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INTRODUCTION

This specification describes the physical DMA controller (PDMAC) with a
bidirectional FIFO used in a hard disk controller board. The PDMAC is a 48
pin chip that has two basic functions. The first is to determine if one or .
more words are ready to be transferred to the 28600 bus or be read fram the
78000 memory. The second function is to provide bufferring between the
28000 and the hard disk and do byte to word funneling.

The first function requires that the z8@@G control signals be generated
that adhere to the 2Z8¢0@ timing diagrams for a 6MHz part. This will ensure
that all setup and hold parameters for 200ns dynamic RAMs will not be
violated. .

The second function requirés that when data is to be transferred from
the 7800@ to the disk that there is no gap in the flow of data to or from
the disk. To do this a minimum of 4usecs of data must be in the FIFO or
there must be 4usecs of space available in the FIFQ, This requirement

{ implicitly relies on the use of half full signal (or half empyt). Bus
request will be based on the level of th balf full signal.
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PIN DESCRIPTION

o b

pin$ Pin-Name . Function

VSs groud.

VSS grownd.

vee S5V +-5%

78000 EXPANSION BUS INTERFACE

AD@ - AD1S These are the bi-directional data lines on the
28000 multi-plexed address/data bus.

MREQ This is an active low output signal indicating
that a valid address is on the address bus and
that a memory access is requested. This signal
becomes valid during Tl and is released at the
end of T3

{ WAIT This is an active low input signal that is sampled
during T2 and Twa to detemipe if a cleck cycle is
to be inserted in the memory transfer. It is
ignored at all other times.

CIK This is the inverted system clock input. It is a
6Mhz square wave with a 5@% duty cycle.

BUSACK This is the bus acknowledge input that is daisy

i (BAI) chained from the next higher priority device.

BAO This output is low if BUSACK is low and the

10/6 (c,e“'ﬁ'o‘SQ‘ )

VI
1IEI
IXCK

1EQ

PDMAC is not requesting the bus.

This is an input pin, when I0/6 and DS are both
low then IREQ is set low.

This is an open drain output signal that is
pull low when PCSS latches in state '1111@111°'
on BD7 - BD@.

This is an active high input pin, a high on IEI’
allows the PDMAC to place a vector on AD7 - AD@ if
VI, IACK and DS are all low.

This interrupt acknowledge input signal combined
with DS and IEI place and interrupt vector on
AD7 - ADO.

This is an active low output pin, whenever IEI is
low and VI is low and will cancel a low signal on
this pin,
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PIN DESCRIBT;CN (cont.) - 'J_,'-.
Pind# Pin-Name Function

BUSREQ This is an open drain output signal that is pulled
low to request the bus

DS This is an active low output signal that indicates
that data is valid on the data bus for a write or
manory devices are to turn their bus drivers on

ADDRESS LATCH INTERFACE

CLKADR This is the clock output for incrementing the address
DMAEN - This is an active low output that enables the
- address and data bus drivers when the disk con-
troller has the bus

LD@ This is the output pin to enable address latch to load
in 8 bit of low order address fram B Bus.

LDl This is the output rise pin to enable address latch
to load in 8 bit of high order address fram B Bus,

LD2 This is the output pin to enable address latch to load
in 8 bit of high order address fram B Bus.

HARD DISK CONTROLLER INTERFACE

RESET A low on this signal will clear the FIFO and clear any
" DMA cycle in progress and clear the ERROR flag.

PCSS The rising edge of this signal clocks in the state
B : placed on BD7 - BD@. The state that is loaded in
! is determmines the function implemented when PCSD.
is active (low).

( PCSD The falling edge of PCSD indicates that either valid
. data is on BD7 - BD@ or that data is to be placed on
BD7 - BDG. The source is determined from the previous
state latched in by PCSS.

IREQ This signal is set low by 10/6 and DS and is cleared
when state '1111 1@11' is latched in by PCSS.
This is an open drain output. -

BD@ - BD7 This is the bi-directional byte wide data that is
transferred fram or to the disk controller

- TITLE

COMMODORE
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POMAC FUNCTIONALITY

The hard disk board consists of three parts; (1) controller section,
(2) PDMAC, (3) address latches. Before any DMA operation begins, controller
will send a command to PDMAC which will then send the control signal to
latch the address fram controller to address latch, and the FIFO will be
cleared unless a clear pulse is generated by the /R.Reset line going low.
This line also sets the DMA logi& in an idle state. It also clears the
/ERROR line. l
CDW\‘“A\\L

The Single Step px{Se is used to transfer 1 word to or from the Z800¢@.
This line must be set before. the Start line is activated. .

The two signals /WRITETD and /READED are used to control the direction
of data transfer. If /WRITETD is low then DIR is set high indicating that
data is to be transferred from the 2800¢ to the disk.

cw .'»Ml“l

Once the external latches have been set up a start pise can be issued
which will initiate the /BUSREQ cycle and control transfer of data to the
FIFO. A /Start pulse will clear DMADONE. :

TITLE
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DMA on the 2800¢ Expansion Bus

The ZBGW‘.EMA is divided into 3 parts. The first is acquiring the bus,
the second is being bus master and the third is releasing the bus.

1) Acquiring the 28088 Bus

The Z80@@ has two signals used for releasing the bus to other bus
masters. They are /MBUSREQ and /BAI. The signal /BUSREQ is pulled low by
any device that can be a bus master but only if its respective /BAI signal
is high. The /BAI is a diasy chained signal that propagates from the
highest priority device to the lowest priority device. However since /BAI
must be high for a device to pull bus request low it is possible for a low
priority device to grab and nold the bus from all other devices. Therefore,
although 4usecs is required to grab the bus from the CPU there is no maximum
time limit if another device has hold of the bus. Under this constraint a
FIFO equal to the size of a sector would be the design goal. This however
places the disk controller on the bus for a minimum of 128 usecs for a
single sector transfer. (Multiple sector transfers would hold the bus for
upto 150usecs before the buffer would be empty.) A smaller buffer would
permit other devices to share the bus at all times regquiring only l6usecs at
most for a 64 byte deep FIFO. On the average the disk controller would
require the bus 9usecs once every s8usecs. This amounts .to a 16% overhead _
for the cpu. This also permits the cpu to service interrupts, such as RS =. . .-
232 ports, with no loss of data. .

2) Being Bus Master

Once the bus has been granted by the /BAI - /BAO daisy chain to the
requesting device, actual data transfer can begin. In this case only three ..
signals need to be generated to transfer data. These are /MREQ, /DS and

> R/w. The first two indicate the presence of a valid address to memory and
the second indicates that either data is valid on the bus or that memory is
to drive the data bus. These two lines are decoded to generate /RAS and
) JCAS for Drams. It is important that the setup and hold times for row
. address and colum address be adhered to.

]

3) Releasing the Bus
At the end of the DMA transfer /BUSREQ is released and /BAO is driven

low if /BUSREQ is low. Once /BUSREQ is released a minimum of two clock
cycles will occur before the cpu drives /BAI high.

TITLE

COMMODORE 8716 DMA ON THE 28000
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POMAC TO DISK CONTROLLER INTERFACE

Interfacing to the DMA controller from the disk controller side
is via the eight bit data bus (BD@ - BD7) and two control lines
(/PCSS and /PCSD) . The control line /PCSS latches the contents of
BD7 - BDG to be used to do one of the following functions detemine
by the value on BD7 - BDdG. \ . gaahd -gl.,’tl.n:j :ul3e Jf pess
BD7 BD6 BDS BD4 BD3 BD2 BD1 BD@ Function \/; i
1 1 1 1 1 ¢ 1 1 ID2 is set low? [LD2 is set high on the
'f\"‘*s fatling edge ofy /PCSD. The SD"( contaimg thu D
1 1 1 1 1 1 ¢ 1 ID1 is set low/ LDl is set high on the
vy £ailing edge of//PCSD. .
1 1 1 1 1 1 1 @ D@ is set lowX LD@ is set high on the
< faNing edge of /PCSD and the DMA logic
is enabled on the rising edge of LDd@.

1 1 1 1 ¢ 1 1 1 This state will either output data fram
the FIFO onto BD7 - BD@ on the falling
edge of /PCSD or shift a byte into the
FIFO. The direction is determined by
BD7 on the rising edge of LD2.
1f BD7 was clocked in high then the
output of the FIFO is driven onto
BD7 - BD@.

1 1 1 ¢ 1 1 1 1 On the falling edge of /PCSD internal -
status will be driven onto BD7 - BD8
as follows: :

BD7 - This will reflect the state of
DMADONE. It is low until the end of
either a word transfer in the single ‘
step mode or until 256 words have been '
transfered (one sector). ‘ :

BD6 - BYTERDY: this signal is high when

a BYTE is ready in the FIFO to be read

fran or write to the B Bus.

BDS - ERROR: this signal is low if a

BYTE is not available in the FIFO and

a BYTE transfer is requested.

BD4 - BD@ - reserved. L7

1R iwharin .
(BDY~F:Wr
GCT=] -yes

1 ¢ © 1 1 1 1 1 This state will force IREQ to a high
impedance state. (IREQ is open drain.)
This will force the line VI to ground
Single.Step- This will allow the DMA
section to transfer one word. (% R o 4%

6 1 1 1 1 1 1 1 Reset - this will clear the FIFO and \* > 1
3=t the direction of transfer
& ~ Iy .d;sk-.*

e
-
N
-
o
P

™

T L Y S SR = agy
T~
o ~\-:\' TR 2L W, A LW 2 ; Uew -C g ®
Qi e (ewiond 228 Pt (- 0R
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- to from the FIFO). If an error condition occurs then MBUSREQ can be reset’

s ntf\wd -

1n5
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KEY SI DESCRIPTION

/BUSREQ: B /BUSREQ is controlled by two signals - /S.Busreq and
/R.Busreq,/ Both signals are active low. /BUSREQ is an open drain signal
capable o.g sinking2ma. '

/S.’us:eq: ‘This signal will be active only if DMADONE is low and BAIL
is high¥™ This is the protocol for requesting the Z80@@ bus. IF DMADONE 1s
low and BAI is high then if DIR is high (28088 => DISK ) then the bus is
requested if /H.FULL is high (FIFO is less than half full).

IF DIR is low (DISK => 2800¢) then if DMADONE is low and BAI is high
then /S.Busreq is active if /H.FULL is low (the FIFO has 32 or more bytes)
or /EOT (/EOT is low if 16 or less words remain to be transferred) is low
and W.Ready is high (W.Ready is high when two bytes have been transferred
into the data latches).

/S.Busreg= *{ *DMADONE @ BAI R DIR @ /H.FULL @ /R.Busreq
*DMADONE @ BAI @ *DIR @ [ */H.FULL + */EQT @ W.Ready] + /R.Busreqg]

/R.Busreq: This signal will clear /BUSREQ forcing the output to a high
impedance. This will be low when DIR is high and Stopfl is high (Stopfl is
set on the falling edge of /FULL and cleared on the rising edge of /H.FULL)
or DIR is high and on the rising edge of /DS, /L.Ready is high (/L.Ready is .
high after a word is read into the latches and low after /R.Reset or after
the two bytes have been transferred fram the data latches to the FIFO) or if
DIR is low and Stopemp is high (Stopemp is high on the falling edge of L "
/EMPTY and low on the falling edge of /H.FULL) or if on the falling edge of ... .::
/DS, W.ready is high (this indicates that the data latches were not written .: . :t

immediately. If there was not an error then /BUSREQ can be reset-on the .
second half of T2. This is becuase MBUSREQ can not be reset until the /WAIT.
line is sampled. The /Wait line is sampled in the middle of T2.

/RBusreq= *[ *DMADONE + [ DIR @ Stopfl + *DIR @ Stopemp ] @ T2 @ /CLK +
N.Ready]

N.Ready: This active high signal indicates that a data transfer.is
about to take place or has taken place but that data was written over or
that the data written was not valid. This is set high on the rising edge of
/DS and /L.Ready PNgh ,o'r the falling edge of /DS and W.ready was high
i E

Stopfl: This signal is used to indicate that /FULL has gone low. 'It
is cleared when /HZ/FULL goes high.

Stopemp: ‘Iﬁis signal when high indictes that /EMPTY has gone low and
is cleared when /H.FULL goes low

TITLE
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EKL JEDODD: This signal when™ low enables the odd byte kADG - AD7) to the
input to the FIFO. This signal is active when DIR is high and Gdd is high,

Tzs /FDEVEN: When low the even byte (ADS - AD1S) is input to the FIFO.
ls is active if DIR is high and Even is high. .

/Clkwd: On the rising edge of this signal the word on the data bus is
&locked into the latches. The rising edge of /DS is used to clock this

) RiGnaks., \
Clkeven? On the rising edge of Clkeven the data from the FIFO is

clocked into the even latch (AD@ - AD7). This is active if DIR is low and
even is high.

(Bst )
4— Clkodde On the rising edge of Clkodd the data from the FIFO is

clockad into the odd latch {Aqg - ADX). This is active if DIR is low and
odd is high. g W

SI: This signal is normally low but when high it shifts into the FIFO - -.--
the data that is on the inputs. SI is set with/S.SI and is reset by /R.SI..:

/S.SI: This signal is active (low) if DIR is high (28898 => DISK) and
IR is high and /L.Ready is high or if DIR is low and CREQ is. low ard IR is
high and if N.Ready is low. :

S.SI=*[ DIR @ /L.Ready + *DIR @ IR @ CREQpulse]
/R.S1: This signal clears SI. When IR goes low/R.SI goes low
/R.81 = IR

. /DMAEN: This is an active low signal that is set when the bus has been
requested and a bus acknowledge is received. It is reset at the end of T3
if the bus is to be released or if an error occurred.

S@: This signal is normally low until data is requested. SO is set
when DIR is high and /REQ goes low and CR is high or if DIR is low and
W.Ready is low.It is reset when OR goes low or when /R.Reset goes low.

/BDENOUT: This signal enables the BD bus when low. It is low when DIR
is high and CREQ is low.

B |TITLE

COMMODORE 8716 KEY SIGNAL DESCRIPTION (con
aIZE [DRAWING NO. REV
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~ ar=sy N
i '\/BDCLKOUT: Thiﬁ clocks the data into the output latch for BD@ - BD7.
The data is cloc in on the rising edge of SO if DiR is high.

I

DCLKIN: fhis clocks the data on BD@ - BD7 into a latch on the rising
edge of\ CREO if DIR is low. '
/

/BDENIN;"' This enables the data from the BD latch to input to the FIFO
when DIR 's/.low and /FDODD is high and /FCEVEN is high. .

. Tl: is signal represents the first state of the three clock data
| transfer/cycle. /MRED becames valid during the second half of Tl (TL is
high and /6MHz is high). It is set at the beginning of the bus acknowledge
cycle Af the bus is requested or at the end of T3. It is cleared at the
beginning of T2.
/72: Dpuring T2 and T3 data is transferred. For a write data should be
\ valid before /DS goes low. For a read, data will be valid 11@ns after /DS
_jge;wmrm T2 SMAIT will be sampled on the rising edge of /CLK. If
? /WAIT is low during this time then T2 will remain high for an additonal
clock and mtil /WAIT is high on the rising edge of /CLK.
'{ /MREQ: /MREQ goes low to indicate to memory devices that the address on the
bus is valid. It is also used to generate /RAS for Drams. At the beginning
! of the first DMA cycle BAI can go low at any time becuase of the delay in
N .f the daisy chain. Since BAI is variable and Tl will not be a full 166.66ns.
! on the first cycle and /MREQ must be low at least 20ns before the falling
edge of /CLK, BAI must be gated with /CLK to guarantee a setup time for . .
- /MREQ before the system clock. /MREQ is cleared during T3 when /CLK is ... . - ...

- high.
~—

/DS: This signal goes low during T2 for a read or write. During a
read /DS can go low 30ns after the beginning of T2. The 30ns allows the
colunn address setup time.
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PDMAC DC PARAMETRICS

PIN NAME

1. General Information

CHARACTERISTICS MIN MAX

-

Operating Temperature DC power @ C 78 C

| Supply Voltage 4.5V 5.5V
Maximum Power Dissipation . 756MA
X 2. Input From Z800@@ Bus Capacitance 8PF
ID/6, II-I, IACK Vaiy _ 2.6V
AD@ - AD1S Input Leakage 10ua
3. Output to 280@¢ Bus Capacitance : 1g0PF
) IEQ,MREQ, BAO,BS,A58-ADLS- Voo - g.4v E
VI, (open drain only V To (Sink current @) R .
I applied) Vg = 0.4V C 342ma < 3.2 WA
Vud “-'..r'_ =7
Iou (source current @) k
Vo = 2.4v 200ua
b ) DS ’ [\\‘-YL “/.‘5‘3.“:}'. I"'L o V-‘L e\ JX-?.‘N\
4, Input Fraom Controller e £V =24V ISP
BD@ - BD7
RESET, PCSS, PCSD
S. Output to Controller Same as 3
BD@ - BD7
( IREC (open drain)
6. Output to Address Latch Same as 5
CLKADR, DMAQN,
[p@, b1, LD2
TITLE
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GENERAL TIMING

The 28000 uses three clocks for each bus access, except for those bus
accesses where the /WAIT line is activated. Three lines /AS, /MREQ and /DS
are used to set up the address and control the transfer of data. Address
strobe, /AS, is not used since the address is latched externally. .Only
JMREQ and /DS are needed along with R/W and the status lines ST@ --ST3 to
transfer data on the expansion bus. The two lines /MREQ and /DS are used
generate /RAS and /CAS for dynamic rams with 2¢¢ns access times. This
requires that /MREQ be low 20ns before the rising edge of CLK and that the-
hold time from /DS low on a write must be 1ll@ns. Also, /MREQ must be high
for a minimum of 135ns to meet the precharge time for dynamic rams.

Data strobe, /DS, is used to generate /CAS for memory. The = _
requirements for /DS are that on a write data must be valid before the
falling edge of /DS and for a read the access time from /CAS is ll@gns. In
addition to the individual regquirements for /MREQ and /DS there is a minimum
cycle time of 37Sns for any read or write cycle.

By emulating the Z8200 timing this will guarantee that canpatibiltiy
will be easily achieved since there are delays through PLAs used to generate - --
/RAS and /CAS. -

TITLE
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PDMAC AC SPEC

-16-

istzs

PARAMETER (2800@ BUS) SYBOL MIN MAX
CLOCK cycle time : . © TCLK 160ns 240ns
BUSREQ to BUSACK mUS 5@0ns
MREQ setup time . TMREQ 20ns -
DS delay fram T2 TDSD 3@ns .
DS low to MREQ high - TDM 11Gas
MREQ precharge time .~ TMH 135ns
Data set up time (write) < TOV 20ns
Data hold time from DS TDH 2@
WAIT set up time TWSU
WAIT hold time TWHD /)
BUSACK to DMAEN TBDMA \qzﬂs)
CLKADDR low ' TCLKXLW
CLKADDR from DS rising edge TDSCLK =
' e P otk
Cat, '-:"- \A§ ; E'.-'.p,,.-f, ! Sl "
-J’“_‘._,fl"‘} L. = - M
Teid lowys /, J\QL {-
_ ; , g A‘%Lbﬁ“
This table is the parameters for the 38 pin interface.. -.:_; /- “5\;’j_‘a
: _ Table I v
; Parameter ) Symbol MIN MAX
; PCSS Low Tl 80ns
£ PCSS to PCSD Delay T2 _ 8Jns
; PCSD Low T3 $C 26ens
¢ State Setup for PCSS T4 " 30ns
. State Hold from PCSS TS 30ns
; Data Setup for PCSD TS Jns
i . for ID3J,1,2
. Data Hold for BCSD T7 IS% RAns
. for DC,1,2 ,
" PCSS to IDC,1,2 Celay 72 30ns 16¢ns
- PCSD to Ib2,1,2 C“elay T9 ~3ns 10%ns
Write Data Setup Tiae T1G 50ns
Write Data Hold Tixme T1ll sas.
Read Data Access Time T12 1CClns
Read Data Yold Time T3 © 3%ns
from PCSD
(TITLE
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APPLICATION REVISIONS ,

AEXT ASSY USED ON | LTR DESCAIPTION DATE |APPROVE
Z8000

1. Description/Part # 315017-01

The 28600 floppy d¢isk is an intelligent controller subsystem that will
reside on one of the two floooy mechanisms it controls. The subsystem
will use a 6538 CPU with RAM, 4K x 8 bit ROM, 7405245 bus driver, custom
IC, SCI575 analog read/write IC, a 7406 for LED and motor. control, and
four 75477 stepper drivers. The ROM will contain orotocol interpreters,
DMA interface drivers, and device driver code. The protocol interpreters
will read commands from 2809¢ merory and jump to device <Jriver section(s)
in rom that will oerform the command for the specific device. The flopoy
disk driver will reside in the base system FOM and will be controlled by a
custom IC. This custom IC provides a 1.5 MHz system clock from the Z€000
6vHz clock, address decocde for ROM, selects for the 8716 ZRCCE SHA
controllsz, data separation and write oreccmpensation for GCR and MEM
forimats, and I/0 oorts to control LED, motor, hed select, and steopers.
The interface to the 28600 system will be via a 34 pin ribbon cable
that connects to a 8716 DMA controller that resides on the main CPU board.
‘e commands will be passed to the subsystem by writing a  SCSI like ==
"command to a specified memory oage in the 7808¢ memory. Then the 28000 s
S will address a location in I/0 space that will cause a 1/0 select and '
) interupt the subsystem. The subsystem will then interupt the command, DMA
any sector information to or from the ohysical device. It will then DMA
sack to the . command area a SCSI like status information and cause a
vectored interuot to the z80@A¢ with the 8716.

All MM featur.es are not implemented in this chip.

|\

COMMODORE PART o STATUS

315017-01 Active

-
e d o o
[

'UNLESS OTHERWISE SPECFED DRWN
; ::LE::SZ;;RE_ IN INCHES ™ COMMODORE
;NF?LLAE:Et;scmALstoz' TEQIENG s

3 PLACE DECIMALSZ.010 TR IC, LSI, Controller,

28000 Floppy Disk 8723

COMP ENG
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1.4 MEMORY MAP AND REGISTER -

ADDRESS DECODE
Al5, Al4, A3, A2, Al, A0, R/W and RD enable are decoded for the following

memoTry map:

MFM register ,is not implemenced in 8723.

0000 §508 /0 port data direction register
0001 6508 I/0 port '
0002-003F 6508 RAM
4000 WOMLSSSS DRIVE 0 CONTROL LINES
W g ~ WRITE PROTECT luprotected
0 TRACK 0 DETECT lwon tracx 9
" MOTOR ON l=motor on
L LED 1=LED on
SSSS STEPPER CONTROL
4001 WOMLSSSS DRIVE 1 CONTRCL LINES leprotected
w WRITE PROTECT l=on track 0
0 TRACK 0 DETECT l=motor on
M MOTOR ON 1=LED on
L LED
3 SSSS STEPPER CONTROL . >
4002 SMWEHPGG CONTROL LINES
S SYNC DETECT/GENERATE (read) l=detected
(write) l=generate
M MFM MODE 0=GCR
w WRITE GATE l=on
E ERASE GATE l=aon
H HEAD SELECT O=lower
P PCSS/PCSD ENABLE 0=drive 0
GG GCR DENSITY REGION 00=GCR 16 (2.66us)
4003 8716 PCSS REGISTER SELECT
4004 DATA TO AND FROM DISK
4005 DATA WITH PCSD SELECT
4006 8716 PCSD REGISTER SELECT
4007 TRWCSCPS CONTROL LINES
% T TEST MODE R/W l=test mode
R READ ENABLE _ R/W
W WRITE CURRENT R/W
. Cc CRC ERRCR READ ONLY '
S SET CRC R/W
- . [ CLEAR CRC R/W
P PRECOMP R/W
S SET OVERFLOW READ ONLY
400C UWNCQQQQ TEST
« U
T ébx C.HANGE RP
- ) N . N - WRITE DATA RQ g
c SHIFT REGISTER CLK RO
QQQQ STATE RO
E000-F00O ROM select

TEST MODE: 1In the test mode, the state is slowed from clocking at 6 Mhz to 1.5
Mhz. This enables the tester to read the state of the state machine
during phase two high. In order to be able to read valid data from

_400c, the chip must be in test mode. )

|TITLE

COMMODORE IC, LSI, Controller

78000 Floppy Disk 8723
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will use the GCR
control register is set hi tnen
state machine.

TCR ENCOCE/CECCCE

*hen

when the YFM zit in the control register is low the disk data

encede/Cecode logic. the write gate bit
enc>ée logic is enabled Dy the

The GCR 8 to 10 bit conversion is done with GC?2 PLa 41 and

GCR PLA 32 as two seperate 4 and S bit conversions.

outouts of the PLAs

conversion,

also sign
negative edge on the SO (set overflow) pin
then controlled by the GCR state machine a
bits are innuts to the orecompensation for the middle bit. GCR @ and GCR
1 are also inputs to the state machine to determine the Dbit rate.

ni (note*

of

An additional inzut for sync generate will force all
since bit 2 and 6 are
o generate sync then dbit 2 and bit 6 shoulé also e hi). The
1C bit converted output is then input to the shiiters and latched at the
next GCP-8RDY (byte ready) output from the divide by 1@ counter. GCR-3RDY
als the 6508 that another oyte can be written Dy creating a
the 6568. The shifter is
nd the three most significant

The PLAsS will cerform
a 4 bit to 4 bit conversion, the fifth bit is routed to the output (note*
the gcr PLA 41 & §2 could best be implemented with descrete
of a PLA).

- output is on GCR-D and GCR-:D outputs of the state machine.

separation for
signals.

‘“hen
decode logic
synchronized to the 6MHz state m
machine. This read pulse is sampled will perform phase
the GCR density regicn
The oupnuts of the shifter connected to

PLA 42 for CCR cdecode.

establisn byte synchronization.
counter to generate the GCR-3RDY signal.
latch the decoded outputs into the GCR read latch and generate a negati i
signal the -processor a -

the write gate bit of the control register
is enabled by the state machine.
achine clock

edge on the SO (set overflow) pin of the 6598 to

Syte is available to be read.
of the GCR state rachi

1.6 MFM ENCODE/DECODE

will use the MEM

s 7

anc

3.2.2).
drive.
for the different regions.

CCR FORMAT :

The 230@¢ computer will run a version of the unix

will recuire a 512 byte

existing commodore CGCR cata encode sc
T™is format will allow

mhe data rate for one track will vary from 41K to 33X bytes/second

Th multi-track transfers including step settle

ne see section 3.2.5 GCR S

when

sector size.

and latency will be 38K to 31K bytes/second.

For more details on the
TATE MACHINE.

when the MFM bit in the control register is Hi
encode/decode logic.
control register is low then MFM decode logic is enabled.

for 1,224,704

Nata

the disk data select
the write gate bit of the

select
of the

logic instead
the data
routed without

Data

is low then GCP
fram the disk is
and is input to the state
locked data
specified by the GCR 0 & GCR 1
the GCR PLA 31 and GCR
The PLAs will also generate a sync detect signal
if all the data inputs are hi, this will reset the divicde by 18 counter to
Shifts are counted by the divide by 16 -
This signal will then in turn.
ve

internal operation

overating system
This format will use the
neme with variable density (see table
_bytes of storace ver
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1.7.1 IO FIELD

SyNC  SFCTGR  TRACK  GAP L

_ITS 4¢ 10 12 12¢

synC - 47 »its of 1's for synchrcnization

5rCTCR - Sector (3-15) with Dbit 4 as garity
{even)

TRACK - . -~rack * 3-79 with bit 7 as zaricty(even)

cap 1 - Time remuirsd to turn on write Jate

1.7.2 DaTA FILELD

sSYrc AM DATA CHECKSUM GaF2
BITS 40 1¢ 5120 1C 120
SYNC - 42 bits of l's for synchronizaticn
AM - Address mark=hex 38
DATA - 512 bytes of data
CHFCKSUM = Exclusive OR of data bytes and
checksum = C
GAP 2 - variable detervined by drive speed

1.7.3 GaP 2 DETERMINATION

Purinc format gap 2 Tust allow for 2% speed variation at the end of
each sector, so that fast running drives will not write over the beainning
of the next sector. This 2% is for drives that are running at the correct
speed, so this figure must be adjusted for the drive speed at the time of

for—mat. Compensating for motor speed error in fonrat will allow gan 2 to
ve 2% vs. 4% if th format soeed is not known. This will generate anotiner

5% of disk space for storage and will check the drive for an out of

specification speed. ThHe format will perform a sneed check to by writing
33*256 bytes of GCR @ (21¢,773ms or 1@5%) followed by 4 bytes of synC.
The gcr G bytes are then counted until sync is found. This nunber is the
total nunoer of bytes that can be written on track 1 at the current soeed.
A mininum cap 2 of 12 bytes is selected for a drive that is running 2%
fast and this is incremented by ¥ byte for every 16 bytes/track extra.
m™he same crocecure is followed for all four of the Gensity regions.

1.7.4 GCR DaTA RATES/FCRMATTED CAPACITY

TRACK REGICN  8IT TIME SECTCRS/TRACK SECTORS/RECGIO

- 1-3¢ 2.16 15 624
42-53 ’ 2.33 15 214G
54-64 2,50 - 14 - 154
65-23¢ 2.66 - 13 208
SECTORS/SIDE™ = 1 196
SECTORS/DISK — = 2,392
BYTES/DISK = 1,224,734
BYTES/COUTROLLER = 2,449,408
|TITLE
) mCOMMODORE IC, LSI, Controller,
: 28000 Floppy Disk 8723
SIZE [DRAWING NO. : REV
315017 - SCALE SHEET oF




K

1.7.5 GCR CODE CCNWVERSIOHN

BINARY GCR BINARY GCR

3 ] T

0 0083 c101@ 8 1006 clael
1 gaal _ 21811 9 1601 11961
2 012 10013 a 1010 11313
3 2¢11 18611 b 1811 11611
4 2100 01110 c 1108 01161
5 @101 g1111 d 1101 11161
6 0110 19110 e 1119 11112
7 2111 18111 £ 1111 12101

1.8 GCR STATE MACHINE

The CCR state machine will reform chase locked data separation during
read operations, and write precompensation during write operations. The
state machine is constructed as a PLA with outputs connected to a latch
that 1is clocked at 6Hz. Some of the outputs of the latch are then
returned as inputs to the PLA to determine the next state. This will
cause the PLA to change states at a 6MHz rate. A base of 16 states are
chosen for the lowest density region. This is derived by 16* 166.66ns
(6MHz ) = 2.66us bit cell time. This is varied for the other regions by
skioping states 3,5, and 13 to arrive at 2.166, 2.333 and 2.5us bit cell
times as shown by Figure 3 GCR STATE DIAGRAMS below as the GG input.
Curing read operations (write gate=8) the read oulse shouléd occur near
state $8. The active transition of RP will have a twofold 2?2 effect.

rirst, the data output to the shift registers’ will go hi-so that during - =

state 15 when the shifter is clocked the data will be one (note: cata into

the shifter will go low on state #@). And, second, if RP occurs early or -

late of state #8 the state machine will change the current state number
closer to state #8. The 22?2 further away ' from state %8 the greater the
correction. This will create a phase locking on the transition for proper
data separation.
Curing write operations,. the data output eill be togjled. when the..
idout data in high. This toggling is don€ at state 7,2 or -9 depending on
the data before and after the current bit. This is shown in Ficure £ R

WRITE STATE DIAGRAMS as +C-.

TITLR
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1.9

The rules of MFM are:
I - The data bit still appears m the imddle of a bit frune

> . The clock bit is wntien at the beginning of the frame only f

2 conditions are met:
21 - Nu data bit will appear=in the current frame
39 . There was no data bit in the previous (rame.

In other words. a clock bit is inserted only if two consccutive frames

would cuntain "00".

When reading data from the disk, FM must be converted to digital.
with absolute accuracy. In addition 3 scparate Jetection is required for
Cluck and Data bits. Special problems may occur with sume bit aptterns.
This s known as the “bit-shifting”™ problem. and a PLO (phase locked

uscillator) 1s nonnally used for precise bit detection,

All data on the dish is structured in bytes. Bytes (groups of 8-bits)
must also by synchronized. This function is performed by starting every
block of infonnation with a special nrarker. When the disketie is first
used, it must be initiulized, or “formalled™ with these markers. Byte

cuunts are Initlalized when these 1D ur dats marks ure teud.

Finally. a serial to parallel conversion must he performed o assemble

8 bits intu a hyte. This is dunc by the disk-cuntroller.
The operatinns required by a
thuse described abuve fur a “read™. .

1

“write™ are naturally the reverse of

N0l R =OLE
1
|
GAPa | Al WY N T, AN e
- v o e 4 W lata s D i A4
-‘-"-f 3 V Lfr 38 I il cf-ul :.m- s o2 % i
I (31 1
1.,9.1 Car 34w
- - . . ]
For this reason, a blank gip must be provided between the end of one Gar [" ' o |4
. -ord. and the beginmng of the aest one. In facl. a gap must be provided T 2 R
pe. cenany wo zones w hech might be updated w‘cpur.'“ltc‘ll)‘,_ Mosgoftenthe " e ~—
1BM isk-track format s nsed. somctimes w ith minoe varitions. Thi for- s _ cne ;
‘ : . 11
4t lustrated on Fig 4-100. Four fnds ol gaps are used: . =
Cap 4 » used only unce an the track. 1 is the free-index gap. 1t appears :
. . ™ il
at the end of the track just betore the index-hole position. ' o
Guap | iscalled the inden-gap. and is used the beginmng ol every k. A FRgrman-
contains 20 hytes: the first 6 hytes contain lh.c h!.‘\'.lds‘k'lr.l'\il.l pattern . W LTI T
SEET follow ed by 4 bytes contuning 007, These four bytes of O's are the S lavon | apoa | 7
Jassical wag o proside the s)nchmni/n'liun ?\"’ the d;n.lu-wpnr;uur. The o 1 ;i', 3 : V.ﬂ:‘
sngth of gap | oy acver tary in length, The inden-gap is followed hy the - .
’enufication ol the first tecord. _ o

Fig. 4-100: |BM Floppy-Disk Format

Figure 5
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1Y 1 i tine whotsin atmon- i) oof the twst verd e § bytes i 1)
mbiress-murk. the 1ea bemkiress, the soctir-asddress, aml twe ¢ RC vk
won yptes he vordy e imegriy of e twhd, The ek -amhiness ol the
vhw-mbhines pros nke g vendinateen That i roeht trm b sl syt have

. madewd heen avevanl.

n oo eyl t The beprmng of cyvery alin un the Jink. Fach soutior m then
warted Py 4 physaad s ton e, In the case of ihe men-fonpey Jek, (we
configiratnmn ae oned: 16 st of 12K bytes o 10 vty of 2% bytes
perieia k. 1he trmk n dasted by The mbes pubse. They n driraicd on kg

wax. figure 7

L]
aoce
!——f_ Fig. 7 - Hard-Sectored Disk Timing
! LX) 1 1 9 4
1 1 =
Errer Deteciion sud Correction
Three types of crrues are dinbinguished:
“igure 6 Taming
2 Write Errwe
1.9.2 =, | m ) : .
Gap 2 ~ calked the 1D-gap aml sepirmaies cinh wmcessive wentihcalnm This cormepuns 10 the case where the data bring wrrilen oa the disk i ..
Ackd from ws data Tickd, 1t uses 10 hytes, The first b Fytes contam the mn writien correctly. The way to.venly whether deta hay been correctly
s e umbecwral pattern 7, 1 i folkrwed by the four uasd syachronzaiam | wotlen i 10 e 3 Cwrite<check™ prixedure, where the dita is rem] again
i bytex cuntuning 0™, The length of gap I may vary wn length uller Me | dunng the neat revulutwn of 1he disk. Nurmafly, the wner ol vimply wrise e
gt g ' | s duta w hich hus nut been currectly writen on the dink. am) wilempt to
The frt rrevnd, or duta-fiekd follows. 11 mnes 11 bytes (sre Fig.4-100) | du s repratedly (up to 10 times), 1f this effort fads comtmunnly, théwictor
1 Thlrdbyvnm:mdauouhm:duunwm.Ilisrulu-nlbylht or the rack must he considered av dumaged and not wnahie, R
} actusd 178 bytes of weer Jata. 1t i~ lerminated by (he 1wo ussal CRC chevk-
o byses. . Reeml £
¥Rty Gep J lcrminuten the At recond. 11 R calted the nte-pwp 2l SR
wnes 10 yten. The firsd 17 hytes are et fu the puitern “+F. and the foaw Two lypes of real errurs munt he distmgurbed:
st rytes comtam “UT, fur the sync. Fyery successive recond on the dnk, e L. =
| ov ~rcror, =il tat wah 1D, gip 2. aml w0 oa. J . l_.__.&-ﬂ.'lhnnnw-. wuds V!kC?_* -h-.-n the evror has been traniert snd .
! i aurreviey by simple re-reading (Up W 10 Limes) or by moving (he hesd
l 9 - .J s . Heard-ssctering buck amd firth v,
- 4 - ® - - . P . . .
When tring hard-ectoning. 3 specinl Jinktle and drive arc inc. A hole Typiuhly the heml is moved ime more siep in ity previows direction. thea
.
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1.9.6

1.9.7

ey Ravh, Usaally 1hes comiects imed scadug crivs, 11 Ths prascduee
fards. B¢ hare o hard Cin:

2. Hard: WAenver tsind visics lam proacdines Lood 300 tcaad Jita Daun the

dish. W st e Jeenmed untevosciahie. Dl is o datad v Data s b,

ALLA T RROK N

The cieroapemds (o the vase W hate (he buead does imed e b the cisio
k. T van he venined by reabing thee 11 Inkd a0t begimng ol the
wrach. 1 contwns the trad ablicse. Whonneer 20 cins v detediod. 1he
wak<counser o the Jind drive mud he revabibcated. The head o amived
hach tu trach G amd o new Soek andes s ivaand.

DLTECTING ERROIRS

Unncrsally, the crise-deicvinm Joe any dota writen va 2 Jish s e
complnid by uving 2 herdovem mtiesd Cyclwedunbingy ~ bech
(CRUD o used Tar this purmse. Each il i Istsnautcd with tee { RO
byten The duls hits are divaded by a generaior polymritial G X sanh o
GiXh = X' ¢ X' ¢ X' o |, The remauker o 1hn Jisivwn i called The
CRC. 1o westien in 1he two hy tes that otk the dats. Whea reading hack
duia from the diskette; eserytung is real, iochading duta in the CRC hyten.
10 Ihe remssember of the divisnm by ihe GiX) polynumaal wv i U an conw
Rk beea Jeieviad. :

Sangie-chup CRC's exist such ay the Fawchild 401, the Motosoks 8501,
aad othets, 1hat wall Jetest such faduses i 2 ungle chip. Onechip {hoppy-
dink cumtrodiers (FDC) alsw accompiink the CRO pencruton and Lhevhing.
withun 1he ungie chip.

Cyclic Rodmadoncy Chreck -

CRC is 1he favorie method fur vari{ying the wtegrity of memury wrean
wih 3 mununal wuse of by, Panty widl deicct 8 vngle-bt erTur wibun 4
“wrond, Whencver pariy i 80t aviduble, ug woull e 1o cuadly 1o prosae,
CRC i» nned W0 ueicxt crron @ a bhuck of wurh. In punnular CRC »
almond always vsed w Ihe Case of fuppy-dishs, aml lupe<ansetien. 1n ahle
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2.0

ELECTRICAL PARAMETERS

2.1 Absolute Maximum Ratings
Str:'es§es above those listed may cause permanent damage to the circuit.
This is a stress r:'ating only. Functional operation of the device at
thesg or any corditions other than those indicated in the operational
sections of this specification is not implied.
_ MIN MAX
Operating Temperature ° 0cC 70 C
Supply Voltage 4.5V 5.5V
Maximum Power Dissipation W
2.2 D.C. Characteristics
PIN NAME CHARACTERISTICS MIN MAX
2.2.1 Input from 6508 Bus Capacitance 8PF
CIK, R/W, RESET, vil g.8v
AG-A3,Al4,Al5,D6-D7 vih 2.0V
2.2.2 Clock Output to 65@8 Capacitance 3@PF
PH1, PH2 Vol g.4v
Voh 2.4V
Iol (€Vol=0.4) 3.2ma
Ioh (@Voh=2.4) 200ua
2.2.3 Output to 65@8 Bus Capacitance 160PF
DMADIR, SO, Vol 0.4V
De-D7 voh 2.4V
‘ 10l (@Vol=0.4) 3.2ma
Ioh(@Voh=2.4) 2¢0Qua
2.2.4 Input from Floppy Disk
RDATA, WPO, WPl, Same as 2.2.1
DO TRO, D1 TRO
' 2.2.5 Output to Floppy Disk
LED@, STEP@@-3 Same as 2.2.3
LED1, STEP10-3,WRGT
HDSEL ,BUFEN, ERASE
NWD, WD, MTRONO, MTRONL
2.2.6 Tri-State Output Capacitance 10@PF
vol g.4v
PCSS, PCSD voh 2.4V
Iol (@Vol=d.4) 3.2ma
Ioh(@Voh=2.4V) 200ua -
ITITLE
COMMODORE IC, LSI, Controller,
' 28000 Floppy Disk 8723
]UZE |DRAWING NO, REY
315017 SCALE SHEET 12 OF




2.3 A.C CHARACTERISTICS

2.4

Clock Time (TCIK) 6 MHz

PH1 1.5 Mz

PH2 1.5 Mz

See figure 8 for timing.

Parameters Min. Max.
Delay between clocks (TD) 6 ns

Falltime, Risetime (TF,TR) 20 ns
Address Setup Time (TSAD) 180 ns

Address Hold Time (THA) 10 ns

Read/Write Setup Time (TSRW) 180 ns

R/W Hold Time (THRW) 10 ns

Data Stable Time (TDSU) 50 ns

Data Hold Time-Read (THR) 10 ns )
Data Setup Time (TMDS) 100 ns ... .
Data Hold Time Write (THW) 10 ns - "
BCSS Strobe (TPSS) 20 ns 170 ns
PCSS Active (TPSA) 70 ns
PCSD Write Active (TPDAW) 130 ns 200 ns
PCSD Write Strobe (TPSDW) 20ns

PCSD Write Width (TPWW) 80 ns

PC3D Active Read (TPDA) 125 ns
©CSD Strobe Read (TPDS) 20 ns
ROMCS Active (TRCSA) 250 ns
ROMCS Hold Time (TRCSH) 10 ns

SWITCHING CHARACTERISTICS

Switching characteristics are specified for input waveforms switching
between 0.4V low level and 2.4V high level with 107 - 907 rise and fall

times of 10ns.

Outputs are loaded at the rated interface conditions with
130pf total capacitive load (including fixturing).
of driven signals are referenced to 1.5V on inputs and outputs.

All time measurements
Time

measurements of high impedance signals are referenced to Vol + 0.2V

levels. See Figure (xx) for timing relationships.
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FIGURE 8
A.C.TIMING
TeLk

CLK ___./ \ / \ / .
J I——TcF ‘

__ 1

— ----TCR
PH1{
To TD
PH2 N = N
‘ Tr— L’ TsAD T HA —e=t —
& sAlvA?.s
s L A, As
— e—— T HRW
R/W TsrRwW -
RD DATA —_—
:.-Tosu = THR
‘NR DATA :
[Tmps T uw
TesA Tess,
F~S5%S
. T rPDAW Teww_ .. ITPDSW
PCSD ' ‘
WRITE ; Teos.
PCSD
READ TPDA
TRCSA . TRCSH
ROM CS j
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ANALOG

SECTION
FLOPPY FLOPPY
DISK #{ i DISK #2
_ JTONTROL]
SELECT
¢ \ 8
y T 1
1/0 PORT I/0 PORT 1/0 PORT
4 =
GCR
CONTROL
CHIP SEL.
ROM S
l G MFEM
|4 ApDR.BUS R/W < 7
J w
1 - —— |L | |REGISTERS CONTROL
)
AL PROCESSOR ;
¢ RAM e ——— =z
DATA
BUS Q
-l |Y DMA CONTROLLER
INTERFACE
: 1 | 8723 FLOPPY DISK CONTROLLiF:i
0% ) \ Y
Z 8000 FLOPPY BCARD CONNECTOR
'D.B ‘ -
Z8000 MAIN BOARD ‘
SRS g716
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This page must be detached fram the remainder of the drawing whenever this .
drawing is shown or transmitted to vendors.
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Cuiodore 900 Character-Mode Video CeA

Character -Mode Video Connector

Female DB-9

[ ————————————— —
q o§ LyA o3 ° o] O
C °Q o8 o.N N o@

s e F

PIH Descriplion

vio|~loinic
5
®
5
/]
<

-Uideo

-Horizonial

-Uertical

RS 232 CONNECTOR
FIN SIGNAL NAME
1 CHASSIS GROUMD
2 Lo TaD
3 Rz D
4 , RIS
S . C18
[ + DSR
7 i SIGNAL GROUND )
8 , bed
20 DTR

PRINTER CONNECTOR

FIN i SIGNAL NAME
.ns
cno
CD1
coz2
CDh3
cna
CDS
Cbhé
CD7
_CACE
€EBsY ]
GROUND

NONOWUMD K-

-
-0

18-25

|
-

- .

NOTES:

- The printer connector has the same pinout as the printer
connectar on the ThHH FC.

- Hoth connectars are female DB2S.



Commodore 906 High Resoluiion Video Curd

Mouse connector

MALE DB-9

rd
e

e Yo

77 7T 7T \%;
25 27 #8 29

PIN

Description

Y(A) quadrature

T\JT'~

X (A) quadrature

—

Y (B) quadrature

X (B) quadrature

BUTTON(2)

BUTTONT1)

D

GND

Tefloc BN Nop KS; = NOO

BUTTON(3)

Commodore 906 High Resdution

Monochrome video connnector

Video Card

DIN-&

[PIN] TUescripiion

1 -ECL Uideo out
2 GND

3 GND

4 +£CL Intensity
o Uertical sync
6 GND

i +ECL Uideo out
8 Horizontal sync
g | GND

[0 | GND




Corrections for

"COHEREMWMT Version 0.7.3 Preliminarfy Release MNotes"

Fage 5:
Near Center of the page,
"/dev/wd2"
should read
“"/dev/hd2"
Fage 8:

Section near the bottom of the page reading
"e..standard time zone is Eastern Standard
Time (EDT), your daylight-savings time zane
is Easter..."

should read
¥...standard time zone is Eastern Standard
Time (EST), your daylight-savings time zane
is Eastern..."

fdformat fdformat

NAME
fdformat - format a floppy disk

USAGE
/etc/fdformat filesysten

DESCRIPTION

fdformat formats a floppy disk. This action will erase
the previous contents of tha disk.

Only the superuser may use fdformat.

EXAMPLES
/ete/fdformat /dev/£dl
This command will format a disk in the built in drive.

DIAGNOSTICS

"1/0 error" for a bad floppy, write protected floppy,
or no floppy in drive.

COHERENT Command



