




TABLE 2 

Comparison of Recording Code• 

the data pass directly to and from 
the controller in FM code. However, 
in double-capacity mode, the data 
encoder is a 2-way synchronous trans
lator, communicating with the con
troller in FM code at SOOK bits/ s 
but storing data in GCR at 625K 
bits/ s. Storage density on the inner
most track at double capacity is 8170 
frpi, corresponding to 6536 bits/ in.
compared to 6S36 frpi and 3268 bits/ 
in. at single capacity. 

Recorded 

Data Bit 

Rate Density 
Code (kbits/s) (frpl) 

FM 250 6536 
MFM 500 6536 
GCR 500 8170 

translation from four bits to five 
further increases bit density by 2S % 
from 6536 to 8170 frpi, and reduces 
the bit cell time to 1.6 µ,s, or 0.4 
that of FM-a 20% reduction from 
the 2.0 µ,s of the uncoded data. 
Accordingly, the phase margin is 
±0.20 instead of ±0.2S. 

The distinctions between FM, 
MFM, and GCR, summarized in 
Table 2, clearly show the advantages 
of GCR over MFM in terms of phase 
margin and data reliability. 

Advantages of GCR 

In a standard IBM-compatible disk
ette drive using standard media, 
data density is doubled simply by 
using GCR instead of FM. Doubled 
density automatically increases the 
data rate to SOOK bits/ s, while in
creasing the maximum flux transition 
density to 8170 frpi. These are in
creases of 100 % and 2S% respec
tively. Any well-designed read/write 
channel, and most available ferrite 
heads, can easily handle this 25% 
increase in flux transition density. In 
addition, GCR increases data reli
ability over FM or MFM because its 
shift margins are 60% larger. Jn. 
creased phase margins also assure 
diskette interchangeability when writ
ten and read on different drives. 

GCR is not without its disadvan
tages. Chief among these is the extra 
logic circuitry it requires for group 
formation and 4-to-S-bit translation. 
This logic, however, can be assem
bled inexpensively from standard 
MSI chips and conceivably could be 
implemented in software or on a sin
gle custom chip. 
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Phase Margins 

Bit Time µS 

±0.25 ±1.0 
±0.125 ±0.5 
±0.20 ±0.8 

GCR System 

The GCR code is implemented in 
the Orbis model 86 data encoder on 
a single printed circuit (PC) board. 
The data encoder can operate at 
either the standard rate of 2SOK 
bits/ s, using FM, or double that 
rate with GCR. Either way, it ac
cepts data in FM code from an ex
ternal controller furnished by the 
user, which translates data from 
parallel ASCII or whatever code the 
host computer uses. The controller 
also distinguishes one record from 
another by incorporating an address 
in the recorded data, by keeping 
track of the angular position of the 
rotating disc, or by other means. 

In standard 2SOK-bit/ s mode, the 
encoder is logically bypassed, and 

FROM 
CONTROLLER 

FROM DRIVE 

Hardware to implement the GCR 
code has two major sections: a phase
locked oscillator (PLO) to control 
passage of data through the system, 
and a 4-to-S-bit data encoder/ decod
er. The PLO uses two standard 
integrated circuits (I Cs). During 
either read or write operation, data 
applied to the PLO inputs bring 
the output frequency in phase with 
them. Two counters divide the main 
oscillator frequency of S MHz by 
10 and by 8, yielding SOO and 62S 
kHz respectively (Fig. 2). When data 
are being read, the PLO follows 
minor variations in data rate corre
sponding to diskette speed variations, 
but averages the rapid variations 
caused by shifting flux reversals. 

All data moving in either direction 
through the GCR system pass through 
two 4-bit registers, A and B, and one 
S-bit register. The 4-to-S-bit encoder 
lies between register A and the 5-bit 
register in the data stream, and the 
5-to-4-bit decoder is between the S
bit register and register B (Fig. 3) . 
Write data, previously coded into 
FM, are entered serially into register 
B, then A, at SOO kHz (one bit 

500 KHz 

PLO 5MH1 

625 KHz 

Fig. 2 Phase-locked oscillator. Data passing in either direction synchro
nize the circuit; two output frequencies control shift registers containing 
raw or encoded data 
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? WHYA 
NEW DATA 
TABLET/GRID 
DIGITIZER ... • 

..• AND AT LOWER COST* 
Because there are ... 

No loose wires 
No wire tension aging problems 
No surface pressure problems 
No temperature, humidity, dialectric 

or sonic noise problems 

Because NEW means significant per
formance and cost benefits over other 
data tablets to the 0 EM or end use~. 
resulting from the unique DATATIZER 
design principle (patent pending). 

Check out the advantages of GTCO 's 
electromagnetic absolute coordinate ap
proach. For simplicity, accuracy, sta
bility, reliability and low cost it can't 
be beat. 

The DATATIZER uses a free cursor/ 
stylus to convert all types of maps, 
drawings, charts, graphic documents, 
etc., into digital form . X-Y coordinates 
are electronically generated many times 
each second allowing the cursor to be 
lifted and the work surface to be un
obstructed for unrestricted operational 
freedom . 

If you are using or plan to use a tab
let or grid digitizer for any graphic data 
or interactive CAD application, you will 
appreciate the widest range of optional 
features now available and the flexibility 
of the all new GTCO DATATIZER. 

Size: 
Resolu-
tion: 

Coding : 
Cursor: 
Origin: 
Design: 
Display: 
Mode: 

11" x 11" to 42" x 60" 
.010 " or .001 ", Inch or 
metric 
BCD or Binary 
Crosswlre or stylus 
Absolute o r re-locatable 
All electronic, no adjustments 
X -Y plus sign 

Add Ons: 
Point, llne and remote 
Keyboard, stand, format pro
gramming, calculations, 
special sizes 

Inter
faces: 

Parallel , serial, RS232 , Key
punch mag tape, min i , cal 
culator, paper tape, terminal, 
cassette, etc. 

Construc
tion: 

Modular , printed circuit tab· 
let , 4 basic plug-In boards for 
ease of repair, stand alone, 
Includes all necessary power 
supplies and cables. 
115·220V, 47-63 Hz Power: 

*Basic OEM unit, qty . 25·49 prices, 
11" x 11" • $1600, 20 " x 20" • $1900, 
30 " x 36" - $2800 , 36" x 48" • $3100, 
and 42" x 60" • $4200. 
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CIRCLE 37 ON IN(j)UIRY CARD 

CONTROLLERS 

every 2 µ.s), translated into the 5-bit 
code, and strobed by the write sync 
logic into the 5-bit register at 8-1.ts 
intervals. These five bits are serially 
transferred to the diskette at 625 
kHz in NRZ code. During read op
eration the data pulses, in NRZ 
code, enter the 5-bit register serially 
and are decoded to four bits, which 
are strobed by the read sync logic 
into register B. From here, again 
the data pass to register A and then 
to the host system at 500 kHz. 

Every record begins with a string 
of ls, forming a preamble and a 
synchronizing byte, and is generated 
by sending the output of the 625-
kHz clock directly to the recording 
head. The preamble signals the be
ginning of a record, and synchronizes 
PLO into step with the data stream 
when reading. Data, however, are 
not encoded until the sync byte has 
been written. When encoding starts, 
the write logic begins transferring 
four data bits through the 4-to-5 
encoder every 8 /.ts as described pre
viously. Another sync byte is written 
at the end of the record, which can 
be of fixed or variable length as 
required by the controller and host 
computer. 

When reading, the logic looks 
for the unique all ls pattern, which 
never occurs in data; having found 
such a pattern, it then goes into 

ORIVE 

Fig. 3 Data path. Two 4-
bit and one 5-bit registers 
process all data passing to 
and from the disc, encod
ing and decoding the GCR 
format 

preamble mode until the sync byte 
is recognized. At that point, decod· 
ing begins, and continues until the 
terminating sync byte is found. The 
preamble and sync byte, by the way, 
not only bring the PLO into phase, 
but also can identify the density of 
the recorded data-meaning that 
single- and double-density records 
can be intermixed on one diskette. 

Physically, the encoder/ decoder 
consists of 35 small-scale ICs on a 
PC board. If some of its functions 
are incorporated into the user's con· 
troller, such as read and write sync 
logic, translation of host computer 
logic levels to those of the diskette 
and vice versa, or using the con· 
troller's 625-kHz clock, then the 
GCR logic can be reduced to as little 
as seven chips unlike decoder for 
MFM or M2FM (modified, modified 
frequency modulation). 

Summary 

Orbis has chosen the GCR technique 
for reliably doubling the recording 
density on its flexible discs because 
of its advantages of larger phase 
margins, distinctive preamble pat· 
terns, and the absence of require· 
ments for write pre-emphasis or dis· 
tarted timing. Its principal disad
vantage, compared to MFM, is the 
extra hardware that it requires. 0 
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