Flux Density 6250 fci

Recording Method MFM

Tape Speed

Read/Write 20 & 4% ips

Start Time It 200 msec

Stop Time 100 msec

Start Distance 1.5 in

Stop Distance 0.5 in

Tape Lengths (feet) 12 24 36 48
Access Time Avg (sec) 3.7 7.4 11.1 14.8
Access Time Max (sec) 7.4 14.8 22.2 29.6
Capacity (EKbytes) 369 784 1,190 1,583

Media Reguirements: Entrepo Micro wafer
READ/WRITE CIRCUIT

- WRITE GATE When Write Gate is low, Write Data will be

written on the Micro Wafer if the Micro wWafer has not
been write protected, Refer to figures 1 and 2 for
timing.

WRITE DATA Provides the data to be written on the Micro

Wafer, Each transition from a logical one level to a
logical =zero level or vice versa, will cause current
through the R/W head to be reversed thereby writing a
data bit, This line in enabled by Write Gate being
active., Refer to figures 1 and 2 for timing.

- READ DATA Provides the clock and data pulses as
detected by the read/write electronics. Reference
figures 1 and 2 for timing and bit shift tolerance

within normal media variations,

TRACX ) ~———————3| TRACK SELECTION SENST f——— INDEX
TRACE ] ~— CIRCUITS |jo———s WAFZR PRESENT
—f—=f MRITE PROTECT

BEAD DATA st
WHITE CATE
WRITE DATA et

FOTOR CONTROL |——————ww—y WOTOR SPEED

READ/WRITE ‘
CImCul? 1 | CIRCULIT
—— ————
o
aocx

RESEY ———]

MOTOR CONTROL CIRCUIT

SERIAL DATA Data input to least significant bit of
Motor Control Register. when a binary number is shifted
into the Motor Control Register the value is converted
to an analog voltage and applied to the motor.

CLOCK Clock input of the Motor Control Register, Data
that is present on the Serial Data input will be clocked
into the least significant bit of the Motor Control
Register and each bit that is in the register will be
shifted to the next most significant bit position on the
low to high transition of the Clock input,

- RESET Reset input of the Mctor Control Register. All
bits of the Motor Control Register will be set to zero
when the Reset input is held low for a minimum of 40
nanoseconds.

MOTOR SPEED The signal is a pulse with duration of 520
microseconds that occurs six times per revolution of the
shaft, The tape speed can be calculated in inches per
second by dividing 0.0412 by the time between pulses on
the motor speed line.

TRACK SELECTION

TRACK 0,1 The binary equivalent of the Ewo
determines which of four tracks is
example both lines low selects track 0.
selects track 3,

lines
Selected, For
Both lines high

SENSORS

INDEX Active for a period of 50 milliseconds once each
revolution of the tape (5 seconds for a 5 foot wafer, 60
seconds for a 50 foot wafer) to indicate the beginning
of tape.

~ WRITE PROTECT To write protect a Microwafer, the user
must remove the write protect knock out area on the
wafer. A sense switch will detect the missing tab and
inhibit writing. The Write Protect signal will be low
when there is no wafer present and when a write
protected wafer is in the drive.

~ WAFER PRESENT This signal is low whenever a wafer is
inserted into the Drive,
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Figure 1. INTERFACE TIMING

Reading data from the Model 301 is accomplished by holding wWrite Gate being inactive and moving the tape at th
read/write speed. Writing data to the Model 301 is accomplighed by moving the tape at the read/write speed, activatin
the Write Gate line, andg Pulsing the Write Data line with the data to be written. The timing relationships required t
initiate a write data sequence are shown in figures 1, Moving the tape at read/write Speed is accomplished by storin
the appropriate binary value in the Motor Control Register, monitoring the motor speed line and adjusting the value i
the Motor Control Register until the motor Speed is within an acceptable tolerance.

DATA BIT VALUE I 1 | 1 I 1 I 0 I 1 | 0 I 0 | 0 | 1 I
SBgTC
I<=->1 4.38 USEC + 1% I{== [2g=>| 8,75 USEC + 1%
WRITE DATA I | I | I | 1 1 | 1 | nsysy-| I | I
a8 4835#
Jdles =
I<=->| 4,38 USEC + 20% 1¢== ==>I B.75 USEC 3 203
C D C D C D C Cc D C Cine pnir«C C D
READ DATA  pL B PR 1 sy 1 e L A | SN 4 OO VS | A S 7 ld =i a:=-11 3 ey S X

~b™

Figure 2, READ/WRITE TIMING

The read/write circuits have been optimized for MFM encoding and the data integrity specifications are based upor
testing done with FM encoding, Other encoding schemes may have a detrimental effect upon data integrity. The timing of
write data is shown in Figure 2. The fundemental write oscillator frequency can be determined within a range of +20% -
0%, however onece the value is selected, the actual oscillator should be crystal controlled. Read data bit shife
tolerances are also shown in figure 2,

PHYSICAL SPECIPICATIORS

' piakPrac NON OPERATING
Environment Limits

TI00 A
Ambient Temp 10 to 45 C =20 to +60 C
Rel Humidity 20% to 80% 5% to 95%
Max Wet Bulb 0cC 30c¢

(No Condensaticn)
Power Requirements

Voltage +5 Volts 25!

Current Standby Read Write
5 ma 125 ma 150 ma
Weight 4 ounces

RELIABILITY SPECIFICATIONS

MTRP 10,000 Ppom *+
Component Life 5 Years
Media Life 5000 passes

Error Rates

Soft Read Errors 1l per 10 exp 8 bits read
Hard Read Errors 1 per 10 exp 11 bits read

Preventive Maintenance Clean head and capstan
every 1000 POH. *

" Assumes 10% duty cycle
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