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Special Fully Nested Mode

This mode is entered by setting the SFNM bit in
INTO or INT1 control register. It enables complete
nestability with external 8259A masters. Normally,
an interrupt request from an interrupt source will not
be recognized unless the in-service bit for that
source is reset. If more than one interrupt source is
connected to an external interrupt controller, all of
the interrupts will be funneled through the same
80186 interrupt request pin. As a result, if the exter-
nal interrupt controlier receives a higher-priority in-
terrupt, its interrupt will not be recognized by the
80186 controller until the 80186 in-service bit is re-
set. In special fully nested mode, the 80186 interrupt
controller will allow interrupts from an external pin
regardless of the state of the in-service bit for an
interrupt source in order to allow multiple interrupts
from a single pin. An in-service bit will continue to be
set, however, to inhibit interrupts from other lower-
priority 80186 interrupt sources.

Special procedures should be followed when reset-
ting IS bits at the end of interrupt service routines.
Software polling of the external master's IS register
is required to determine if there is more than one bit
set. If so, the IS bit in the 80186 remains active and
the next interrupt service routine is entered.

Operation in a Polled Environment

The controller may be used in a polled mode if inter-
rupts are undesirable. When polling, the processor
disables interrupts and then polls the interrupt con-
troller whenever it is convenient. Polling the interrupt
controller is accomplished by reading the Poll Word
(Figure 31). Bit 15 in the poll word indicates to the
processor that an interrupt of high enough priority is
requesting service. Bits 0-4 indicate to the proces-
sor the type vector of the highest-priority source re-
questing service. Reading the Poll Word causes the
In-Service bit of the highest priority source to be set.

It is desirable to be able to read the Poll Word infor-
mation without guaranteeing service of any pending
interrupt, i.e., not set the indicated in-service bit. The
80186 provides a Poll Status Word in addition to the
conventional Poll Word to allow this to be done. Poll
Word information is duplicated in the Poll Status
Word, but reading the Poll Status Word does not set
the associated in-service bit. These words are locat-
ed in two adjacent memory locations in the register
file

29

Master Mode Features

Programmable Priority

The user can program the interrupt sources into any
of eight different priority levels. The programming is
done by placing a 3-bit priority level (0-7) in the con-
trol register of each interrupt source. (A source with
a priority level of 4 has higher priority over all priority
levels from 5 to 7. Priority registers containing values
lower than 4 have greater priority). All interrupt
sources have preprogrammed default priority levels
(see Table 4).

If two requests with the same programmed priority
level are pending at once, the priority ordering
scheme shown in Table 4 is used. If the serviced
interrupt routine reenables interrupts, it allows other
requests to be serviced.

End-of-Interrupt Command

The end-of-interrupt (EOI) command is used by the
programmer to reset the In-Service (IS) bit when an
interrupt service routine is completed. The EOI com-
mand is issued by writing the proper pattern to the
EOI register. There are two types of EOl commands,
specific and nonspecific. The nonspecific command
does not specify which IS bit is reset. When issued.
the interrupt controller automatically resets the IS bit
of the highest priority source with an active service
routine. A specific EOl command requires that the
programmer send the interrupt vector type to the in-
terrupt controller indicating which source’s IS bit is
to be reset. This command is used when the fully
nested structure has been disturbed or the highest
priority IS bit that was set does not belong to the
service routine in progress.

Trigger Mode

The four external interrupt pins can be programmed
in either edge- or level-trigger mode. The control
register for each external source has a level-trigger
mode (LTM) bit. All interrupt inputs are active HIGH.
In the edge sense mode or tha level-trigger mode,
the interrupt request must remain active (HIGH) until
the interrupt request is acknowledged by the 80186
CPU. In the edge-sense mode, if the level remains
high after the interrupt is acknowledged, the input is
disabled and no further requests will be generated.
The input level must go LOW for at least one clock
cycle to reenable the input. In the level-trigger mode,
no such provision is made: holding the interrupt input
HIGH will cause continuous interrupt requests
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Interrupt Vectoring

The 80186 Interrupt Controller will generate interrupt
vectors for the integrated DMA channels and the in-
tegrated Timers. In addition, the Interrupt Controlier
will generate interrupt vectors for the external inter-
rupt lines if they are not configured in Cascade or
Special Fully Nested Mode. The interrupt vectors
generated are fixed and cannot be changed (see Ta-
ble 4).

Interrupt Controller Registers

The Interrupt Controller register model is shown in
Figure 23. It contains 15 registers. All registers can
both be read or written unless specified otherwise.

In-Service Register

This register can be read from or written into. The
format is shown in Figure 24. It contains the In-Serv-
ice bit for each of the interrupt sources. The In-Serv-
ice bit is set to indicate that a source’s service rou-
tine is in progress. When an In-Service bit is set, the
interrupt controller will not generate interrupts to the
CPU when it receives interrupt requests from devic-
es with a lower programmed priority level. The TMR
bit is the In-Service bit for all three timers; the DO
and D1 bits are the In-Service bits for the two DMA
channels; the 10-13 are the In-Service bits for the
external interrupt pins. The IS bit is set when the
processor acknowledges an interrupt request either
by an interrupt acknowledge or bv reading the poll
register. The IS bit is reset at the end of the interrupt
service routine by an end-of-interrupt command is-
sued by the CPU.

Interrupt Request Register

The internal interrupt sources have interrupt request
bits inside the interrupt controller. The format of this
register is shown in Figure 24. A read from this regis-
ter yields the status of these bits. The TMR bit is the
logical OR of all timer interrupt requests. DO and D1
are the interrupt request bits for the DMA channels.

The state of the external interrupt input pins is also
indicated. The state of the external interrupt pins is
not a stored condition inside the interrupt controller,
therefore the external interrupt bits cannot be wnt-
ten. The external interrupt request bits show exactly
when an interrupt request is given to the interrupt
controller, so if edge-triggered mode is selected, the
bit in the register will be HIGH only after an inactive-
to-active transition. For internal interrupt sources,
the register bits are set when a request arrives and
are reset when the processor acknowledges the re-
quests.

Mask Register

This is a 16-bit register that contains a mask bit for
each interrupt source. The format for this register is
shown in Figure 24. A one in a bit position corre-
sponding to a particular source serves to mask the
source from generating interrupts. These mask bits
are the exact same bits which are used in the indi-
vidual control registers; programming a mask bit us-
ing the mask register will also change this bit in the
individual control registers, and vice versa.

INT

210451-12

Figure 22. Cascade Mode Interrupt Connection
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Priority Mask Register
OFFBET This register is used to mask all interrupts below par-
INT3 CONTROL REGISTER 3EH ticular interrupt priority levels. The format of this reg-
ister is shown in Figure 25. The code in the lower
INT2 CONTROL REGISTER 3 three bits of this register inhibits interrupts of priority
INT1 CONTROL REGISTER 3AH lower (a higher priority number) than the code speci-
fied. For example, 100 written into this register
INTO CONTROL REGISTER 38H masks interrupts of level five (101), six (110), and
seven (111). The register is reset to seven (111)
OMA 1 CONTROL REGISTER 36H upon RESET so all interrupts are unmasked.
DMA 0 CONTROL REGISTER 34H
TIMER CONTROL REGISTER 32H interrupt Status Register
INTERRUPT STATUS REGISTER 30H This register contains general interrupt controller
status information. The format of this register is
INTERRUPT REQUEST REGISTER | 2EH shown in Figure 26. The bits in the status register
IN-SERVICE REGISTER 26H have the following functions:
DHLT: DMA Halt Transfer; setting this bit halts all
PRIORITY MASK REGISTER 2AH DMA transfers. It is automatically set when-
MASK REGISTER 28H ever a non-maskable mperrupt occurs, and it
is reset when an IRET instruction is execut-
POLL STATUS REGISTER 26H ed. The purpose of this bit is to allow prompt
service of all non-maskable interrupts. This
POLL REGISTER 24K bit may also be set by the CPU.
EO! REGISTER 22H IRTx: These three bits represent the individual tim-
er interrupt request bits. These bits are used
to differentiate the timer interrupts, since the

Figure 23. Interrupt Controller Registers

(Non-iIRMXT™™ 86 Mode)

timer IR bit in the interrupt request register is
the “OR" function of all timer interrupt re-
quest. Note that setting any one of these
three bits initiates an interrupt request to the
interrupt controller.

14

15 0 9 s 7 ] [ 4 3 2 1
LoJ oTJ e . e foToToJw[iw2]nTwlor[oo] o[tmr]

Figure 24. In-Service, Iinterrupt Request, and Mask Register Formats

15 14 3 2 1

0
Lol of e . . . . . 3 . o | T o [prm2[PRM1]PRMO]

Figure 25. Priority Mask Register Format

18 14 7 [] [} 4 3 2 1 0

o] o [ o * . * D T oJ ol ol o o [mwrr2[irri]irT0]

Figure 26. interrupt Status Register Format

3
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Timer, DMA 0, 1; Control Register

These registers are the control words for all the in-
ternal interrupt sources. The format for these regis-
ters is shown in Figure 27. The three bit positions
PRO, PR1, and PR2 represent the programmable pri-
ority level of the interrupt source. The MSK bit inhib-
its interrupt requests from the interrupt source. The
MSK bits in the individual control registers are the
exact same bits as are in the Mask Register; modify-
ing them in the individual control registers will also
modify them in the Mask Register, and vice versa.

INTO-INT3 Control Registers

These registers are the control words for the four
external input pins. Figure 28 shows the format of
the INTO and INT1 Control registers; Figure 29
shows the format of the INT2 and INT3 Control reg-
isters. In cascade mode or special fully nested
mode, the control words for INT2 and INT3 are not
used.

The bits in the various control registers are encoded
as follows:

PRO-2: Priority programming information. Highest
Priority = 000, Lowest Priority = 111

LTM:  Level-trigger mode bit. 1 = level-triggered;
0 = edge-triggered. Interrupt Input levels
are active high. In level-triggered mode, an
interrupt is generated whenever the exter-
nal line is high. In edge-triggered mode, an
interrupt will be generated only when this

level is proceded by an inactive-to-active
transition on the line. In both cases, the
level must remain active until the interrupt

is acknowledged.

MSK: Mask bit, 1 = mask; 0 = non-mask.

C: Cascade mode bit, 1 = cascade;, 0 = di-
rect

SFNM: Special fully nested mode bit, 1 = SFNM

EOI Register

The end of the interrupt register is a command regis-
ter which can only be written into. The format of this
register is shown in Figure 30. It initiates an EOI
command when written to by the 80186 CPU.

The bits in the EOI register are encoded as follows:

Sy Encoded information that specifies an in-
terrupt source vector type as shown in Ta-
ble 4. For example, to reset the in-Service
bit for DMA channel 0, these bits should be
set to 01010, since the vector type for DMA
channel 0 is 10. Note that to reset the sin-
gle In-Service bit for any of the three tim-
ers, the vector type for timer 0 (8) should
be written in this register.

AL] 14

Iolo[o . . . [ [

4 3 2 1 0
] o | msk[ PRz ] PR1] PRO]

Figure 27. Timer/DMA Control Registers Formats

15 14

[o[o[o . . . .

7 [ 5 4 3 2 1 0
0 [sFNm[ C [LTM [ mMmsk [ PR2 | PR1 | PRO |

Figure 28. INTO/INT 1 Control Register Formats

18 14

L' o] o] . ° * o )

[ 4 3 2 1 0
. o [Ltm[wmsk] prR2 [ PR1 | PRO |

Figure 29. INT2/INT3 Control Register Formats
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NSPEC/: A bit that determines the type of EOI com-
SPEC mand. Nonspecific = 1, Specific = 0.

Poll and Poll Status Registers

These registers contain polling information. The for-
mat of these registers is shown in Figure 31. They
can only be read. Reading the Poll register consti-
tutes a software poll. This will set the IS bit of the
highest priority pending interrupt. Reading the poll
status register will not set the IS bit of the highest
priority pending interrupt; only the status of pending
interrupts will be provided.

Encoding of the Poll and Poll Status register bits are
as follows:

Sy Encoded information that indicates the
vector type of the highest priority inter-
rupting source. Valid only when INTREQ
= 1.

INTREQ: This bit determines if an interrupt request

is present. interrupt Request = 1; no In-
terrupt Request = 0.

IRMX™ 86 COMPATIBILITY MODE

This mode allows iRMX 86-80186 compatibility. The
interrupt model of iRMX 86 requires one master and
multiple slave 8259As in cascaded fashion. When
iRMX mode is used, the internal 80186 interrupt con-
troller will be used as a slave controller to an exter-
nal master interrupt controller. The internal 80186
resources will be monitored through the internal in-
terrupt controller, while the external controller func-
tions as the system master interrupt controller.

Upon reset, the 80186 interrupt controller will be in
the non-iRMX 86 mode of operation. To set the con-
troller in the iIRMX 86 mode, bit 14 of the Relocation
Register should be set.

Because of pin limitations caused by the need to
interface to an external 8259A master, the internal
interrupt controller will no longer accept external in-
puts. There are however, enough 80186 interrupt
controller inputs (internally) to dedicate one to each
timer. In this mode, each timer interrupt source has
its own mask bit, IS bit, and control word.

The iRMX 86 operating system requires peripherals
to be assigned fixed priority levels. This is incompati-
ble with the normal operation of the 80186 interrupt
controlier. Therefore, the initialization software must
program the proper priority levels for each source.
The required priority levels for the internal interrupt
sources in iRMX mode are shown in Table 16.

Table 16. Internal Source Priority Level

Priority Level Interrupt Source

Timer 0
(reserved)
DMA O
DMA 1
Timer 1
Timer 2

A WN-=-0O

These level assignments must remain fixed in the
iRMX 86 mode of operation.

IRMXT™ 86 Mode External interface

The configuration of the 80186 with respect to an
external 8259A master is shown in Figure 32. The
INTO input is used as the 80186 CPU interrupt input.
INT3 functions as an output to send the 80186
slave-interrupt-request to one of the 8 master-PIC-
inputs.

4 3 2 h) 0

14 13
s:ggél 0 IOIO . ° [ .

T o [ s [= s ]

Figure 30. EOIl Register Format

16 14 13

2 1

MT o o]+ -« + + -

T T o Te s s o ]

Figure 31. Poll Register Format
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REQUESTS FROM
i " OTHER sLAES
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ll7 P——
20108 CAS0-2
WNTO
W SCIVE SELETY CASCADE
ADORESS DECOOER
WY —
~TS 00108 SLAVE INTERRUPT OUTPUT
210451-13

Figure 32. IRMX™™ 86 Interrupt Controller Interconnection

Correct master-slave interface requires decoding of
the slave addresses (CAS0-2). Slave 8259As do this
internally. Because of pin limitations, the 80186
slave address will have to be decoded externally.
iNT7 is used as a slave-select input. Note that the
slave vector address is transferred internally, but the
READY input must be supplied externally.

INT2 is used as an acknowledge output, suitable to
drive the INTA input of an 8259A.

Iinterrupt Nesting

iRMX 86 mode operation allows nesting of interrupt
requests. When an interrupt is acknowledged, the
priority logic masks off all priority levels except those
with equal or higher priority.

Vector Generation in the IRMX™™ 86
Mode

Vector generation in iRMX mode is exactly like that
of an 8259A slave. The interrupt controller gener-
ates an 8-bit vector which the CPU multiplies by four
and uses as an address into a vector table. The sig-
nificant five bits of the vector are user-programma-
ble while the lower three bits are generated by the
priority logic. These bits represent the encoding of
the priority level requesting service. The significant
five bits of the vector are programmed by writing to
the Interrupt Vector register at offset 20H.

Specific End-of-Interrupt

In iIRMX mode the specific EOl command operates
to reset an in-service bit of a specific priority. The
user supplies a 3-bit priority-level value that points to
an in-service bit to be reset. The command is exe-
cuted by writing the correct value in the Specific EO!
register at offset 22H.

Interrupt Controller Registers
in the IRMXT™ 86 Mode

All control and command registers are located inside
the internal peripheral control block. Figure 33
shows the offsets of these registers.

End-of-interrupt Register

The end-of-interrupt register is a command register
which can only be written. The format of this register
is shown in Figure 34. It initiates an EOl command
when written by the 80186 CPU.

The bits in the EOI register are encoded as follows:

Ly Encoded value indicating the priority of the IS
bit to be reset.
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in-Service Register

This register can be read from or written into. It con-
tains the in-service bit for each of the internal inter-
rupt sources. The format for this register is shown in
Figure 35. Bit positions 2 and 3 correspond to the
DMA channels; positions 0, 4, and 5 correspond to
the integral timers. The source's IS bit is set when
the processor acknowledges its interrupt request.

Interrupt Request Register

This register indicates which internal peripherals
have interrupt requests pending. The format of this
register is shown in Figure 35. The interrupt request
bits are set when a request arrives from an internal
source, and are reset when the processor acknowl-
edges the request.

Mask Register

The register contains a mask bit for each interrupt
source. The format for this register is shown in Fig-
ure 35. If the bit in this register corresponding to a
particular interrupt source is set, any interrupts from
that source will be masked. These mask bits are ex-
actly the same bits which are used in the individual
control registers, i.e., changing the state of a mask
bit in this register will also change the state of the
mask bit in the individual interrupt control register
corresponding to the bit.

Control Registers

These registers are the control words for all the in-
ternal interrupt sources. The format of these regis-
ters is shown in Figure 36. Each of the timers and
both of the DMA channels have their own Control
Register.

The bits of the Control Registers are encoded as
follows:

Prx:

msk:

3-bit encoded field indicating a priority level
for the source; note that each source must be
programmed at specified levels.

mask bit for the priority level indicated by pr,
bits.

OFFSET
LEVEL 5 CONTROL REGISTER 3AH
(TIMER 2)
LEVEL 4 CONTROL REGISTER 26H
(TIMER 1)
LEVEL 3 CONTROL REGISTER 26H
(DMA 1)
LEVEL 2 CONTROL REGISTER 34
(DMA 0)
LEVEL 0 CONTROL REGISTER a2H
(TIMER 0)
INTERRUPT STATUS REGISTER 30H
INTERRUPT-REQUEST REGISTER 2EH
IN-SERVICE REGISTER 2CH
PRIORITY-LEVEL MASK REGISTER | 2AH
MASK REGISTER 28M
SPECIFIC EOI REGISTER 22H
INTERRUPT VECTOR REGISTER 20M

Figure 33. Interrupt Controller Registers
(IRMXT™™ 86 Mode)

16 14 13

Lol ofole o o

s 7 e 865 4 3 2 1 0
e ] 0 J]oJ]oJ]oJloJo lt]ul]cuw]

Figure 34. Specific EOl Register Format

18 14 13

Lol oJole o o

[ 3 4 3 2
0 [rmMrR2{TMR1] Ot | DO

1 0
| o [T™Ro]

[ ] 7
elolol]

Figure 35. In-Service, Interrupt Request, and Mask Register Format
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Interrupt Vector Register

This register provides the upper five bits of the inter-
rupt vector address. The format of this register is
shown in Figure 37. The interrupt controlier itself
provides the lower three bits of the interrupt vector
as determined by the priority level of the interrupt
request.

The format of the bits in this register is:
t,:  5-bit field indicating the upper five bits of the

vector address.
Priority-Level Mask Register

This register indicates the lowest priority-level inter-
rupt which will be serviced.

The encoding of the bits in this register is:
my:  3-bit encoded field indication priority-level val-

ue. All levels of lower priority will be masked.
Interrupt Status Register

This register is defined exactly as in Non-iRMX
Mode. (See Fig. 26.)

Interrupt Controllier and Reset
Upon RESET, the interrupt controlier will pertorm
the following actions:

o Al SFNM bits reset to 0, implying Fully Nested
Mode.

® All PR bits in the various control registers set to 1.
This places all sources at lowest priority (level
111).

e All LTM bits reset to 0, resulting in edge-sense
mode.

All Interrupt Service bits reset to 0.

All Interrupt Request bits reset to 0.

All MSK (interrupt Mask) bits set to 1 (mask).
All C (Cascade) bits reset to 0 (non-cascade).

All PRM (Priority Mask) bits set to 1, implying no
levels masked.

® |nitialized to non-iRMX 86 mode.

15 14 13

LoloflTofe o -

$ 7 6 5 4 3 2 1 [
e [ ol ol o] o] o [msk|rr2]Pri]PRo]

Figure 36. Control Word Format

18 14 13

Lol ofof[e o o

[} 7 _6__ 8 4 3 2 1 0
e TolTw[w]eluwul[w][o]o] o]

Figure 37. Interrupt Vector Register Format

15 14 13 []

7

ol olofe o o

[] 8 4 3 2 1 0
e ToJToJoJoJT o] oJlme]m]mo]

Figure 38. Priority Level Mask Register
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Prellmmovy

DESCRIPTION FEATURES PIN CONFIGURATION

The Signetics SCN2681 Dual Universal o Dual full-duplex asynchronous recelver/
Asynchronous Receliver/Transmitter transmiter
(DUART) is a single chip MOS-LS! com- o Quadrupie buffered receiver data regls- A0 Vee
munications device that provides two In. tors w3 s
dop?ndent fu!l-duplex lsynchrorl\ous o Programmable data format A ™
recel vemrarv\smmer channels in_ a single =5 10 8 data bits plus parity " we
package. It interfaces direc!ly with micro- —~0dd, even, no parlty or force parity a2 2
processors and may be used in a polied or
interrupt driven system =1, 1.5 or 2 stop bits programmable in A3 CEN
: 1116 bit increments
The operating mode and data format of ¢ programmable baud rate for each re- b0 il
each channel can be programmed inde-  cgjyer and transmiter selectable from: waw "
pendently. Additionally, each receiver and «18 fixed rates: 50 to 38.4K baud RON X1CLK
transmitter can select its operating speed «One user defined rate derived from Ax08 AXDA
as one of eighteen fixed baud rates, a 16x programmable timer/counter ™08 5 TXDA
clock derived from a progrnmmabsle -—External 1x or 16x clock or ! oro
counter/timer, or an external 1x or 16x
clock. The baud rate generator and ::::'y' framing, and overrun error detec: or or2
counter/timer can operate directly from a ors ; OP4
crystal or from external clock inputs. The © Faise start bit detection or? ors
ability to independently program the ¢ Line break detection and g k 01 ’ 00
operating speed of the receiver and trans- e Programmable channel modo 03 02
mitter make the DUART particularly attrac- - Normal (full duplex) 08 o4
tive for dual-speed channe! applications ~Automatic echo o7 08
such as clustered terminal systems. =Local loopback onp AN
Each receiver is quadruply buffered to  —Remote loopback
minimize the potential of receiver overrun ® Multi-function programmable 16-bit
or to reduce interrupt overhead in inter- counter/timer
rupt driven systems. in addition, a flow e Multi-function 7-bit input port A0 [ vee
control capability is provided to disable a —Can serve as clock or control inputs At T w2
remote DUART transmitter when the buf- —Change of state detection on four A2 [ cen
fer of the receiving device is full. inputs As E RESET
Also provided on the SCN2681 are a multi- * Multi-function 8-bit output port WRN 3¢ x2
purpose 7-bit input port and a muitipur- = individual bit set/reset capability AON 5 xucux
pose 8-bit output port. These can be used —Outputs can be programmed to be ax0B - axoa
as general purpose /O ports or can be status/interrupt signals i
assigned specific functions (such as ciock e Versatile Interrupt system 08 - TX0A
inputs or status/interrupt outputs) under =Single interrupt output with eight or 129, OPO
program control. maskable Interrupting conditions 0 v 00
The SCN2681 is available in three package = Output port can be contigured to pro- 03 X
versions to salisfy various system require- vide a total of up to six separate wire- o8 [ 7 04
ments: 40-pin and 28-pin, both 0.6° wide OR‘able interrupt outputs o7 (] oy
DIPs, and a compact 24-pin, 0.4" wide, * Maximum data transfer: 1X — 1MB/sec, anp (4] ol
DIP. 16X — 125KB/sec
¢ Automatic weke-up mode for multidrop
spplications 0 a0
¢ Stert-end break interrupt/status %, v
o Detects break which originates In the miy
middie of & character i cen
o On-chip crystal osclilator R
¢ TTL compatible g :;'::'
o Single + 8V power supply ; rxoa
ORDERING CODE Y 0o
—
PACKAGES Vee=8V 25%, T,=0°Cto 70°C E 02
24 Pin’ 28 Pin? 40 Pin? [ 04
Coramic OIP Notavallable | SCN2681AC1128 | SCN2681AC 1140 -
Plastic DIP SCN2681AC 1N24 [ SCN28B1ACI1N28 [SCN2681AC IN4O 1. INTAN
1400 M. w.de OIP
2600 mut wide DIP TOP VIEWS

188 Signetics
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN26841 SERIES

BLOCK DIAGRAM

'
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‘ pr—
TRANSMIT
1]
HOLDING REG _—
TRANSMIT
SHIFT REGISTER
OPERATION
RoN CONTROL e
WAN HOLDING REG
ADDRESS )
cen DECODE <:> R1DA
. RECEIVE
A0-A3 - - SHIFT REG
AESET | R/W CONTROL I
MRA12
CRA
SRA
INTERRUPT
CONTROL -
A A s 1108
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ISR
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CLOCK
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MICROPROCESSOR DIVISION

JANUARY 1983

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN2684 SERIES

Prehminary

PIN DESIGNATION

MNEMONIC APPLICABLE TYPE NAME AND FUNCTION
4 | 28 | 24

D0-D7 X X X 110 | Data Bus: Bidirectional 3-state data bus used to transfer commands, data and status between
the DUART and the CPU. DO is the least significant bit.

CEN X X X | Chip Enable: Active low Input signal. When low, data transfers between the CPU and the
DUART are enabled on D0O-D7 as controlled by the WRN, RDN and A0-A3 inputs. When high,
places the DO-D7 lines in the 3-state condition.

WRN X| X | X | | Write Strobe: When low and CEN is also low, the contents of the data bus is loaded into the
addressed register. The transfer occurs on the rising edge of the signal.

RDN X X X | Read Strobe: When low and CEN is aiso low, causes the contents of the addressed register to
be presented on the data bus. The read cycle begins on the falling edge of RON.

AO-A3 X X X | Address Inputs: Select the DUART internal registers and ports for read/write operations

RESET X X X | Reset: A high level clears internal registers (SRA, SRB, IMR, ISR, OPR, OPCR), puts OP0-OP7
In the high state, stops the counter/timer, and puts channeis A and B in the inactive state,
with the TxDA and TxDB outputs in the mark (high) state.

INTRN X X X (o] Interrupt Request: Active low, open drain, output which signals the CPU that one or more of
the eight maskablie interrupting conditions are true.

X1CLK X X X | Crystal 1: Crystal or external clock input. A crystal or clock of the specified limits must be
supplied at all times. When a crystal is used, a capacitor must be connected from this pin to

ground (see figure 5).
X2 x| X O [Crystal 2: Connection for other side of the crystal. Should be connected to ground if a
crystal is not used. When a crystal is used, a capacitor must be connected from this pin to

ground (see figure 5).

RxDA X X X | Channel A Receiver Serial Data Input: The ieast significant bit is received first. ‘Mark’ is high,
‘space’ is low.

RxDB X X X | Channel B Receiver Serial Data Input: The least significant bit is received first. "Mark’ 18 high,
‘space’ is low.

TxDA X X X O {Channel A Transmitter Serial Data Output: The least significant bit is transmitted first This
output is held in the ‘mark’ condition when the transmitter is disabled, idie, or when operat-
ing in local loopback mode. ‘Mark' is high, ‘space’ is low.

TxDB X X | X O | Channel B Transmitter Serial Dats Output: The least significant bit is transmitted first This
output is held in the ‘mark’ condition when the transmitter is disabled, idle, or when operat-
ing in local loopback mode. ‘Mark’ is high, ‘space’ is low.

OPO X | X O | Output 0: General purpose output, or channel A request to send (RTSAN, active iow). Can be
deactivated on receive or transmit.

OP1 X X O | Output 1: General purpose output, or channel B request to send (RTSBN, active low). Can be
deactivated on receive or transmit.

oP2 X O | Output 2: General purpose output, or channel A transmitter 1X or 16X clock output, or chan-
nel A receiver 1X clock output.

OP3 X O | Output 3: General purpose output, or open drain, active iow counter/timer output, or channe!
B transmitter 1X clock output, or channel B receiver 1X clock output.

OP4 X (o] Output 4: General purpose output, or channel A open drain, active low, RxRDYA/FFULLA out-
put.

OP5 X O | Output 5: General purpose output, or channel B open drain, active low, RxRDYB/FFULLB out-
put.

OoPé X O | Output 8: General purpose output, or channe! A open drain, active low, TxRDYA output

oP? X O |{Output 7: Genera! purpose output, or channel B open drain, active low, TxRDYB output

(1] X | Input 0: General purpose input, or channe! A clear to send active low input (CTSAN)
P X | Input 1: General purpose input, or channel B clear to send active low input (CTSBN)
P2 X X | Input 2: General purpose nput, or counter/timer external clock input
P3 X 1 Input 3: General purpose Input, or channel A transmitter external clock input (TxCA) When
the externa! clock is used by the transmitter, the transmitted data 18 ClOCked on the falling
edge of the clock
1-70 Signetics
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PIN DESIGNATION (Continued)

L APPLICABLE
NEMONIC TYPE NAME AND FUNCTION
4 |28 | 24

P4 X | Input 4: General purpose input, or channel A receiver external clock input (RxCA). When the
external clock is used by the receiver, the received data is sampied on the rising edge of the
clock.

iP5 X | Input 5: General purpose input, or channel B transmitter external clock input (TxCB). When
the external clock is used by the transmitter, the transmitted data is clocked on the falling
edge of the clock.

P8 X i input 6: General purpose input or channel B receiver external clock input (RxCB). When the
external clock is used by the receiver, the received data is sampled on the rising edge of the
clock.

Vee X X X | Power Supply: + 5V supply input

GND X X X | Qround

BLOCK DIAGRAM

The 2681 DUART consists of the following
eight major sections: data bus buffer,
operation control, interrupt control, tim-
ing, communications channeis A and B, in-
put port and output port. Refer to the
block diagram.

Data Bus Buffer

The data bus buffer provides the interface
between the external and internal data
busses. It is controlled by the operation
control block to allow read and write
operations to take place between the con-
trolling CPU and the DUART. -

Operation Control

The operation control logic receives
operation commands from the CPU and
generates appropriate signais to internal
sections to control device operation. It
contains address decoding and read and
write circuits to permit communications
with the microprocessor via the data bus
buffer.

Interrupt Control

A single active low Interrupt output
(INTRN) is provided which is activated
upon the occurence of any of eight inter-
nal events. Associated with the Interrupt
sysiem are the interrupt mask. register
(IMR) and the interrupt status register
(ISR). The IMR may be programmed to
select only certain conditions to cause
INTRN to be asserted. The ISR can be read
by the CPU to determine all currently ac-
tive interrupting conditions.

Outputs OP3-OP7 can be programmed to
provide discrete interrupt outputs for the
transmitiers, receivers, and counter/timer

Timing Circuits

The timing block consists of a crystal
oscillator, a baud rate generator, a pro-
grammable 16-bit counter/timer, and four
clock selectors. The crystal oscillator
operates directly from a 3.6864MHz crys-
tal connected across the X1/CLK and X2
inputs. If an external ciock of the appropri-
ate frequency is available, it may be con-
nected to X1/CLK. The clock serves as the
basic timing reference for the baud rate
generator (BRG), the counter/timer, and
other internal circuits. A clock signal
within the limits specified in the specifica-
tions section of this data sheet must
always be supplied to the DUART.

The baud rate generator operates from the
oscillator or external clock input and is
capable of generating 18 commonly used
data communications baud rates ranging
from 50 to 38.4K baud. The clock outputs
from the BRG are at 16X the actual baud
rate. The counter/timer can be used as a
timer to produce a 16X clock tor any other
baud rate by counting down the crystal
clock or an external clock. The four clock
selectors allow the independent selection,
for each receiver and transmitter, of any of
these baud rates or an external timing sig-
nal.

The counter/timer (C/T) can be program-
med to use one of several timing sources
a8 its input. The output of the C/T is avail-
able to the clock selectors and can also be
programmed to be output at OP3. in the
counter mode, the contents of the C/T can
be read by the CPU and it can be stopped
and started under program control. in the
timer mode, the C/T acts as a program.
mable divider.

Signetics

Communications Channels
Aand B

Each communications channel of the 2681
comprises a full duplex asynchronous re-
ceiver/transmitter (UART). The operating
frequency for each receiver and transmit-
ter can be selected independently from
the baud rate generator, the counter imer,
or from an external input.

The transmitter accepts parallel data from
the CPU, converts it to a serial bit stream,
inserts the appropriate start, stop, and op-
tional parity bits and outputs a composite
serial stream of data on the TxD output
pin. The receiver accepts seral data on
the RxD pin, converts this serial input to
paraliel format, checks for start bit, stop
bit, parity bit (if any), or break condition
and sends an assembied character to the
CPU.

Input Port

The inputs to this uniatched 7-bit port can
be read by the CPU by pertorming a read
operation at address D,g A high input re-
sults in a logic 1 while a low input results
in a logic 0. D; will siways be read as a
logic 1. The pins of this port can aiso serve
as auxiliary inputs to certain portions of
the DUART logic.

Four change-of-state detectors are pro-
vided which are associated with inputs
1P3, IP2, IP1, and IPO. A high-to-low or low-
to-high transition of these inputs lasting
fonger than 25-50,8 will set the corre-
sponding bit in the input port will change
register The bits are cleared when the
register 18 read by the CPU Any change of
state can also be programmed to generate
an interrupt to the CPU *

-
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Output Port

The 8-bit multi-purpose output port can be
used as a general purpose output port, in
which case the outputs are the comple-
ments of the output port register (OPR).
OPR|[n] = 1 resuits in OP{n]= low and vice-
versa. Bits of the OPR can be individually
set and reset. A bit is set by performing a
write operation at address E,g with the ac-
companying data specifying the bits to be
set (1 = set, 0= no change). Likewise, a bit
is reset by a write at address F,, with the
accompanying data specifying the bits to
be reset (1= reset, 0= no change).

Outputs can be also individually assigned
specific functions by appropriate pro-
gramming of the channel A mode registers
(MR1A, MR2A), the channel B mode regis-
ters (MR1B, MR2B), and the output port
configuration register (OPCR).

OPERATION

Transmitter

The 2681 is conditioned to transmit data
when the transmitter is enabled through
the command register. The 2681 indicates
to the CPU that it is ready to accept a
character by setting the TxRDY bit in the
status register. This condition can be pro-
grammed to generate an interrupt request
at OP6 or OP7 and INTRN. When a charac-
ter is loaded into the transmit hoiding reg-
ister (THR), the above conditions are
negated. Data is transferred from the hold-
ing register to the transmit shift register
when it is idle or has completed transmis-
sion of the previous character. The TxRDY
conditions are then asserted again which
means one full character time of buffering
is provided. Characters cannot be loaded
into the THR while the transmitter is dis-
abled.

The transmitter converts the paralle! data
from the CPU to a serial bit stream on the
TxD output pin. it sutomatically sends a
start bit followed by the programmed
number of data Dits, an optional parity bit,
and the programmed number of stop bits.
The least significant bit 18 sent first. Fol-
lowing the transmission of the stop bits, it
8 new character is not available in the
THR, the TxD output remains high and the
TxEMT bit 1n the status register (SR) will
be set to 1. Transmission resumes and the
TxEMT bit 18 cleared when the CPU ioads &
new character into the THR. If the trans:
mitter 18 disabled, it continues operating
until the character currently being trans:
mitted 18 completely sent out The trans:
mitter can be forced 10 send & continuous

1-72

low condition by issuing a send break
command.

The transmitter can be reset through a
software command. if it is reset, operation
ceases immediately and the transmitter
must be enabled through the command
register before resuming operation. if CTS
operation is enabled, the CTSN input must
be low in order for the character to be
transmitted. if it goes high in the middie of
a transmission, the character in the shift
register is transmitted and TxDA then re-
mains in the marking state until CTSN
goes low. The transmitter can also control
the deactivation of the RTSN output. If
programmed, the RTSN output will be re-
set one bit time after the character in the
transmit shift register and transmit hold-
ing register (if any) are completely trans-
mitted, if the transmitter has been dis-
abled.

Receiver

The 2681 is conditioned to receive data
when enabled through the command reg-
ister. The receiver looks for a high to low
(mark to space) transition of the start bit
on the RxD input pin. If a transition is de-
tected, the state of the RxD pin is sampled
each 16X clock for 7-1/2 clocks (16X clock
mode) or at the next rising edge of the bit
time clock (1X clock mode). If RxD is
sampled high, the start bit is invalid and
the search for a valid start bit begins
again. If RxD is still low, a valid start bit is
assumed and the receiver continues to
sample the input at one bit time intervais
at the theoretical center of the bit, until
the proper number of data bits and the
parity bit (if any) have been assembled,
and one stop bit has been detected. The
least sigificant bit is received first. The
data is then transferred to the receive
holding register (RHR) and the RxRDY bit
in the SR is set to a 1. This condition can
be programmed to generate an interrupt at
OP4 or OP5 and INTRN. If the character
length is less than eight bits, the most
significant unused bits in the RHR are set
10 zer0.

After the stop bit is detected, the receiver
will immediately 100k for the next start bit
However, if 8 non-zero character was re-
ceived without a stop bit (framing error)
and RxD remains low for one half of the bit
period after the stop bit was sampled,
then the receiver operates as if a new start
bit transition had been detected at that
point (one-haif bit time after the stop bit
was sampled)

The parity error, framing error, overrun er-
ror and received break state (if any) are

Signeftics

strobed into the SR at the received charac:
ter boundary, before the RxRDY status bit
is set. If a break condition i1s detected
(RxD is low for the entire character in-
cluding the stop bit), a character con:
sisting of all zeros will be loaded into the
RHR and the received break bit in the SR
is set t0 1. The RxD input must returnto a
high condition for at least one-half bit time
before a search for the next start bit
begins.

The RHR consists of a first-in-first-out
(FIFO) stack with a capacity of three char-
acters. Data is loaded from the receive
shift register into the topmost empty pos:-
tion of the FIFO. The RxRDY bit in the
status register is set whenever one or
more characters are available to be read,
and a FFULL status bit is set if all three
stack positions are filled with data. Either
of these bits can be seiected to cause an
interrupt. A read of the RHR outputs the
data at the top of the FIFC. After the read
cycle, the data FIFO and its associated
status bits (see below) are ‘popped’ thus
emptying a FIFO position for new data

In addition to the data word, three status
bits (parity error, framing error, and re-
ceived break) are aiso appended to each
data character in the FIFO (overrun 18 not)
Status can be provided in two ways. as
programmed by the error mode contro! bit
in the mode register In the ‘Character’
mode, status is provided on 8 character-
by-character basis: the status appiies only
to the character at the top of the FIFO in
the '‘block’' mode, the status provided in
the SR for these three bits is the logical
OR of the status for all characters coming
to the top of the FIFO since the last ‘reset
error' command was issued. In either
mode reading the SR does not affect the
FIFO. The FIFO s ‘popped’ only when the
RHR is read. Therefore the status register
should be read prior to reading the FIFO

If the FIFO is full when a new character 1s
received, that character is held in the re-
ceive shift register until a FIFO position s
available. It an agditional character 18 re-
ceived while this state exits, the contents
of the FIFO are not affected the character
previously in the shift register is lost and
the overrun error status bit (SR[4]) will be
set upon receipt of the start bit of the new
(overruning) character.

The receiver can control the deactivation
ot RTS. if programmed to operate in this
mode, the RTSN output will be negated
when 8 vaiid start Dit was received and the
FIFO 18 full. When & FIFO position be
comes available. the RTSN output will be
re-asserted automatically. This leature
can be used 10 prevent an overrun, in the
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receiver, by connecting the RTSN output
to the CTSN input of the transmitting
device.

If the receiver is disabled, the FIFO char-
acters can be read. However, no additional
characters can be received until the re-
ceiver is enabled again. If the receiver is
reset, the FIFO and all of the receiver
status, and the corresponding output
ports and interrupt are reset. No addi-
tional characters can be received until the
receiver is enabled again.

Multidrop Mode

The DUART is equipped with a wake up
mode used for multidrop applications.
This mode is selected by programming
bits MR1A[4:3] or MR1B[4:3] to '11' for
channels A and B respectively. In this
mode of operation, a 'master’ station
transmits an address character followed
by data characters for the addressed
‘slave’ station. The slave stations, with
receivers that are normally -disabled, ex-
amine the received data stream and 'wake-
up’' the CPU (by setting RxRDY) only upon
receipt of an address character. The CPU
compares the received address to its sta-
tion address and enables the receiver if it
wishes to receive the subsequent data
characters. Upon receipt of another ad-
dress character, the CPU may disable the
receiver to initiate the process again.

A transmitted character consists of a start
bit, the programmed number of data bits,
an address/data (A/D) bit, and the pro-
grammed number of stop bits. The polarity
of the transmitted A/D bit is selected by
the CPU by programming bit MR1A[2)
MR1B[2). MR1A[2/MR1B[2] = 0 transmits a
zero in the A/D bit position, which iden-
tifies the corresponding data bits as data,
while MR1A[2JMR1B[2]=1 transmits a
one in the A/D bit position, which identi-
fies the corresponding data bits as an ad-
dress. The CPU should program the mode
register prior to loading the corresponding
data bits into the THR.

in this mode, the receiver continuously
looks at the received data stream, whether
it is enabled or disabled. !f disabled, it
sets the RxRDY status bit and loads the
character into the RHR FIFO 1f the re:
ceived A/D bit 1s a one (address tag). but
discards the received character if the
received A/D bit 18 8 zero (data tag) If
enabled. all received characters are trans.
ferred 10 the CPU via the RHR in either
case, the data bits are loaded into the data
FIFO while the A/D bit 18 loaded into the
status FIFO position normaily used for
panty error (SRA[S] or SRB|5)) Framing
@rror. overrun error, and break detec! oper:

ate normally whether or not the receiver is
enabled.

PROGRAMMING

The operation of the DUART is program-
med by writing control words into the ap-
propriate registers. Operational feedback
is provided via status registers which can
be read by the CPU. The addressing of the
registers is described in table 1.

The contents of certain control registers
are initialized to zero on RESET. Care
should be exercised if the contents of a
register are changed during operation,
since certain changes may cause opera-
tional problems. For example, changing
the number of bits per character while the
transmitter is active may cause the trans-
mission of an incorrect character. In gen-
eral, the contents of the MR, the CSR, and
the OPCR should only be changed while
the receiver(s) and transmitter(s) are not
enabled, and certain changes to the ACR
should only be made while the C/T is
stopped.

Mode registers 1 and 2 of each channel are
accessed via independent auxiliary point-
ers. The pointer is set to MR1x by RESET
or by issuing a ‘reset pointer' command
via the corresponding command register.
Any read or write of the mode register
while the pointer is at MR1x switches the
pointer to MR2x. The pointer then remains
at MR2x, 8o that subsequent accesses are
always to MR2x unless the pointer is reset
to MR1x as described above.

Mode, command, clock select, and status
registers are duplicated for each channel
to provide total independent operation
and control. Refer to table 2 for-register bit
descriptions.

MR1A — Channel A Mode
Register 1

MR1A is accessed when the channei A MR
pointer points to MR1. The pointer is set
to MR1 by RESET or by a 'set pointer’ com-
mand applied via CRA. After reading or
writing MR1A, the pointer will point to
MR2A.

MR1A[7] — Channe! A Receiver Request:
to-Send Control — This bit controls the
deactivation of the RTSAN output (OPOQ) by
the receiver. This output is normally
asserted by setting OPR[0] and negated by
resetting OPR[0). MR1A[7]=1 causes
RTSAN to be negated upon receipt of a
valid start bit if the channei A FIFO 1s full.
However, OPR[0] is not reset and RTSAN
will be asserted again when an empty
FIFO position is available. This feature
can be used for flow control to prevent
overrun in the receiver by using the
RTSAN output signal to control the CTSN
input of the transmitting device

MR1A[8] — Channel A Receiver Interrupt
Select — This bit selects either the chan-
nel A receiver ready status (RXRDY) or the
channe! A FIFO tull status (FFULL) to be
used for CPU interrupts. It aiso causes the
selected bit to be output on OP4 «f 1t 1s
programmed as an interrupt output via the
OPCR.

MR1A[5] — Channe! A Error Mode Select
= This bit selects the operating mode of
the three FIFOed status bits (FE, PE, re-
ceived break) for channel A In the ‘charac-
ter' mode, status is provided on a charac-
ter-by-character basis: the status applies
only to the character at the top of the
FIFO. In the ‘biock’ mode, the status pro-
vided in the SR for these Dits is the ac-

Table 1 2681 REGISTER ADDRESSING
A3 |A2| A1|A0 READ (RON=0) WRITE (WRN = 0)
00| 0|0 | ModeRegister A(MR1A, MR2A) | Mode Register A (MR1A, MR2A)
0]0] 0] 1 | Status Register A (SRA) Clock Select Reg A (CSRA)
0{0] 1|0 | *Reserved* Command Register A (CRA)
00| 1] 1 |RXHolding Register A (RHRA) | TX Holding Register A (THRA)
0|1]0]|0 |InputPort Change Reg (IPCR) | Aux. Control Register (ACR)
01| 0] 1 |interrupt Status Reg. (ISR) Interrupt Mask Reg. (IMR)
01| 1|0 | Counter/Timer Upper (CTU) C/T Upper Register (CTUR)
01| 1] | Counter/Timer Lower (CTL) C/T Lower Register (CTLR)
1/0] 0|0 | Mode Register B(MR1B, MR2B) | Mode Reg:ster B (MR18. MR28B)
1/0]| 0|1 [ Status Register B (SRB) Clock Select Reg. B (CSRB)
1{0| 1|0 | *Reserved* Command Register B (CRB)
1 10| 1} | RX Holding Register B (RHRB) | TX Holding Register B (THRB)
111]0]|0 | *Reservea* *Reserved*
1111011 |IinputPort Output Port Cont Reg (OPCR)
111 1]0 | Start Counter Command Set Output Port Bits Command
1 11| v |1 | Stop Counter Command Rese! Output Port Bits Command

Sianetics
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Table 2 REGISTER BIT FORMATS

BIT? BITe BITS BIT4 BIT3 8iT2 8ITY BITO
AX RTS RX INT ERROR PARITY
CONTROL SELECT MODE PARITY MODE TYPE BITS PER CHAR.
MR1A O=no 0= RXRDY O=char 00 = with parity O= even 00=5
MR18 1=yes 1= FFULL 1= block 01 = force parity 1= o0dd 01=6
10 = no parity 10=7
11 = muiti-drop mode M=8
8im? BITS 8ITS BIT4 BIT3 BIT2 [ [ 4] 8iTo
Tx RTS CTS .
CHANNEL MODE CONTROL ENABLE Tx STOP BIT LENGTH
MR2A 00 = Normal 0=no 0=no 0=0.563 4=0813 8= 1.563 C=1813
MR28 01= Auto echo 1=yes 1=yes 1=0.625 5=0.875 9=1.625 D=1875
10 = Local loop 2=0.688 6=0938 A= 1688 E=1938
11= Remote loop 3=0.750 7= 1.000 B=175 F = 2.000
*Add 0.5 to vaiues shown for 0-7 1f 18 prog! for
8IT? BITS BITS BIT4 8IT3 BIT2 BITY B8ITO
CSRA RECEIVER CLOCK SELECT TRANSMITTER CLOCK SELECT
CSRB See text See text
BIT? BITS 8ITs 8IT4 8IT3 BIT2 BITY 8ITO
MISCELLANEOUS COMMANDS DISABLE Tx | ENABLE Tx | DISABLE Rx | ENABLE Rx
CRA not used—
CRB must be 0 See text 0=no 0=no 0=no 0=no
1=yes 1=yes 1=yes 1=yes
BIT? 8ITe BITS BIT4 8IT3 8IT2 BITY 8iT0
RECEIVED FRAMING PARITY OVERRUN
BREAK ERROR ERROR ERROR TxEMT TxRDY FFULL RxROY
SRA 0=no 0=no 0=no 0=no 0=no 0=no 0=no O0=no
SRB 1=yes 1=yes 1=yes 1=yes 1=yes 1=yes 1= yes 1=yes
*These status Dits are 1o the ¢ data in the receive FIFO A read of the status register provides these bits (7.5) rom the 1op of the 5~l‘0
together with bits 4.0 These Dits are cleared by & ‘reset error status’ command. in Character mode they are when the 9 deta 18 reec
trom the FIFO
BIT? BITe 8ITS BIT4 BIT3 BIT2 8ITY 8iT0
oP? oP8 OPS OoP4 OP3 oP2
0= OPR(7) 0= OPR[6) 0= OPR[5) 0= OPR[4) 00 = OPR(3} 00 = OPR(2}
OPCR | 1=TxRDYB | 1=TxRDYA | 1= RxRDY/ 1= RxRDY/ 01= C/T OUTPUT 01 = TxCA (16X)
FFULLB FFULLA 10= TxCB (1X) 10= TxCA (1X)
11= RxCB (1X) 11= RxCA (1X)
8IT? 8ITe BITS BIT4 8IT3 BIT2 B8ITY 8iTo
BRG SET COUNTER/TIMER DELTA DELTA DELTA DELTA
SELECT MODE AND SOURCE IP3 INT P2 INT IP1INT IPO INT
ACR 0= sett Seo table 4 O=off O=off O=oft O=oft
1= set2 i=on 1=0n 1=o0n 1=0n
8IT? [ (] B8ITS BIT4 [ 1)) B8IvT2 B8ITY [ 1 (]
DELTA DELTA DELTA DELTA
PCA 3 P2 'Y o P3 P2 ([ 4] PO
O=no 0=no O=no 0=no O= low O=low O=low 0= low
1=yes 1= yes 1= yes 1=yes 1= high 1= high 1= high 1= high
1.74 Signetics
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Table 2 REGISTER BIT FORMATS (Continued)

BIT? BITe B8ITS BIT4 BIT3 BIT2 8IT B8ITO
INPUT
DELTA RxRDY/ COUNTER DELTA RxRDY/
PORT TxRDYB TxRDYA
ISR CHANGE BREAK B FFULLB READY BREAK A FFULLA
0=no 0=no 0= no 0=no O=no 0=no O=no 0= no
1=yes 1=yes 1= yes 1=yes 1= yes 1=yes 1= yes 1= yes
B8IT? 8ITe BITS BIT4 BIT3 BIT2 BITY BITO
IN. PORT DELTA RxRDY/ COUNTER DELTA RxRDY/
CHANGE | BREAKB | FFULLB TxROY8 READY BREAKA | FFULLA TxRoYA
IMR INT INT INT INT INT INT
0= off 0= off 0= off 0= oft 0= oft 0= oft 0= off 0= off
1=o0n 1=o0n 1=on 1=o0n 1=0n 1=0n 1=0n 1=0n
BIT? BITE BITS BIT4 BIT3 BiT2 BITY 8ITO
CIT{15) Cr14) CIT[13) CrTi12) Cm) cn10) (<41} CrTie)
CTUR
BIT? BIT6 BITS BIT4 BIT3 B8IT2 BITY 8iT0
cm CrTie) CITIs) CrTia) CIT(3) CrTi2) cm crmo)
CTLR
cumulation (logical OR) of the status for MR2A — Channel A Mode 6. Character framing is checked. but the

all characters coming to the top of the
FIFO since the last ‘reset error’ command
for channel A was issued.

MR1A[4:3] — Channe! A Parity Mode
Select — If ‘with parity’ or ‘force parity' is
selected, a parity bit is added to the trans-
mitted character and the receiver per-
forms a parity check on incoming data.
MR1A[4:3] = 11 selects channe! A to oper-
ate in the special multidrop mode de-
scribed in the Operation section.

MR1A[2] — Channel A Perity Type Select
= This bit selects the parity type (odd or
even) if the ‘with parity’ mode is program-
med by MR1A[4:3], and the polarity of the
forced parity bit if the ‘force parity' mode
is programmed. It has no effect if the 'no
parity’ mode 18 programmed. In the specia!
multidrop mode it selects the polarity of
the A/D bit

MR1A[1:0] — Channel A Bits per Character
Select — This field selects the number of
data bits per character 10 be iransmitted
and received. The character length does
not include the start, parity, and stop bits

Register 2

MR2A is accessed when the channel A MR
pointer points to MR2, which occurs after
any access to MR1A. Accesses to MR2A
do not change the pointer.

MR2A[7:6] — Channel A Mode Select —

Each channel of the DUART can operate in

one of four modes. MR2A[7:6] = 00 is the

normal mode, with the transmitier and re-

ceiver operating independently. MR2A[7:6]

=01 places the channel in the automatic

echo mode, which automatically retrans-

mits the received data. The following con-

ditions are true while in automatic echo

mode:

1. Received data is reclocked and retrans-

mitted on the TxDA output.

The receive clock is used for the trans-

mitter.

The receiver must be enabled, but the

transmitter need not be enabled.

. The channel A TxRDY and TxEMT
status bits are inactive

. The received parity is checked. but is
not regenerated for transmission, 1 @,
transmitted parity bit i1s a8 received

2

3.

Signetics

stop bits are retransmitted as received
. Areceived break 1S echoed as received
until the next valid start bit 1s detected
. CPU to receiver communication contin:
ues normally, but the CPU to transmit.
ter link is disabled.
Two diagnostic modes can also be contig:
ured. MR2A[7:6)=10 selects local! loop:
back mode. in this mode:
1. The transmitter output is internally
connected to the receiver input
The transmit clock is used for the re-
ceiver.
The TxDA output is held high.
The RxDA input is ignored.
The transmitter must be enabled, but
the receiver need not be enabied
CPU 1o transmitter and receiwver com:
munications continue normally
The second diagnostic mode is the remote
loopback mode, selected by MR2A[7.6) =
11. In this mode:
1. Roeceived data is relocked and retrans
mitied on the TxDA output
2. The receive clock 18 used for the trans
mitter

2.
3
4
S.

175

Reproduced with permission from Signetics



MICROPROCESSOR DIVISION

JANUARY 1983

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART)

SCN2681 SERIES

Prehminary

3. Received data is not sent to the local
CPU, and the error status conditions
are inactive.

4. The received parity is not checked and
is not regenerated for transmission,
i.e., transmitted parity bit is as re-
ceived.

5. The receiver must be enabled.

6. Character framing is not checked, and
the stop bits are retransmitted as re-
ceived.

. A received break is echoed as received
until the next valid start bit is detected.

~

The user must exercise care when switch-
ing into and out of the various modes. The
selected mode will be activated immedi-
ately upon mode selection, even if this oc-
curs in the middie of a received or trans-
mitted character. Likewise, if a mode is de-
selected, the device will switch out of the
mode immediately. An exception to this is
switching out of autoecho or remote ioop-
back modes: if the de-selection occurs
just after the receiver has sampled the
stop bit (indicated in autoecho by asser-
tion of RxRDY), and the transmitter is
enabled, the transmitter will remain in
autoecho mode until the entire stop bit
has been retransmitted.

MR2A[5]) — Channel A Transmitter Re-
quest-to-Send Control — This bit controls
the deactivation of the RTSAN output
(OP0) by the transmitter. This output is
normally asserted by setting OPR[0) and
negated by resetting OPR[0). MR2A[5] =1
causes OPR[0] to be reset automatically
one bit time after the characters in the
channel A transmit ghift register and in
the THR, if any, are completely transmit-
ted, including the programmed number of
stop bits, if the transmitter is not enabled.
This feature can be used to automatically
terminate the transmission of a message
as follows:

. Program auto-reset mode: MR2A[5] = 1.

. Enable transmitter.

. Assert RTSAN OPR(0)= 1.

. Send message.

. Disable transmitter after the last char-
acter is loaded into the channel A THR.

€. The last character will be transmitted

and OPR(0) will be reset one bit time

after the last stop bit, causing RTSAN

10 be negated

W -

MR2A[4) — Channel A Clear-to-Send Con-
trol — if thig Dit is 0, CTSAN has no effect
on the transmitter If this bit 18 & 1, the
transmitter checks the state of CTSAN
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(IP0) each time it is ready to send a charac-
ter. 11 IPOis asserted (low), the character is
transmitted. |f it is negated (high), the
TxDA output remains in the marking state
and the transmission Iis delayed until
CTSAN goes low. Changes in CTSAN
while a character is being transmitted do
not affect the transmission of that charac-
ter.

MR2A[3:0] — Channel A Stop Bit Length
Select — This field programs the length of
the stop bit appended to the transmitted
character. Stop bit lengths of 8/16 to 1 and
1-8/16 to 2 bits, in increments of 1/16 bit,
can be programmed for character lengths
of 6, 7, and 8 bits. For a character length of
$ bits, 1-1/16 to 2 stop bits can be pro-
grammed in increments of 1/16 bit. The re-
ceiver only checks for a ‘mark’ condition
at the center of the first stop bit position
(one bit time after the last data bit, or after
the parity bit if parity is enabled) in all
cases.

If an external 1X clock is used for the
transmitter, MR2A([3] = 0 selects one stop
bit and MR2A[3] = 1 selects two stop bits
to be transmitted.

MR1B — Channel B Mode
Register 1

MR1B is accessed when the channel B MR
pointer points to MR1. The pointer is set
to MR1 by RESET or by a 'set pointer’ com-
mand applied via CRB. After reading or
writing MR1B, the pointer will point to
MR28B.

The bit definitions for this register are
identical to the bit definitions for MR1A,
except that all control actions apply to the
channel B receiver and transmitter and the
corresponding inputs and outputs.

MR2B — Channel B Mode
Register 2

MR28B is accessed when the channel B MR
pointer points to MR2, which occurs after
any access to MR1B. Accesses to MR2B
do not change the pointer.

The bit definitions for this register are
identical to the bit definitions for MR2A,
except that all control actions apply to the
channel B receiver and transmitter and the
corresponding inputs and outputs.

CSRA — Channe! A Clock Select
Register

CSRA[7:4) — Channel A Recelver Clock
Select — This field selects the baud rate
clock for the channel A receiver as fol-
lows

Signetics

Baud Rate

CLOCK = 3.6864MHz
CS8RA[7:4) ACR[7]=0 ACR[7]=1
0000 50 7%
0001 110 110
0010 1345 134.5
00 11 200 150
0100 300 300
0101 600 600
0110 1,200 1,200
0111 1,050 2,000
1000 2,400 2,400
1001 4,800 4,800
1010 7,200 1,800
1011 9,600 9,600
1100 38.4K 19.2K
1101 Timer Timer
1110 1P4— 16X 1P4—18X
11 11 IP4—1X IP4—1X

The receiver clock is always a 18X clock
except for CSRA[7:4) = 1111,

CSRA[3:0] — Channel A Transmitter Clock
Select — This field selects the baud rate
clock for the channel A transmitter The
field definition is as per CSRA[7:4] except
as follows:

Baud Rate
CSRA[3:0)] ACR{7]=0 ACR[7]=1
1110 IP3—16X IP3—16X
11 11 1P3—1X IP3—1X

The transmitter clock is always a 18X
clock except for CSRA[3:0] = 1111

CSRB — Channe! B Clock Select
Register

CSRB[7:4] — Channel B Receiver Clock
Select — This field selects the baud rate
clock for the channel B receiver. The field
definition is as per CSRA[7:4] except as
follows:

Baud Rate
CSRB([7:4) ACR[7]=0 ACR[T}=1
1110 IP6— 16X 1P6— 16X
1T 1 11 1P6—1X 1P6—1X

The receiver clock 18 always a 16X clock
except tor CSRB[7:4)= 1111,

CSRB8(3:0] — Channel B Transmitter Clock
Select — This tield selects the baud rate
clock for the channel B transmitter. The
tield definition 18 as per CSRA[7:4] except
as follows

Saud Rate
CSRB{30] ACR[7)=0 ACR[T)=1
1110 IPS— 18X PS5— 16X
1T 1 v 1PS5—1X PS—1x

The transmitter clock 13 8lways 8 16X
clock except for CSRB(3 0] = 1111
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CRA — Channe! A Command
Register

CRA is a register used to supply com-
mands to channe! A. Mulitiple commands
can be specified in a single write to CRA
as long as the commands are non-conflict-
ing, e.g.. the ‘enable transmitter’ and
‘reset transmitter’ commands cannot be
specified in a single command word.

CRAJ6:4) — Channel A Miscelianeous
Commands — The encoded value of this
field may be used to specify a single com-
mand as follows:

CRAj6:4) COMMAND

000 Nocommand.

0 0 1 Reset MR pointer. Causes the
channe! A MR pointer to point to
MR1,

Reset receiver. Resets the chan-
nel A receiver as if a hardware
reset had been applied. The re-
ceiver is disabled and the FIFO
is flushed.

Reset transmitter. Resets the
channel A transmitter as if a
hardware reset had been ap-
plied.

Reset error status. Clears the
channel A Received Break, Par-
ity Error, Framing Error, and
Overrun Error bits in the status
register (SRA[7:4)). Used in char-
acter mode to clear OE status
(although RB, PE, and FE bits
will also be cleared) and in block
mode 10 clear all error status
after a block of data has been
received.

Reset channe! A break change
interrupt. Causes the channel A
break detect change bit in the in-
terrupt status register (ISR[2)) to
be cleared to zero.

Start bresk. Forces the TXDA
output low (spacing). If the
transmitter is empty the start of
the break condition will be de-
lsyed up to two bit times. If the
transmitter is active the break
begins when dransmission of the
character is completed. it achar-
acter is in the THR, the start of
the break will be delayed untii
that character, or any others
loaded subsequently are trans.
mitted The transmitter must be
enabied for this command 10 be
accepted.

Stop Break The TXDA line will
90 high (marking) within two bit

010

011

100

101

111

times. TXDA wili remain high for
one Dbit time before the next
character, if any, is transmitted.

CRA[3] — Disable Channe! A Transmitter
= This command terminates transmitter
operation and resets the TxRDY and
TxEMT status bits. However, if a character
is being transmitted or if a character is in
the THR when the transmitter is disabled,
the transmission of the character(s) is
completed before assuming the inactive
state.

CRA[2) — Enable Channe! A Transmitter
- Enables operation of the channel A
transmitter. The TxRDY status bit wiil be
asserted.

CRA[1] — Disable Channel A Receiver —
This command terminates operation of
the receiver immediately — & character
being received will be lost. The command
has no eftect on the receiver status bits or
any other control registers. If the special
multidrop mode is programmed, the re-
ceiver operates even if it is disabled. See
Operation section.

CRA[0] — Enable Channel A Receiver —
Enables operation of the channel A re-
ceiver. |f not in the special wakeup mode,
this also forces the receiver into the
search for start-bit state.

CRB — Channel B Command
Register

CRB is a register used to supply com-
mands to channe! B. Multiple commands
can be specified in a single write to CRB
a8 long as the commands are non-conflict-
ing, e.g., the ‘enable transmitter’ and
‘rese! transmitter’ commands cannot be
specified in 8 single command word.

The bit definitions for this register are
identica! to the bit definitions for CRA, ex-
cept that all control acticns apply to the
channel B receiver and transmitter and the
corresponding inputs and outputs.

SRA — Channel A Status
Register

SRA[7] — Channe! A Recelved Break —~
This bit indicates that an ali zero character
of the programmed length has been re-
ceived without @ stop bit. Only a single
FIFO position 18 occupted when a break 18
received. further entries 1o the FIFO are in-
hibited until the RxDA hine returng to the
marking state for at least one-half a bit
time (1wo successive edges of the internal
or external 1x clock)
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When this bit is set, the channei A ‘change
in break’ bitin the ISR (ISR(2)) is set. ISR(2)
I8 also set when the end of the break con-
dition, as defined above, is detected.

The break detect circuitry can detect
breaks that originate in the middie of a
received character. However, if a break
begins in the middie of a character, it must
persist until at least the end of the next
character time in order for it to be de-
tected.

SRA[6] — Channel A Framing Error — This
bit, when set, indicates that a stop bit was
not detected when the corresponding data
character in the FIFO was received The
stop bit check 1s made in the middle of the
first stop bit position.

SRA[5] — Chennel A Parity Error — This
bit is set when the ‘with parity’ or ‘force
parity’ mode is programmed and the corre-
sponding character in the FIFO was re-
ceived with incorract parity.

In the special myltidrop mode the parity
error bit stores the received A/D bit.

SRA[4] — Channel A Overrun Error — This
bit, when set, indicates that one or more
characters in the received Cata stream
have been lost. It 1s set upon receipt of a
new character when the FIFO s full and a
character is already in the receive shift
register waiting for an empty FIFO pos:
tion. When this occurs. the character in
the receive shift register (and its break
detect, parity error and framing error
status, if any) s lost.

This bit is cleared by a ‘reset error status’
command.

SRA[3] — Ch I AT itter Empty
(TXEMTA) — This bit will be set when the
channel A transmitter underruns, 1.e , both
the transmit holding register (THR) ang
the transmit shift register are empty It s
se! after transmission of the last stop bit
of a character if no character is in the THR
awaiting transmission. 1118 reset when the
THR 13 loaded by the CPU or when the
transmitier 13 disabled

SRA[2] — Channe! A Transmitter Ready
(TxRDYA) — This bit. when set, indicates
that the THR 18 empty anc ready to be
loaded with a character This bit s cleared
when the THR 13 loaded by the CPU and 1s
set when the character 18 transferred to
the transmit shitt register TxRDY 18 reset
when the transmitter 18 disabied and 18 set
when the transmitter 1 first enabled vi2

characters loaded into the THR whiie the
transmitter 19 Gisabied wilt NOL De trans
mitted

1.77
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SRA[1] — Channel A FIFO Full (FFULLA)
= This bit 18 set when a character is trans-
ferred from the receive shift register to the
receive FIFO and the transfer causes the
FIFO to become full, i.e., all three FIFO
positions are occupied. It 1s reset when
the CPU reads the RHR. If a character is
waiting 1n the receive shift register be-
cause the FIFO s full, FFULL will not be
reset when the CPU reads the RHR.

SRA[0] — Channel A Receiver Ready
(RxRDYXA) — This bit indicates that a char-
acter has been received and is waiting in
the FIFO to be read by the CPU. It is set
when the character is transferred from the
receive shift register to the FIFO and reset
when the CPU reads the RHR, if after this
read there are no more characters still in
the FIFO.

SRB — Channel B Status Register

The bit definitions for this register are
identical to the bit definitions for SRA, ex-
cept that all status applies to the channel
B receiver and transmitter and the corre-
sponding inputs and outputs.

OPCR — Output Port Configur-
ation Register

OPCR[7) — OP7 Output Select — This bit
programs the OP7 output to provide one of
the foliowing:

— The complement of OPR(7)

— The channel B transmitter interrupt
output, which is the compiement of
TxRDYB. When in this mode OP7 acts
as an open collector output. Note that
this output is not masked by the con-
tents of the IMR.

OPCR(6] — OP6 Output Select — This bit
programs the OP6 output to provide one of
the followng.

— The compiement of OPR(6)

— The channel A transmitter interrupt
output, which is the compiement of
TxRDYA. When in this mode OP6 acts
as an open collector output. Note that
this output 1s not masked by the con-
tents of the IMR.

OPCR[5] — OPS Output Select — This bit
programs the OPS output to provide one of
the foliowing

— The complement of OPR(5)

— The channel B receiver interrupt out-
put, which is the compiement of ISR(S)]
When in this mode OP5 acts as an open
collector oulputl. Note that this output
i3 NOt Masked Dy the contents of the
IMR
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OPCR(4] — OP4 Output Select — This bit
programs the OP4 output to provide one of
the following:

— The complement of OPR{4]

— The channel A receiver interrupt out-
put, which is the complement of ISR[1].
When in this mode OP4 acts as an open
collector output. Note that this output
is not masked by the contents of the
IMR.

OPCR(3:2) — OP3 Output Select — This
tield programs the OP3 output to provide
one of the following:

— The complement of OPR(3]

— The counter/itimer output, in which
case OP3 acts as an open collector out-
put. In the timer mode, this output is a
square wave at the programmed fre-
quency. In the counter mode, the out-
put remains high until terminal count is
reached, at which time it goes low. The
output returns to the high state when
the counter is stopped by a stop
counter command. Note that this out-
put is not masked by the contents of
the IMR.

— The 1X clock for the channei B trans-
mitter, which is the clock that shifts the
transmitted data. If data is not being
transmitted, a free running 1X clock is
output.

— The 1X clock for the channe! B receiver,
which is the clock that samples the
received data. If data is not being re-
ceived, a free running 1X clock is out-
put.

OPCR[1:0] — OP2 Output Select — This
field programs the OP2 output to provide
one of the following:

— The complement of OPR(2)

— The 16X clock for the channei A trans-
mitter. This is the clock selected by
CSRA[3:0}, and will be a 1X clock if
CSRA([3:.0]= 1111,

— The 1X clock for the channe! A trans.
mitter, which is the clock that shifts the
transmitted data. If data is not being
transmitted, a free running 1X clock is
output.

— The 1X clock for the channel A receiver,
which is the clock that samples the
received data. |{ data is not being re-
ceived, a free running 1X clock is out-
put.

ACR — Aucxiliary Control Register

ACR[7] — Baud Rate Generator Set Select
- This bit selects one of two sets of baud
rates to be generated by the BRG

Set 1: 50, 110, 134.5, 200, 300, 600. 1.05K,
1.2K, 24K, 48K, 72K, 96K. and
38.4K baud

Set 2: 75, 110, 134.5, 150, 300, 600. 12K,
18K, 20K, 24K, 48K, 96K, and
19.2K baud

The selected set of rates is available for
use by the channel A and B receivers and
transmitters as described in CSRA and
CSRB. Baud rate generator characteristics
are given in table 3.

Table 3 BAUD RATE GENERATOR CHARACTERISTICS
CRYSTAL OR CLOCK = 3.6864MHz

NOMINAL RATE (BAUD) ACTUAL 18X CLOCK (KHz) ERROR (PERCENT)
50 X ] 0
75 1.2 0
110 1.759 -0 069

1345 2153 0.059
150 24 0
200 3.2 0
300 48 0
600 96 0
1050 16.756 -0 260
1200 192 0
1800 288 0
2000 32 056 0.17%
2400 384 0
4800 76.8 0
7200 ALY 0
9600 1536 0
19 2K 072 0
38 4K 614 4 0

NOTE
Duty cytio OF 18X cloch 3 50% 2 '\
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ACR[6:4)— Counter/Timer Mode and Clock
Source Select — This fieid selects the
operating mode of the counter/timer and
its clock source as shown in table 4.

ACR[3:0] — IP3, IP2, IP1, IPO Change of
State interrupt Enable — This field selects
which bits of the input Port Change regis-
ter (IPCR) cause the input change bit in
the interrupt status register (ISR[7]) to be
set. if a bit is in the ‘on’ state, the setting
of the corresponding bit in the IPCR will
also result in the setting of ISR[7], which
results in the generation of an interrupt
output if IMR[7]=1. If a bit is in the ‘off'
state, the setting of that bit in the IPCR
has no effect on ISR[7).

IPCR — Input Port Change
Register

IPCR(7:4) — IP3, IP2, IP1, IPO Change of
State — These bits are set when a change
of state, as defined in the input Port sec-
tion of this data sheet, occurs at the re-
spective input pins. They are cleared when
the IPCR is read by the CPU. A read of the
IPCR also clears ISR[7], the input change
bit in the interrupt status register.

The setting of these bits can be program-
med to generate an interrupt to the CPU.

IPCR[3:0] — IP3, IP2, IP1, IPO Current State
- These bits provide the current state of
the respective inputs. The information is
unlatched and refiects the state of the in-
put pins at the time the IPCR is read.

ISR — Interrupt Status Register

This register provides the status of all
potential interrupt sources. The contents
of this register are masked by the interrupt
mask register (IMR). If a bit in the ISR is a
‘1’ and the corresponding bit in the IMR is
also a '1’, the INTRN output will be as:
serted. If the corresponding bit in the IMR
is a zero0, the state of the bit in the ISR has
no effect on the INTRN output. Note that
the IMR does not mask the reading of the
ISR — the true status will be provided
regardiess of the contents of the IMR. The
contents of this register are initialized to
00,, when the DUART s reset

ISR[7] = Input Port Change Status — This
bit is a '1' when a change of state has
occurred at the PO, IP1, IP2, or IPJ inputs
and that event has been selected 10 cause
an interrupt by the programming of
ACR{30] The bit 18 cleared when the CPU
reads the IPCR

Table 4 ACR [6:4] FIELD DEFINITION

ACR[6:4) MODE CLOCK SOURCE
000 Counter External (I1P2)
001 Counter TXCA — 1X clock of channel A transmitter
010 Counter TXCB — 1X clock of channel B transmitter
011 Counter Crystal or external clock (X1/CLK) divided by 16
100 Timer External (IP2)
101 Timer External (IP2) divided by 16
110 Timer Crystal or external clock (X1/CLK)
111 Timer Crystal or external clock (X1/CLK) divided by 16

ISR[6]) — Channe! B Change in Break —
This bit, when set, indicates that the chan-
nel B receiver has detected the beginning
or the end of a received break. It is reset
when the CPU issues a channe! B ‘reset
break change interrupt’ command.

ISR[S] — Channel B Receiver Ready or
FIFO Full — The function of this bit is pro-
grammed by MR1B(6). {{ programmed as
receiver ready, it indicates that a character
has been received in channel B and is
waiting in the FIFO to be read by the CPU.
It is set when the character is transferred
from the receive shift register to the FIFO
and reset when the CPU reads the RHR. it
after this read there are more characters
still in the FIFO the bit will be set again
after the FIFO is '‘popped'. If programmed
as FIFO full, it is set when a character is
transferred from the receive holding regis-
ter 1o the receive FIFO and the transfer
causes the channel B FIFO to become full,
i.e., all three FIFO positions are occupied.
It is reset when the CPU reads the RHR. it
a character is waiting in the receive shift
register because the FIFO is full, the bit
will be set again when the waiting charac-
ter is loaded into the FIFO.

ISR{4] — Channel B Transmitter Ready —
This bit is a duplicate of TxRDYB (SRB(2)).

ISR[3] — Counter Rsady — In the counter
mode, this bit is set when the counter
reaches terminal count and 18 reset when
the counter is stopped by a stop counter
command.

In the timer mode, this bit 18 set once sach
cycle of the generated square wave (every
other time that the counter/timer reaches
2ero count) The bit 18 reset by & stop
counter command The command, how:
over. does not s1op the counter/timer

Signetics

ISR[2] — Channe! A Change in Break —
This bit, when set, indicates that the chan-
nel A receiver has detected the beginning
or the end of a received break. It is reset
when the CPU issues a channe! A ‘reset
break change interrupt’ command.

ISR{1) — Channel A Receiver Ready or
FIFO Full — The function of this bit is pro-
grammed by MR1A|6]. If programmed as
receiver ready, it indicates that a character
has been received in channel A and s
waiting in the FIFO to be read by the CPU
it is set when the character 1s transferred
from the receive shift register to the FIFO
and reset when the CPU reads the RHR. It
after this read there are more characters
still in the FIFO the bit will be set again
after the FIFO 1s ‘popped’. If programmed
as FIFO full, it is set when a character 1s
transferred from the receive holding reg:s-
ter to the receive FIFO and the transfer
causes the channel A FIFO to become full,
i.e., all three FIFO positions are occupred
It is reset when the CPU reads the RHR. If
a character is waiting in the receive shitt
register because the FIFO 1s full, the bit
will be set again when the waiting charac:
ter is loaded into the FIFO.

ISR[0] — Ch IAT i Ready —
This bit is a duplicate of TxRDYA (SRA[2))

IMR — Interrupt Mask Register

The programming of this register seiects
which bits in the ISR cause an interrupt
output If a bit in the ISR s a '’ and the
corresponding bit in the IMR is aiso 8 "1,
the INTRN output will be asserted if the
corresponding bit in the IMR 1 a 2er0, the
state of the bit 1n the ISR has no effect on
the INTRN output. Note that the IMR does
not mashk the programmable interrupt out-
puts OP3-OP7 or the reading of the ISR
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CTUR and CTLR — Counter/Timer
Registers

The CTUR and CTLR hold the elght MSBs
and eight LSBs respectively of the value to
be used by the counter/timer In either the
counter or timer modes of operation. The
minimum vaiue which may be loaded Into
the CTUR/CTLR registers is 0002,4. Note
that these registers are write-only and can-
not be read by the CPU.

in the timer (programmable divider) mode,
the C/T generates a square wave with a
period of twice the value (in clock periods)
of the CTUR ang CTLR. If the value in
CTUR or CTLR is changed, the current
half-period wili not be affected, but subse-
quent half periods will be. in this mode the
CI/T runs continuously. Receipt of a start
counter command (read with A3-A0=
1110) causes the counter to terminate the

ABSOLUTE MAXIMUM RATINGS'

current timing cycle and to begin a new
cycle using the values in CTUR and CTLR.

The counter ready status bit (ISR[3)) is set
once each cycle of the square wave. The
bit is reset by a stop counter command
(read with A3-A0= 1111). The command,
however, does not stop the C/T. The gen-
eorated square wave is output on OP3 it it is
programmed to be the C/T output.

In the counter mode, the C/T counts down
the number of pulses loaded into CTUR
and CTLR by the CPU. Counting begins
upon receipt of a start counter command.
Upon reaching terminal count (0000,4), the
counter ready interrupt bit (ISR(3)) is set.
The counter continues counting past the
terminal count until stopped by the CPU. If
OP3 is programmed to be the output of the
C/T, the output remains high until terminal
count is reached, at which time it goes
fow. The output returns to the high state

PARAMETER RATING UNIT
Operating ambient temperature? 0to +70 (o}
Storage temperature -850 + 150 ‘c
All voltages with respect to ground? -05t0 +6.0 v

NOTES
1

$1703508 aDOve those 18160 UnGer ADSOIUIe Maximum Ratings May Cause permanent demage 10 the cevice This s
8 817088 r31:ng ONly nd TUNCHIONA' OPEratiON Of ING AEVICE 81 thase O 81 8Ny OINE! CONTILION SDOVE thOe INGICaled
In the Operation section of 1his spec:ication 18 not simphed

2 For operating 8! elevated temperatures the OeviCe Mus! De Gersted Desed on « 150°C maximum junction

1empersiure

w

focts of excessive stalic charge e

This Product includes Circurtry 8pecihically des:gned for INe Prolect:on of 1s 1Nternsl Gevices Hrom damaging of

that

Plying any voltages iarger than the rated masima

Do tahen 10 av0i3 ap-

DC ELECTRICAL CHARACTERISTICS T,=0°Cto +70°C, Vcc = 5.0V 2 5%438

and ISR(3] is cleared when the counter 18
stopped by a stop counter command. The
CPU may change the values of CTUR and
CTLR at any time, but the new count be-
comes effective only on the next start
counter command. If new vaiues have not
been ioaded, the previous count values
are preserved and used for the next count
cycle.

in the counter mode, the current value of
the upper and lower 8 bits of the counter
(CTU, CTL) may be read by the CPU It s
recommended that the counter be stop-
ped when reading to prevent potential pro-
blems which may occur it a carry from the
lower 8-bits to the upper 8-bits occurs bet-
ween the times that both haives of the
counter are read. However, note that a
subsequent start counter command will
cause the counter to begin a new count
cycle using the values in CTUR and CTLR

PARAMETER TEST CONDITIONS LiwiTs UNIT
Min Typ Max
Vi, Input low voitage 08 v
Vi Input high voitage (except X1/CLK) 20 v
Ve Input high voitage (X 1/CLK) 40 v
Vo. Output low voitage io = 24mA 04 v
Von Output high voltage (except 0.c. outputs) lon= = 400.A 24 v
I Input leskage current Vin=010Vee -10 10 »A
I Data bus 3-state leakage current Vo=01to Ve -10 10 A
loc Open coliector output ieskage current Vo=010 Ve -10 10 »A
lcc Power supply current 150 mA
NOTES

4 Perameters are vahid over 8peci1ed LeMpPeraiure 1ange
6 Al voilage messurements o/e reterenced 10 ground (GND) For testing. 81 1npul 819NEIe Swing DEIween 0 4V and 2 4V with § 119AI1I0N 11Me 0! J0NE MARMMUM AN LIMe Messure

MONts &e 101670nCad 8! NPyt vO11800s Of 0 BY and 2 OV and oulput voltages of O 8V and 2 OV as eppropriste

6 Typico! vaiuos 87 81 « 28°C 1ypiCal SupDly vOIIBQ8 BNT lYPICH! PrOCEssINg Paramelers
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MICROPROCESSOR DIVISION

JANUARY 4983

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART)

SCN26841 SERIES

Preliminary

AC ELECTRICAL CHARACTERISTICS T7,=0°Cto +70°C, Vo= 5.0V 2 5%4387

TENTATIVE LIMITS
PARAMETER UNIT
Min Typ Max
Reset Timing (figure 1)
taes RESET pulse width 1.0 us
Bus Timing (figure 2)®
tas  AO-A3 setup time to RDN, WRN low 10 ns
tan  AO-A3 hoid time from RDN, WRN high 0 ns
tcs CEN setup time to RDON, WRN low 0 ns
tew  CEN hoid time from RDN, WRN high 0 ns
taw WRN, RDN pulse width 225 ns
tpp  Data valid after RDN low 175 ns
tor  Data bus floating after RDN high 100 ns
tps  Data setup time before WRN high 100 ns
ton Data hold time atter WRN high 20 ns
tawo High time between READs and/or WRITEs® 10 200 ns
Port Timing (figure 3)
tps - Port input setup time before RDN low 0 ns
ten Portinput hold time after RDN high 0 ns
tpp  Port output valid after WRN high 400 ns
Interrupt Timing (figure 4)
U INTRN (or OP3-OP7 when used as interrupts) high from:
Read RHR (RXRDY/FFULL interrupt) 300 ns
Write THR (TXRDY interrupt) 300 ns
Reset command (delta break interrupt) 300 ns
Stop C/T command (counter interrupt) 300 ns
Read IPCR (input port change interrupt) 300 ns
Write IMR (clear of interrupt mask bit) 300 ns
Clock Timing (figure 5)
teux  XVCLK high or low time 100 ns
foux  XV/CLK frequency 20 3.6864 40 MH2
tcre  CTCLK (1P2) high or low time 100 ns
fcre CTCLK (1P2) frequency 0 40 MH2
tax  RxC high or low time 220 ns
tax  RxC frequency (16X) 0 20 MH2
(1%) 0 1.0 MHz
tyx  TxC high or low time 220 ns
tix  TxC frequency (16X) 0 20 MH2
(1X) 0 1.0 MH2
Transmitter Timing (figure 6)
tyxp TxD output delay from TxC low 350 ns
tics TxC output skew from TxD output data 0 150 ns
Receiver Timing (figure 7)
taxs RxD data setup time to RXC high 240 ns
taxn RxD data hold time from RXC high 200 ns

N
4

~e o

OTES
Parameters are valid over 8peciied temperature range

All voltage measurements are re1618nCeC 10 ground (GND) For 1esting. all 1nput 81gNaIs Swing between 0 4V 8na 2 4V with  L1ansihion Lime of 20ns ManMum A 1Lme Measure

ments are referanced 8t inpul voltages of 0 BV and 2 OV and output voitages of O 8V ana 2 OV as sppropriate

Typical values are 81 + 25°C. 1ypical Supply vollages aNnd typiCal Processing parameters

Test condition for outputs € = 150pF except interrupt outputs Test conaition for interrupt outputs C| = S0pF R + 2 7K ohm to Ve

Timing 13 (iustratedc and reterenced to the WRN and RON inputs The device may 8180 De Opersted with CEN as the strobing nput Inthis Case all iming spec i alioNns app 'y

raterenced 10 the taling and nsing edges of CEN

1 CEN 18 UBED a8 the strobing 1Nput 1his parameter delines 1he Minimum Migh ime between one CEN and the nest
Consecutive wiite 0perations 16 the same COMMaNnd regiser 18quIre 81 19881 three edges of the X1 CIOCh Detween writes
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MICROPROCESSOR DIVISION JANUARY 1083

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN26841 SERIES

tnes

Figure 1. Reset Timing

ead FLOAT x o X VALID x FLOAT
whN \ /

00-07
(WRITE) vaLID X

Figure 2. Bus Timing
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MICROPROCESSOR DIVISION
DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART)

JANUARY 1983

SCN2684 SERIES
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Figure 3. Port Timing
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Figure 5. Clock Timing
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MICROPROCESSOR DIVISION JANUARY 1983
DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN26841 SERIES

1 81T TIME
(1 OR 16 CLOCKS)
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(INPUT)
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Figure 6. Transmit
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Figure 7. Receive
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Figure 8. Transmitter Timing
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MICROPROCESSOR DIVISION JANUARY 1083

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN26841 SERIES
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OPA(0) = 1

NOTES
1. TIMING SHOWN FOR MR1(7)= 1.
2. SHOWN FOR OPCR(4) = 1 AND MR(8) = 0.
Figure 9. Recelver Timing
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Figure 10. Wake Up Mode
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N CR

NCR 5380 SCSI INTERFACE

PRODUCT BRIEF
SCSI INTERFACE MPU INTERFACE
¢ Asynchronous data transfer to 1.5 MBPS * Memory or I/0 mapped interface
¢ Supports both initiator and target roles * DMA or programmed 1/0
¢ Parity generation w/optional checking ¢ Normal or block mode DMA
e Supports arbitration e Optional MPU interrupts

¢ Direct control of all bus signals
* High current outputs drive SCSI bus directly

The NCR 5380 is designed to accommodate the Small Computer Systems Interface (SCSI) as defined
by the ANSI X3T9.2 committee. The 5380 operates in both the Initiator and Target roles and can there-
fore be used in host adapter and control unit designs. This device supports arbitration, including
reselection, and is intended to be used in systems that require either open collector or differential
pair transceivers.® It has special high current outputs for driving the SCSI bus directly in the open
collector mode.

The NCR 5380 communicates with the system microprocessor as a peripheral device. The chip is
controlied by reading and writing several internal registers which may be addressed as standard or
memory mapped |/0. Minimal processor intervention is required for DMA transfers because the 5380
controls the necessary handshake signals. The NCR 5380 interrupts the MPU when it detects a bus
condition that requires attention. Normal and block mode DMA is provided to match many popular
DMA controllers.

* Differential pair operation is supported in the NCR 5381 (48 PIN).

FUNCTIONAL PIN GROUPING PINOUT
\
-E5F SCSI DATA BUS Do 1 40 D1
— oy O 380 D2
OMA READY «s— (— ";7' OBF oee []3 8] 03
CONTROL | DRQ = oo BSY bBs 4 37 D4
LOACR o pa—  BEL DB4 5 36 D5
- o I -1 4 bB3 6 s D6
(3 — oE: 7 up o7
R - o ATN sCs! DB1 [Je np A2
REGISTER oW — NCR oo ACTK | CONTROLS [1:]0) 9 NCR 32 A1l
ADDRESSING [ A0 —of gagn  fee FED g"’ 5380 30 Voo
A1 —_— oo WES gL 0 o
LA2 > oo % {_56? 28] RESEY
DATABUS DO...D7{ ) - N D g?g,\
RESEY —o- AS? 25[) READY
RO @ Lo} 20 o
GND — — VDD ggbc 237 RQ
225 DRQ
RED 210 €8
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N/CIR

PIN DESCRIPTIONS

MICROPROCESSOR INTERFACE SIGNALS
Pin Number  Description

Pin Name

AD...A2 30322

INPUTS

This address is used with TS, iOR
or fOW to address all internal
registers.

POWER SIGNALS
Pin Name  Pin Number Description

Voo 3 +5VOLTS
GND 1" GROUND

SCSI| INTERFACE SIGNALS
Pin Name  Pin Number Description

ATK 1 BI-DIRECTIONAL, OPEN COL
INITIATOR ROLE: The chip asserts

&s 2 INPUT this signal in res R
ponse to REQ
c:“g\s‘:":‘ ’"‘!b'r” ‘s t':vadsg:e‘:t"e‘g for a byte transfer on the SCS! bus.
e interna i
gy AOD . '". A2 B’?‘ a low active TARGET ROLE: m is received
signal. as a response 10 the REQ signal.
ACK is an active low signal.
DACK 26 INPUT
DMA Acknowledge resets DRQ  ATN 15 BI-DIRECTIONAL, OPEN COL.
and selects the data register for INITIATOR ROLE: The chip asserts
input or output. DACK is a low this signal when the microproces-
active signal. sor requesis the attention con-
DRO 22 OUTPUT gition.
DMA Request indicates that the T,ARGIET ROLE: ATN is a received
data register is ready to be read signal.
or written. DRQ occurs only if ATN is an active low signal.
DMA MODE is true in the com-
mand register. It is cleared by  BSY 13 BI-DIRECTIONAL, OPEN COL.
DACK. The SCS! BSY signal can be driven
BI.DIRECTIO TRI-STATE and received concurrently.
DO...D7 34...40,1 I-DI IONAL, TRI-STA . .
Microprocessor data bus Active BSY is an active low signal
high Lo71] 18 BI-DIRECTIONAL. OPEN COL
i for an
Eop 27 INPUT chmnndIDan is an input
The End of Process signal is true :2';‘:;:" 'e;“ :’”‘g::v";":é"e:’;e:
during the last byte of a DMA asserted
transfer. This stops additional
transfers but allows the current T/D is an active low signal
transter to finish. EOP is a low
active signal. 70 17 B1-DIRECTIONAL, OPEN COL
- Input/Output is an input for an
IOR 24 INPUT Initiator, an output for a target It
110 Read is used to read_an in- indicates an input to the imitiator
ternal register selected by S and when asserted.
AO . .. A2 It also selects the data .
register when ysod‘ with DACK. 710 is an active low signat
R 18 8 low active signal. Le 19 BI-DIRECTIONAL, OPEN COL
— Message is an input for an init-
1ow 29 INPUT . ator, an output for a target It ingd:-
/O Write is used to write an in- cates 8 message when asserted
ternal register selected by €3 and .
AD ... A2 it also selects the data N3G is an active low signal
register when used with DACK.
W is a low active signal. REQ 20 BI-DIRECTIONAL, OPEN COL
The target asserts REQ 10 request
IRQ 23 OUTPUT a byte transfer from the initiator
Interrupt Request alerts the micro- The transfer may be in either
processor of an error condition or direction.
an event compietion REQ is an active low signa!
READY 25 OUTPUT ASY 16 BI-DIRECTIONAL. OPEN COL.
Ready can be used 1o control the SCS! BUS reset signa!
speed of block mode DMA
transfers RSY is an active iow signa!
RESET 28 INPUT 8BO 2...10 BI-DIRECTIONAL OPEN COL
Rese! clears all registers It does  BB7.SBP SCS! DATA BUS and PARITY
not force the SCSI signal RST 10 These signals are low active
the active state RESET is 8 low
active signal BEL 12 BI-DIRECTIONAL. OPEN COL
Select is used for selection and
reselect operations
SEL 18 an active low signal
2
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NCR 5380 BLOCK DIAGRAM NCR 5380

N v )

TARGET SELECT DATA DATA
COMMAND 1.0. INPUT OUTPUT
REGISTER REGISTER L REGISTER REGISTER

INITIATOR
MODE COMMAND
REGISTER REGISTER

OMA ARBITRATE
CONTROL LoaIC

HIGH CURRENT O.C.
OUTPUT DRIVERS

:"7 T T T W T T T sCsiBUSINTERFACE | 4
memmmmmmm 55(0...7.?)-]

OOUOUSNNNN RN
SOOI
SOOI ARRRNARRNT

AN

REGISTER SUMMARY

A2 A1 A0 REGISTER NAME

Current SCSI| Data
Output Data Register
Initiator Command Reg.
Mode Register

Target Command Reg.
8CSI| Bus Status
Select Enable Register
Bus & Status Register
Start DMA Send

input Data Reg.

Stant Target Rec. DMA
Reset Parity/interrupts
Start Init. Rec. DMA

b d b dh bbb 2 OO0OO0O0O0O
- ed OO0 O0O422000
-t OO0 A4 00-420-200
S’i’imimgggim E
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REGISTER DESCRIPTION NCR 5380

READ WRITE
CURRENT SCSI DATA (00) OUTPUT DATA REGISTER (00)
76543210 76543210
HEEREREN HEEEREERN
DB .. DB? beo ... be?

INITIATOR COMMAND REGISTER (01)
7 6 5 4 3 21 0

BRI
l ! AssHDau Bus

|
! l Assert
Assert
‘ Ass&%é?gr
' Asse"

Lost Arbitration
Arbitration In Progress
Assert RST

MODE REGISTER (02)
76 54 3210
|
I | D M:r&:trahon
ode
’ Monitor BSY
Enable EOP Interrupt
Enable Parity Interrupt
Enable Parity Checking
Target Mode
Block Mode DMA

TARGET COMMAND REGISTER (03)
7 6 54 3 2 10
Lojojofol | [ | |
| OAAss n o
SS
Asser B WG
Assert

CURRENT SCSI BUS STATUS (04)
7 6 5 4 3 2 1

L'Jl]’]' ‘ ‘m%;é"é‘
1

!imm{b

e

BUS & STATUS REGISTER (05)
7 6 5 4 3 21 0

Busy Error
Phase Maich
lmenupt Request

Parity Error

DMA Request

End of DMA

INPUT DATA REGISTER (06)
7 6 5 4 3 210

Lt 11T 1rrm
DBO .DB?
RESET PARITY/INTERRUPT (07)
7.6 543210

X x o x Ix]x x!x |

INITIATOR COMMAND REGISTER (01)
7 65 4 3 210

I 1]

j Ass rt Data Bus
A Assert ATN
ssg

Assen K
Differential Enable (NCR 5381)
Test Mode
Assert

MODE REGISTER (02)
7 6 5 43210

L1 i

‘ | ‘;M:rama!ion
e
Monit rB'SQYd
Enable Interrupt
Enable Parity Interrupt
Enable Parity Checking

Target Mode
Block Mode DMA

TARGET COMMAND REGISTER (03)
76 5 4 3 2 10
Ladxixix] | T 1
| T Assert 70
Assert CD
Assert
Assert REQ
SELECT ENABLE REGISTER (04)
7 6 5 4 3 2 10

HEEEEERN
DBo ... DB7

START DMA SEND (05)
7 6 543 210

D Ixfx]x]x[x]x]x]

START DMA TARGET RECEIVE (06)
7 65 43210

Dl xfxfx[xx]x]

START DMA INITIATOR RECEIVE (07)
7 6 5 4 3 21

e x]xfx]x]x lXIX]

NOTE X = DON'T CARE
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ELECTRICAL CHARACTERISTICS

NCR 5380

OPERATING CONDITIONS
PARAMETER SYMBOL MIN MAX UNITS
Supply Voltage VDD 475 }5.25 |]Volts
Supply Current IpD 145 | mA.
Ambient Temperature TA 0 70 °C
INPUT SIGNAL REQUIREMENTS
PARAMETER CONDITIONS MIN MAX UNITS
High-level, Input V4 2.0 }5.25 |Volts
Low-level, input Vi 0.3 }j0.8 Volts
SCSIBUS pins 2...20
High-level Input Current, lj4] ViH = 5.25V 50 ua.
Low-level Input Current, ij ] ViL= 0 Volts -50 4a.
All other pins
High-level Input Current, jq] ViH= 5.25V 10 ua.
Low-level Input Current, IjL} ViL= 0 Volts -10 pa.
OUTPUT SIGNAL REQUIREMENTS

PARAMETER CONDITIONS MIN MAX UNITS
SCSIBUSpins 2...20
Low-level Output VoL Vpp = 475V

loL= 48.0mA. 0.5 Volts
All other pins
High-level Output VOH Vpp = 4.75V

IOH = J0mA. ] 2.4 Volts
Low-level Output VoL VoD = 475V

loL = 7.0mA. 05 (Volts

PRELIMINARY

Notice: This is not a final specification
Some parametric limits are subject to change

Reproduced with permission from NOR Mieroelectronies Division



TYPICAL CONFIGURATION NCR 5380

&._] l____ummvmrus )

MICROPROCESSOR )

("U" _—LLWmonmn, TBUS A

2 UBEE

AC-A2[ ¢

DMA  —
conroL Losic e—1ora. NCR 5380
—— READY

N|C|R] NCR MICROELECTRONICS DIVISION
1835 Aeroplaza Drive
Colorado Springs, Colorado 80916
Phone: 800/525-2252
Telex: 45 2457 NCR MICRO CSP

While the information herein presented has been checked for both accuracy and reliadility, NCR assumes no
responsibility for either its use or for the infringement of any patents or other rights of third parties, which
would result from its use. The publication and dissemination of the enciosed information conters no license.
by implication ot otherwise, under any patent or patent rights owned by NCR 6
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WESTERN DIGITAL

c 0 R P O AR A T

WD1770/1772 5Va4" Floppy Disk Controller/Formatter

o N

FEATURES

28 PIN DIP

SINGLE 5V SUPPLY

BUILT-IN DATA SEPARATOR

BUILT-IN WRITE PRECOMPENSATION
5% SINGLE AND DOUBLE DENSITY
MOTOR CONTROL

128, 256, 512 OR 1024 SECTOR LENGTHS
TTL COMPATIBLE

8 BIT BIDIRECTIONAL DATA BUS

TWO VERSIONS AVAILABLE
WD1770 = STANDARD 179X STEP RATES
WD1772 = FASTER STEP RATES

DESCRIPTION

The WD1770 is a MOS/LSI device which performs the
functions of a5v " Floppy Disk Controller/Formatter.
It is similar to its predecessor, the WD179X, but also
contains a digital data separator and write precom-
pensation circuitry. The drive side of the interface
needs no additional logic except for buffers/
receivers. Designed for 54 * single or double density
operation, the device contains a programmable
Motor On signal.

The WD1770 is implemented in NMOS silicon gate
technology and is available in a 28 pin dual-in-line.

The WD1770 is a low cost version of the FD179X
Floppy Disk Controller’Formatter. It is compatible
with the 179X, but has a built-in digital data separator
and write precompensation circuits. A single read
fine (RD, Pin 19) is the only input required to recover

=3 v #[] INTRQ
MWl 2] 0RO
A []> 2] 5GEN
Al ) WPRT
DALO ] 8 [P
DALY T e 23 TRoo
pAL2 ] 7 2/ wo
DAL3 [ n[ywe
DAL4 ° 20 Mo
DALS []10 W[ AD
DALS 14 18] ek
DALY 12 177 DIRC
MR 1 18] sTep
GND [ 14 185 vee

PIN DESIGNATION

serial FM or MFM data from the disk drive. The
device has been specifically designed for control of
5v" floppy disk drives with data rates of 125 .
KBits/Sec (single density) and 250 KBits/Sec (double
density). in addition, write precompensation of 125
Nsec from nominal can be enabled at any point
through simple software commands. Another pro-
grammable feature, Motor On, has been incorporated
to enable the spindle motor automatically prior to
operating a selected drive.

Two versions of the WD1770 are available. The stan-
dard version Is compatible with the 179X stepping
rates, while the WD1772 offers stepping rates of 2, 3,
5 and 6 msec.

The processor interface consists of an 8-bit bidirec-
tional bus for transfer of status, data, and commands.
All host communication with the drive occurs
through these data lines. They are capable of driving
one standard TTL load or three “LS" loads.

June. 1983
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PIN

NUMBER PIN NAME SYMBOL FUNCTION
1 HIP SEL [o::§ A logic low on this input selects the chip and
aenable Host communication with the device.
2 READMWRITE RW A logic high on this input controls the
placement of data on the DO-D7 lines from a
selected register, while a logic low causes a
write operation to a selected register

34 ADDRESS 0,1 A0, Al These two inputs select a register to Read/Write

data:
CS A1 A0 RW =1 RW=0
0 O O StatusReg Command Reg
0 O 1 TrackReg Track Reg
0 1 0 SectorReg Sector Reg
0o 1 1 DataReg Data Reg
512 DATA ACCESS LINES | DALO-DAL? Eight bit bidirectional bus used for transfer of
O THROUGH 7 data, control, or status. This bus is enabled by
CS and R/W. Each line wil!l drive one TTL load.

13 MASTER RESET MR A logic low pulse on this line resets the device
and initializes the status register (internal pull-up).-

14 GROUND GND Ground.

15 POWER SUPPLY vce +5V £ 5% power supply input.

16 STEP STEP The Step output contains a pulse for each step
of the drive’'s RW head. The WD1770 and
WD1772 offer different step rates.

17 DIRECTION DIRC The Direction output is high when stepping in

! towards the center of the diskette, and low
when stepping out.

18 CLOCK CLK This input requires a free-running 50% duty
cycle clock (for internal timing) at 8 MHZ £ 1%.

19 READ DATA RD This active low input is the raw data line
containing both clock and data pulses from the
drive.

20 MOTORON MO Active high output used to enable the spindie
motor prior to read, write or stepping opera
tions.

21 WRITE GATE WG This output is made valid prior to writing on the
diskette.

2 WRITE DATA WD FM or MFM clock and data pulses are placed on
this line to be written on the diskette.

23 TRACK 00 TROO This active low input informs the WD1770 that
the drive's RW heads are positioned over Track
zero (internal pull-up).

24 INDEX PULSE P This active low input informs the WD1770 when
the physical index hole has been encountered
on the diskette (intemal pull-up).

25 WRITE PROTECT WPRT This input is sampled whenever a Write
Command is received. A logic low on this
line will prevent any Write Command from
executing (intemal pull-up).

28 DOUBLE DENSITY DDEN This input pin selects either single (FM) or

ENABLE double (MFM) density When =0, double

density 1s selected (intermal pull-up).

Reproduced with permisson rom
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PIN
NUMBER PIN NAME SYMBOL FUNCTION

27 DATA REQUEST DRQ This active high output indicates that the Data
Register is full (on a Read) or empty (on a Write
operation).

28 INTERRUPT REQUEST | INTRQ This active high output is set at the completion
gf’;ny command or reset a read of the Status

ister.
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WD1770 SYSTEM BLOCK DIAGRAM

ARCHITECTURE

The Floppy Disk Formatter block diagram is il
lustrated on page 4. The primary sections include
the parallel processor interface and the Floppy Disk
interface.

Data Shift Register — This 8-bit register assembles
serial data from the Read Data input (RD) during Read
operations and transfers serial data to the Write Data
output during Write operations.

Dsta Register — This 8-bit register is used as a
holding register during Disk Read and Write opera-
tions. In Disk Read operations, the assembled data
byte is transferred in parallel to the Data Register
from the Data Shift Register. In Disk Write operations,
information is transferred in paralie! from the Data
Register to the Data Shift Register.

When executing the Seek command, the Data Regis-
ter hoids the address of the desired Track position.

This register is loaded from the DAL and gated onto
the DAL under processor control.

Track Register — This 8-bit register hoids the track
number of the current Read/Write head position. It is
incremented by one every time the head is stepped in
and decremented by one when the head is stepped
out (towards track 00). The contents of the register
are compared with the recorded track number in the
ID field during disk Read, Write, and Verify opera-
tions. The Track Register can be loaded from or
transferred to the DAL. This Register should not be
loaded when the device is busy.

Sector Register (SR) — This 8-bit register holds the
address of the desired sector position. The contents
of the register are compared with the recorded sector
number in the ID field during disk Read or Write
operations. The Sector Register contents can be
loaded from or transferred to the DAL This register
shouid not be loaded when the device is busy.

Command Register (CR) — This 8-bit register holds
the command presently being executed. This register
should not be loaded when the device is busy unless
the new command is a force interrupt. The command
register can be loaded from the DAL, but not read
onto the DAL

Status Register (STR) — This 8-bit register hoids
device Status information. The meaning of the Status
bits is a function of the type of command previously
executed. This register can be read onto the DAL, but
not loaded from the DAL

CRC Logic — This logic is used to check or to
generate the 16-bit Cyclic Redundancy Check (CRC).
The polynomial is:

G{x) = x16 4+ x12 4+ x5 4 1.

The CRC includes all information starting with the
address mark and up to the CRC characters. The
CRC register is preset to ones prior 10 data being
shifted through the circuit.

Arithmetic/Logic Unit (ALU) — The ALU is a serial
comparator, incrementer, and decrementer and is
used for register modification and comparisons with
the disk recorded ID field.
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WD1770 BLOCK DIAGRAM

Timing and Control — All computer and Floppy Disk
interface controls are generated through this logic.
The intemal device timing is generated from an exter-
nal crystal clock. The FD1770 has two different
modes of operation according to the state of DDEN.
When = 0, double density (MFM) is enabled.
When DDEN = 1, single density is enabled.

AM Detector — The address mark detector detects
ID, data and index address marks during read and
write operations.

Data Separator — A digital data separator consisting
of a ring shift register and data window detection
logic provides read data and a recovery clock to the
AM detector.

PROCESSOR INTERFACE

The interface to the processor is accomplished
through the eight Data Access Lines (DAL) and
associated control signals. The DAL are used to
transfer Data, Status, and Control words out of, or in-
to the WD1770. The DAL are three state butfers that
are enabled as output drivers when Chip Select (CS)
and RW = 1 are active or act as input receivers when
CS and R'W =0 are active.

When transfer of data with the Floppy Disk Controller
is required by the host processor, the device address
is decoded and CS is made low. The address bits A1
and A0, combined with the signal RW during a Read
operation or Write operation are interpreted as select-
ing the tollowing registers:
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Al - A0 | READ(RW=1) | WRITERW=0
0 0 Status Register | Command Register
0 1 Track Register Track Register
1 0 Sector Register | Sector Register
1 1 Data Register Data Register

During Direct Memory Access (DMA) types of data
transfers between the Data Register of the WD1770
and the processor, the Data Request (DRQ) output
is used in Data Transfer control. This signal also
appears as status bit 1 during Read and Write
operations.

On Disk Read operations the Data Request is acti-
vated (set high) when an assembled serial input byte
is transferred in paraliel to the Data Register. This bit
is cleared when the Data Register is read by the pro-
cessor. If the Data Register is read after one or more
characters are lost, by having new data transferred in-
to the register prior to processor readout, the Lost
Data bit is set in the Status Register. The Read opera-
tions continues until the end of sector is reached.

On Disk Write operations the Data Request is ac-
tivated when the Data Register transfers its contents
to the Data Shift Register, and requires a new data
byte. it is reset when the Data Register is loaded with
new data by the processor. If new data is not loaded
at the time the next serial byte is required by the
Floppy Disk, a byte of zeroes is written on the
diskette and the Lost Data is set in the Status
Register.

At the completion of every command an INTRQ is
generated. INTRQ is reset by either reading the
status register or by loading the command register
with a new command. In addition, INTRQ is gen-
erated if a Force Interrupt command condition is met.

The WD1770 has two modes of o?@n according
to the state DDEN (Pin 26). When DDEN = 1, single
density is selected. In either case, the CLK input (Pin
18)isat8 MHZ

GENERAL DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtainable
in either FM or MFM formats. For FM, DDEN should
be placed to logical “1!' For MFM formats, DDEN
should be placed to a logical “0!' Sector lengths are
dleotermlned at format time by the fourth byte in the
“1D"” field.

SECTOR LENGTH TABLE
SECTOR LENGTH NUMBER OF BYTES
FIELD (HEX) IN SECTOR (DECIMAL)
00 128
01 256
o2 512
03 1024

The number of sectors per tract as far as the WD1770
is concemed can be from 1 to 255 sectors. The

number of tracks as far as the WD1770 is concemed
I8 from 0 to 255 tracks.

GENERAL DISK WRITE OPERATION

When writing is to take place on the diskette the
Write Gate (WG) output is activated, allowing current
to flow into the Read/Write head. As a precaution to
emroneous writing the first data byte must be loaded
into the Data Register in response to a Data Request
from the device before the Write Gate signal can be
activated.

Writing is inhibited when the Wiite Protect input is a
logic low, in which case any Write command is im-
mediately terminated, an interrupt is generated and
the Write Protect status bit is set.

For Write operations, the WD1770 provides Write
Gate (Pin 21) to enable a Write condition, and Write
Data (Pin 22) which consists of a series of active high
pulses. These pulses contain both Clock and Data in-
formation in FM and MFM. Write Data provides the
unique missing clock patterns for recording Address
Marks.

The Precomp Enable bit in Write commands allow
automatic Write precompensation to take place. The
outgoing Write Data stream is delayed or advanced
from nominal by 125 nanoseconds according to the
following table:

PATTERN MFM FM
X 1 1 0 Early N/A
X|]01]1 1 Late NA
0[0]0 {1 Early NA
1 0 0 0 Late NA
[N l—Next Bit to be sent
Current Bit sending
Previous Bits sent

Precompensation is typically enabled on the inner-
most tracks where bit shifts usually occur and bit
density is at its maximun.

COMMAND DESCRIPTION

The WD1770 will accept eleven commands. Com-
mand words should only be loaded in the Command -
Register when the Busy status bit is off (Status bit 0).
The one exception is the Force Interrupt command.
Whenever a command is being executed, the Busy
status bit is set. When a command is completed, an
interrupt is generated and the Busy status bit is
reset. The Status Register indicates whether the
completed command encountered an efTor or was
fault free. For ease of discussion, commands are
divided into four types. Commands and types are
summarized in Table 1.
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COMMAND SUMMARY

3

TYPE COMMAND

-l

| Restore
| Seek
| Step
| Step-in
| Step-out
Il Read Sector
Il Write Sector
Il Read
Address
Il Read Track
Il Write Track 1
IV Force
Intermupt 1.1 0
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FLAG SUMMARY

TYPE | COMMANDS

h = Motor On Flag (Bit 3)

h = 0, Enable Spin-Up Sequence
h = 1, Disable Spin-Up Sequence

V_= Verity Flag (Bit 2)

V = 0, No Verity
V = 1, Verity on Destination Track

11,y = Stepping Rate (Bits 1, 0)

wD1770 WD1772

-
-

.

2ms
3ms
5ms
6ms

6ms
12ms
20ms
0 ms

Update Flag (Bit 4)

- -0 0
g Ao_‘oa

us=
u = 0, No Update
u = 1, Update Track Register

TYPE Il & It COMMANDS

m = Multiple Sector Flag (Bit 4

m = 0, Single Sector
m = 1, Multiple Sector

ag = Data Address Mark (Bit 0)

aQ = 0,Write Normal Data Mark
aQ = 1, Write Deleted Data Mark

E = 30ms Settiing Delay (Bit 2)

E = 0,No Delay
E = 1, Add 30ms Delay

= Write Precompensation (Bit 1)

= 0, Enable Write Precomp
= 1, Disable Write Precomp

TYPE IV COMMANDS

13-ig Interrupt Condition (Bits 3-0)

o = 1, Don’t Care

14 = 1,Don’t Care

12 = 1, Interrupt on Index Pulse

13 = 1, Immediate Interrupt

13-lg = 0, Terminate without Interrupt

TYPE | COMMANDS

The Type | Commands include the Restore, Seek,
Step, Step-in, and Step-Out commands. Each of the
Type | Commands contains a rate field (m,r1), which
determines the stepping motor rate.

A 4us (MFM) or B us (FM) pulse is provided as an out-
put to the drive. For every step pulse issued, the drive
moves one track location in a direction determined
by the direction output. The chip will step the drive in
the same direction it last stepped uniess the com-
mand changes the direction.

The Direction signal is active high when stepping in
and low when stepping out. The Direction signal is
valid 24us before the first stepping pulse is
generated.

After the last directional step an additional 30
milliseconds of head settling time takes place if the
Verity flag is set in Type | commands. There is also a
30 ms head settling time if the E flag is set in any
Type |l or lll command.

When a Seek, Step or Restore command is executed,
an optional verification of Read/Write head position
can be performed by setting bit 2 (V = 1) in the com-
mand word to a logic 1. The verification operation
begins at the end of the 30 millisecond settling time
after the head is loaded against the media. The track
number from the first encountered ID Field is com-
pared against the contents of the Track Register If
the track numbers compare and the ID Field Cyclic
Redundancy Check (CRC) is comrect, the verify opera-
tion is complete and an INTRQ is generated with no
errors. If there is a match but not a valid CRC, the
CRC error status bit is set (Status Bit 3), and the next
encountered ID field is read from the disk for the
verification operation.

The WD1770 must find an ID field with comect track
number and correct CRC within 5 revolutions of the
media, otherwise the seek error is set and an INTRQ
is generated. If V = 0, no verification is performed.

All commands, except the Force Intermupt command,
may be programmed via the h Flag to delay for spin-
dle motor start up time. If the h Flag is set and the
Motor On line (Pin 20) is low when a command is
received, the WD 1770 will force Motor On to a logic 1
and wait 6 revolutions before executing the com-
mand. At 300 RPM, this guarantees a one second
spindle start up time. If after tinishing the command,
the device remains idie for 10 revolutions, the Motor
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On line will go back to a logic 0. If a command Is RESTORE (SEEK TRACK 0

issued while Motor On is high, the command will ex- - ypon receipt of this command, the Track 00 (TRD) in-
ecute immediately, defeating the 8 revolution stan 4 is gampled. If TROD is active low indicating the

up. This feature allows consecutive Read or Write  Rasywrite head Is positioned over track 0, the Track

commands without waiting for motor start up each ister Is with zeroes and an interrupt is
speed. in 16) at a rate specified by the ry,m field are issued

until the TROO input is activated.

[ DRATODSR I

SET BUSY. RESET CRC. >
SEEK ERROR, DR, INTRQ
< io> "
YES
SET Mo
WAIT 8 INDEX PULSES
SET
DIRECTION [ ™
RESET X
DIRECTION [ ™}
‘
-1TOTR -1TOTR
U ===
YeEs
TRACK 0 AND 0TOTR ].
DIRECTION
= o
YES ;-] ?
U= NO
? B TE50T 1
ONE STEP PULSE
RESTORE
J DELAY ACCORDING
YO Ry,Rg FIELD
| NO
¢/ ()
TYPE | COMMAND FLOW TYPE | COMMAND FLOW

Reproduced with permission from
Western Dugital Corporstion




At this time, the Track Registar is loaded with zeroes
and an interrupt is generated. If the TROO input does
not Qo active low after 258 stepping pulses, the
WD1770 terminates operation, interrupts, and sets
the Seek error status bit, providing the V flag is set. A
verification operation also takes place if the V flag is
set. The h bit allows the Motor On option at the start
of command.

SEEK

This command assumes that the Track Register con-
tains the track number of the current position of the
Read/Write head and the Data Register contains the
desired track number. The WD1770 will update the
Track Register and issue stepping pulses in the ap-
propriate direction until the contents of the Track
Register are equal to the contents of the Data
Register (the desired track location). A verification

VERIFY
SEQUENCE
NO
\
> YES ( INTRQ RESET ausv)

HAVE
YES

HAS

10 AM BEEN

DETECTED
?

SET YES THERE A RESET
le4 CRC
£RROR CRC E7nnon CRC
INTRQ
RESET BUSY -
TYPE | COMMAND FLOW

operation takes place iIf the V flag is on. The h bit
allows the Motor On option at the start of the com-
mand. An interrupt is generated at the completion of
the command. Note: When using multiple drives, the
track register must be updated for the drive selected
before seeks are issued.

STEP

Upon receipt of this command, the WD1770 issues
one stepping pulse to the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by the ry,m fieid,
a verification takes place if the V flag is on. If the U
flag is on, the Track Register is updated. The h bit
allows the Motor On option at the start of the com-
mand. An interrupt is generated at the completion of
the command.

STEP-IN

Upon receipt of this command, the WD1770 issues
one stepping pulse in the direction towards track 78.
If the U flag is on, the Track Register is incremented
by one. After a delay determined by the rq,rm field, a
verification takes place if the V flag is on. The h bit
allows the Motor On option at the start of the com-
mand. An interrupt is generated at the completion of
the command.

STEP-OUT

Upon recelpt of this command, the WD1770 issues
one stepping pulse in the direction towards track 0. It
the U flag is on, the Track Register is decremented by
one. After delay determined by the rq,rg field, a
verification takes place if the V flag is on. The h bit
allows the Motor On option at the start of the com-
mand. An interrupt is generated at the completion of
the command.

TYPE Il COMMANDS

The Type Il Commands are the Read Sector and Write
Sector commands. Prior to loading the Type Il Com-
mand into the Command Register, the computer
must load the Sector Register with the desired sector
number. Upon receipt of the Type Il command, the
busy status bit is set. If the E flag = 1 the command
will execute after a 30 msec delay. ;

When an ID field is located on the disk, the WD1

compares the Track Number on the ID field with the
Track Register. If there is not a match, the next en-
countered ID field is read and a comparison is again
made. If there was a match, the Sector Number of the
1D field is compared with the Sector Register. If there
is not a Sector match, the next encountered D field
is read off the disk and comparisons again made. If
the ID field CRC is correct, the data field is then
located and will be either written into, or read from
depending upon the command. The WD1770 must
find an 1D field with a Track number, Sector numbex,
and CRC within four revolutions of the disk, other-
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SET BUSY, RESET DRQ, LOST
DATA, RECORD NOT FOUND. &
STATUS BITSS &4 6 INTRQ

YES

SETMO
WAIT
BINDEX PULSES

NO

ISE=1?

YES

INTRQ, RESET BUSY
8ET WRITE PROTECT

TYPE Il COMMAND

wise, the Record not found status bit is set (Status
Bit 4) and the command is terminated with an inter-
rupt (INTRQ).

Each of the Type It Commands contains an (m) flag
which determines if multiple records (sectors) are to
be read or written, depending upon the command. If
m = 0, a single sector is read or written and an inter-
rupt is generated at the completion of the command.
i m = 1, multiple records are read or written with

the sector register intemally updated so that an ad-
dress verification can occur on the next record. The
WD1770 will continue to read or write multiple
records and update the sector register in numerical
ascending sequence until the sector register ex-
ceeds the number of sectors on the track or until the
Force Interrupt command is loaded into the Com-
mand Register, which terminates the command and
generates an interrupt.

For example: |If the WD1770 is instructed to read sec-
tor 27 and there are only 26 on the track, the sector
register exceeds the number available. The WD1770
will search for 5 disk revolutions, interrupt out, reset
busy, and set the record not found status bit.

READ SECTOR

Upon receipt of the Read Sector command, the Busy
status bit is set, and when a ID field is encountered
that has the correct track number, correct sector
number, and correct CRC, the data field is presented
to the computer. The Data Address Mark of the data
field must be found within 30 bytes in single density
and 43 bytes in double density of the last ID field
CRC byte; if not, the ID field is searched for and
verified again followed by the Data Address Mark
search. If after 5 revolutions the DAM cannot be
found, the Record Not Found status bit is set and the
operation is terminated. When the first character or
byte of the data field has been shifted through the
DSR, it is transferred to the DR, and DRQ is
generated. When the next byte is accumulated in the
DSR, it is transferred to the DR and another DRQ is
generated. If the computer has not read the previous
contents of the DR before a new character is tran-
sferred that character is lost and the Lost Data Status
bit is set. This sequence continues until the com
plete data field has been inputted to the computer. if
there is a CRC error at the end of the data fieid, the
CRC eror status bit is set, and the command is
terminated (even if it is a multiple record command).

At the end of the Read operation, the type of Data Ad-

dress Mark encountered in the data field is recorded
in the Status Register (Bit 5) as shown:

STATUS BITS
1 Deleted Data Mark
0 Data Mark
WRITE SECTOR

Upon receipt of the Write Sector command, the Busy
status bit is set. When an ID field is encountered that
has the correct track nhumber, correct sector number,
and correct CRC, a DRQ is generated. The WD1770
counts off 11 bytes in single density and 22 bytes in
double density from the CRC field and the Write Gate
(WG) output is made active If the DRQ is serviced
(..., the DR has been loaded by the computen it DRQ
has not been serviced, the command is terminated
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HAVE
S INDEX HOLES

PASSED
2

INTRQ, RESET BUSY
SET RECORD-NOT FOUND

HAS

1D AM

BEEN

DETECTED,
D

NO

NO TR = TRACK

ADDRESS OF 1D,

NO

BRING IN SECTOR LENGTH FIELD
STORE LENGTH IN INTERNAL
REGISTER

SET CRC | RESET
il STATUS ERROR CRC
READ
)
:2
TYPE Il COMMAND
and the Lost Data status bit is set. If the DRQ has ATA ADDRESS MARK
been serviced, the WG is made active and six bytes 20 o v ®T9
of zeroes in single density and 12 bytes in double 1 &'“&d&‘“ ark
density are then written on the disk. At this time, the 0 ta

Data Address Mark is then written on the disk as

determined by the ag field of the command as shown The WD1770 then writes the data fieid and generates
below: DRQ's to the computer If the DRQ is not serviced in
time for continuous writing the Lost Data Status Bit

10
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READ SECTOR
SEQUENCE

HAS

DATA AM

OCCURED

IN TIME
?

PUT RECORD TYPE IN
STATUS REG BIT & 1

HAS
NO NEXT BYTE
! EEN ASSEMBLE
IN DSR
2

YES

HAS
DR BEEN NO
READ BY COMPUTER SET DATA
(DRQ = 0) LoSsTY
?

~ves

ALL BYTES
BEEN INPUTTED,
?

YES

+170
SECTOR REG

INTRQ. RESET BUSY ‘ 1
8ET CAC ERROR
‘ ‘ INTRQ RESET BUSY ,

TYPE Il COMMAND

1
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SEQUENCE

| oeav2evies or ar ]
| SET DRQ J

l DELAY 9 BYTES OF GAP J

HAS

DR BEEN

LOADED BY COMPUTER

(ORQ = 0)
?

INTRQ, RESET BUSY
SET LOST DATA

YES
DDEN
DELAY 1 BYTE OF GAP
: NO =0?
E YES

TURN ON WG & WRITE
6 BYTES OF ZEROES DELAY 11 BYTES

WRITE DATA AM
ACCORDING TO Aq FIELD TURN ON WG & WRITE

OF WRITE COMMAND 12 BYTES OF ZEROES

)

[ DR TO DSR. SET DRQ J

3
l WRITE BYTE TO DISK ]

HAS
O e NO SET DATA LOST
90 = ¢ WRITE BYTE
PR3- 9 OF ZEROES
YES
HAVE
No ALL BYTES YES
BEEN WRITTEN WRITE CRC J
?
l WRITE 1 BYTE OF FF J
TURN OFF WG
TYPE i COMMAND

12
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is set and a byte of zeroes is written on the disk. The
command is not terminated. After the last data byte
has been written on the disk, the twobyte CRC is
computed intemally and written on the disk followed
by one byte of logic ones in FM or in MFM. The WG
output is then deactivated. INTRQ will set 24usec
(MFM) after the last CRC byte is written. For partial
sector writing, the proper method is to write data and
fill the balance with zeroes.

TYPE il COMMANDS

Read Address

Upon receipt of the Read Address command, the
Busy Status Bit is set. The next encountered ID field
is then read in from the disk, and six data bytes of the
ID tield are assembled and transferred to the DR, and
aDRQ is generated for each byte. The six bytes of the
1D field are shown below:

TRACK | SIDE | SECTOR |SECTOR|CRC|CRC
ADDR | NUMBER [ADDRESS|LENGTH| 1 | 2
1 2 3 4 5|6

Although the CRC characters are transferred to the
computer, the WD1770 checks for validity and the
CRC error status bit is set if there is a CRC error. The
Track Address of the ID field is written into the sector
register so that a comparison can be made by the
user. At the end of the operation an intemrupt is
generated and the Busy Status is reset.

Read Track

Upon receipt of the READ track command, the head
is loaded and the Busy Status bit is set. Reading
starts with the leading edge of the first encountered
index pulse and continues until the next index pulse.
All Gap, Header, and data bytes are assembled and
transferred to the data register and DRQ’'s are
generated for each byte. The accumulation of bytes
Is synchronized to each address mark encountered.
An interrupt is generated at the completion of the
command.

This command has several characteristics which
make it suitable for diagnostic purposes. They are: no
CRC checking is performed, gap information is in-
cluded in the data stream; and the address mark
detector is on for the duration of the command.
Because the AM detector is always on, write splices
or noise may cause the chip to look for an AM.

The ID AM, ID field, ID CRC bytes, DAM, Data, and
Data CRC Bytes for each sector will be cofrect. The
Gap Bytes may be read incomrectly during write-splice
time because of synchronization.

WRITE TRACK FORMATTING THE DISK

(Refer to section on Type lil commands for flow
diagrams.)

Formatting the disk is a relatively simple task when
operating programmed /O or when operating under
DMA with a large amount of memory. Data and gap
Information must be provided at the computer inter-
face. Formatting the disk is accomplished by posi-
tioning the R'W head over the desired track number
and issuing the Write Track command.

Upon receipt of the Write Track command, the Busy
Status bit is set. Writing starts with the leading edge
of the first encountered index pulse and continues
until the next index pulse, at which time the interrupt
is activated. The Data Request is activated im-
mediately upon receiving the command, but writing
will not start until after the first byte has been loaded
into the Data Register. |f the DR has not been loaded
within 3 byte times, the operation is terminated
making the device Not Busy, the Lost Data Status Bit
is set, and the interrupt is activated. If a byte is not
present in the DR when needed, a byte of zeroes is
substituted.

This sequence continues from one index mark to the
next index mark. Normally, whatever data pattem ap-
pears in the data register is written on the disk with a
normal clock pattern. However, if the WD 1770 detects
a data pattemn of F5 through FE in the data register,
this Is interpreted as data address marks with
missing clocks or CRC generation.

DATA PATTERN _ -
N DR (HEX) IN FM (DDEN = 1) IN MFM (DDEN = 0)

00 thru F4 Write 00 thru F4 with CLK = FF Write 00 thru F4, in MFM
F5 Not Allowed Write A1* in MFM, Present CRC
F6 Not Allowed Write C2°* in MFM
F7 Generate 2 CRC bytes Generate 2 CRC bytes

F8thru FB Write F8 thru FB, CLK = C7, Preset CRC Write F8 thru FB, in MFM
FC Write FC with CLK = D7 Write FC in MFM
FD Write FD withCLK = FF Write FD in MFM
FE Write FE, CLK = C7, Preset CRC Write FE in MFM
FF Write FF with CLK = FF Write FF in MFM

*Missing clock transition between bits 4 and 5.
* *Missing clock transition between bits 3 and 4.

13
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ENTER
NO
YES

SET BUSY RESET DRQ.
LOST DATA STATUS

BITS ¢ §
NO
YES
SET MO
DELAY 8
INDEX PULSES

HAS
30 MS
EXPIRED
N

DR TO OSR

SET DRQ

INTRQ RESET
BUSY SET WPRT

NO

DELAY 3BYTE
TIMES

SET INTRQ HAS
LOST DATA L0 BEEN
RESET BUSY SERVICE

TYPE Il COMMAND WRITE TRACK

14
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YES (MFM)

INTRQ RESET
BUSY

WRITE 2 CRC
CHARS CLK = FF

WRITE FC
CLK = D7

WRITE FD, FE OR

F8-F9, CLK = C7

Yy

YES DR BEEN

LOADED?

INITIALIZE CRC
WRITE DSR
CLK = FF
PHYS
INDEX MARK
?
HAS WRITE

BYTE OF ZEROES

SET DATA LOST

WRITE A1 IN MFM
WITH MISSING
CLOCK INITIALIZE
CRC

Y

WRITE C2 IN MFM

\J

WITH MISSING >
CLOCK

DOES
DSR ; FF wng&%sc RC >
WRITE DSR -
IN MFM -

TYPE Il COMMAND WRITE TRACK
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The CRC generator 1s initialized when any data byte
from F8 to FE 1s about to be transterred from the DR
to the DSR in FM or by receipt of FS in MFM. An F7
pattern will generate two CRC characters in FM or
MFM As a consequence, the patterns F5 through FE
must not appear in the gaps, data fields, or ID fields.
Also, CRC's must be generated by an F7 pattern.

Disks may be formatted in IBM 3740 or System 34 for-
mats with sector lengths of 128, 256, 512, or 1024
bytes.

TYPE IV COMMANDS

The Forced Interrupt command is generally used to
terminate a multiple sector read or write command or
to insure Type | status in the status register. This
command can be loaded into the command register
at any time. If there is a current command under ex-
ecution (busy status bit set) the command will be ter-
minated and the busy status bit reset.

The lower four bits of the command determine the
conditional interrupt as follows:

10 = Don't Care

Iy = Don't Care

12 = Every Index Pulse
13 = Immediate Interrupt

The conditional interrupt is enabled when the cor-
responding bit positions of the command (i3-lg) are
set to a 1. Then, when the condition for interrupt is
met, the INTRQ line will go high signifying that the
condition specitied has occurred. If 13-Ig are all set to
zero (HEX DQ), no interrupt will occur but any com-
mand presently under execution will be immediately
terminated. When using the immediate interrupt con-
dition (I3 = 1) an interrupt will be immediately
generated and the current command terminated.
Reading the status or writing to the command
register will not automatically clear the interrupt. The
HEX DO is the only command that will enable the im-
mediate interrupt (HEX D8) to clear on a subsequent
load command register or read status register opera
tion. Follow a HEX D8 with DO command.

Wait 16 micro sec (double density) or 32 micro sec
(single density) before issuing a new command after
issuing a forced interrupt. Loading a new command
sooner than this wili nullify the forced interrupt.

Forced interrupt stops any command at the end of an
internal micro-instruction and generates INTRQ
when the specified condition is met. Forced interrupt
will wait until ALU operations in progress are com-
plete (CRC calculations, compares, etc.).

Status Register

Upon receipt of any command, except the Force In
terrupt command, the Busy Status bit is set and the
rest of the status bits are updated or cleared for the
new command. |f the Force Interrupt Command is
received when there 1s a current command under ex-
ecution, the Busy status bit 1s reset. and the rest of
the status bits are unchanged. If the Force Interrupt

command is received when there is not a cument
command under execution, the Busy Status bit is
reset and the rest of the status bits are updated
or cleared. In this case, Status reflects the Type |
commands.

The user has the option of reading the status register
through program control or using the DRQ line with
DMA or interrupt methods. When the Data register is
read the DRQ bit in the status register and the DRQ
line are automatically reset. A write to the Data
register also causes both DRQ's to reset.

The busy bit in the status may be monitored with a
user program to determine when a command is com-
plete, in lieu of using the INTRQ line. When using the
INTRQ, a busy status check is not recommended
because a read of the status register to determine the
condition of busy will reset the INTRQ line.

The format of the Status Register is shown below:

(BITS)
7 6 5 4 3 2 1 0
S7 | S6 | S5 | S4 | S3|8S2]| s1] S0

RECOMMENDED — 128 BYTES/SECTOR

Shown below is the recommended single-density for-
mat with 128 bytes/sector. In order to format a disk-
ette, the user must issue the Write Track command,
and load the data register with the following values.
For every byte to be written, there is one Data
Request.

NUMBER
OF BYTES HEX VALUE OF BYTE WRITTEN
40 FF (or 00)
6 00
1 FE (ID Address Mark)
1 Track Number
1 Side Number (00 or 01)
1 Sector Number (1 thru 1A)
1 00 (Sector Length)
1 F7 (2 CRC'’s written)
1 FF (or 00)
6 00
1 FB (Data Address Mark)
128 Data (IBM uses ES)
1 F7 (2 CRC’s written)
10 FF (or 00)
369°*  FF(or00)

*Write bracketed field 16 times.
**Continue writing until WD1770 interrupts out.
Approx. 369 bytes.

256 BYTES/SECTOR

Shown below is the recommended dual-density for-
mat with 256 bytes/sector. In order to format a
diskette the user must issue the Write Track com-
mand and load the data register with the following
values. For every byte to be written, there is one data
request.
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10119100107 191:010 LIS
WO UOBHIWISd YIIM DEINDOIONY
L

PULSE - - REPEATED
e FOR EACH SECTOR
«wevtes|envres] 10 | TRack | sioe |sector|iencTH| crc | cre |118YrEs|esvres °‘“; userpATA | cac cac |osvres
FF 00’ FE ’ ’ [) ) 1 2 FE 00’ AD 128 BYTES 1 2 FF
MARK
1D FIELD WY TYCN ————
WRITE ens———l L_ -
SINGLE DENSITY FORMAT
INDEX l l
< FOR EACH SECTOR >
soevres 128vres| asvres| 10 | rrack | sioe [sector|LenaTrcrelcre|z2 avTes|i2 avTes| ssyTes| o USER DATA crc|crc| 248vTES
N3 00 Ar |Fel w . ) ) 1] 2] ‘e 00’ ‘ar |'e8| 2se8YTES 1] 2 aE
1D FIELD DATA FIELD

WRITE GAYE——J L—— -

DOUBLE DENSITY FORMAT



[ NUMBER 1) Sector size must be 128, 258, 512 of 1024 bytes.
OF BYTES HEX VALUE OF BYTE WRITTEN 2) Gap 2 cannot be varied from the recommended
60 4E format.
‘g 2% 108 Al 3) 3 bytes of A1 must be used in MFM.
Y FEI0 Addrns Marky In addition, the Index Address Mark s not required
1 Track Number (0 thru 4C) for operation by the WD1770 Gap 1, 3, and 4 lengths
1 Side Number (0 or 1) can be as short as 2 bytes for WD1770 operation,
1 Sector Number (1 thru 1A) however PLL tock up time, motor speed variation,
1 01 (Sector Length) write-splice area, etc. will add more bytes to each gap
1 F7 (2 CRC's written) to achieve proper operation. it is recommended that
2 4E the recommended format be used for highest system
12 00 reliability.
3 F5 (Writes A1)
1 FB (Data Address Mark) FM MFM
256 DATA Gap! 16 bytes FF 32 bytes 4E
1 F7 (2 CRC's written) Gap il 11 bytes FF 22 bytes 4E
— 2 i . 6bytes00 | 12bytes00
* Write bracketed field 16 times. .e 3 bytes A1
**Continue writing until WD1770 interrupts out. Gapilt ‘gg’;‘t:: ’&‘: : 2‘8 m::ag
A 8
pprox. 668 bytes. 3bytes A1
1. Non-Standard Formats Gap IV 16 bytes FF 16 bytes 4E
Variations in the recommended formats are possible * Byte counts must be exact.

**Byte counts are minimum, except exactly 3 bytes

of A1 must be written.

to a limited extent if the following requirements are
met: .

STATUS REGISTER DESCRIPTION

BIT NAME MEANING

S7MOTOR ON This bit reflects the status of the Motor On output.

S6 WRITE PROTECT On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a
Wirite Protect. This bit is reset when updated.

S5 RECORD When set, this bit indicates that the Motor Spin-Up sequence has completed (6

TYPE/SPIN-UP revolutions) on Type | commands. Type 2 & 3 commands, this bit indicates record
Type. 0 = Data Mark. 1 = Deleted Data Mark.

S4 RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit

FOUND (RNF) is reset when updated.

S3 CRC ERROR If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in
data field. This bit is reset when updated.

S2 LOST DATA/ When set, it indicates the computer did not respond to DRQ in one byte time. This

TRACK 00 bit is reset to zero when update. On Type | commands, this bit reflects the status of
the TRACK 00 Pin.

S1 DATA REQUEST/ This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read

INDEX Operation or the DR is empty on a Write operation. This bit is reset to zero when
updated. On Type | commands, this bit indicates the status of the Index Pin.

SO BUSY When set, command is under execution. When reset, no command is under
execution.

DC ELECTRICAL CHARACTERISTICS

MAXIMUM RATINGS

Storage Temperature
Operating Temperature

-55°Cto +125°C
0°C to 70°C Ambient

Maximum Voltage to Any input
with Respect to Vs

(=15t -03V)

L ..~}
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]
DC OPERATING CHARACTERISTICS

TA = 0°C 10 70°C, Vgs = OV, VCC = +5V .25V

SYMBOL CHARACTERISTIC MIN. MAX. UNITS CONDITIONS
L Input Leakage 10 A VIN = Ve
oL Output Leakage 10 WA VouT = Vce
ViH Input High Voltage 20 v
viL Input Low Voltage 08 v
VOH Output High Voltage 24 v Io= - 100uA
VoL Output Low Voitage 0.40 \' Ip=16mA
PD Power Dissipation .75 w
Rpy Intemal Pull-Up 100 1700 HA VIN = 0OV
icc Supply Current 75 (Typ) 150 mA

AC TIMING CHARACTERISTICS
TA = 0°Ct070°C,Vss = OV,VCC = +5V £.25V
READ ENABLE TIMING — RE such that: RW = 1,CS = 0.

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TRE RE Pulse Width of CS 150 nsec CL = 50 pf
TDRR | DRQ Reset from RE b 100 nsec
TIRR INTRQ Reset from RE 8000 nsec
TOV Data Valid from RE 100 200 nsec CL = 50pf
TDOH | DataHold from RE 50 150 nsec CL = 50pt

Note: D'R%_Eand INTRQ reset are from rising edge (lagging) of RE, whereas resets are from falling edge (leading)
o .

WRITE ENABLE TIMING — WE such that: RW = 0,CS = 0.

SYMBOL CHARACTERISTIC MIN. TYP. MAX. | UNITS CONDITIONS
TAS Setup ADDR 10 CS 50 nsec
TSET Setup RW to CS 0 nsec
TAH Hold ADDR from CS 20 nsec
THLD | Hold RW from TS 0 nsec
TWE WE Pulse Width 150 nsec
TORW | DRQ Reset from WE 100 200 nsec
TIRW | INTRQ Reset fromWE ‘ 8000 nsec
DS Data Setup to WE 150 nsec
TOH Data Hold from WE 0 nsec
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A A A N
| |
|‘ 6172 CLKS >
EARLY TWP
/| I 5172 CLKS A_
NOMINAL TWP
/ - 412 CLKS :\_
LATE TWP
WRITE DATA TIMING
WRITE DATA TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
Twg Write Gate to Write Data 4 usec FM
2 usec MFM
Tbe Write Data Cycle Time 468 usec
Twi Write Gate off from WD 4 usec FM
2 usec MFM
Twp Write Data Pulse Width 820 nsec Early MFM
680 nsec Nominal MFM
570 nsec Late MFM
1380 nsec FM
INPUT DATA TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TPW Raw Read Pulse Width 200 nsec
TBC Raw Read Cycle Time 3000 nsec
MISCELLANEOUS TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TCD4 Clock Duty (low) 50 67 nsec
TCD2 | Clock Duty (high) 50 67 nsec
TSTP Step Pulse Output 4 MFM
8 usec FM
TDIR Dir Setup to Step 24 MFM
48 psec FM
TMR Master Reset Pulse Width 50 usec
e index Pulse Width 20 usec
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