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TABLE 8. STATUS REGISTER 1 BITS

D1

D2

D3

D4

D5

D6

D7

Missing address mark

Not writeable

No data

Not used

Overrun
Data error

Not used

End od cylinder

NW

ND

OR

DE

EN

If the FDC cannot detect the ID Address Mark after encoun-
tering the index hole twice, then this flag is set. If the FDC
cannot detect the Data Address Mark or Deleted Data Ad-
dress Mark, this flag is set. At the same time the MD (Missing
Address Mark in data field) of Status Register 2 is set.

During execution of Write Data, Write Deleted Data or
Format a Track commands, ifthe FDC detectes a WP* signal
from the FDD, then this flag is set.

During execution of Read Data, Write Deleted Data, or Scan
command, if the FDC cannot find the sector specified in the
IDR (Internal Data Register), this flag is set. During execution
of the Read ID command, if the FDC cannot read the ID field
without an error, then this flag is set. During execution of the
Read a Track command, if the starting sector cannot be
found, then this flag is set.

This bit is always set to “0”.

If the FDC is set not serviced by the host system during data
transfers within a certain time interval, this flag is set.

When the FDC detects a CRC (Cyclic Redundancy Check)
error in either the ID field or the data field, this flag is set.

This bit is always set to “0”".

When the FDC tries to access a sector beyond the final sector
of a cylinder, this flag is set.

G90.€1S
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TABLE 9. STATUS REGISTER 2 BITS

DO

D1

D2

D3

D4

D5

D6

D7

Missing address

Bad cylinder

Scan not

Scan equal

Wrong cylinder

Data error

Control mark

Not used

MD

BC

SN

SH

wcC

DD

CM

Missing address mark in data field. When data is read from
the medium, if FDC cannot find a Data Address Mark of
Deleted Data Address Mark, then this flag is set.

This bit is related to the ND bit, and when the contents of C
on the medium is different from that stored in the IDR and the
contents of C is FF, then this flag is set.

During execution of the SCAN command, if the FDC cannot
find a sector on the cylinder which meets the condition, then
this flag is set.

During execution of the SCAN command, if the condition of
“equal” is satisfied, this flag is set.

This bit is related to the ND bit, and when contents of cylinder
onthe mediumisdifferent fromthat stored inthe IDR, this flag
is set.

If the FDC detects a CRC error in the data field, then this flag
is set.

During execution of the Read Data or Scan Command, if the
FDC encounters a sector which contains a Deleted Data
Address Mark, this flag is set.

This bit is always set to “0".
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TABLE 10. STATUS REGISTER 3 BITS

| DESCRIPTION.

DO Unit select 2 uso This bitis used to indicate the status of the Unit Select 0 signal
to the FDD.
D1 Unit select 1 Us1 This bitis used to indicate the status of the Unit Select 1 signal
to the FDD.
D2 Head select HS This bit is used to indicate the status of the Side Select signal
to the FDD.
D3 Write protected wp* This bit is used by the ST37C65 to indicate the status of the
Write Protected (WP*) signal from FDD.
D4 Track 0 TO This bit is used to indicated the status of the Track 0 signal
from the FDD.
D5 Ready RY This bit will always be a logic “1". Drive is presumed to be
ready.
D6 Write protected WpP* This bit is used to indicate the status of the Write Protected
(WP*) signal from FDD.
D7 Not used This bit is always set to “0”.
DATA REGISTER
The eight-bit Data Register stores data, commands, command.The relationship between the Master Sta-

parameters, and FDD status information. Data bytes tus Register and the Data Register and the signals
-are read out A0, or written into, the Data Register in RD*, WR*, and A0 are shown in Table 11.
orderto program or obtain the results after a particular

Table 11. MASTER STATUS AND DATA REGISTER

Read from Data Register
Write into Data Register

0 0 1 Read Main Status Register
(] 1 0 llegal

0 0 0 lllegal

1 0 0 lllegal

1 0 1

1 1 0
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OPERATIONS REGISTER

The Operations Register provides support logic that
latches the data bus upon receiving LDOR* and WR*.
CS* should not be active when this happens. The

TABLE 12. OPERATIONS REGISTER

Operations Register replaces the typical latched port
found in floppy subsystems used to control disk drive
spindle motors and to selected the desired disk drive.
Table 12 represents the Operations Register.

Drive Select, if low and MOEN1 = 1, then DS1* is active. If high and MOEN2 =1, then

DMA enable, active in Special and AT/EISA modes. Qualifies DMA and IRQ outputs

Mode Select. During a soft reset condition, may be used to select between Special mode

ORO DSEL
DS2* is active, but only in the AT/IEISA mode.
OR1 (X) This must be a logic 0 for DS1* and DS2* to become active.
OR2 SRST* Soft reset, active low.
OR3 | DMAEN
and DACK* input.
OR4 | MOEN1 Motor On enable, inverted output MO1* is active only in AT/IEISA mode.
ORS5 MOEN2 | Motor On enable, inverted output M02* Is active only in AT/EISA mode.
ORG6 (X) Has no defined function. A spare.
OR7 (MSEL)
(1) and AT/IEISA mode (0).

BASE, SPECIAL, AND AT/EISA MODES

Base, Special, PC AT and EISA modes allow subtle
differences which the user may find desirable. The
Control Register may be used in any mode without
altering functionality.

Base Mode

After a hardware reset, RST active, the ST37C65 will
be held in soft reset, SRST* active, with the normally
driven signals, DMA request and IRQ request outputs
three-stated. Base mode may be initiated at this time
by a chip access by the host. Although this may be any
read orwrite, itis strongly recommended that the Base
mode user’s first chip access be a read of the Master
Status Register. Once Base mode is entered, the soft
reset is released, and IRQ and DMA are driven. Base
mode prohibits the use of the Operations Register,

hence there can be no qualifying DMAEN and no soft
resets. The Drive Select outputs, DS1* to DS4*, offer
a 1 of 4 decoding of the Unit Select bits resident in the
command structure. Pin RWC* represents Reduce
Write Current and is indicative of when write pre-
compensation is necessary.

Special Mode

Special mode allows use of the Operations Register
for the DMAEN signal as a qualifier and to do a
software driven device reset, SRST*. To enter Special
mode, the Operations Register is loaded with (1 X00
X 0 X X), setting mode Select to a logic 1 disabling
MOEN1 and MOEN2 and causing SRST*to be active.
Then aread of the Control Register address, LDCR*
and places the device in Special mode. The DS1*
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through DS4* is again offered in this mode, as is
RWC*.

AT/EISA Modes

For AT/EISA compatibility, users write to the Opera-
tions Register, LDOR* and WR*; this action, per-
formed after a hardware reset, or in the Base mode,
initiates AT/EISA mode. AT/EISA mode can also be
entered from Special mode by loading the Operations
Register with (0 X 0 0 X 0 X X), setting Mode Select to
alogic 0, disabling MOEN1 and MOENZ2, and causing
SRST* to be active. Then a read of the Control
Register address sets the device into AT/EISA mode.
The DS* outputs are replaced with the DSEL and
MOEN signals buffered from the Operations Register.
DMAEN and SRST* are supported and compatible
with the current BIOS. RWC* pin function is now RPM*
so that users with two-speed drives may reduce
spindle speed from a nominal 360 revolutions per
minute to 300 revolutions per minute when active low.
It can also be used to reduce write current when a
slower data rate is selected for a given drive.

FIGURE 4.

DRIVE SELECT POLLING TIMING

POLLING ROUTINE

After any reset the ST37C65, (a hard RST or soft
SRST*), will automatically go into a Polling routine.
In between commands (and between step pulses in
the SEEK Command), the ST37C65 polls all four
FDDs looking for a change in the Ready line from any
of the drives. Since the drive is always presumed
Ready, an interrupt will only be generated following a
reset. This occurs because a reset forces Not Ready
status, which then promptly becomes Ready. Note
that in Special, AT/EISA modes, if DMAEN is not valid
1ms after reset goes inactive, then IRQ may be
already set and pending when finally enabled onto the
bus. The polling of the Ready line by the ST37C65
occurs continuously between Each drive is polled
every 1.024ms, except during the READ/WRITE
commands. For mini- floppies, the polling rate is
2.048ms. The drive polling sequence is 1-2-4-3. Note
that in the AT/EISA mode, the user will not see the
polling at the Drive Select signals. Figure 4 illustrates
the Drive Select Polling Timing.

Ds1* ——____—_——\\_—________—__//

Ds2* \ /

DS3*

Ds4*
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DEVICE RESETS

The ST37C65 supports both hardware reset (RST pin
19) and a software reset (SRST*) through use of the
Operations Register. The RST pin will cause a device
reset for the active duration. RST causes a default to
Base mode, and selects 250kb MFM (or 125kb FM
code dependent) as the data rate (16 MHz input clock)
The default data rate fora 32 MHz input clock is 500kb
MFM. SRST* will reset the micro controller as did the
RST, but will not affect the current data rate selection
orthe mode RST, when active, will disable the current
driver outputs to the disk drive. RST and SRST* will
not affect the values set for the internal timers HUT,
HTL, and SRT.

If the XTAL oscillators are used, instead of the TTL
driven clock inputs, the hardware RST active time
requirement will be extended. The oscillator circuit is
designed so that RST will bootstrap the circuit into
guaranteed oscillation in a fixed amount of time. The
extended reset time allows the growth of the oscilla-
tion to produce stable internal clock timing.

DATA SEPARATOR

The Data Separatoris aWD92C32 Digital Phase Lock
Loop Floppy Disk Data Separator (DPLL). It was
designed to address high performance error rates on
floppy disk drives, and to provide superior perfor-
mance in terms of available bit jitter tolerance. It
contains the necessary logic to achieve classical 2nd
order, type 2, phase locked loop performance. Figure
1illustratesthe WD92C32 used as the Data Separator
inthe ST37C65 system. The bit jitter tolerance forthe
data separator is 60%, which guarantees an error rate
of <10E-9.

WRITE PRE-COMPENSATION

The ST37C65 maintains the standard first level algo-
rithm to determine when write pre compensation
should be applied. The EARLY and LATE signals are
used internally to select the appropriate delay in the
write data pulse stream. The encoded WRITE DATA
signal is synchronized to the 16 MHz or 32 MHz clock
if this is the frequency on CLK1 pin (23), and clocked
through a shift register. Signals EARLY, NOM, and
LATE determine the amount of delay through the shift
register before a multiplexed gates the chosen bit to
the output. The output data pulse width has a 25% duty

cycle, i.e., one fourth of the bit cell period, and equal
to one half the WCLK period.

When PCVAL pin (24)=1, all data will be pre-compen-
sated by +125ns, regardless of track number and data
rate. However, this is only for MFM encoding. There is
no write pre-compensation for FM. If PCVAL = 0, and
if a track inside number 28 is accessed, then +187ns
pre-compensation will be generated. For frequencies
otherthen 16MHz or 32MHz on the CLK1 pin, the pre-
compensation values will be two and three clock
cycles respectively. When the non-standard 300 kb/
s data rate using CLK2 is chosen, the MFM pre-
compensation will always be two clock cycles For 9.6
MHz, this is £208ns. In this case, the PCVAL function
is disabled. Write pre-compensation can be disabled
by bit-2 of the Control Register for the AT/EISA. The
PCVAL input to ST37C65 isignored if there is no write
pre-compensation.

CLOCK GENERATION

This logical block provides all the clocks needed by
the ST37C65. They are: Sampling Clock (SCLK),
Write Clock (WCLK), and the Master Clock (MCLK).
SCLK drives the WD92C32 Data Separator used
during data recovery. This clock’s frequency is always
32 times the selected data rate.

WCLK is used by the encoder logic to place MFM or
FMonthe serial WD-streamto the disk. WCLK always
has a frequency two times the selected data rate.

MCLK is used by microsequencer. MCLK and MCLK*
clock all latches in a two-phase scheme. One micro-
instruction cycle is four MCLK cycles. MCLK has a
frequency equal to eight times the selected MFM data
rate or 16 times the FM data rate. Table 13 presents
the Clock Data Rate.

In power down mode the XTAL oscillator and the clok
circuitry are turned off.
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TABLE 13. CLOCK DATA RATE

1Mb/s MFM 32.0 MHz | 8.0 MHz | 2.0 MHz
500 kb/s MFM 16.0 MHz | 4.0 MHz | 1.0 MHz
500 kb/s FM 16.0 MHz | 8.0 MHz | 1.0 MHz
250 kb/s FM 8.0MHz | 4.0 MHz | 500 kHz
250 kb/s MFM 8.0 MHz 2.0 MHz | 500 kHz
125 kb/s FM 4.0MHz | 2.0 MHz | 250 kHz
300 kb/s MFM 9.6 MHz 2.4 MHz | 600 kHz

COMMAND PARAMETERS TABLE 14. ST37C65 COMMANDS
The ST37C65 is capable of performing 15 different

commands. Each command is initiated by a multibyte Read Data
transfer from the processor. The results after execu- Read Deleted Data
tion of the command may also be a multibyte transfer Wirite Data
back to the processor. The commands consist of three Write Deleted Data
phases: Command phase, Execution phase, and the Read a Track
Result phase. Read ID

Format a Track
¢ Command phase Scan Equal

The Floppy Disk Controller (FDC) receives all
information required to perform a particular opera-

Scan Low or Equal
Scan High or Equal

® 0 O o & o o o o ©° o o o o o

tion from the processor. Recalibrate
Sense Interrupt Status
o Execution phase Specify
The FDC performs the operation it was instructed Sense Drive Status
to do. Seek

¢ Result phase
After completion of the operation, status and other
housekeeping information are made available to
the processor.

Table 14 lists the 15 ST37C65 commands.
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TABLE 15. READ DATA

COMMAND

EXECUTION

RESULTS

sss

Esss=s2

AXVAW XWVAXD A

EOT
GPL
DTL

STO

ST1
ST2

ZA0XT

01 1 0
X HS US1USO

Command code.

Sector ID informatiom prior to
command execution. The four
bytes are compared against
header on floppy disk.

Data transfer between FDD and
main system.

Status information after com-

mand execution.

Sector ID information after com-
mand execution.
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TABLE 16. READ DELETED DATA

COMMAND W IMT MF SK 0 1 1 0 O Command code.
WiX X X X X HS US1USO0
w Cc ) Sector ID informatiom prior to
command execution. The four
bytes are compared against
header on floppy disk.
w H
w R
w N
w EOT
W GPL
wW DTL
EXECUTION Data transfer between FDD and
main system.
RESULTS R STO Status information after com-
mand execution.
R ST1
R ST2
R (o} Sector ID information after com-
mand execution.
R H
R R
R N
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TABLE 17. WRITE DATA

COMMAND W [MT MF 0 O o 1 0 1 Command code.
) W i['X X X X X HS US1USO
W C Sector ID informatiom prior to
command execution. The four
bytes are compared against
header on floppy disk.
w H
w R
w N
w EOT
W GPL
w DTL
EXECUTION Data transfer between FDD and
main system.
RESULTS R STO Status information after com-
mand execution.
R ST1
R ST2
R Cc Sector ID information after com-
mand execution.
R H
R R
R N
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TABLE 18. WRITE DELETED DATA

COMMAND W [MT MF 0 O 1 0 0 1 Command code.

WilX X X X X HS US1USOo .

W C Sector ID informatiom prior to
command execution. The four
bytes are compared against
header on floppy disk.

w H

wW R

w N

w EOT

w GPL

W DTL

EXECUTION Data transfer between FDD and
: main system.
RESULTS R STO Status information after com-
mand execution.

R ST1

R ST2

R Cc Sector ID information after com-
mand execution.

R H

R R

R N
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TABLE 19. READ TRACK

COMMAND

EXECUTION

RESULTS

222

E- -

AXAN VIO A

EOT
GPL
DTL

STO

ST1
ST2

ZX T

0
X

0o 1 0
HS US1 USO

Command code.
Sector ID informatiom prior to
command execution. The four

bytes are compared against
header on floppy disk.

Data transfer between FDD and
main system. FDD reads all data
fiels from index hole to EOT.

Status information after com-
mand execution.

Sector ID information after com-
mand execution.
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TABLE 20. READ ID

. DESCRIPTION
COMMAND : Command code.
US1 USO
EXECUTION The first corrected ID information
on the cylinder is stored in Data
Register.
RESULTS R STO Status information after com-
mand execution.
R ST1
R ST2
R C SectorID information read during
Execution Phase from floppy
disk.
H
R R
N

TABLE 21. FORMAT A TRACK

COMMAND w 0 MF 0 O 1 1 0 1 Command code.
Wi|lX X X X X HS US1USOo
w N Bytes/Sector.
w sC Sectors/Track.
W GPL Gap 3.
W D Filler Byte.
EXECUTION Floppy Disk Controller (FDC) for-
mats an entire track.
RESULTS R STO Status information after com-
mand execution.
R ST1
R ST2
R Cc In this case, the ID information
has no meaning.
R H
R R
R N
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TABLE 22. SCAN EQUAL

_ DESCRIPTION
COMMAND W |MT MF SK 1 0O 0 0 1 Command code.
W[l X X X X X HS US1USO )
w C Sector ID informatiom prior to
command execution.
w H
W R
W N
W EOT
W GPL
W STP
EXECUTION Data compared between the FDD
and main system.
RESULTS R STO Status information after com-
mand execution.
R ST1
R ST2
R C Sector ID information after com-
mand execution.
R H
R R
R N
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TABLE 23. SCAN LOW OR EQUAL

PHASE |

=z

|Dp7 D6 D5 D4 030201 Do |

DESCRIPTION

COMMAND

EXECUTION

RESULTS

22525 252

AXVAO VIA T

MT MF SK 1
X X X X

ZAIT O

EOT
GPL
DTL

~ST0

ST1
ST2

ZXIT

1 0 0 1
X HS US1 USO

Command code.

Sector ID informatiom prior to
command execution.

Data compared between FDD
and main system.

Status information after com-

mand execution.

Sector ID information after com-
mand execution.
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TABLE 24. SCAN HIGH OR EQUAL

COMMAND W |MT MF SK 1 1 1 0 1 Command code.
Wi|X X X X X HS US1US0
W Cc Sector ID informatiom prior to
command execution.
W H
w R
W N
w EOT
W GPL
wW STP
EXECUTION Data compared between FDD
and main system.
RESULTS R STO Status information after com-
mand execution.
R ST1
R ST2
R C Sector ID information after com-
mand execution.
R H
R R
R N
TABLE 25. RECALIBRATE
_ PHASE |RW D7 D6 D5 D4 D3 D2 D1 DO | DESCRIPTION
COMMAND W 0 0 0 o0 0 1 1 1 Command code.
WIlX X X X X 0 USs1USO
EXECUTION Head retracted to Track zero.
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TABLE 26. SENSE INTERRUPT STATUS

| DEscrRiPTON

COMMAND

RESULTS

x ® sSs|
X o

X 0 US1USO

Command code.

Status information aboutthe FDC
at the end of seek operation.

TABLE 27. SPECIFY

| DESCRIPTION

COMMAND 0o 0 0 O
SRT SRT SRT SRT

HLT HLT HLT HLT

5=

o 0 1 1

HUTHUT HUTHUT
HLT HLT HLT ND

Command code.

TABLE 28. SENSE DRIVE STATUS

o0 | pescrimon

COMMAND

==
X o
X o
X o
X o

RESULTS ST3

0 1 0 O

X Hs US1USO

Command code.

Status information about FDC.

TABLE 29. SEEK

COMMAND

X o
X o
X o
X o

EXECUTION

X 0 Us1US0

Command code.

Head is positioned over proper
cylinder on the diskette.
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TABLE 30. COMMAND SYMBOL DESCRIPTIONS

A0

D7 - DO

DTL

EOT

GPL

HLT

HS

HUT

MF

MT

NCN

ND

Address line 0
Cylinder Number

Data

Data Bus
~ Data Length

End of Track

Gap Length

Head Address

Helad Load Time
Head Select
Head Unload Time
FM or MFM
MultiTrack
Number

New Cylinder Number

Non-DMA Mode

A0 controls selection of Main Status Register (A0=0) or Data
Register (A0=1).

C stands for the current/selected cylinder (track) number 0 through
255 of the medium.

D stands forthe data pattern which is going to be written into a sector.

8-bits Data Bus, where D7 stands for a most significant bit, and DO
stands for a least significant bit.

When Nis defined as 00, DTL stands for the Data length which users
are going to read out or write into the sector.

EOT stands for the final sector number on a cylinder. During Read
or Write operations, FDC will stop data transfer a sector number
equal to EOT.

GPL stands for the length of Gap 3. During the FORMAT Command,
it determines the size of Gap 3.

H stands for head number 0 or 1, as specified in the ID field.

HLT stands for the Head Load Time in FDD (2 to 254 ms in 2 ms
increments). )

HS stands for a selected head number0 or 1 and controls the polarity
of pin 25 (in 40 pin DIP) or pin 28 (in 44 pin PLCC). i

HUT stands for the HEAD UNLOAD TIME after a Read or Write
operation has occurred (16 to 240 ms in 16 ms increments).

IfMF islow, FMmode is selected. If it is high, MFM mode is selected.
If MT is high, a MUTITRACK operation is performed. If MT=1 after
finishing Read/Write operation on side 0, FDC will automatically
start searching for sector 1 on side 1.

N stands for the NUMBER of data bytes written in a sector.

NCN stands for a NEW CYLINDER NUMBER which is going to be
reached as a result of the Seek operation. Desired position of head.

ND stands for operation in the NON-DMA MODE.
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TABLE 30. COMMAND SYMBOL DESCRIPTIONS

 NAME _ DESCRIPTION
PCN Present Cylinder PCN stands forthe cylinder number at the completion of the SENSE
INTERRUPT STATUS Command. Position of head ar present time.
R Record R stands for the sector number which will be read or written.
R/W Read/Write R/W stands for either READ or WRITE signal.
SC Sector SC indicates the number of sectores per cylinder.
SK Skip SK stands for SKIP Deleted Data Address Mark.

SRT Step Rate Time SRT stabds for the Stepping Rate for the FDD (1 to 16 msin 1 ms
increments). Stepping Rate applies to all drives. In 2's complement
format, F (hex)=1 ms, E (hex)=2 ms, etc.

STO-3 Status 0-3 STO0-3 stands for one of four registers which store the STATUS
information after a command has been executed. This information
is available during the result phase after command execution.
These registers should not be confused with the Main Status
Register (selected by A0=0). ST0-3 may be read only after a
command has been executed and contains information relevant to
that particular command.

STP During a SCAN operation, If STP=1, the data in contiguous sectors
is compared byte by byte with data sent from the processor ( or
DMA); if STP=2, then alternate sectore are read and compared.

UsSo0-1 Unit Select 0-1 US stands for a selected drive; binary encoded, 1 of 4.

COMMAND DESCRIPTIONS
Read Data

A set of nine byte words are required to place the FDC
into the Read Data Mode. After the Read Data com-
mand has been issued, the FDC loads the head (if it is
in the unloaded state), waits the specified head set-
tling time Idefined in Ihe Specify Command), and
begins reading ID Address Marks and ID fields. When
the current sector number (“R”) stored in the ID
Register (IDR) compares with the sector number read
of the diskette, then the FDC outputs data (from the

data field) byte-to-byte to the main system viathe dala
bus. After completion of the read operation from the
current sector, the Sector Number is incremented by
one, and the data from the next seclor is read and
output on the data bus. This continuous read function
is called a “Multi- sector Read Operation” The Read
Data Command may be terminated by the receipt of
a Terminal Count signal. TC should be issued at the
same time thal the DACK* for the last byte of data is
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sent. Upon receipt of this signal, the FDC stops
outputting data to the processor, but will continue to
read data from the current sector, check CRC (Cyclic
Redundancy Count) bytes, and then at the end of the
sector terminate the Read Data command. The
amount of data which can be handled with a single
command tothe FDC depends upon MT (multitrack),
MF (MFM/FM), and N (number of bytes sector).
Table 31 lists the Transfer Capacity.

TABLE 31. TRANSFER CAPACITY

Maximum Transfer cépac'ity ‘ Final Sector
(Bytes/Sector) Read from
(Number of Sectors) Diskettes
0 0 00 (128) (26) = 3328 26 at side 0
0 1 01 (256) (26) = 6656 or 26 at side 1
1 0 00 (128) (52) = 6656 26 at side 1
1 1 01 (256) (52) = 13312 26 at side 1
0 0 01 (256) (15) = 3840 15 at side 0
0 1 02 (512) (15) = 7680 or 15 at side 1
1 0 01 (256) (30) = 7680 15 at side 1
1 1 02 (512) (30) = 15360 15 at side 1
0 0 02 (512) (8) = 4096 8 at side 0
0 1 03 (1024) (8) = 8192 8 at side 1
1 0 02 (512) (16) = 8192 8 at side 1
1 1 03 (1024) (16) = 16384 8 at side 1

The “multi-track” function (MT) allows the FDC to read
data from both sides of the diskette. For a particular
cylinder, data will be transferred starting at Sector 1,
Side 0 and completing at Sector L, Side 1 (Sector L =
last sector on the side). Note, this function pertains to
only one cylinder (the same track) on each side of the
diskette. When N=0, then DTL defines the data length
which the FDC musttreat as a sector. If DTL is smaller
thanthe actual data length in a sector, the databeyond

DTL in the sectoris not sent to the Data Bus. The FDC
reads (internaily) the complete sector performing the
CRC check, and depending upon the manner of
command termination, may perform a Multi-Sector
Read operation. When Nis non-zero, thenDTL hasno
meaning and should be set to FF hexidecimal.

At the completion of the Read Dala command, the
head is not unloaded until after Head Unload Time
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Interval (specified in the Specity command) has
elapsed. If the processor issues another command
before the head unloads, then the head settling time
may be saved between subsequent reads. This time
out is particularly valuable when a diskette is copied
from one drive to anotherIf the FDC detects the Index
Hole twice without finding the right sector, (indicated
in 'R’), then the FDC sets the ND (No Data) flag in
Status Register 1 to a 1 (high), and terminates the
Read Data command. (Status Register 0 also has bits
7 and 6 set to 0 and 1 respectively.)

Afterreadingthe ID and Data Fields in each sector, the
FDC checks the CRC bytes. If a read error is detected
(incorrect CRC in ID field), the FDC sets the DE (Data
Error) flag in Status Register 1 lo 1 (high). If a CRC
error occurs in the Data Field, the FDC also sets the
DD (Data Errorin Data Field) flag in Status Register 2
toa 1 (high), and terminates the Read Data command.
(Status Register 0 also has bits 6 and set to 0 and 1)
respectively.

If the FDC reads a Deleted Data Address Mark off the
diskette, and the SK bit (bit OS in the first Command
Word) is not set (SK=0) then the FDC sets the CM
(Control Mark) flag in Status Register2toa1 (high),
and terminatesthe Read Data command after reading
all the data in the sector. If SK=1, the FDC skips the
sector with the Deleted Data Address Mark and reads
the next sector. The CRC bits in the deleted data field
are not checked when SK=1.

During disk data transfers between the FDC and the
processor via the data bus, the FDC must be serviced
by the processor every 27us in the FM mode, and
every 19us in the MFM mode or the FDC sets the OR
(Overrun) flag in Status Register 1 to a 1 (high), and
terminates the Read Data command. If the processor
terminates a read (or write) operation inthe FDC, then
the ID information in the Result phase is dependent
upon the state of the MT bit and EOT byte. Table 32
shows the values for C, H, A, and N, when the
processor terminates the command.

TABLE 32. C, H, R, AND N VALUES

- _Final Sector iD Informationat

: . Transferred ResultPhase.

| MT HD  to Processor c H R N
o o Lessthan EOT | NC | NC [ R#1 | NC
0 0 Equal to EOT C+1 NC R=1 NC
of 1 Lessthat EOT | NC | NC [ R+1 | NC
o 1 EqualtoEOT | C+1 | NC | R=1 | NC
1 0 Less than EOT | NC NC R+1 NC
110 Equal to EOT NC | LSB| R=1| NC
1 1 Less than EOT | NC NC R+1 NC
1 1 Equalto EOT | C+1| LSB| R=1| NC

Note: NC (No Change): The same value as the one at
the begininning of command execution.

Write Datas

A set of nine bytes is required to set the FDC into the
Wide Data mode. After the Write Data command has
been issued the FDC loads the head (if it is in.the
unloaded state), waits the specified head settling time
(defined inthe Specify command), and begins reading
ID fields. When all four bytes loaded during the
command (C, H, R, N) match the four bytes of the ID
field from the diskette, the FDC takes data from the
processor byte-by-byte via the data bus and outputs it
to the FDD.

After writing data into the current sector, the sector
number stored in ‘R’ is incremented by one, and the
next data field is written into. The FDC continues
this ‘Multisector Write Operation” until the issuance of
a Terminal Count signal. If a Terminal Count signal is
sent complete the data field. If the Terminal Counl
signal is received while a data field is being written,

then the remainder of the data field is filled with zeros.

The FDC reads the ID field of each sector and checks
the CRC bytes in one of the ID fields, it sets the DE
(Data Error) flag of Status Register 1 to a 1 (high) and
terminates the Wrile Data command. (Status Register
0 also has bits 7 and 6 set to 0 and 1 respectively.)

The Write command operates in much the same
manner as the Read command. The following items
are the same, and one should refer to the Read Data
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command for details

Transfer capacity

EN (End of Cylinder) flag

ND (No Data) flag

Head Unload Time interval

ID Information when the processor terminates
command

e Definition of DTL when N = 0 and when N= 0

In the Write Data mode, data transfers between the
processor and FDC viathe data bus, must occurevery
27us in the FM mode and every 13us in the MFM
mode. If the time interval between data transfers is
longer than this, then the FDC sets the OR (Overrun)
flag in Status Register 1 to a 1 (high) and terminates
the Write Data command (Status Register 0 also has
bits 7 and 6 set to 0 and 1 respectively.)

Write Deleted Data
This command is the same as the Write Data com-
mand except a Deleted Data Address mark Is written
at the beginning of the data field instead of the normal
Data address mark.

Read Deteted Data.

This command is the same as the Read Data com-
mand except that when the FDC detects a Data
Address mark at the beginning of a data field (and
SK=0) it will read all the data in the sector and set the
CM flag in Status Register 2 to a 1 (high), and then
terminate the command. If SK=1, then the FDC skips
the sector with the Data Address mark and reads the
next sector

Read A Track

This command is similar to the Read Data command
except that this is a continuous Read operation where
the entire data field from each of the sectors is read.
Immediately after sensing the index hole, the FDC
starts leading all data fields on the track as continuous
blocks of data. If the FDC finds an error in the ID or
Data CRC check bytes, it continues to read data from
the track. The FDC compares the ID information read
from each sector with the value stored in the IDR and
sets the ND flag of status Register 1 to a 1 (high) if
there is no comparison. Multi-track or skip operations
are not allowed with this command.

This command terminates when the number of sec-
tors read is equal to EOT If the FDC does not find an
ID Address mark on the diskette after it senses the
index hold forthe second time, it sets the MA (Missing
Address mark) flag in Status Register 1 to a 1 (high)
and terminates the command. (Status Register 0 has
bits 7 and 6 set to 0 and 1 respectively.)

Read ID

The Read ID command is used to give the present
position of the recording head. The FDC stores the
values from the first ID field it is able to read. If no
proper D Address markis found on the diskette before
the index hole is encountered for the second time,
then the MA (Missing Address mark) flag in Status
Register 1 is set to a 1 (high), and if no data is found
then the ND (No Data) flag is also set in Status
Register 1 to a 1 (high). The command is then termi-
nated with bits 7 and 6 in Status Register 0 set to 0 and
1 respectively. During this command there is no data
transfer between FDC and the CPU except during the
result phase.

Format A Track

The Format command allows an entire track to be
formatted. After the index hole is detected, data is
written onthe diskette; Gaps, Address marks, ID fields
and data fields, all per the IBM System 34 (double
density) or System 3740 (single density) format are
recorded. The particular format which will be written is
controlled by the values programmed inio N (number
ot bytes/sector), SC (sectors/cylinder), GPL (gap
length), and D (data pattern) which are supplied by the
processor during the Command phase. The data field
is filled with the byte of data stored in D. The ID field
for each sector is supplied by the processor; that is,
fourdata requests per sector are made by the FDC for
C (cylinder number), H (head number), R (sector
number) and N (number of bytes/sector). This allows
the diskette to be formatted with nonsequential sector
numbers, if desired.

The processor must send new values for C, H, R, and
N to the ST37C65 for each sector on the track. If FDC
is set for the DMA mode, it will issue four DMA
requests per sector. If it is set for the Interrupt mode,
it willissue four interrupts per sector and the processor
must supply C, H, R, and N loads for each sector. The
contents of the R register are incremented by 1 after
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each sector is formatted; thus, the R register contains
a value of R when it is read during the Result phase.
This incrementing and formatting continues for the
whole track untilthe FDC detects the index hole forthe
second time, whereupon it terminates the command.

Table 33 shows the relationship between N, SC, and
GPL for various sector sizes.

TABLE 33. N, SC AND GPL RELATIONSHIP

8" STANDARD FLOPPY

FM MODE
128 bytes/sector 00 1A 07 1B
256 01 OF OE 2A
512 02 08 1B 3A
1024 03 04 47 8A
2048 04 02 C8 FF
4096 05 01 cs FF

MFM 256 01 1A OE 36
512 02 OF 1B 54
1024 03 08 35 74
2048 04 04 99 FF
4096 05 02 cC8 FF
8192 06 01 c8 FF

§ 1/4” MINI-FLOPPY

FM MODE
128 00 12 07 09
128 00 10 10 19
256 01 08 18 30
512 02 04 46 87
1024 03 02 C8 FF
2048 04 01 c8 FF

MFM MODE
256 01 12 0A oc
256 01 10 20 32
512 02 08 2A 50
1024 03 04 80 FO
2048 04 02 C8 FF
4096 05 01 cs8 FF

3 1/2" SONY MICRO-FLOPPY

FM MODE
128 00 OF 07 1B
256 01 09 OE 2A
512 02 05 1B 3A

MFM MODE
256 01 OF OE 36
256 02 09 1B 54
1024 03 05 35 74

| STATUS REGISTER 2 ...
| COMMAND BiT2  BIT3  COMMENTS.
Scan Equal 0 1 DFDD = Dprocessor
1 0 DFDD = Dprocessor
0 1 DFDD = Dprocessor
Scan Low 0 0 - DFDD < Dprocessor
| or Equal 1 0 DFDD > Dprocessor
o] 1 DFDD = Dprocessor
Scan High 0 0 DFDD > Dprocessor
or Equal 1 0 DFDD < Dprocessor

Scan Commands

The Scan commands allow data which is being read
from the diskette to be compared against data which
is being supplied from the main system. The FDC
compares the data on a byte-by-byte basis and looks
for a sector of data which meets the conditions The
hexidecimal byte of FF either from memory or from
FDD can be used as a mask byte because it always
meets the condition of the comparison. Ones comple-
ment arithmetic is used for comparison (FF=largest
number, 00=smallest number ). After a whole sector
of data is compared, if the conditions are not met, the
sector numberis incremented (R + STP -8R), and the
scan operation is continued. The scan operation con-
tinues until one of the following conditions occur the
conditions for scan are met (equal, low, or high), the
last sector on the track is reached (EOT), or the
terminal count signal is received.

If the conditions for scan are met, then the FDC sets
the SH (Scan Hit) flag of Status Register2to a 1 (high)
and terminates the Scan command. If the conditions
for scan are not met between the starting sector (as
specified by R) and the last sector on the cylinder
(EOT), then the FDC sets the SN (Scan Not Satisfied)
flag of Status Regisler 2 is a 1 (high) and terminates
the Scan command. The receipt of a Terminal Count
signal from the processor or DMA controller durring
the scan operation will cause the FDC to complete the
comparison of the particular byte which is in process
and the to terminale the command. Table 34 shows
the status of bits SH and SN under various conditions
of Scan.

TABLE 34. STATUS OF BITS SH AND SN
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If the FDC encounters a Deleted Data Address mark
on one of the sectors (and SK=0), then it regards the
sector as the last sector on the cylinder, sets the CM
(Control mark) flag of Status Register 2 to a 1 (high)
and terminates the command If SK=1, the FDC skips
the sector with the Deleted Address mark and reads
the next sector. In the second case (SK=1), the FDC
sets the CM (Conlrol mark) flag of Status Register2 to
a 1 (high) in order to show that a deleted sector had
been encountered.

When either the STP (contiguous sectors=01, or
alternate sectors=02) sectors are read or the- MT
(Multitrack) is programmed it is necessary to remem-
ber that the last sector on tbe track must be read. For
example, if STP=02, MT=0, the sectors are numbered
sequentially 1 through 26 and the Scan command is
started at sertor 21, the following will happen: sectors
21, 23, and 25 will be read, then the next sector (26)
will be skipped and the index hole will be encountered
before the EOT value of 26 can be read. This will result
in an abnormal termination of the command. If the
EOT had been set at 25 or the scanning started at
sector 20, then the Scan command would be com-
pleted in a normal manner.

During the Scan command, data is supplied by either
the processor or DMA controller for comparison
against the data read from the diskette. In order to
avoid having the OR (Overrun) flag set in Status
Register 1, it is necessary to have the data available
in less than 27us (FM mode) or 13us (MFM mode). If
an Overrun occurs, the FDC ends the command with
bits 7 and 6 of Status Register 0 set to 0 and 1,
respectively.

Seek

The Read/Write head within the FDD is moved from
cylinder to cylinder under control of the Seek com-
mand. FDC has four independent Present Cylinder
Registers for each drive. They are cleared only after
the Recalibrate command. The FDC compares the
PCN (Present Cylinder Number) which is the current
head position with the NCN (New Cylinder Number),
and if Ihere is a difference, performs the following
operations:

PCN < NCN: Direction signal to FDD set to a 1
(high), and step pulses are issued. (Step In)

PCN > NCN:  Direction signal to FDD set to a 0
(low), and step pulses are issued. (Step Out)

The rate at which step pulses are issued is controlled
by SRT (Stepping Rate Time) in the Specify com-
mand. After each step pulse is issued NCN is com-
pared against PCN, and when NCN = PCN, lhe SE
(Seek End) flag is set in Status Register 0to a 1 (high),
and the command is terminated At this point FDC
interrupt goes high. Bits DOB-D3B in the Main Status
Register are set during the Seek operation and are
cleared by the Sense Interrupt Status command.

During the command phase of the Seek operation the
FDCisinthe FDC Busy state; but during the Execution
phase, it is in the non-busy state. While the FDC is in
the non-busy state, another Seek command may be
issued, and in this manner parallel Seek operalions
may be done on up to four drives at once. No other
command can be issued as long as the FDC is in the
process of sending step pulses to any drive.

If the time to write three bytes of Seek command
exceeds 150us, the timing between the first two step
pulses may be shorter than that set in the Specify
command by as much as 1ms.

Recalibrate

Tne function of this command is to retract the Read/
Write nead within the FDD to the Track 0 position. The
FDC clears the contents of the PCN counter and
checks the status of the Track 0 signal from the FDD.
As long as the Track O signal is low, the Direction
signal remains 0 (low) and step pulses are issued.
When the Track 0 signal goes high, the SE (Seek End)
flag in Status Register 0 is set to a 1 (high) and the
command is terminated If the Track 0 signal is still low
after 255 step pulses have been issued, the FDC sets
the SE (Seek End) and EC (Equipment Check) flags
of Status Register 0 to both 1s command after bits 7
and 6 of Status Register 0 are set to 0 and 1
respectively The ability to do overlap Recalibrate
commands to multiple FDDs and the loss of the Ready
signal, as described in the Seek command, aiso
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applies to the Recalibrate command.

Sense Interrupt Status
An Interrupt signal is generated by the FDC for one of
the following reasons:

Upon entering the Result phase of
Read Data command

Read A Track command

Read ID command

Read Deleted Data command
Write Data command

Format A Cylinder command
Write Deleted Data command
Scan commands :

e & o o o 0 & oo

Ready Line of FDD changes state
End of Seek or Recalibrate command
During Execution phase in the non-DMA mode

A WON

Interrupts caused by reasons 1 and 4 above occur
during normal command operations and are easily
discernible by the processor During an Execution
phase in non-DMA mode, DBS in the Main Status
Register is high. Upon entering the Result phase, this
bit gets cleared. Reasons 1 and 4 do not require Sense
Interrupt Status commands.

Theinterruptis cleared by Reading/Writing datato the
FDC. Interrupts caused by reasons 2 and 3 above may
be uniquely identified with the aid of the Sense Inter-
rupt Status command. This command, when issued.
resets the Interrupt signal and via bits 5, 6, and 7 ot
Status Register 0 identifies the cause of the interrupt.

TABLE 35. INTERRUPT CAUSE

0 1 1 Ready line changed
state, either polarity.

1 0 0 Normal Termination of
Seek or Recalibrate
command.

1 1 0 Abnormal Termination of

Seek or Recalibrate
command.

The Sense Interrupt Status command is used in
conjunction with the Seek and Recalibrate commands
which have no Result phase. When the disk drive has
reached the desired head position, the ST37C65 will
Set the Interrupt line true. The host CPU must then
issue a Sense Interrupt Status command to determine
the actual cause of the interrupt, which could be Seek
End ora change in ready status from one of the drives.
See Figure 7.

The Specify command sets the initial values for each
of the three internal timers: The HUT (Head Unload
Time) defines the time from the end of the Execution
phase of one of the Read/Write commands to the
head unload state Thistimeris programmable from 16
to 240ms in increments of 16ms (01=16ms,
02=120ms, OF=240ms). The SRT (Step Rate Time)
defines the time interval between adjacent step
pulses. This timer is programmable from 1 to 16ms in
increments of 1ms (F=1ms, E=2ms, D=3ms, etc.).
The HLT (Head Load Time) defines the time between
when the Head Load signal goes high and the Read/
Wirite operation starts. This timer is programmable
from 2 to 254ms in increments of 2ms (01=2ms,
02=4ms, 03=6ms . . . 7F=254ms).

The time intervals mentioned above are a dirert
lunction of tne clock (CLK on pin 23). Times indicated
above are fora 16MHz clock; if the clock was reduced

to 8MHz, then all time intervals are increased by a .

factor of 2. If the clock was increased to 32MHz, then
all time in tervals are decreased by half.

The choice ot DMA or non-DMA operation is made by
the ND (Non-DMA) bit. When this bit is high (ND = 1),
the Non-OMA mode is selected; and when ND = 0, the
DMA mode is selected.

Sense Drive Status

Thiscommand may be used by the processorto obtain
the status of the FDDs. Status Register 3 contains the
Drive Status information stored internally in FDC
registers.

Invalid :

If an Invalid command is sent to the FDC (a command
not defined above), then the FDC will terminate the
command after bits 7 and 6 of Status Register 0 are set
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to 1 and O respectively. No interrupt is generated
during this condition. Bits 6 and 7 (DIO and RQM) in
the Main Status Register are both high (1), indicating
to the processor that the ST37C65 is in the Result
phase and the contents of Status Register 0 (STD)
must be read When the processor reads Status Reg-
ister 0, it will find an 80 hex, indicating an Invalid
command was received.

A Sense Interrupt Status command must be sent after
a Seek orRecalibrate interrupt; otherwise the FDC will
consider the next command to be an invalid com-
mand. In'some applications, the user may wish to use
this command as a No-Op command to place the FDC
in a standby or No Operation state.

FIGURE 8. ST37C65 FM MODE FORMAT

GAP |SYNC|IAM |GAP| SYNC|IDAM| C [ H| S| N| C | GAP| SYNC| DATA | DATA | C| GAP | GAP
(4a) 6x | FC () 6x FE {Y|D|E|O|R| @ 6x AM Rl (3) | (4b)
40x 00 26x 00 L Cc C | 1x 00 FB [
FF FF FF or

F8
FIGURE 9. ST37C65 MFM MODE FORMAT
GAP [SYNC|IAM | GAP| SYNC|IDAM[ C |H| S| N | C | GAP| SYNC| DATA | DATA | C| GAP| GAP
(4a) 12x | 3x 1) 12x 3 | Y|D]JE]JO|R| @ 12x AM R} (3) | (4b)
80x 00 | C2 | 50x 00 A1l L Cc C | 22 00 3x [
FF FC 4E FE 4E A1l

FB

F8
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AC ELECTRICAL CHARACTERISTICS

T,=0°-70° C, Vcc=5.0 V £ 10% unless otherwise specified.

A

T, Clock high pulse duration 13.5 ns
T, Clock low pulse duration 13.5 ns
T, Clock rise/fall time 2 ns
T, A0, CS*, DACK* set up time 0 ns
to RD* low
T, RD* width 90 ns
T, A0, CS*, DACK™* hold time 0 ns
to RD* high
T, Data access time from RD* low 90 ns
T, Data bus to float delay from RD* high 10 65 ns
T IRQ reset delay time from RD* high Tre ns +150ns
T, A0, CS*, DACK*, LDCR*, LDOR* 0 ns
set up time to WR* low
T, WR* width 60 ns
T, AQ, CS*, DACK*, LDCR*, LDOR* 0 ns
hold time from WR* high
T Data set up time to WR* high 80 ns
T Data hold time from WR* high 0 ns
T, IRQ reset delay time from WR* high T ns +150ns
T, DMA cycle time 52 Tis
T DACK* delay time from DMA high 0 ns
Ty DMA reset delay time from DACK* low 140 ns
T,, DACK* width 90 ns
T, RD* or WR* response from DMA high 48 T
Ty RD* delay from DMA 0 ns
T, WR* delay from DMA 0 ns
Ty TC delay from last DMA or IRQ, RD* 0 192 T
Ty TC delay from last DMA or IRQ, WR* 0 384 T
Ta TC width : 60 ns
T, Reset width - TTL driven CLK1 60 ns
T Chip access delay from RST low 32 T1e
Ty DIRC* hold & set up to STEP* low 4 Tie
Ty STEP* active time low 24 Tie
Ty DIRC* hold time after STEP* 96 - K
T STEP* cycle time 132 Tis
T, DSX* hold time from STEP* low 20 Tis
T IDX* index pulse width 2 . Tis
Ty RDD* active time low 40 ns
T, WD* write data width low 12 WCLK
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ABSOLUTE MAXIMUM RATINGS

Supply range 7 Volts
Voltage at any pin GND-0.3V to VCC+0.3V
Operating temperature 0°C to +70°C
Storage temperature -40° C to +150° C
Package dissipation 500 mW

DC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, Vcc=5.0 V £ 10% unless otherwise specified.

__Parameter 1 Limits _ Units Conditions
A Input low level -0.5 0.8 \
vV, Input high level 22 VCC \
Vo Output low level for Dx, IRQ, 0.4 \ lo,= 24 mA
DMA
Vou Output high level for Dx, IRQ, 2.8 \ low= -5 MA
DMA
Vowme | Output low-high current 0.4 \ 1o, = 24 mA
open drain
lec Avg. power supply current 5 mA
lece Power down current 100 pA
I Input leakage +10 pA
Vit Input low trashold - “Schmitt” 0.8 1.1 \
Vi Input high trashold - “Schmitt” 1.7 20 \
Vivs Schmitt trigger hysterisis 0.45 \
CLOCK TIMING
T ™
> ]
EXTERNAL

CLOCK J

CLOCK PERIOD CLOCK PERIOD
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RESET TIMING

RESET / A\

L .

cs* ‘\'I

DISK DRIVE TIMING

DIRC*

STEP*

DSx*

IND*

RDD*

WD*
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#2) STARTECH ST78C36

Printed September 8, 1994
ECP/EPP PARALLEL PRINTER PORT WITH 16 BYTE FIFO

| DESCRIPTION " PLCC Package

The ST78C36 is a monolithic Bidirectional ECP/EPP

Parallel portdesigned to operate as a general purpose o w § % g % 8 k % z 2
/O port. It contains all the necessary input/output oioicieiciElc {%} fil 28]
signals to be configured as a CENTRONICS printer . A EAITAIE L
port, MicroSoft/HP ECP, IBM EPP smart printer port. ora [7] %] A2
The ST78C36 is a general purpose input/output DACK [8 | O [38] Po7
controller with 16 byte internal FIFO. FIFO operation o7 [9] [57] rPos
can be enabled ordisabled. For CENTRONICS printer o6 [70 3] Pos
operation, all registers are mapped to IBM printer port os [ 5] Pos
registers.
The ST78C36 is designed to operate as normal D4 LB ST78C36CI44 3] Poe
printer interface without any additional settings. ps s 3] Po2
D2 [14 [32] PD1
D1 [15] 31] PoO
Do [16 [30] GND
AN [17] [29] At0
- 8 1 o R
® 13 ';: :

FEATURES 1

¢ 16 bytes of printer output FIFO

 Bi-directional parallel port

e Bi-directional 1/0 ports

» Register compatible to IBM XT, AT, compatible

386, 486
¢ MicroSoft ECP compatible.

ORDERING INFORMATION ‘I
Part number Package Operating temperature
ST78C36CJ44 PLCC 0°C to+70°C
ST78C361J44 PLCC -40°C to+85°C

ST78C36CQ48 TQFP 0°C to+70°C
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BLOCK DIAGRAM
<o 2
D0-D7 <3 g
wo
SEQ
hoL PDO-PD7
a
AD-A1, A10 w 4 @
AEN o)
cs* <g g
IOR, I0W: st & & O
RESET as-
p—
REFRE?(H: o I ' ACK* BUSY, PE
Q SELECT, ERROR
W EER
= E 8 *
- ZZ9 STROBE*, INIT
e o—— o —-> AUTOFDXT*
IRQ 23 SELCTIN
DRQ — x§ |
DACK o CLOCK
z CIRCUIT
-
: 3
X X
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. P

slgnal Type —

ERROR"

SLECET

BUSY*

ACK*

PE

TC

DRQ

DACK*

D7-DO

AEN*

REFRESH

IRQ

XTAL1

1*

2*

3*

4*

5%

9-16

17

18

19

20

/0

General purpose input or line printer error (active low). This
is an output from the printer to indicate an error by holding
it low during error condition.

General purpose input or line printer selected (active high).
This is an output from the printer to indicate that the line
printer has been selected.

General purpose input or line printer busy (active low). An
output from the printer to indicate printer is not ready to
accept data.

General purpose input or line printer acknowledge (active
low). This input is pulsed low by the printer to indicate that
data has been accepted successfully.

General purpose input or line printer paper empty (active
high). An output from the printer to indicate out of paper.

Terminal Count (active high). This signal indicates to
ST78C36 that data transfer is complete. If DMA operation
mode is selected for command execution, TC will be
qualified by DACK*, but not in the programmed 1/0O execu-
tion.

Direct Memory Access Request (three state, active high).
DMA request for byte transfers of data.

DMA ACKNOWLEDGE (active low). Used by DMA control-
ler to transfer data from the ST78C36 onto the bus.

Bi-directional data bus. Eight bit, three state data bus to
transfer information to or from the CPU. DO is the least
significant bit of the data bus.

Host address enable (active low). All decoded addresses
are valid when AEN* is low.

Referesh cycle.

Printer interrupt output (active low). To signal the state of
the printer port. This pin tracks the ACK* input pin, When
ACK* is low IRQ is low and when ACK* is high IRQ is high

Crystal input 1 or external clock input. A crystal can be
connected to this pin and XTAL2 pin to utilize the internal
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XTAL2

cs*

RESET

STROBE*

AUTOFDXT*

INIT

SLCTIN*

A10

PDO-PD7

AO0-A2

10W*

IOR*

GND

VCC

21

22

24

25"

26*

27

28*

29

31-38

39-41

42

43

23,30

44

/10

110

110

/0

/O

oscillator circuit. An external clock can be used to clock
internal circuit and baud rate generator for custom transmis-
sion rates.

Crystal input 2 or buffered clock output. See XTAL1.

Parallel printer port chip select (active low). A low at this pin
enables the parallel port / CPU data transfer operation.

Masterreset. (active high) A high on this pin willreset allthe
outputs and internal registers.

General purpose /O or data strobe output (open drain
active low). This output indicates to the printer that valid
data is available at the printer port (PD0-PD7).

General purpose I/O or automatic line feed (open drain
active low). When this signal is low the printer should
automatically line feed after each line is printed.

General purpose I/O or initialize line printer (open drain
active low). When this signal is low, it causes the printerto
be initialized.

General purpose /O or line printer select (open drain active
low). When this signal is low, it selects the printer.

Address select line. To select internal registers.
Bi-directional parallel ports (three state). To transfer data in
or out of the ST78C36 parallel port. PD7-PDO0 are latched
during output mode.

Address select lines. To select internal registers.

Write strobe (active low). A low on this pin will transfer the
contents of the CPU data bus to the addressed register.

Read strobe (active low). A low level on this pin transfers
the contents of the ST78C36 data bus to the CPU.

Signal and power ground.

Power supply input.

* Have internal pull-up resistor on inputs
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INTRODUCTION

This parallel interface is designed to provide all of the
signals and registers needed to communicate through
a standard parallel printer port as found inthe IBMPC,
AT, PS/2 and Centronics systems. The address
decoding of the registers utilizing A0, A1 and A10 is

shown in Table 1. All bits in these registers are located
in the same positions and have the same functions as
the registers of the systems listed above.

Port+0 Hex R/W byte 000
Port+0 Hex R/W byte 001
Port+0 Hex R/W byte 011
Port+1 Hex R byte ALL
Port+2 Hex R/W byte ALL
400 Hex R/W PWord | 010
400 Hex R/W PWord | 011
400 Hex R/W PWord 110
400 Hex R/W byte 111
401 Hex R/W byte 111
402 Hex R/W byte ALL

Data Register

Data Register

ECP FIFO

Status Register

Control Register
Parallel Port Data FIFO
ECP FIFO

Test FIFO

Configuration Register A
Configuration Register B
Extended Control Register

REGISTER DEFINITIONS

DATA REGISTER (Mode 000, 001)

This is a bi-directional data port that transfers 8-bit
data to or from PD7-0. The CTR-5 bit will determine
the data direction in conjunction with the Read and
Write strobes.

AFIFO (Mode 011)

ECP Add FIFO register. Write only. In the forward
direction a byte written into this register is pushed into
the FIFO and tagged as a ECP Address / RLE
command. Reading this register has no effect and the
data read is undefined. Writes to this register during
backward direction have no effect and the data is
ignored.

Bit-7:

1 = AFIFO bits 0-6 are ECP address.

0=AFIFO bits 0-6 is a run length (RLE), indicating how
many times the next data byte is to appear.

000000 = 1 time.
000001 = 2 time.
000010 = 3 time.
and so on.

Bit 0-6:
Address or RLE fields.

STATUS REGISTER

This register provides status for the signals listed
below. It a read only register. Writing to it is an invalid
operation that has no effect.

Bit-0:

When in EPP mode, this is the time-out status bit.
When this bit is “1”, time-out occurred on EPP cycle
(min. 10ps). It is cleared to “0” after STR is read.
Consecutive reads(after the first read) always return
“0". ltis also cleared to “0” when EPP is enabled. When
not in EPP mode, this bit is “1”.
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Bit-1:

Reserved, this bit is always “1”.

Bit-2:

Inthe compatible mode, orin ECP and EPP mode with
bit-4 of PCR = 0, this bit is always “1”. In the Extended
Mode (PTR-7 bit is “1”), orin ECP and EPP with bit-4
of PCR = 1 this bit is the status bit. In the Extended
mode, If CTR-4 = 1, then this bit is latched low when
the ACK* signal makes a transition from low to high.
Reading this bit sets it to a “1”.

Bit-3:

This bit represents the current state of the printer error
signal. The printer sets this bit low when there is a
printer error. This bit follows the state of the error pin.

Bit-4:

This bit represents the current state of the printer
select signal (SLCT). The printer sets this bit high
when it is selected. This bit follows the state of the
SLCT pin.

Bit-5:
This bit represents the current state of the printer
paper end signal (PE). The printer sets this bit high

when it detects the end of the paper. This bit follows

the state of the PE pin.

Bit-6:

This bit represents the current state of the printer
acknowledge signal (ACK*). The printer pulses this
signallow afterit hasreceived a characterandisready
to receive another one. This bit follows the state of the
ACK* pin.

Bit-7

:This bit represents the current state of the printer
BUSY* signal. The printer sets this bit low when it is
BUSY* and cannot accept another Characters. This
bit is the inverse of the (BUSY*) pin.

CONTROL REGISTER
This register provides all output signals to control the
printer. Except for bit-5, it is a read and write register.

Normally when the Control Register is read, the bit
values are provided by the internal output data latch.
These bit values can be superseded by the logic level
ofthe STROBE*, AFD*, INIT, and SLIN*pins, if These
pins are forced high or low by an external voltage. In
orderto force these pins high or low the corresponding
bits should be set to their Inactive state.

Bit-0:

This bit directly controls the data STROBE* signal to
the printer viathe STROBE* pin. This bitisthe inverse
of the pin.

Bit-1:
This bit directly control the automatic feed XT signal

to the printer the AFD* pin. Setting this bit high causes

the printer to automatically feed after each line is
printed. This bit is the inverse of the AFD* pin.

Bit-2:

This bit directly controls the signal to initialize the
printervia the INIT pin. Setting this bit to low initializes
the printer. This bit follows the INIT signal pin.

Bit-3:

This bit directly controls the select in signal to the
printer viathe SLIN* pin. Setting this bit high selects
the printer. It is the inverse of the SLIN* pin.

Bit-4:

This bit enables the parallel port interrupt. Setting this
bit low puts IRQ into THREE-STATE and clears any
pending interrupts. In the AT Compatible Mode, orin
EPP or ECP modes when this bit is set high, the IRQ
signal follows the ACK* signal transitions (pulse
interrupt). In the Extended Mode, or in either EPP or
ECP modes when this bit is set high, The IRQ signal

" should set high on the low to high transition of the

ACK* signal.

Bit-5: .

This bit determines the parallel port direction. The
default condition results in the parallel pin being in the
output mode. This is a Read/Write bit in EPP mode. In
compatible mode itis a write only bit; a read from it will
return “1”.



ST78C36

Bits 6-7:
Reserved. These bits are always.

CFIFO (Mode 010)

Parallel Port FIFO Register. Write only. A byte written,
or DMA-ed, to this registers pushed into The FIFO and
tagged as data. Reading this register has no effect and
the data read is undefined.

DFIFO (Mode 011)

ECP Data FIFO Register. In the forward direction a
byte written, or DMA-ed, to this register is pushed into
the FIFO and tagged as data. Reading this registerhas
no effect and the data read is undefined. In the
backward direction the ECP automatically issues ECP
read cycles to fill the FIFO. Reading this register pops
a byte from the FIFO. Writing this register has no
- effect and the data written is ignored.

TFIFO (Mode110) .

Test FIFO Register. A byte written into this register is
pushed into the FIFO. A byte read from this register is
popped fromthe FIFO The ECP does not issue a ECP
cycle to transfer the data to or from the peripheral
device. The TFIFO is readable and writ able in both
directions. Inthe forward direction PD7-0 isdriven, but
the data is undefined. The FIFO does not stall when
overwritten or under-run (access is ignored). Bytes are
always read from the top of the FIFO, regardless of the
direction bit.

CNFGA(Mode 111)

Configuration Register A. Read only. Reading this
register always returns 10Hex. Writing this register
has no effect and the data is ignored.

CNFGB (Mode111)

Configuration Register B. Read only. Reading this
register returns the configuration parallel port interrupt
line, and its state.

ECR

Extended Control Register. This register controls the
ECP and parallel port: functions. Upon reset this
register is Initialized to 16Hex.

Bit 5-7:

Mode 000:

Standard mode. Write cycles are performed under
software control. Bit-5 of CTRis forced to “0" and PD7-
0 is driven. The FIFO is reset (empty).

Mode 001:
PS/2 mode. Read and write cycles are performed
under software control. The FIFO is reset.

Mode 010:

Parallel Port FIFO mode. Write cycles are performed
under hardware control (STROBE* is controlled by
hardware). Bit-5 of CTR is forced to “0” and PD7-0 are
driven. :

Mode 011:

ECP FIFO mode. The FIFO direction is controlled by
bit-5 of CTR. Read and write cycle to the device are
performed under hardware control (STROBE* and
AFD* are controlled by hardware).

Mode 100:
Reserved.

Mode 101:
Reserved.

Mode 110:

FIFOtest mode. The FIFO is accessible viathe TFIFD
register. The ECP does not issue ECP cycles to fill/
empty the FIFO.

Mode 111: ,
Configuration mode. The CNFGA and CNFGB
registers are accessible in this mode.

Bit-4:

ECP Interrupt Mask bit. When this bitis “0” an interrupt
isgenerated on ERROR assertion. An interrupt is also
generated when ERROR is asserted while this bit is
changed from “1” to “0”; this prevents the loss of an
interrupt between ECR read and ECR write. When this
bit is “1”, no interrupt is generated.
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Bit-3:

ECP DMA Enable bit. When this bit is “0”, DMA is
disabled and the PDRQ pin is in TRI-STATE. When
this bit is “1” , DMA is enabled and DMA starts when
bit-2 of ECR is “0".

Bit-2:

ECP Service bit. When this bit is “0”, and one of the
following three interrupt events occur, an interrupt is
generated and this bit is set to “1” by hardware.

a. Bit-9 of ECR is “1”, and terminal count is
reached during DMA.

b. Bit-3 of ECR is “0” and bit-5 of CTR is “0”, and
there are eight or more bytes free in the FIFO.

c. Bit-3 of ECR is “0” and bit-5 of CTR is “1”, and

there are eight or more bytes to be read from the
FIFO. When this bit is “1”, DMA and the above

- three interrupts are disabled. Writing “1” to this bit
does not cause an interrupt. When the ECP clock
is stopped this bit is read as “0”, regardless of its
actual value.

Bit-1:

FIFO Full bit. Read only. This bit is “0” when the FIFO
has at least one free byte. This bitis “1” when the FIFO
is full. This bit continuously reflects the FIFO state,
and therefore can only be read. Data written to this bit
is ignored. When the ECP clock is stopped the bit is
read as “1”, regardless of the actual FIFO state.

Bit-0:

FIFO Empty bit. Read only. This bit is “0” when the
FIFO has at least one byte of data. This bit is “1” when
the FIFO is empty. This bit continuously reflects the
FIFO state, and therefore can only be read. Data
written to this bit is ignored. When the ECP clock is
stopped, this bitis read as “1”, regardless of the actual
FIFO state.

EXTENDED CAPABILITIES PARALLEL PORT
(ECP)

The ECP support includes a 16-byte FIFO that can be
configured for either direction, command /data FIFO,
a FIFO threshold interrupt for both directions, FIFO

empty and full status bits, automatic generation of
strobes (by hardware) to fill or empty the FIFO,
transfer of commands and data, and a Run Length
Encoding (RLE) expanding /decompression) as
explained below.

The Extended Capabilities Port (ECP) is enabled
when bit-2 of PCR is “1”. Once enabled, its mode is
controlled viathe mode field of ECR-bits 5,6, 7 of ECR
register.

The ECP has ten registers:

The AFIFQ0, CFIFO, DFIFO and TFIFO registers
access the same ECP FIFO. The FIFO is accessed at
Base + 000Hex, or Base + 400Hex, depending on the
mode field of ECR and the register. FIFO can be
accessed by host DMA cycles, as well as host PIO
cycles.

When DMA is configured and enabled (bit-3 of ECR is
“1” and bit-2 of ECR is “0”) the ECP automatically
issues DMA requests to fill the FIFO (in the forward
directionwhen bit-5 of CTRis “0”) orto empty the FIFO
(inthe backward direction when bit-5 of CTRis “17). All
DMA transfers are to or from these registers. The ECP
does not assert DMA request for more than 32
consecutive DMA cycles. The ECP stops requesting
DMA when TC is detected during an ECP DMA cycle.

Writing into a full FIFO, and reading from an empty
FIFO, are ignored. The written data is lost, and the
read datais undefined. The FIFO empty and full status
bits are not latched by such access. Some registers
are notaccessible in allmodes of operation, ormay be
accessed in one direction only. Accessing a non-
accessible register has no effect: Data read is
undefined, data written is ignored, the FIFO does not
update. The ST78C36 Parallel Port registers (DTR,
STR and CTR) are not accessible when ECP is
enabled.

To improve noise immunity in ECP cycles, The state
machine does not examine the control handshake
response lines until the data has had time to switch.

a. The software should enable ECP after bits 0-

6-10
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3 ofthe parallel port control register (CTR) are “0”.

b. When ECP is enabled, and the software
wishes to switch modes, it should switch only
through modes 000 or 001.

C. When ECP is enabled, The software should
change direction only in mode 001.

d. The software should switch from mode 010,
or 011, to mode 000, or 001, only when the FIFO
is empty.

e. The software should switchto mode 011 when

bits 0,1 of CTR are “0".

f. The software should switchto mode 010 when
i bit-0 of CTR is “0".

g. The software should disable ECP only when
in mode 000 or 001.

Software may switch from mode 011 backward
direction to modes 000 or 001 when there is an on-
going ECP read cycle. In this case the read cycle is
aborted by deasserting AFD*. The FIFO is reset and
a potential byte expansionis automatically terminated
since the new mode is 000 or 001.

The ECP uses the Xtal1 clock. This clock can be
stopped for powerdown mode. When this power-down
mode occurs, the DMA is disabled, all interrupts (
except ACK*) are masked, and the FIFO registers are
not accessible. The other ECP registers are always
accessible when the ECP is enabled. During this
period the FIFO status and contents are not lost,
although the host reads bit-2 of ECR as “0”, bit-1 of
ECR as “1” and bit-0 of ECR as “1”, regardless of the
actual values of these bits. When the clock starts
toggling again these bits resume their original
functions.

When the clock is stopped, an on going ECP cycle
may be corrupted but the next ECP cycle will not start
even if in forward direction the FIFO is not empty, and
in backward direction the FIFO is not full. If the ECP
clock starts or stops toggling during a host cycle that

accesses the FIFO, the cycle may yield wrong data.

SOFTWARE CONTROLLED DATA TRANSFER
(MODES 000 AND 001)

Software controlled data transfer is supported in
modes 000 and 001. The software generates
peripheral device cycle by modifying the DATA and
CTR registers and reading the STR, CTR and DATA
registers. The negotiation phase and nibble mode
transfer, as defined in the IEEE 1284 standard, are
performed in these modes. In these modes the FIFO
is reset and is not

Mode 000 is for the forward direction only; the
direction bit is forced to “0” and PD7-0 is driven. Mode
001 is for both the forward and backward directions.
The direction bit controls whether PD7-0 are driven.

AUTOMATIC DATA TRANSFER (Modes 010 and
011)

Automatic data transfer (ECP cycles generated by
hardware) is supported only in modes 010 and 011.
Automatic DMA access to fill or empty the FIFO is
supported in modes 010,011 and 110. Mode 010Q is for
the forward direction only; the direction bit is forced to
“0" and PD7-0 is driven. Mode 011 is for both the
forward and backward directions. The direction bit
controls whether PD7-0 is driven.

Automatic Run Length Expanding (RLE) is supported
in the backward direction.

Forward Direction (Bit-5 of CTR = 0)

When the ECP is in forward direction and the FIFO is
not full

(bit-1 of ECRis “0”) the FIFO can be filled by software
writes to the FIFO registers (AFIFO and DFIFO in
mode 011, and CFIFO in mode 010).

When DMA is enabled (bit-3 of ECR is “1™and bit-2 of
ECR is “0") the ECP automatically issues DMA
requests totill the FIFO with normal data bytes. When
the ECP is in forward direction and the FIFO is not
empty the ECP pops a byte from the FIFO write cycle
to the peripheral device. The ECP drives AFD*
according to the operation mode (ECR bits 5-7) and
according to the tag of the popped byte as follows: In
Parallel Port FIFO mode (mode 010) AFD* is
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controlled by bit “1” of CTR. In ECP mode (mode 011
) AFD* is controlled by the popped tag. AFD* is driven
high for normal data byte and driven low for command
byte.

ECP (Forward) Write Cycle

An ECP write cycle starts when the ECP drives the
popped tag onto AFD* and popped byte onto PD7-0.
When BUSY* is low the ECP asserts STROBE*. In
010 mode the ECP deasserts STROBE* to terminate
the write cycle. In 011 mode the ECP waits for BUSY*
to be high. When BUSY* is high the ECP deasserts
STROBE* and changes AFD* and PD7-0 only after
BUSY* is low.

Backward Direction (Bit-5 of CTR is “1”)

When the ECP is in the backward direction, and the
FIFO is not full (bit-1 of ECR is “0”), the ECP issues a
read cycle from the peripheral device and monitors
the BUSY* signal. If BUSY* is high the byte is a data
byte and it is pushed into the FIFO0. If BUSY*is low the
byte is a command byte.

The ECP checks bit-7 of the command byte, if it is high
the byte is ignored, if it is low the byte is tagged as an
RLC byte (not pushed into the FIFO but used asa Run
Length Count to expand The next byte read).
Following an RLC read the ECP issues a read cycle
from the peripheral device to read The data byte to be
expanded. This byte is considered a data byte,
regardless of its BUSY* state. This byte is pushed into
the FIFO (RLC+ 1) times.

When The ECP is in the backward direction, and the
FIFO is not empty (bit-0 of ECR is “0”), the FIFO can
be emptied by software reads from the FIFO register
(only DFIFO in mode 011, no AFIFO and CFIFO
read). When DMA is enabled (bit-9 of ECR is “1” and
bit-2 of ECR is “0") the ECP automatically issues DMA
requests to empty the FIFO (only in mode 011).

ECP (Backward) Read Cycle

An ECP read cycle starts when the ECP drives AFD*
low. The peripheral device drives BUSY* high for a
normal data read cycle, or drives BUSY* low for a
command read cycle, and drives the byte to be read

onto PD7-0.

When ACK* is asserted the ECP drives AFD* high
then reads the PD7-0 byte. When AFD* is high the
peripheral device deasserts ACK* and may change
BUSY* and PD7-0 states in preparation for the next
cycle.

FIFO TEST ACCESS (MODE 110)

Mode 110 is for testing the FIFO in PIO and DMA
cycles. Both read and write operations (pop and push)
are supported, regardiess of the direction bit. In the
forward direction PD7-0 are driven, but the data is
undefined This mode can be used to measure the host
ECP cycle throughput, usually with DMA cycles. This
mode can also be used to check the FIFO depth and
its interrupt threshold, usually with P1O cycles.

CONFIGURATION REGISTERS ACCESS (MODE
111)

The two configuration registers, CNFGA and CNFGB,
are accessible only in this mode.

Interrupt
Interrupt is generated when any of the following
events occur.

a. When bit-2 of ECR is “0”, bit-3 of ECR is “1”
and TC is asserted during the ECP DMA cycle.
b. When bit-2 of ECR is “0”, bit-3 of ECR is “0”,

bit-5 of CTR is “0” and There are eight or more
bytes free in the FIFO0. It includes the case when
bit-2 of ECR is cleared to “0” and there are already
eight or more bytes free in the FIFO (modes 010,
011 and 110 only).

c. When bit-2 of ECRis “0”, bit-3 of ECR is “0",
bit-5 of CTR is “1” and there are eight or more
bytesto be read fromthe FIFO0. Itincludesthe case
when bit-2 of ECR is cleared to “0” and there are
already eight or more bytes to be read from the
FIFO (modes 011 and 110 only).

d. When bit-4 of ECR is “0” and ERROR is
asserted (high to low edge) or ERROR is asserted
when bit-4 of ECR is modified from “1” to “0”.

e. When bit-4 of CTR is “1” and ACK* is
deasserted (low-to-high edge). The interrupt is
generated according to bits 4, 5 and 6 of PCR.
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Special circuitry provides protection against damage
that might be caused when the printeris powered but
the ST78C36 is not.

Enhanced Parallel Port (EPP) modes of operation and
one Extended Capabilities Port (ECP) mode to
complete a full IEEE 1286 parallel port. In Compatible
mode a write operation causes the data to be
presented on pins PD7-0. A read operation In this
mode causes the Data Register to present the last
data written to it by the CPU.

In the Extended mode a write operation to the data
register causes the data to be latched. If the Data Port
Direction bit (CTR-5) is “0”, the latched data is
presented to the pins; if it “1” the data is only latched.
When Data Port Direction bit (CTR-5) is “0”, a read
operation from this register allows the CPU to read the
last data it written to the port. In the Extended Mode
with the Data Port Direction bit set to “1” (read), a read
from this register causes the port to present the data
on pins PD7-0.

6-13
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#2) STARTECH ST56CXXX

Printed September 8, 1994
ADVANCED HIGH PERFORMANCE SUPER-I/0 CONTROLLER

DESCRIPTION ]

The ST56C5XX is an advanced high performance
super-l1/O controller, designed to replace the IDE
controller, four Floppy controllers, two serial
ST16C550 UART's with advanced Microsoft/Hewlett
Packard ECP, IBM EPP printer port and game port.
The ST56C5XX utilizes digital phase locked loop for
the floppy controller section to eliminate the external
components ( except the main crystal ). The
ST56C5XX is optimized for motherboard applications
as well as controller board applications. STS6C5XX
provides high ESD circuits on the printer data bus and
/O to prevent damage caused by the printer being
powered when the ST56C5XX is not powered.

FEATURES ]

Licensed CMOS WD37C65C floppy controller.
Supports vertical recording format

100% IBM compatible

48 mA drivers and schmitt Trigger inputs.
DMA enable logic

FDC primary and secondary address selection
Two 16C550 serial ports

Microsoft/Hewlett Packard Bi-directional ECP
parallel port

IBM EPP (Enhanced Printer Port)

16 bit IDE interface and decode logic

Game port

100 pin TQFP and QFP packages

Low power CMOS 1.2u technology

e o o o o

ORDERING INFORMATION ]

Part number Package Operating temperature
STS6CXXXCQ100 QFP 0°C to+70°C
STS56CXXXCTQ100 TQFP 0°C to+70°C
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APPLICATION NOTES

GENERAL APPLICATION NOTE FOR STARTECH UART FAMILY

The AN-450 provides additional information to guide
users to design or utilize the STARTECH product line.
This document can also be used for all the
STARTECH UART product lines.

GENERAL INFORMATION

STARTECH offers UART s with or without FIFO capa-
bilities, and are marked as 45X for non FIFO families
and 55X for FIFO families. All parts with sharing part
numbers are foot print compatibie in some extent, like
ST16C450 and ST16C550, ST16C2450 and
ST16C2550, etc.

This section will describe general terms for commonly
used flags and registers.

OVERRUN ERROR:

The flag is set to “1” to warn the user that a serial data
has been received and previous serial data has not
been read from receive holding register. The new
serial data will over write the previous data in the
receive holding register. Note that previous serialdata
gas been lost and user does not have an access to that

ata.

PARITY ERROR:

This flag is set “1” to indicate that received serial data
contains mismatched parity or data bit error in the
received data.

PARITY:
Four common types of parities are used in the

STARTECH Uart families; Odd Parity, Even Parity,
Forced Mark Parity and Forced Space Parity.

ODD PARITY:

Odd Parity is calculated by adding allthe “1's” in adata
stream and adding a parity bit to the total bits, to make
the total count an odd number.

Example -1: A data byte with the following pattern
11010010 will require to add a parity bit of “1” to bring
the total count for “1’s” to an odd number. Based on
this data pattern, serial data with odd parity will be
transmitted as 110100101.

Example -2: A data byte with the following pattern
10011000 will require to add a parity bit of “0” to
maintain the total count of “1’s” to an odd number.

Based on this data pattern, serial data with odd parity
will be transmitted as 100110000.

EVEN PARITY:

Even Parity is calculated by adding all the “1°s” in a
data stream and adding a parity bit to the total bits, to
make the count an even number.

Example -3: A data byte with the following pattern
10000101 will require to add a parity bit of “1” to bring
the total count for “1’s” to an even number. Based on
this data pattern, serial data with even parity will be
transmitted as 100001011. .

Example -4: A data byte with the following pattern
00001111 will require to add a parity bit of “0” to
maintain the total count for “1's” to an even number.
Based on this data pattern, serial data with even
parity, will be transmitted as 000011110.

FORCED SPACE PARITY:
Parity bit on the serial byte is set to “0” regardless of
total number of “1's” (even or odd counts).

FORCED MARK PARITY:
Parity bit on the serial byte is set to “1” regardless of
total number of “1’s” (even or odd counts).

FRAMING ERROR:

The flagis setto “1” toindicate that received data does
not have correct start or stop bits. This can cause when
the Uarts are set for 8-bits word and receiving a serial
data of 7-bits word or any mismatched data patterns.

BREAK SIGNAL INDICATION:

This flag is set to “1” to warn the user that transmitter
is sending continuous “0” data without stop bit (RX
input is low for more that one word).

TRANSMIT/RECEIVE FIFO:

STARTECH offers 16 byte transmit FIFO and 16 byte
receive FIFO for all its products with 55X part num-
bers. These FIFO's are static 19 X 16 bit RAM with
control logic to form a ring counter. Initializing the
IFIFO will set the wnte and read pointers to the same
ocation.

TRANSMIT EMPTY:

This flag is set “1” to indicate that, there is no
character in the transmit holding and transmit shift
register
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TRANSMIT HOLDING EMPTY:

This flag is set “1”to indicate that, there is one or more
empty locations in the transmit holding register. User
has to check this bit before loading characters in the
transmit holding register. In non FIFO mode, usercan
load one character at a time when this flag is set and
16 characters when FIFO mode is utilized.

RECEIVER DATA READY:

This bit is set “1” to indicate that, receiver has one or
more character in the receive holding register. User
has to check this bit prior to read receive holding
register. Innon FIFO mode, only one characterattime
can be read. In FIFO mode up to 16 characters can be
read if time bit is set.

RECEIVE TIME-OUT:

This mode is enabled when STARTECH UART is
operating in FIFO- mode. Receive time out will not
occur if the receive FIFO is empty. The time out
counter will be reset at the center of each stop bit
received or each time receive holding registeris read.
The actual time out value is T ( Time out length in
bits)= 4 X P ( Programmed word length) + 12. To
convert time out value to a character value, user has
to divide this number to its complete word length +
parity ( if used) + number of stop bits and start bit.

Example -7: If user programs the word length = 7, and
no parity and one stop bit, Time out will be:

T = 4 X 7( programmed word length) +12 = 40 bits
Charactertime =40/ 9 [ (programmed word length =
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters.

Example -8: If user programs the word length = 7, with
parity and one stop bit, the time out will be:

T =4 X 7(programmed word length) + 12 = 40 bits
Character time = 40 / 10 [ (programmed word length
=7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4
characters.

BAUD RATE GENERATOR:

STARTECH provides a 16 bit digital divider to obtain
all necessary baud rates. The 16 bit divider is broken
down in to two 8-bit dividers which will be addressed
as MSB divider (upper 8-bits) and LSB divider (lower
8-bits). To calculate the transmit/receive data rate it
is necessary to know the provided clock rate (fre-
quency) to STARTECH parts. STARTECH utilizes 16
clocks for each transmit bit and 16 clocks to sample
the received data. Note that inorder to access these

dividers, user hasto enable the divisorlatch access bit
through the Line Control Register.

Bit rate is calculated by:

Dividing decimal number = (Clock rate) / (16 X bit
rate).

To program the digital divider, dividing decimal num-
ber should be converted to hex (base 16) number and
split into two 8-bits sections.

Example -5: To obtain 4800 Hz baud rate, assuming
1.8432 MHz input clock, the dividing decimal value is
(input clock=1843200) / (16 X 4800) = 24

24 decimal = 0018 Hex, this value istranslated to MSB
=00 Hex and LSB = 18 Hex.

BAUD RATE VERSUS BIT RATE:

The baud rate defines the width of each bit regardless
of word, parity and stop bit length. Bit rate, is the rate
of the transmission which each character is transmit-
ted or received. The 2400 baud rate transmission is
translated to 2400 Hz per bit for each character in a
word. With 2400 baud you can transmit between 7 to
12 characters per slot.

PROGRAMMING STEPS:

The AN-450 provides the easy steps to program
STARTECH Uart family. Note that all numbers are in
Hex format not decimal.

Write 80 Hex to LCR (Line Control Register) to enable
baud rate generator divider latch
to set 2400 Hz baud rate:

write 00 Hex to MSB of baud rate generator (address
location 1).
Write 30 Hex to LSB of baud rate generator (address
location 0).

Select you word, parity and stop bit format from
STARTECH Uart data sheet.

to set 8 bits, no parity and one top bit and disable the
divisor access latch

write 03 Hex to LCR (Line Control Register):

if you need to use Uarts with FIFO, select yourreceive
trigger level from data sheet.

to enable FIFO with 14 character trigger level

write CF Hex to FCR (FIFO Control Register)
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enable interrupt sources

write 01 Hex to IER (Interrupt Enable Register) to
select receive interrupt.

to set RTS and DTR outputs to low and enable the
interrupt output

write 0B Hex to MCR (Modem Control Register).

The STARTECH Uartisready fortransmit and receive
operation.

Read MSR (Modem Status Register) to check the
status of CD, RI, DSR, CTS input pins.

Read LSR (Line Status Register).

For polling applications (non interrupt mode) user has
to monitor bit zero of this register to verify valid data
in the receive holding register.

Check the Transmit Holding Empty bit before loading
data in the transmit holding register,

continue the transmission.

External Clock Connections

ST16C454
ST16C554
ST68C454
ST68C554
XTAL1 XTAL2

1
0.047uF

ST16C450
ST16C550

ST16C2550
XTAL1 XTAL2

_mw_l

M

=1
0.047uF

External Clock External Clock

7-5

Parallel Crystal Connections

ST16C450
ST16C550 ST16C454
ST16C1450 ST16C554
ST16C1550 S168C454
ST16C2450 ST68C554
ST16C2550
XTAL1 XTAL2 XTALY XTAL2
X1
1.8432 MHz 1.8432 MHz_
==C1 C2 ==C1 ==
279F I 27pF 27pF 27pF
- -~ -

Serial Crystal Connections

ST16C450
ST16550 ST16C454
ST16C1450 ST16C554
6C15! ST68C454
$116¢2250 5T68C554
11662550
XTAL1 XTAL2 XTAL1 XTAL2
R1
'/
™ 1
0-300
1,;;2
:,50—300
X1 X1
1.8432 MHz 1.8432 MHz
1 == == 2
27pF T7pF 27pF 27pF
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C PROGRAM SAMPLE

; File: sample.c Package:UART init

; This is a sample code to show how to initialize the UART series of chips
; from Startech Semiconductors. .

; This also includes some basic external loop back thru’ two different

; ports using the FIFO capability.

; This also includes external loop back thru a different computer

#include <stdio.h>
#include <string.h>
#include <fentl.h>

#define TRUE
#define FALSE

o -

/* These are the various offsets for the registers inside the chip */

#define RHR 0x00 /* Receive Holding Register  */
#define THR 0x00 /* Receive Holding Register */
#define IER 0x01 /* Interrupt Enable Register */
#define FCR 0x02 /* FIFO control Register */
#define ISR 0x02 /* Interrupt Status Register */
#define LCR 0x03 /* Line control register *
#define MCR 0x04 /* Modem Control Register  */
#define LSR 0x05 /* Line Status Register */
#define MSR 0x06 /* Modem Status Register */
#define SCR 0x07 /* Scratch pad Register */
/* This two offsets are used for defining the baud rate */

#define DIVLSB 0x00 /* Divisor LSB latch address */
#define DIVMSB 0x01 /* Divisor MSB Latch address */
™

* Program table for baud rate
* This represents the LSB and MSB divisor latch data

\*/

char baud_table[8][2] = {
{ 0x80, 0x01 }, /%300 ¥/
{ 0x60, 0x00 }, ‘ /*1200 */
{ 0x30, 0x00 }, /2400 */
{ 0x0c, 0x00 }, /* 9600 */
{ 0x06, 0x00 }, 19K ¥/
{0x03, 0x00 }, /* 38k */
{0x02, 0x00 }, /* 56k */
{0x01, 0x00 } /* 115k */

h
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/* Baud Rates */ C

#define ~ _COM_300_ 0 g

#define _COM_1200_ 1 =

#define _COM_2400_ 2 O

#define _COM_9600_ 3 z

#define _COM_19K_ 4 =

#define  _COM_38K_ 5 Q

#define _COM_56K_ 6 m

#define _COM_115K_ 7

/* Parity */

#define _COM_NOPARITY_ 0

#define _COM_ODDPARITY_ 1

#define _COM_EVENPARITY_ 2

/* Stopbits */

#define _COM_STOP1_ 0

#define _COM_STOP2_ 1

#define _COM_STOP1_5_ 1

/* word length */

#define _COM_CHR5_ 0

#define _COM_CHR6_ 1

#define _COM_CHR7_ 2

#define _COM_CHRS_ 3

/* word length */

#define _COM_FIFO1_ 0

#define _COM_FIFO4_ 1

#define _COM_FIFO8_ 2

#define _COM_FIFO14_ 3

™

* This function checks the existence of a port.
* It is very simple. Take the port address then write to the scratch pad
* an the read it back. If the data read back the same as one that was
* written then return TRUE else return FALSE.

\*/

int

check_port(com_port)

int com_port;

{
inti;

printf(“Checking for port %4xH\n”,com_port);
/* Write 1010 1010 (Oxaa) to scratch pad*/
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printf(“Writing AAH in %4xH\n",com_port);
outportb(com_port + SCR, 0xaa);

/* read it back. If it the same then return TRUE */
i = inportb(com_port + SCR);

printf(“Read back %2xH from %4xH\n",i,com_port);

if(i == Oxaa)
return TRUE;
else
return FALSE;

}

"\

* This is the work horse function which actually setups the UART.
* It needs to know every thing.

\*/

int :
init_uart(port,baud,parity,data,stop,fifo,trigger)

int port,baud,parity,data,stop,fifo,trigger;

char lcr_byte;

/* Set divisor latch */
outportb(port+LCR, 0x80) ;

printf(“Divisor Latch is %2xH %2xH (High Low)\n”,
baud_table[baud][1],baud_table[baud][0]);

outportb(port+DIVLSB, baud_table[baud][0]) ;

outportb(port+DIVMSB, baud_table[baud][1]) ;

/* Reset to normal Programming */
/* Program the lcr_byte for the above parameters */
lcr_byte = 0x00;
lcr_byte = data; /* Set the bit0 & bit1 for word length */
ler_byte ;= stop << 3; /* Set the bit2 for stop bit */
if(parity != _COM_NOPARITY_) { ‘
lcr_byte ;= 1 << 4; /* Set the bit3 for parity */
if(parity == _COM_EVENPARITY_)
ler_byte ;= 1 << §; /* Set the bit4 for EVEN parity */
}

printf(“LCR byte is %2xH\n",lcr_byte);
/* Program LCR */
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outportb(port+LCR, lcr_byte) ;

if(fifo) {
char fifo_byte;

printf(“Programming FIFOs without DMA mode\n”);
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/* Have to first set the fifo enable */
fifo_byte = 0x01;
outportb(port+FCR,fifo_byte);

/* Now program the FIFO */
fifo_byte = 0x07; /* set bit0 - FIFO enable, Reset RCVR and XMIT FIFO */
fifo_byte ;= trigger << 7; /* set bit6 and bit7 with the trigger level */

/* Program FCR */
outportb(port+FCRfifo_byte);
if(~(inportb(port + ISR) & 0xc0)) {
printf(“This port %4xH does not have FIFOs\n”);
printf(“Hence did not program Enable FIFOs\n");
}
}

/* Program IER */
printf(“Programming IER for interrupt on bit0 RCV holding Register\n”);
outportb(port+IER, 0x01);

return TRUE;
}

™
* This is the test mode.
* It gets the address of the ports checks to see if they are there.
* Note: If a driver already exists | am not sure how to temporarily remove it.
* Well we will worry about it later.
*Warn the use to remove any drivers that are on the ports.
“* Especially the mouse driver.
* pass the address to the test552 routine.
\*/
int test_mode()
{
inti,j,k; /* generic variables */
char port1[10], port2[10];
int pt1,pt2; /* this are the integer port numbers *

void test552();

printf(“WARNING: This program will not work if the ports to be tested\n”);
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printf(* have drivers installed in them. e.g Mouse driver\n”);
printf(* Please remove the drivers before doing this test.\n");

while(TRUE) {
printf(“First Port Address (in HEX) > “);
scanf(*%s”,port1);
pt1 = strtol(port1,NULL,16);
fflush(stdin);
™
* Check if this port exists. else loop
\¥
if(check_port(pt1))
break;
printf(“Error: Port %4xH does not exist. Try again\n”,pt1);
}

while(TRUE) {
printf(“Second Port Address (In HEX) > “);
scanf(“%s”,port2);
pt2 = strtol(port2,NULL,16);
fflush(stdin);
™
* Check if this port exists. else loop
\*/ i
if(check_port(pt2))
break;
printf(“Error: Port %4xH does not exist. Try again\n”,pt2);
} ,

/* Test 554 with the two port addresses */
test552(pt1,pt2);

return TRUE;

M\ :
* |t first generates a random number for the data size to be generated.
* Then generates a random data whose length is equal to the data size.
* It puts it out on both the ports and polls for the interrupt to occur.
* It reads both the ports until all characters are received OR a timeout
~ *has occured. It then prints out the error Messages if any.
* This loop is done for ever.
\*/

7-10
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void test552(p1,p2)
unsigned int p1, p2;

inti,j,c,w,n;

unsigned char outbuf{20], inbuf1[20], inbuf2[20];
unsigned char pbuf[200];

unsigned long timeout, pass;
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printf(“ST16C552 External Loop Test Beginning\n”) ;

printf(“Testing ports %4x and %4x\n\n", p1, p2) ; .

printf(“Programing ports for 56K,8 bit,no parity,1 stop bit,FIFO trigger level 01\n”);
printf(“This program uses POLLED mode for testing\n”);

printf(“Press Cntri-C to stop the testing and quit\n”);

printf(“Note: The ports will remain at the above settings after the TEST\n");

/* Programming ports for 8 bits, no parity, 56K baud,
i FIFO enabled at level 01 */
/* Program first port */
printf(“Programming port %x4\n”,p1);
init_uart(p1,_COM_56K_,_COM_NOPARITY_,
_COM_CHRS8_,_COM_STOP1_,TRUE,_COM_FIFO1_);

/* Program Second Port */

printf(“Programming port %x4\n",p2);

init_uart(p2,_COM_56K_,_COM_NOPARITY_,
_COM_CHR8_,_COM_STOP1_,TRUE,_COM_FIFO1_);

printf(“Starting test\n”);
for (pass = 1 ; ; pass++) {
/* generate random size for data */
n=rand() ;
n+=n>>8;
n &= 0xO0f ;

/* Make sure we never get a 0 as the random size data */
if(n != 0x0f)
n++ ;

/* generate random data */
forw=0;w<n;w++){
c=rand() ;
c+=¢c>>8;
c &= Oxff ;
¢ ;= 0x01 ; /* no NULLs allowed */
outbuffw] =c;

7-11
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outbuf[w] = NULL;
printf(“******** Pass %10ld Sending %d *********\015”, pass, n) ;

/* Transmitt the data */
for(i=0;i<n;i++){
outportb(p1, outbuf[i]) ;
outportb(p2, outbuf[i]) ;
}

/* loop waiting for intr pending */
for (i = 0;;i++ ) {
if ((~inportb(p1+ISR) & 0x01) && (~inportb(p2+ISR) & 0x01))
break;

}

/* receive data until all has been received OR timeout */
timeout = 0x0008F ;
for(i=j=0; ((i<20) && (j < 20));) {
if (inportb(p1+LSR) & 0x01) inbuf1[i++] = inportb(p1) ;
c=rand() ;
c+=c>>8;
¢ &= 0x001f ;
C++
for(;c!=0;¢c—);
if (inportb(p2+LSR) & 0x01) inbuf2[j++] = inportb(p2) ;
if (timeout— == 0) break ; '
}

/* If timed out then print message else comparse data */
if(timeout == 0)
printf(“Timed out on Ports\n”);
else {
inbuf1[i] = inbuf2[j] = NULL;
/* compare results */
if (strcemp(outbuf, inbuf1) ;; (i !=n)) {
printf(\nError:%04x Sent: “, p2) ;
for(w=0;w<n; wtt)
printf(* %02x”, outbuf[w]) ;
printf("\n%04x Received:”, p1) ;
for(w=0; w<i;wt+)
printf(* %02x”", inbuf1[w]) ;
printf(“\n”) ;

}
if (stremp(outbuf, inbuf2) ;; (j!=n)) {
printf("\nError:%04x Sent: “, p1);
for (w=0; w<n; wk+)
printf(* %02x", outbuf{w]) ;

712
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printf(\n%04x Received:”, p2) ;

for(w=0;w<j;, wk+)

printf(* %02x”, inbuf2[w]) ;

printf(“\n”) ;

7-13
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GENERAL APPLICATION NOTE FOR STARTECH CLOCK FAMILY

The ST49CXXX video / memory clock chips provide
5-130 MHz clock outputs which may cause unwanted
EMI problems.

To minimize problems with meeting FCC EMI require-
ments, consideration should be given to the following
sections of the board design.

Power supply conditioning

Printed Circuit Board Layout

Video / Memory clock outputs and drive capabilities
External clock sources

Reference clock sources

Digital control / select inputs

External loop filters

Power supply considerations

Under normal conditions no external components are
required for propper operation of any of the internal
circuitry of the ST49CXXX. Itis required to have spike
free (or minimum ) and stable supply source to the
chips. To provide stable and clean supply voltage to
STARTECH clock chips we recommend to use 0.1pF
capacitors close to IC’s power supply lines (VCC,
AVCC and DVCC inputs). Analog and digital supply
lines are separated from each other to reduce noise
generated due to internal digital switching.

Inmost of the design cases +5V and +12V supplies are
provided. A clean +5V supply can be obtained from

the +12V supply by utilizing a 470Q drop resistor and -

5.1V zener diode bypassed by 0.047uF and 2.2pF
Tantalum capacitors ( or higher) to ground.

Trace width should be maximized from the supply
source and good ground planes on top and bottom
layers of the printed circuit board are recommended.

Printed Circuit Board (PCB) layout

We recommend to place all external components as
close as possible to the clock chips to reduce trace
length between pin and component connections. It is
importantto keep components not related to clock IC’s
(DRAM and other memory devices) far and not share
the grounds. In applications utilizing a multi-layer
board, GND, AGND, and DGND should be directly
connected to the ground plane. If possible A full power
and ground plane layout should be employed both
under and around the IC package.

Video / Memory clock outputs and drive capabili-
ties

Video clock is usually the highest frequency presentin
video graphics system board/card and consideration
should be given to FCC EMI requirements.

The trace connecting DCLK and MCLK clock output
pins to other components should be kept as close as
possible ( with optional 33Q resistor in series ) to
reduce the possible emitting signals and jitter.

External clock sources

When an external clock source is used to bypass the
internal VCO to DCLK and MCLK outputs, clock
should have fast rise / fall times and minimum jitter.
This signal will be connected internally to the clock
output pin when it is selected / enabled. The internal
VCO circuit will be locked to its internal selected
frequency.

Reference clock sources

The internal oscillator circuit contains all of the pas-
sive components required for the external crystal. An
appropriate parallel resonant crystal should be con-
nected between XTAL1 and XTAL2.

The crystal leads and input pins should be maintained
asclose as possible, and the body of the crystal should
be grounded to minimize the noise pickup. For IBM
compatible applications, the 14.31818 MHz system or
crystal clock is used as a reference clock to the chip.

Digital control / select inputs

The ST49CXXX provides TTL compatible address
select and latch input pins to interface with CMOS or
TTL/LSTTL devices. The A0-A4 and M0O-M1 can also
be connected to the Data bus if required.
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_ QUALITY AND RELIABILITY

1.0 Quality and Reliability information

The STARTECH semiconductor quality program
starts with the design of new products. Each design
circuit performance is verified using simulations over
voltage and temperature values beyond those of
specified product operation.

The design process includes consideration of quality
issues such as signal levels, power dissipation, noise
generated from internal clock circuits and testability
of all device functions.

The STARTECH semiconductor document control
department maintains control over all manufacturing
specifications, lot travelers, procurement specifica-
tions and drawings and test programs.

All changes of design are subject to approval by the
Engineering, Quality and Manufacturing managers.

STARTECH semiconductor performs a thorough in-
ternal product qualification prior to the delivery of any
new product or enhanced existing products other than
prototypes/samples.

1.1 Design Tools

Schematics entry:
Logic & Fault simulators:

View Logic
Startech Advanced
Logic simulator

Layout Synthesis: Goliath (Startech
Layout synthesis)

Layout Editor: Opal

Layout Verification: Dracula

cAS—1 [/ S——\
SUN SUN
‘Scatty 'Spock
4120 4120
16 M8 16 MB
17" Mono 17" Mono
Epson
DFX 5000

Line Printer

{375 Mo) (375 Mb)

Eé

Silicon Graphics

16 Mb
30D/25
20" Color
Versatec
36" Color
Plotter
150 Mb Cat. Tape 550 Mb CD-Rom

16" Cdor
32m

HP Laserjet Il

(1 Gb Harddisk)

maim—)
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150 samples from three different product lots are
selected to perform extended temperature operation
test, 85° C/ 85% R.H. / 5.5V temperature humidity
bias. Same samples are used for accelerated burn-in
and electro-static tests.

STARTECH semiconductor subcontracts its fabrica-
tion process to ORBIT semiconductor located in
Sunnyvale, California. Packaging and final testing are
also subcontracted to other vendors located locally or
overseas.

1.2 Determination of the Failure Rate
In the simplest form, the failure rate prediction at a
given temperature can be predicted as follows.

Failure rate= N/DH

Where:
N= number of failures
D= number of devices
H= number of hours tested

assuming that semiconductors exhibit a log normal
distribution.

Acceleration Factors

The effects of temperature, voltage, time and other
related functions are key when predicting life times of
semiconductor devices. Understanding these effects
with the use of a more accurate mathematical model,
provides a better means of evaluating the change in
reaction rate to changes in temperature.

F(T1, T2)= exp (-Ea/k (1/T1- 1/T2))

Where:
F= Acceleration factor
T1= Test temperature (° C+273)
T2= Desired temperature (° C+273)
k= Boltzman’s constant (8.63 E-5eV / K)
Ea= Thermal activation energy (eV)

INFANT
MORTALITY

RANDOM
FAILURES

WEAROUT
FAILURE

FAILURE RATE

TIME

The equivalent device hours can be determined at
temperature T2 can be expressed as:

EDH (T2) = F (T1, T2) x DH (T1)
The failure rate at T2 can be expressed as:

Failure rate (T2)= N/EDH (T2)
Where:

N= Number of failures
EDH= Equivalent device hours

FREQUENCY

FAILURE RATE

C.L.=Confidence Level



1.3 Activation Energies for Primary Failure
Mechanisms

" Failure Mechanism Ea
Contamination 1-1.4 eV
Silicon Defects 0.5eV
Polarization 1eV
Oxide Breakdown 0.3 eV
Aluminum Migration 0.5eV
Trapping 1eV

1.4 Definition and common test methods

Accelerated operating life stress

Accelerated operating life stressing is performed to
accelerate failure mechanisms, which are thermally
activated, through the application of extreme tem-
perature and dynamic biasing conditions. The typical
temperature and voltage conditions used in the stress
are 125 °C with a bias level atthe maximum data sheet
specifications.

85 °C/ 85 % R.H.

85 °C/ 85 % R.H. is an environmental stress per-
formed atatemperature of 85 °C and relative humidity
of 85%. The test is designed to measure the moisture
resistance of encapsulated devices.

Electrostatic discharge testing

Electrostatic discharge testing is performed to deter-
mine the handling sensitivity of a semiconductor
device.

CMOS latch-up test

CMOS latch-up test is performed to determine the
sensitivity of a device input to overshoot and under-
shoot signals connected to device inputs.
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Commercial and Industrial Product Flows

Engineering Study

Wafer Incoming Inspection

|

Engineering Design Wafer Storage
' 1
Schematics Entry 5

Logic Simulation

L

Layout Design

Engineering Layout Check

GDSII Tape Out

Mask Shop

Lead Frame Inspection

|

Mask Inspection

Lead Frame Storage

|

1

|

3




1 2

L1

Wafer Fabrication

l

Wafer Probe

|

Wafer Saw & Dice

|
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High MagnificationVisual

Die Bank

K . A——

Die Attach

Wire Bonding

]

Low Magnification Visual

Mold and cure

Visual Inspection
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Preburn-in Electrical Test

Burn-in

Electrical Test —

External Visual Inspection

!
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TEMPERATURE CYCLE FLOW

PRODUCT
TYPE

SELECTED
UNITS (105)

DATE
CODES

TEST

I

ACCEPT

-

REJECT

|

BAKE 125°C
98 HRS

TEST

ACCEPT

REJECT

BAKE 125°C
192 HRS

TEST

|

ACCEPT

4

REJECT

]

BAKE 125°C
500 HRS:

TEST

ACCEPT

REJECT

1

QUALIFICATION
COMPLETE

1

DOCUMENTATION [

&
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85/ 85 BIAS CYCLE FLOW

PRODUCT
TYPE

SELECTED
UNITS (105)

L

|

DATE
CODES

TEST

QUALITY / RELIABILITY

ACCEPT

—]

REJECT

I

BAKE 250°C
98 HRS

[

PULL-POINTS
TEST

ACCEPT

REJECT

BAKE 250°C
192 HRS

PULL-POINTS
TEST

|

ACCEPT

REJECT

|

BAKE 250°C
500 HRS

PULL-POINTS
TEST

ACCEPT

REJECT

1

QUALIFICATION
COMPLETE

|

DOCUMENTATION |
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HIGH TEMPERATURE
OPERATING LIFE

2.0 EARLY FAILURE RATE SUMMARY

21 Early Failure rate Determination

High temperature operating life testing for as log as 96 hours, is used to estimate device early failure rate. Using
our standard failure rate assumption, the early failure rate period extends through the first 2000 hours of device

operation. Afterwards, the device reliability is characterized by the long term failure rate.

Conditions:

Test:

Duration:

Failure:

High Temperature Operating Life Test (HTOL)

Dynamic Operating Conditions, Vcc = 5.25 Volts, 150 ° C or 125 ° C,
Frequency = 2 MHz.

Early Failure Rate samples are tested between 48 and 96 hours HTOL
at 150 ° C or 96 hours at 125 ° C.

A failure is any device that fails to meet data sheet electrical require-
ments following the HTOL test. Failure analysis is performed on every
failure to identify the specific mechanism and determine a corrective
action. Corrective actions are implemented and audited under the total
quality management system.

2.2 Early Failure Rate Summary

ST16C450
ST16C550
ST16C452
ST16C552
ST16C554
ST26C31

ST26C32

Technology

No. of Devices Tested No. of Fails Failure mode Defects (PPM)

1000 0 None 0
1500 2 Leakage 1333
1500 1 Functional 666
2000 0 None 0
2000 1 Leakage 500
1000 0 None 0
1000 0 None 0
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3.0 LONG TERM FAILURE RATE SUMMARY
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3.1 Long Term Failure Rate Determination

A High temperature Operating Life test is used to estimate long term reliability. By operating the devices at
accelerated temperature and voltage, hundreds of thousands of use hours can be compressed into thousands of
test hours. The method used to estimate failure rates from stress data is summarized.

Test: High Temperature Operating Life Test (HTOL)
Conditions: Dynamic Operating Conditions, Vcc = 5.25 Volts, 150 ° C, Frequency
=2 MHz.
Duration: Long term Failure Rate is minimum 168 hours HTOL at 150 ° C

periodically tested to 2000 hours.
Reliability: Failure mechanisms common to semiconductor components are accel-

erated by temperature and voltage. In calculating failure rates, though,
only temperature acceleration is included.

3.2 Long term Failure Rate Summary

Teéhnology No. of Devices Tested No. of Fails Failure mode Defects (PPM)
ST16C450 5000 1 Functional 200
ST16C550 8000 1 Leakage 125
ST16C452 7500 0 None 0
ST16C552 5000 0 None 0
ST16C554 7000 1 Functional 143
ST26C31 1000 0 None 0
ST26C32 1000 0 None 0
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4.0 HIGH TEMPERATURE STEADY STATE LIFE TEST

The High Temperature Steady State Life test is used to accelerated ionic contamination problems. Static bias
is used because a constant voltage gradient accelerated diffusion of ionic species. The method used to estimate
failure rates from stress data is summarized.

ST16C450
ST16C550
ST16C452
ST16C552
ST16C554
ST26C31

8T26C32

Technology

No. of Devices Tested  No. of Fails Failure mode Defects (PPM)

3000 1 Functional 333
3000 : 0 | None 0
4500 1 Functional 222
1000 . -0 None 0
1000 0 None 0
1000 0 None 0
1000 0 None 0

5.0 PACKAGE STRESS TESTS

Startech Semiconductor Reliability qualifies and continuously monitors the packaging reliability to ensure
exceptional resistance to environmental stress. Package reliability stress testing and failure rates are summa-

rized.

51 Pressure Cooker Test

Conditions:

Test:

Purpose:

Failure:

Pressure Cooker Test (PCT)

15 PSIG, 120 ° C, No bias, 295 hours minimum time

The Pressure Cooker Test is a highly accelerated packaging stress test
used to ensure environmental durability of epoxy packaged parts.
Passivation cracks, ionic contamination and corrosion susceptibility are
all accelerated by this stress.

Any device which fails to meet all data sheet requirements is classified
as a failure.

8-14
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5.2 Pressure Cooker Summary 5]
C
Technology No. of Devices Tested No. of Fails Failure mode Defects (PPM) j
ST16C450CP40 5000 1 Functional 200
ST16C450CJ44 5000 0 None 0
ST16C550CP40 5000 0 None 0
ST16C550CJ44 5000 1 Leakage 200
ST16C452CP68 5000 1 Functional 200
ST16C552CP68 5000 1 ! Functional 200
ST16C554CP68 5000 0 None 0
ST26C31CP16 1000 0 None 0
ST26C32CP16 1000 0 None 0
5.2 Highly Accelerated Stress Test
Test: High Accelerated Stress Test (HAST)
Conditions: 18.6 PSIG, 125 ° C, 85% RH, 5.5 Volts bias, minimum test time, 96
hours.
Purpose: HAST is an accelerated biased humidity test that literature, and tests

run at Startech, has shown provides an acceleration 10-15X over 85 °
C/85%. This test provides the factory with rapid feedback regarding the
quality of the epoxy package process.

Failure: A failure is defined as a device which fails to pass the standard data
sheet test program.
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5.4 Accelerated Stress Summary

ST16C450CP40
ST16C450CJ44

ST16C550CP40
ST16C550CJ44

ST16C452CP68

ST16C552CP68

S§T16C554CP68
ST26C31CP16

ST26C32CP16

Technolbgy No. of Devices Tested No. of Fails Failure mode Defects (PPM)

5000 0 None 0
5000 0 None 0
5000 0 None 0
5000 0 None 0
5000 0 None 0
5000 k 0 None 0
5000 0 None 0
1000 0 None 0
1000 0 None 0

5.5 Temperature Cycle Test

Differences inthermal expansion coefficients are accentuated by cycling devices through temperature extremes.

If the materials do not expand and contact equally, large stresses can develop.

Test:

Conditions:

Purpose:

Failure:

Temperature Cycle

MIL-STD-883C, Method test stress mechanical integrity by exposing a
device to alternating temperature extremes. Weakness and thermal
expansion mismatches in die interconnections, die attach, and wire
bonds are often detected with this acceleration test.

100 cycles minimum, periodically tested to 1000 cycles

Any device which fails to meet all data sheet requirements is classified
as a failure.
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5.6 Temperature Cycle Summary 5

C

Technology No. of Devices Tested No. of Fails Failure mode Defects (PPM) 1
ST16C450CP40 5000 0 None . 0
ST16C450CJ44 5000 0 None 0
ST16C550CP40 5000 0 None 0

ST16C550CJ44 5000 2 Leakage 400
Functional

ST16C452CP68 5000 0 None 0
ST16C552CP68 5000 0 None : 0
ST16C554CP68 5000 0 None 0
ST26C31CP16 1000 0 None 0
ST26C32CP16 1000 0 None 0
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ESD AND
LATCH-UP .
TEST

6.0 Latch-up Sensitive

Test:

Conditions:

Purpose:

Failure:

6.1 Results:

Latch-up Sensitivity

Current Injection = 200mA Trigger, Hot Socket = Vcc 0-7 Volts, Vce
Oscillation at Vcc = 3.5-7.0 Volts at 1 MHz, Temperature = 150 ° C.

The latch-uptestis designed to test resistance of the devices to extreme
voltage and current excursions. Latch-up has historically been a
problem associated with CMOS devices. -

Any device which fails the Latch-up test if Latch-up occurs at less than
© 200mA of current.

All products are tested for latch-up during qualification.

Outputs:

Inputs:

6.2 Conclusion:

Alloutputs are tested using a hot socket technique where the full voltage
is applied instantly, on a voltage ramp, where voltage is increased
slowly. During the hot socket technique, a maximum of 400 mA was
allowed in order to protect the outputs from overstress.

Allinputs are tested using both the hot socket technique and the voltage
ramp technique.

Startech Semiconductor products are very resistant to latch-up.
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7.0 Electrostatic Discharge (ESD) :2

Test: Electrostatic Discharge
Conditions: MIL-STD-883C, Method 3015
Purpose: The ESD test established the sensitive of device to electrostatic

discharge of the type than can occur during ordinary handling.
Failure: A device fails the ESD stress test is any pin combination deﬁhed in
method 3015 of MIL-STD-883C is damaged after testing with a 2000

Volts discharge. Data sheet electrical testing is performed to determine
if a device has been damaged.

71 Results:

All Startech Semiconductor products are tested for resistance to ESD during qualification. All pins pass ESD
testing at 2000 Volts.

7.2 Conclusion:

Startech Semiconductor products are not ESD sensitive per the definition of MIL-STD-883C.
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—— ORDERING INFORMATION AND PART NUMBERING GUIDE e——

Prefix Device Suffix - Pin Count  Option Code
S’T XX C XXX XX XX XX

Company ID
Part Number

Temperature

Package

Number of the packaged pins

Options

Temperature Range

C Commercial 0° C To +70° C
I Industrial -40° C To +85° C
M Military -55° C To +125° .C
Package Type

P Plastic Dip

C Ceramic

D Cerdip .

L Leadless Chip Carrier (LCC i

J Plastic Leaded Chip Carrier (PLCC)

F Flat Pack(SOIC)

Q Quad Flat Pack

G Pin Grid

T Thin Shrink Small Outline Package (TSSOP)
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ORDERING GUIDE

PACKAGE MARKING INFORMATION

(EXCEPT CLOCK SYNTHESIZERS AND TQFP PACKAGES)

Prefix Device Suffix Custom Marking
ST XX C XXX XX XXX
I
Company ID
Part Number

Operating Temperature Range

Package Type

Custom Packaged/Bonded

DATE CODE AND OPTIONS MARKING

9XXXXXX

Rewsnon

Year

Week

Custom (Special parts only)

"ST16C452" DATE CODE AND OPTIONS MARKING

X XX 9X XX
Revision __J l
Product type
Year
Week




o
3
—————m PACKAGE MARKING INFORMATION smssssssssssssss—— m
(CLOCK SYNTHESIZERS) g
@
@
c
O
Prefix Device m
ST XX C XXX

I
Company ID
Part Number
DATE CODE AND OPTIONS MARKING

X 9X XX - XX
REVISION ———l I
YEAR
WEEK
OPTION CODES

————————— 48-TQFP PACKAGE MARKING INFORMATION mees——

Prefix Device
ST XX C XXX

| ;
Company ID
Part Number

DATE CODE AND OPTIONS MARKING

XX X 99X XX

Operating —J
Temperature Range
Package

Revision
Year
Week

9-5
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S Y o |

) 8- DIPPACKAGE E1|E

S N A N B |

R
>
2
®
=
(9]
(9]
c
O
m

. 7°
AZ /’\ p‘\ 0.340+0.010

ﬁ ke ol #:T

DIMENSIONS | TOLERANCE
(Mil)
A 0.200+0.010
Al 0.015
A2 0.130+0.005
D 0.365+0.005
D1 0.300
E 0.310£0.010
El 0.250£0.005
L 0.125+0.020
e 0.100
b 0.1740.02
D
D1

[ 1

) 14- DIP PACKAGE E1|E

LI LT T

9
,»i s 0.34020.010

—T—"% L wlk—%_r

DIMENSIONS | TOLERANCE
(Mil)

A 0.200 £0.010
Al 0.015
A2 0.130 £0.005
D 0.750 +0.005
D1 0.600
E 0.3100.010
El 0.250 0.005

L 0.12540.020

€ 0.100

b 0.17 £0.02
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PACKAGING GUIDE

- 1

) 16-DIP PACKAGE E1|E

LIT] LI

|
» 7°~\ 0.340£0.010

DIMENSIONS | TOLERANCE
(Mil)
A 0.200 £0.010
Al 0.015
A2 0.13020.005
D 0.750 £0.005
D1 0.700
E 0.310£0.010
El 0.250£0.005
L 0.125 £0.020
e 0.100
b 0.17 +0.02
D
D1

- 1

D 20- DIP PACKAGE E1|E

LI T

P
»
Az /,‘ ,‘\ 0.340 20,010

-T_’%' o e »»IL—%_]‘

DIMENSIONS | TOLERANCE
A 0.200 0.010
Al 0.015
A2 0.130 £0.005
D 1.020 0.005
D1 0.900
E 0.310 20.010
El 0.250 +0.005
L 0.125 30.020
e 0.100
b 0.17 20.02
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D
D1

—b

Al [

) 28- DIP PACKAGE E1|E

[ | LI

R
>
2
Q
z
®
@
=
=)

m

|
P
P 0.64020.010

DIMENSIONS | TOLERANCE
i
0.200 £0.010
0.015
0.150 £0.005
1.45040.005
1.300
0.610:£0.010
0.550 £0.005
0.125+0.020
0.100
0.17 £0.02

corTHmBugE>

D

D1

arm r

) 40- DIP PACKAGE E1|E

[N LITTT

17 h o
TI‘ o ke W%—r

DIMENSIONS | TOLERANCE
(Mil)
A 0.200 0.010
Al 0.015
A2 0.150 £0.005
D 2.050 0,005
D1 S
E 0.610 £0.010
El 0.550 £0.005
L 0.125 £0.020
e 0.100
b 0.17 0.02
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PACKAGING GUIDE

corBmPogZs> §

TOLERANCE

(il
0.061 £0.004
0.004 ~0.010
0.054 £0.002
0.193 £0.002

0.150
0.236 £0.008
0.154 £0.002
0.020 £0.020

0.050

0.17 £0.02

D
D1

| e e |

HHH HA

) 14- SOICPACKAGE

HHE  HH
Al A e

E1|E

corEmPogzs> §

‘TOLERANCE

Mil)
0.061 £0.004
0.004 ~0.010
0.054 £0.002
0.3400.002

0300
0.236+0.008
0.154£0.002
0.020£0.020

050

0
0.17£0.02
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D

- D1

[ e e, |

HHH

HAH

) 16- SOIC PACKAGE E1|E

HHE
e

HH
o e

DIMENSIONS | TOLERANCE

corBmPug 2>
8
a
3

0.050
0.17 £0.02

JL—T

D

D1

| e e |

HHH

HH

> 20- SOICPACKAGE E1|E

HHH
e

Y
o e

— 3

DIMENSIONS | TOLERANCE
Mil
A 0.101 £0.010
Al 0.006~0.008
A2 0.092:£0.005
D 0.504 £0.005
D1 0450
E 04060.010
El 0.289:20.005
L 0.020£0.020
¢ 0.050
b 01720.02

10-7

>
g
2
z
®
@
.=
o
m




PACKAGING GUIDE

D .

D1

>

HHH

HH

) 28- SOIC PACKAGE E1

ElEg
e

gy
o e

TOLERANCE
(Mil)
0.101 £0.010
0.006~0.008
0.092 £0.005
0.704 £0.005
0.650
0406 £0.010
0.289 £0.005
0.020 £0.020

0.050
0.17 £0.02
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D1

-
1 28 x B

O M ;

| ®

0 Z

28-PLCC PACKAGE E1lE ®
(0]

l =

m] =)

OO o i m

120

A |
GTHHF1HT®)
R I A

A
DIMENSIONS | TOLERANCE
(mil)
A 0.170+0.005
Al 0.020
A2 0.150£0.002
D 0.490 £0.005
D1 0.454:40.002
E 0.490+0.005
El 0.454 £0.002
3 0.050+0.002
b 0.030£0.005
” D
D1 N
144
3
44-PLCC PACKAGE E1|E

ooy RN

120

A
Gliigipipan i)
D JL Al T

l'f -

DIMENSIONS

(mil)
A 0.1700.005

Al 0.020
A2 0.150 £0.002
D 0.690 £0.005
D1 0.654 £0.002
E 0.690 £0.005
El 0.654 £0.002
3 0.0500.002
b 0.030+0.005
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PACKAGING GUIDE

I

D1
168

68-PLCC PACKAGE

ooy L

P
|/

E1

G
Iode L

TOLERANCE
(mil)
0.170£0.005
0,020
0.150 £0.002
0.9900.005
0,954 %0.002
0.990+0,005
0.954+0,002
0.050£0.002
0.030+0.008

[m

E1
]
e
D: 8- TSSOP PACKAGE :D
B LD: T
L 3
LN

D1

Z—’}'———
¥
Al

DIMENSIONS

corEmUugE>

TOLERANCE

i
0.0390£0.004
0.004 +0.002
0.032320.002
0.11820.002
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HHH HHA

4

1 | 1
s
48- TQFP PACKAGE ”:D E1|E
|
jj y
HHH HH
A2 ,ﬁr‘
| I/ |
- THHP=THT\S
P N LS
A
DIMENSIONS | TOLERANCE
. [
Al 0.05-0.10
A2 1.0205
L
E 9.0020.25
El 7.0%0,10
: 0.6;2.”
b 0.22*0.0%
- D .
_ D1 .
3
3
1 1
11
‘ .
52- QFP PACKAGE E1 E
1
]
HHH HH |

A2

7l—l o |
HAFHMG
Dodbk =T

Al

corBmPugZ> é
&
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PACKAGING GUIDE

HHH

100- QFP PACKAGE

HHH

E3|E

HH

HHB

A2

og
l

DIMENSIONS | TOLERANCE
(mm)

A 3.04£0.30
Al 0.30-0.03
A2 2.71 %016

D 23.200.25
D3 18.85

E 17.2020.25
E3 1235

L 0.65~0.95

€ 0.65

b 0.22~038

A
T—Ldfiﬁm——————mj
AL

5
AT
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REPRESENTATIVES & DISTRIBUTORS
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North American Representatives

Alabama
Bits Inc.
TEL  (205) 881-2900
FAX  (205) 881-7333

Arizona

SUNTECH SALES
TEL (602) 860-8262
FAX (602) 860-9730

Arkansas

ARRAYTECH SALES
TEL (919) 676-1880
FAX  (919) 676-1881

California

PRO ASSOCIATES
TEL  (408) 248-5300
FAX  (408) 244-7939

INFINITY SALES
TEL  (714) 833-0300
FAX  (714) 833-0303

INFINITY SALES
TEL  (310) 455-2566

INFINITY SALES
TEL (619) 535-9300
FAX  (619) 550-3707

INFINITY SALES
TEL (818) 880-6480
FAX  (818) 880-1922

Colorado

SPECTRUM MARKETING
TEL (303) 480-9991
FAX  (303) 455-5303

Connecticut
DYNAMIC SALES
TEL  (203) 693-0451
FAX  (203) 693-1302

11-3

Florida
SEC
TEL (407) 830-8444
FAX  (407) 830-8684

SEC
TEL  (305) 783-6900
FAX  (305) 782-7274

Georgia

BITS Inc.

TEL  (404) 564-5599
FAX  (404) 564-5588

llinois
MICRO SALES INC.
TEL  (708) 285-1000
FAX  (708) 285-1008

Kentucky

BITS Inc.

TEL  (404) 564-5599
FAX  (404) 564-5588

Maine

DYNAMIC SALES

TEL  (617) 272-5676
FAX  (617) 273-4856

Massachusetts
DYNAMIC SALES

TEL  (617) 272-5676
FAX  (617) 273-4856

Michigan

J.M.J & ASSOCIATES
TEL  (616) 285-8887
FAX ~ (616) 285-7633

Minnesota

MURNCO

TEL  (612) 854-4161
FAX  (612) 854-9634
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REPRES'ENTATIVES & DISTRIBUTORS

North American Répresentatives

Mississippi
BITS Inc.
TEL (205) 881-2900
FAX  (205) 881-7333

New Hampshire

BITS Inc.

TEL (617) 272-5676
FAX  (617) 273-4856

New Jersey

ERA Inc.

TEL  (516) 543-0510
FAX  (516) 543-0758

New York

ERA Inc.

TEL (516) 543-0510
FAX (516) 543-0758

North Carolina

BITS Inc.

TEL  (919) 676-1880
FAX  (919) 676-1881

Oklahoma

ARRAYTECH SALES
TEL  (919) 676-1880
FAX  (919) 676-1881

Oregon

ADAPT ELECTRONICS
TEL  (503) 297-2151
FAX  (503) 297-2042

Pennsylvania
TECH SALES
TEL  (215) 784-0170
FAX  (215) 784-9201

Puerto Rico

SEC

TEL  (809) 841-4220
FAX  (809) 259-7223

Rhode Island
DYNAMIC SALES

TEL (617) 272-5676
FAX  (617) 273-4856

South Carolina

BITS Inc.

TEL  (404) 564-5599
FAX  (404) 564-5588

Tennessee

BITS Inc.

TEL = (404) 564-5599
FAX  (404) 564-5588

TEL  (205) 881-2900
FAX (205) 881-7333

Texas

ARRAYTECH SALES
TEL  (214) 392-1199
FAX  (214) 392-1399

'ARRAYTECH SALES
. TEL  (512) 335-4105

FAX  (512) 335-8128

ARRAYTECH SALES
TEL  (713) 861-5009
FAX  (713) 861-0402

Utah

SPECTRUM MARKETING
TEL (303) 480-9991
FAX  (303) 455-5303

Vermont
DYNAMIC SALES
TEL  (802) 476-4223

Washington

ADAPT ELECTRONICS
TEL  (509) 327-4838
FAX  (509) 327-2030
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ADAPT ELECTRONICS
TEL  (206) 820-6216
FAX (206) 820-6216

Wisconsin

MICRO SALES INC.
TEL  (414) 786-1403
FAX  (414) 786-1813

NORTH AMERICAN DISTRIBUTORS

BELL MICROPRODUCTS

California
TEL  (408) 451-9400
FAX  (408) 451-1600

TEL  (714) 470-2900
FAX  (714) 470-2929

Massachussets
TEL  (508) 658-0222
FAX  (508) 694-9987

TEL  (508) 667-2400
FAX  (508) 683-7474

Texas
TEL (214) 783-4191
FAX  (214) 783-4192

New Jersey
TEL  (201) 777-4100
FAX  (201) 777-6194

New York
TEL  (516) 543-2000
FAX  (516) 543-2030

Maryland
TEL  (410) 720-5100
FAX  (410) 381-2172

North American Distributors

Florida
TEL (407) 682-1199
FAX  (407) 682-1286

LCD ELECTRONICS, INC.

Texas
TEL (214) 245-0600
FAX (214) 245-0342

TEL (512) 388-0900
FAX (512) 280-6583

TEL (800) 245-0342
PARTS ONE

Minnesota
TEL  (800) 247-0867
FAX (612) 633-2310

TEL  (800) 424-6204
FAX  (218) 624-0850

NU HORIZON

California
TEL  (408) 434-0800
FAX  (408) 434-0935

New Jersey
TEL (201) 882-8300
FAX (201) 882-8398

TEL (609) 231-0900
FAX (609) 231-9510

Connecticut
TEL (203) 265-0162
FAX (203) 261-6657

Alabama
TEL (205) 722-9330
FAX (205) 722-9348
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North American Distributors =

Ohio
TEL (216) 349-2008
FAX (216) 249-2080

Florida
TEL (305) 735-2555
FAX (305) 735-2880

TEL (407) 831-8008
FAX (407) 831-8862
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Georgia
TEL (404) 416-8666
FAX (404) 418-9060

Maryiand
TEL (410) 995-6330
FAX (410) 995-6332

New York
TEL (516) 226-6000
FAX (516) 226-6140

TEL (716) 292-0777
FAX (716) 292-0750

Massachusetts
TEL (617) 246-4442
FAX (617) 246-4462

Texas
TEL  (214) 488-2255
FAX  (214) 488-2265
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International Representatives

Australia

LOGIC 4 AUSTRALASIA
TEL (61) 8-373-2811
FAX (61) 8-373-2286

LOGIC 4 AUSTRALASIA
TEL  (61) 3-887-3800
FAX  (61) 3-887-3811

Austria

ELBATEX

TEL  (43) 1-816020
FAX  (46) 1-81602201

Belgium

TME ELECTRONICS
TEL  (32) 3-325-1910
FAX  (32) 3-326-0510

Canada
INTELATECH, INC.
TEL  (905) 629-0082
FAX  (905) 629-1795

INTELATECH, INC.
TEL  (403) 230-3190
FAX  (403) 230-3183

INTELATECH, INC.
TEL  (613) 599-7330
FAX  (613) 599-7329

INTELATECH, INC.
TEL  (514) 343-4877
FAX  (514) 343-4355

Denmark

E. V. JOHANSSEN ELEKTRONIK A/S
TEL  (45) 3183-9022

FAX  (45) 3183-9222

England

BRITCOMP SALES LTD (BSL)
TEL  (44) 932-346256
FAX  (44) 932-347110
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2001 ELECTRONIC COMPONENTS
TEL  (44) 438-742001
FAX  (44) 438-742002

France

3D

TEL (33) 1-6447-2929
FAX (33) 1-6447-0084

MICROEL
TEL (33) 1-6938-7678
FAX  (33) 1-6938-7960

Hong Kong

TEKTRON ELECTRONICS
TEL  (852) 388-0629
FAX  (852) 780-5871

TWIN-STAR TRADING
TEL  (852) 346-9085
FAX (852) 347-0926

Germany

EUROCOMP ELEKTRONIK Gmbh
TEL  (49) 6031-61076

FAX  (49)6031-61788

DISCOMP ELEKTRONIK Gmbh
TEL  (49) 2722-71
FAX  (49) 2722-7150

HY-LINE COMPUTER COMPONENTS Gmbh

TEL  (49) 89-614-9010
FAX  (49) 89-614-0960

KAMAKA ELEKTRONIK Gmbh
TEL  (49) 7275-8600
FAX  (49) 7275-8675

Greece

DROGETA ENGINEERING
TEL  (30)

FAX  (30) 1-991-0948
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REPRESENTATIVES & DISTRIBUTORS

International Representatives

India

DIGIPRO MKTG. PVT. LTD.
TEL  (91) 80-52-72659
FAX  (91) 80-55-93088

Israel

STAR-TRONICS LTD.
TEL (972) 3-696-0148
FAX (972) 3-696-0255

Italy
KEVIN
TEL  (39) 2-4870-6300
FAX  (39) 2-4870-6500

Japan
1S1
TEL  (81) 3-3264-3301
FAX  (81) 3-3264-3419

NICHIMEN ELECTRONICS COMPONENTS
TEL ~ (06) 226-0015
FAX  (06) 226-0016

TEL  (03) 3662-6880
FAX  (03) 3662-6841

Korea g
| & C MICROSYSTEMS Co.
TEL  (82) 2-577-9131
FAX  (82) 2-577-9130

Malaysia
MICROTRONICS
TEL  (B5) 748-1835
FAX  (65) 743-3065

Netherlands

AVE ELECTRONICS
TEL  (31) 78-138288
FAX  (31) 78-140390

Norway

HANS H. SCHIVE

TEL  (47) 66-900-900
FAX  (47) 66-904-484

Singapore

SERIAL SYSTEMS MKTG.
TEL  (65) 280-0200
FAX  (65) 286-6723

Spain

MATRIX ELECTRONICA, S.L.
TEL  (34) 1-560-2737
FAX  (34) 1-565-2865

South Africa

KH DISTRIBUTORS
TEL (27) 11-852-5011
TEL  (27) 11-852-2670
FAX  (27) 11-852-6513

Sweden

BEXAB TECHNOLOGY
TEL  (46) 8-630-8810
FAX  (46) 8-732-7058

Taiwan

JATRON ELECTRONICS, INC.
TEL  (886) 2-3070152

FAX  (886) 2-3055629
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