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Interrupt Controller Mode. of 
Operation 

The basic modes of operation of the interrupt con· 
troller in master mode are .similar to the 8259A. The 
interrupt controller responds indentically to internal 
interrupts in all three modes: the difference is only in 
the interpretation of function of the four external in· 
terrupt pins. The interrupt controller is set into one of 
these three modes by programming the correct bits 
in the INTO and INT1 control registers. The modes of 
interrupt control/er operation are as follows: 

Fully Ne.ted Mode 

When in the fully nested mode four pins are used as 
direct interrupt requests. The vectors for these four 
inputs are generated internally. An in· service bit is 
provided for every interrupt source. If a lower-priority 
device requests an interrupt while the in service bit 
(IS) is set. no interrupt will be generated by the inter­
rupt controller. In addition, if another interrupt reo 
quest occurs from the same interrupt source while 
the in-service bit is set, no interrupt will be generated 
by the interrupt controller. This allows interrupt serv­
ice routines to operate with interrupts enabled with· 
out being themselves interrupted by lower-priority in­
terrupts. SincE' interrupts are enabled, higher-priority 
interrupts will be serviced. 

When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com­
mand is issued at the end of the service routine just 
before the issuance of the return from interrupt in-
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.tructlon. If the fully nested structure has been up­
held. the next highest-priority source with its IS bit 
.. t is then aerviced. 

The 80186 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the cascade mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 22. INTO IS 
an inteT:£t input interfaced to an 8259A, while 
INT211N 0 serves as the dedicated interrupt ac­
knowledge signal to �t�h�~�i�p�h�e�r�a�l�.� The same is 
true for INT1 and INT3/fNTAT. Each pair can selec­
tively be placed in the cascade or non-cascade 
mode by programming the proper value into INTO 
and INT1 control registers. The use of the dedicated 
acknowledge signals eliminates the need for the use 
of external logic to generate iNTA and device select 
signals. 

The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
levels of priority are created, requiring priority resolu­
tion in the 80186 interrupt controller, the master 
8259As, and the slave 8259As. If an external inter­
rupt is serviced, one IS bit is set at each of these 
levels. When the interrupt service routine is complet­
ed, up to three end-of-interrupt commands must be 
issued by the programmer. 

210.51-11 

Figure 21. Interrupt Controlle, Block o..gram 
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Specla' Fully N.ated Mod. 

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 controller 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 EOI 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 EOI 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 (L TM) 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 r&enable 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 801861n1errupt Controller will generate interrupt 
vectors for the integrated OMA channels and the in­
tegrated Timers. In addition, the Interrupt Controller 
will generate interrupt veclors 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 Reglate, 

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 00 
and 01 bits are the In-Service bits for the two OMA 
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. 

., .. 
11m 

IRTM 

Interrupt Requeat Reglater 

The intemal 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 01 
are the interrupt request bits for the OMA 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. 

Maek Reglater 

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. 

tNT 

111M 
PIC 

IRTl 

210451-12 

Figure 22. Caacade Mode Interrupt Connection 
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INT3 CONTROL REGISTER 

INTI CONTROL REGISTER 

INTI CONTROL REGISTER 

INTO CONTROL REGISTER 

OMA 1 CONTROL REGISTER 

OMA 0 CONTROL REGISTER 

TIMER CONTROL REGISTER 

INTERRUPT STATUS REGISTER 

INTERRUPT REQUEST REGISTER 

IN·SERVICE REGISTER 

PRIORITY MASK REGISTER 

MASK REGISTER 

POLL STATUS REGISTER 

POLL REGISTER 

EOI REGISTER 

0PnET 
3EH 

3IH 

38H 

34H 

32H 

30H 

2EH 

2CH 

2AH 

28H 

28H 

24H 

22H 

Figure 23. Interrupt Controller Reglaters 

(Non-IRMXTII 86 Mode) 

15 14 10 • 
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• 

PrIority Maslc Reglater 

This register is used to mask all interrupts below per· 
ticular interrupt priority levels. The lormat 01 this reg· 
Ister is shown in Figure 25. The code in the lower 
three bits 01 this register inhibits interrupts of priority 
lower (a higher priority number) than the code speci· 
fleet For example. 100 written into this register 
masks interrupts of level five (101). six (110). and 
seven (111). The register is reset to seven (111) 
upon RESET so all interrupts are unmasked. 

Interrupt Statu. Regl.ter 

This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 26. The bits in the status register 
have the following functions: 

DHL T: DMA Halt Transfer; setting this bit halts all 
DMA transfers. It is automatically set when· 
ever a non·maskable interrupt occurs. and it 
is reset when an IRET instruction is execut· 
ed. The purpose of this bit is to allow prompt 
service 01 all non-maskable interrupts. This 
bit may also be set by the CPU. 

IRTx: These three bits represent the individual tim­
er interrupt request bits. These bits are used 
to differentiate the timer interrupts. since the 
timer IR bit in the interrupt request register is 
the "OR" function of all timer interrupt reo 
quest. Note that setting anyone 01 these 
three bits initiates an interrupt reques.t to the 
interrupt controller. 

7 
• I 

4 :I 2 1 0 
o o I • • • I 0 o I 0 I 13 12 I 11 10 I 01 DO 

Flgur. 24. In-Servlce, Interrupt Reque.t, and Maak Regl.ter Format. 

I. 14 :I 2 1 0 
0 0 I • • • • • • • • I I 0 I PRM21 PRM!I PRMOI 

Figure 25. Priority Ma.k Regl.ter Format 

" 14 7 • • 4 :I I 1 0 
IOHLTI 0 I • • • • • 0 0 I 0 I 0 I 0 IIRT2 IIRT! I'RTO I 

figure 21. Interrupt Stat",. Regl.ter Format 
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Timer, DMA 0,1; Control Regl.ter 

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, PR t, 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 Regl.ter. 

These registers are the control words for the four 
external input pins. Figure 28 shows the format of 
the INTO and INn 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 

L TM: Level-trigger mode bit. 1 = level-triggered; 
o = 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 

15 14 

I 0 0 I · • 

MSK: 

C: 

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. 

Mask bit, 1 - mask; 0 - non-mask. 

Cascade mode bit, 1 .. cascade; 0 - di-
rec1 

SFNM: Special fully nested mode bit, 1 '"' SFNM 

EOI Reglater 

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: 

5,.: Encoded information that specifies an in­
terrupt source vector type as shown in T a­
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. 

4 3 J 1 0 

• 0 I !.15K I PR2 I PRI I PRO I 

Figure 27. Tlmer/DMA Control Reglate,.. Formata 

,. 14 7 • 5 4 3 2 1 0 
I 0 0 I • 0 ISFN!.II c I LT!.I I !.15K I PR2 I PRI I PRO I 

Figure 28. INTOIINT1 Control Reglater Format. 

,. 14 • • 3 2 , 0 
0 0 I • • • • 0 IlT!.I I !.15K I PR21 PRI I PRO I 

Figure 29. INT211NT3 Control Reglater Format. 
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NSPEC/: A bit that determines the type of EOI com-
SPEC mand. Nonspecific = 1, Specific - O. 

Poll .net Poll Statua Rev'atera 

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: 

Sx: Encoded information that indicates the 
vector type of the highest priority inter­
rupting source. Valid only when INTREO 
"" 1. 

INTREO: !hiS bit determines if an interrupt request 
IS present. Interrupt Request = 1; no In­
terrupt Request = O. 

IRMXTM 86 COMPATIBILITY MODE 

!hiS 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 eX1er­
nal master interrupt controller. The internal 80186 
resources will be monitored through the internal in­
terrupt controller, while the eX1ernal 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 iRMX 86 mode, bit 14 of the Relocation 
Register should be set. 

tl " 13 

I~~bl 0 0 • • • • 

~ecause of pin limitations caused by the need to 
~nterface to an eX1ernal 8259A master, the internal 
Interrupt controller WIll no longer accept eX1ernal 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 
controller. 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. 

T.ble 16_lntern.1 Source Priority Leyel 

Priority Leyel Interrupt Source 

0 Timer 0 
1 (reserved) 
2 OMAO 
3 OMAI 
4 Timer 1 
5 Timer 2 

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

IRMXTM 86 Mode External Interface 

The configuration of the 80186 with respect to an 
eX1ernal 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. 

1 4 3 I 0 

• • 0 I 54 53 52 Sl so 

figure 30. EOI Revlater FOl'INt 

tl t4 tI I 4 3 I 0 

I~ral 0 0 • • • • • • • 0 I 54 53 52 Sl so 

Figure 31. Poll Rev'ater FOl'INt 

33 

Reproduced with perm_ion from Intel Oorpol"&tion 



IAPX 1 • 

IDtIOINT.1N 

10'10 

INTO 

ItMII[Jet I IRTI 
I 1m t--

... ....,.11 
1m 1M 

INT ! 
1117 

CAIO-I 

1 
CAICADI 

ADOIIUI DlCOOIII 

< 
-

-IIIOUIIT'_ _cmIIIIll.,.. 

IN'" 
IDtIOIlM INTEIIIIUI'T OUTPUT 

21~5'-13 

Figure 32. IRMXTII 86 Interrupt Controller Interconnection 

Correct master·slave interface requires decoding of 
the slave addresses (CASO·2). Slave B259As do this 
internally. Because of pin limitations. the 80186 
slave address will have to be decoded externally. 
iNif is used as a slave·select input. Note that the 
slave vector address is transferred internally. but the 
READY input must be supplied externally. 

fNT2 is used as an acknowledge output. suitable to 
drive the JNTA input of an B259A. 

Interrupt 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 IRMXTM 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 iRMX mode the specific EOI 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 EOI 
register at offset 22H. 

Interrupt Controller Registers 
In the IRMXTM 86 Mode 

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

Enc:f.of-Interrupt Reglater 

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 EOI command 
when written by the 80186 CPU. 

The bits in the EOI register are encoded as follows: 

Lx: 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: 

11 14 13 • 
0 0 0 I • • • I 0 I 

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

msk: mask bit for the priority level indicated by prx 
bits. 

7 
0 I 

LEVEL 5 CONTROL REGISTER 
(TIMER 2) 

LEVEL. CONTROL RE':iISTER 
(TIMER 1) 

LEVEL 3 CONTROL REGISTER 
(OMA 1) 

LEVEL 2 CONTROL REGISTER 
(OMAO) 

LEVEL 0 CONTROL REGISTER 
(TIMER 0) 

INTERRUPT STATUS REGISTER 

INTERRUPT ·REOUEST REGISTER 

IN-SERVICE REGISTER 

PRIORITY-LEVEL MASK REGISTER 

MASK REGISTER 

SPECIFIC EOI REGISTER 

INTERRUPT VECTOR REGISTER 

OFFSET 

3AH 

38H 

304H 

32H 

30H 

2EH 

2CH 

2AH 

28H 

22H 

Figure 33. Interrupt Controller Registers 
(IRMXTM 86 Mode) 

• 1 4 , 2 0 
0 I 0 I 0 I 0 I L2 Ll LO 

Figure 34. Specific EOI Register Format 

,. 14 11 • 7 • • 4 3 I 1 0 
0 0 0 I • • • I 0 I 0 I 0 ITMR21TMRli 01 00 0 ITMROI 

figure 35. In-Service, Interrupt Request, and Mask Register FOlTnllt 
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Interrupt Vector Reglater 

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 controller 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 Maak Reglater 

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

The encoding of the bits in this register is: 

m.: 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 Controller and Re.et 

Upon RESET, the interrupt controller will perform 
the following actions: 

• All SFNM bitt 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 ). 

• All L TM bits reset to 0, resulting in edge-sense 
mode. 

• All Interrupt Service bits reset to O. 

• All Interrupt Request bits reset to O. 

• 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. 

• Initialized to non·iRMX 86 mode. 

15 1. 13 
• 7 • 5 • 3 2 1 0 

o 0 0 I • • I 0 I 0 o o I 0 I MSK I PR2 I PRI I PRO I 

Figure 36. Control Word Format 

15 1. 13 • 7 • 5 4 3 2 1 0 
0 0 I 0 I • • I 0 I 14 I 13 t2 I \I 10 I 0 I 0 0 I 

Figure 37. Interrupt Vector Reglater Format 

15 1. 13 • 7 • I 4 3 2 0 
0 0 0 I • • · I 0 I 0 I 0 I 0 I 0 I 0 m2 I ml mOl 

Figure 38. Priority Level Maek Reglater 
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN2681 SERIES 

'D""""·gt 
DESCRIPTION 
The Signetics SCN2681 Du.1 Unl.ers.1 
Asynchronoul Recel.er/Tr.nlmllter 
(DUART) ia • lingle Chip MOS'LSI com· 
munlc.tions de. Ice th.t pro.ldes two In· 
dependent 'ull·duplex aaynchronous 
recelver/tr.nsmlUer channels In a ,Ingle 
package. It inter' aces directly with micro· 
processors and may be used in a polled or 
Inllrrupt driven system. 

The operating mode and data 'ormal 0' 
I.ch channll c.n be programmed Ind. 
pendently. Addition.lly. IIch recliver and 
trlnsmilllr can aeleCI ilS operating aplld .1 one 0' eighteen 'ixed blud r.tes •• 16x 
clock derived 'rom a programm.ble 
counllr/limer. or .n Ixternal 1 x or 16x 
clock. The blud rite generator and 
counllr/limer can operate directly 'rom a 
cry,"1 or 'rom exllrn.1 clock inpull. The 
ability to independently program the 
operating apeed 0' the recei.er .nd trana· 
miller make the DUART p.rticularly attrac· 
tive 'or du.l·aplld channel applic.tions 
luch as clustered termin.1 aystems. 

Each receiver il quadruply buffered to 
minimize the polenti.1 0' receiver overrun 
or to reduce intlrrupt o.erhead in Inter· 
rupt dri.en systems. In addition. a flow 
contrOl capability il provided to disable a 
rlmote DUART tr.nsmitter when thl bul· 
Ilr 01 the receiving device is lull. 

Also provided on the SCN2681 are a multi· 
purpose 7·bit input port and a multipur· 
pose 8'blt output porI. These can be used 
.s general purpose 110 ports or can be 
"'igned specifiC lunctions (auch as clock 
inputs or .tatualinterrupt outputa) under 
program control. 

The SCN2681 is avail.ble in three package 
.ersions to Sltlsly .arious system require· 
ments: 4().pin and 28·pin. both 0.6" wide 
DIPs .• nd • compact 24·pin. 0.4" wide. 
DIP. 

ORDERING CODE 

FEATURES 
o Dual full·duple. lIynchronou. NOIINrl 

trenlmltlr 
o Quadruple buffered nIOII_ data fIIIll' 

tarl 
o 'rotrammable dati formlt 
-I to • dati bltl plul pertty 
-0cIct. _. no perlty or force pertty 
-1,1.1 or 2 Itop bltl programmable In 

111. bit Incremlnll 
o 'rotrammable blud ral. for IIch r. 

OlIver and lranlmlter .. !ectlble from: 
-1. fbled ralll: 10 10 38.4K baud 
-Ona ullr dallned rltl derived from 

programm.bll llmar/counllr 
-Exllrnal 11 or 11. clock 

o P.rtty, framl"" .nd OMffUn Irror detec· 
tlon of., .. It.rt bit delecllon 

o Line break delecllon .nd genaratlon 
o Protr.mmable channal modI 

-Normal (full duplllt) 
-Automallc echo 
-Localloopback 
-Remollioopback 

o "ultl·funcllon programmable , .. blt 
countlrllimer 

• "ultl·funcllon 7·blt Input port 
-C.n IIrve .. clock or controllnpull 
-Cha",1 of 11.11 dllecllon on four 

InpulI 
• "ultl·functlon .. bll oulpul port 

-lndlvldull bit lllIralll cepeblllty 
-Oulpull cen ba progr.mmed 10 ba 

.t.tuallntlrrupt lIonlll 
• V_till Interrupl 1,,"lm 

-SInOIe Inllrrupl OUlput with light 
mIIklbll Inllrruptl", condltlonl 

-Oulput port cen ba configured 10 pro­
WIele • tOlal of up 10 II • ..,.rlll wlra­
OR'Ible Inllrrupl OUlputl 

• .... Imum dlillranifer: IX - lMI/IIC, 
11X - 121KIIIIC 

• Automatic wak.up modi for multidrop 
eppI!catlonl 

• Start'lnd break Interrupllitatul 
• Detectl bfllk which orIglnat .. In Ihi 

middle of I character 
• Qn.chlp cryl .. 1 oecllletor 
• TTL_pellble 
o lingle + IV power luppl" 

PACKAGES 
Vcc-IV :t 5'1(,. TA - O·C 10 70·C 

24 Pin' • Pin' 40 Pin' 
Ceremle DIP Noll •• lllbll SCN268 I AC 1128 SCN2681AC1I40 
PIII"e DIP SCN2681AC lN24 SCN268tACIN28 SCN2681ACIN40 

,_"'01 .... OIP 

la'fft ...... OIP 

PIN CONFIGURATION 

'" 

11101 , 

TlOI " 
lIP' , 

IIP7 , 

III' 

GNO 

AI 

,AI 

WIIN" 

"lIN , 
l1li111 
TIDe , 

0' 

III 

DO' 

GNO' 

, 
, 
, 

, 

TO' VIEWS 

·CC 

". 
". 
'PI 

CEN 

IIIIIT 

II/CLK 

, IIIOA 

TlOA 

01'0 

OP2 

OPt 

01'1 

AO 

CE .. 

, IIUET 

Xl/CLk 

IUIO& 

TlDA 

DO 

DI 
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (OUART) SCN2681 SERIES 

PIN DESIGNATION 

MNEMONIC 
APPLICAILE 

TYPE NAME AND FUNCTION 
40 21 24 

00-07 X X X I/O Det. lua: Bidiraction.1 3-at.t. d.t. bu. uMd to tr.nsfar comm.nds, date .nd Itatus between 
the OUART and the CPU. 00 Is tha I •• st Ilgniflc.nt bit. 

CEN X X X I Chip Enable: Actlv. low Input Ilgnal. When low, dati trln,far. between the CPU Ind the 
OUART Ire .n.bl.d on 00-07 a. controlled by the WRN, RON and AO-A3 inpull. Wh.n high, 
pl.c.s the 00-07 lin •• in tha 3-alll. condition. 

WRN X X X I Wrlta Strobe: Wh.n low and CEN ia alaO low, the cont.nll of tha data bu. ia loaded Into the 
Iddr .... d r.giat.r. Th. transf.r occurs on the riling edge of the signli. 

RON X X X I "ead Strobe: Wh.n low and CEN Is also low, caua.s the cont.nts of the addr.ss.d reoist.r to 
be pr.aanted on the dill bu •. Tha raid cycla begins on the failong edge of RON. 

AO-A3 X X X I Add .... Input.: Sal.ct the OUART internal reglst.,. and ports for read/writ. operahons 

RESET X X X I R.aat: A high f.v.1 cl.ars int.rn.1 registers (SRA, SRB, IMR, ISR, OPR, OPCR), puts OPO-OP7 
In the high .tat., Slop. the count.rltimer, and puts ch.nnels A and B in .the inact .. e state. 
with the TxOA and TxOB outputs in the mark (high) state. 

INTRN X X X 0 Int.rrupt Requ •• t: Active low, open drain, output which signais the CPU that on. or more of 
the .ight maskable interrupting condition. ara true. 

X'/CLK X X X I Cry.tll': Crystal or external clock input. A crystal or clock of the specified Iomits must be 
supplied at ali times. When a crystal is used, a capacilor must be conn.cted from thiS pin to 
ground (see figure 5). 

X2 X X 0 Cryltll 2: Connection for other side of the crystal. Should be connected to ground if a 
crystal is not us.d. When a crystal is used, a capacitor muat be connected trom thiS pin to 
ground (aee figure 5). 

RxOA X X X I Channal A RIC .... r SerIal Data Input: The leaat ligniflcant bit il received forll. 'Mark' IS high, 
'Ipace' il low. 

RxDB X X X I Chann.11 RIC.I"., Serial Dltllnput: The leaat significant bit is rec.ived for.t 'Mark' la high. 
'space' ia low. 

TxOA X X X 0 Chann.1 A Tranlmltt.r Serial Data Output: Th. I.ast Significant bit ia transmitted torst ThiS 
output is h.ld in the 'mark' condition when the transmltt.r is disabled, idle, or when operat· 
ing in localloopback mod •. 'Mark' ia high, 'space' is low. 

TxOB X X X 0 Chann.11 Tran.mltt.r SerIal D.ta Output: Th. I •• st .ignlfocant bit IS transmitted torst Thla 
output is h.ld in the 'mark' condition wh.n the transmittar ia disabl.d, Idl., or when operat· 
ing in localloopbeck mod •. 'Mark' is high, 'Ipace' IS low. 

OPO X X 0 Output 0: Gen.ral purpose output, or channel A raqu.at to s.nd (RTSAN, activ. low). Can be 
d.activated on rec.iv. or transmit. 

OPI X X 0 Output 1: G.n.ral purpose output, or chann.1 B raqu." to •• nd (RTSBN, activ. tow) Can be 
d.activated on rec.iv. or transmit. 

OP2 X 0 Output 2: G.n.ral purpoae output, or chlnn.1 A transmitt.r I X or 16X Clock output, or chan· 
n,' A rec.iv.r 'X clock output. 

OP3 X 0 OutpulS: G.n.rai purpose output, or open drain, achve iOW count.rltimer output. or channel 
8 transmitt.r IX clock output, or channel B r.ceiv.r IX clock output. 

OP4 X 0 Output 4: General purpose output, or chann.' A open drain, active law, RxROV A/FFUllA out· 
put. 

OP5 X 0 Output 5: G.neral purpo .. output, or chann.' B open drain, active low. RxROVB/FFUll8 out· 
put. 

0P6 X 0 Output I: G.n.ral purpo.e output, or channel A open drain, activ. low, TxROVA output 

OP7 X 0 Output 7: G.n.ral purpoM output, or chann.1 B open drain, aCliv. low, TxROVB output 

IPO X I Inpul 0: G.n.ral purpoM input, or chann.' A clear to .. nd aCllv, low Input (CTSAN) 

IP, X 1 Inpul 1: G.neral purpoae Input, or Chann.' 8 clear to .. nd Ictlve low Input (CTSBN) 

IP2 X X 1 Inpul 2: Ganeral purpo.a Input. or counlarltlmar •• tarnal clock Input 

IP3 X I Inpul 3: G.naral purpo.a Input. or channal A lran.mlttar •• tarnal clOCk Input (TxCA) When 
Iha .. ,a",al ClOCk" uled by the ,ranlmlttar. 11\1 tranlmilled dll' " ClOCked on tha 1.lIlng 
.dge at the Clock 

1-70 Sigletics 
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART)SCN2681 SERIES 

$""ii".iij 
PIN DESIGNATION (Continued) 

A"LICAILE 
.... E .. ONIC TYPE NAME AND FUNCTION 

«I 21 24 
IPC X I Illpul 4: G.n.r.' purpose Input, or ch.nn.' A r.C.iv.r .... rn., clock input (R.CA). Wh.n th. 

•• I.rn.' clock ia us.d by th. rec.iv.r, th.r.c.iv.d d.ta il .. mpl.d on th. riling .dg. 01 th. 
clOCk. 

IPS X I IlIpul 5: G.n.r.1 purpose Inpul, or ch.nn.' B tr.nlmitt.r •• I.rnal clock inpul (T.CB). When 
Ih •• xl.rn.' clock is us.d by Ih.tr.nsmiller, th. tranlmitt.d d.t. i, clocked on Ihe 1.,lIng 
edge of the clock. 

1P6 X I Illput I: G.n.r.1 purpose Input or chann.1 B rec.'v.r •• tern.1 cloCk inpul (RxCB). When the 
.xt.rnal clock II uled by the receiver, the received data il sampled on the rising edge 01 the 
clock. 

Vee X X X I Pow.r Supply: + !IV supply input 

OND X X X I Groulld 

BLOCK DIAGRAM 
Tile 268t OUART con".a's of the fOllowing 
.'ght major .. ctlont:. data bUI buff.r, 
operation contrOl, Int.rruptcontrol, tim· 
lng, communic.tions chann.'s A and B, In· 
put port ana output port. R.f.r 10 the 
block diagram. 

Data Bu. Buffer 
The d.ta bUI buff.r provid.s the int.rf.c. 
betw .. n the .xt.rnal .nd internal d.t. 
bUI.les. It II controll.d by the oper.tion 
control block to .1I0w r •• d .nd writ. 
oper.tiona !ot.ke pl.ce betw .. n the con· 
trolling CPU .nd the OUART, 

Operation .Control 
Th. op.ration control logic r.celv.s 
operation .comm.nda from the CPU .nd 
oan.r.t •• approprl.t. s'gn.'. to Int.rnal 
sections to Control d.vlc. op.ratlon. It 
contain. addr ... decodlng .nd read and 
writ. Circuit. to p.rmlt communlc.tlons 
with the microproc ... or vi. the data bUI 
buff.r. 

Interrupt Control 
A lingle active low Int.rrupt output 
(INTRN) II provided which II actlvlted 
upon the occur.nCI of any of .'ght In'.r· 
nal ev.nta. AllOCilted with thl Intlrrupt 
Iy".m are the Interrupt maak. regllt.r 
(IMR) and thl Int.rrupt ".tul regllt.r 
(ISR). The IMR may be prOGrammed to 
"'.ct only c.rt.'n condltlona to ClUI. 
INTRN to be .... ned. The ISR can be read 
by the CPU to d.t.rmlnl all currlnlly ec· 
tlve in'."upling condltlonl. 

Outpull OPl-OP7 can be prOGr.mmed to 
provld •. dllerlll Inllrrupt outpull for thl 
tranlmllte,., recllve,., and counllr/tlmar. 

Timing Circuit. 
Th. timing block consist. of • crystal 
olcill.tor, • baud rate generator, a pro· 
grammable 16-bit count.rltimer, and fOur 
clOck selectors. The crystal oscillator 
operates directly from a 3.6864MHz crys· 
tal connected across the Xl/ClK and X2 
Inputs. If an e.ternal clock of the appropri· 
at. fr.quency is available, it may be con· 
nected to XlIClK. The clock serves as the 
basic timing ref.rence for th. baud rate 
generator (BRG), the counterltimer, and 
other Internal Circuits. A clock signal 
within the limits specified in the specifica· 
tlons ,eclion of this dala sheet must 
always be supplied to the DUART. 

Theb.ud rate generator oper.t •• from the 
oacill.tor or external clock Input and i' 
cap.ble of g.neratlng 18 commonly u .. d 
d.t. communic.tlon, baud rat •• r.nging 
from !SO to 38.4K baud. The clock outputs 
from the BRG .re .t lex the .Ctu.1 baud 
rate. Thl counter/tlm.r c.n be u .. d ea • 
timer to produc •• lex clock for .ny oth.r 
baud rat. by counting down the cryst., 
Clock or an Ixternal clock. The four clOck 
.. llcto,. .1I0w the Ind.p.nd.nl all.ction, 
for .ach recllv.r and tranSmllter, of any of 
thell baud ralls or an .... rn.' timing .Ig. 
nal. 

Thl counterltlmer (CIT) c.n be prOGram· 
med to UII one of IIveral timing lourc., 
II It I Input. The output of thl CfT i, avail· 
Ibll to thl clock .. llctora Ind can alao be 
prOGram mid to be oulput It OPl. In thl 
counllr mod., thl conllnl. of thi CIT c.n 
be read by the CPU and II can be ,IopPed 
and Itarted under prOGr.m control. In thl 
IImlr mode,' thl CIT aCII I. I prOGrlm· 
mabll dlvidlr. 

Sigletics 

Communications Channel. 
A and B 
Eech communications chann.' of Ih. 2681 
comprises. lull duple •• synchronoul re· 
cliverltrensmilter (UARl). Thl operating 
frequency for lach rlceivlr and tr.nlmll· 
ter can be ,elect.d Indlpendenlly Irom 
thl baud ra .. g.nlrltor, thl counl.' IImer, 
or from .n .xt.rnal input. 

Th. tranlmilter accepts parallel data Irom 
the CPU, converts it 10 ••• ri., bll stre.m. 
inaerts the .pprop,.ate start, 1I0p .• nd op· 
tional parity bits .nd outputs. composl" 
I.rial stream of data on the T.O oulpul 
pin. Thl receiv.r ICC.Pts 1.,.., dillon 
the RxD pin, convirts IhlS .. ri., inpul 10 
par.llel form.I, ch.cks for lI.rt bit, IIOP 
bit, parity bil (if any), or br •• k condItion 
and sends an assemblld character 10 the 
CPU. 

Input Port 
The inputs to this unlatchld 7·bo\ port can 
be read by the CPU by perlormlng a rlad 
operation at addr.ss 0'6 A high Inpul r.· 
aults in a logiC I whill I lOW Input reSults 
In 8 logic 0 0 7 Will "ways be read IS • 
logiC 1. Th. pins 01 this port can "so serve 
.s .u.lliary inpuls 10 certain porllons 01 
the OUART lOgiC. 

Four change·of·ltlt. d.tectors are pro­
vided which are associatld With Inputs 
IP3,IP2, IPI, and IPO A hlgh·to·IOW or low· 
to· high I,.n,ltlon 01 Ih.,. Inpull IISIlng 
long.r Ihan 2!1-!so~s will .. I Ihl CO".' 
.pondlng bit In thl Input port Will ch.ng. 
reglst.r Th. bits Ir. cllar.d whin th, 
rlglster II rl,d by thl CPU Any change 01 
I'.tl C.n also b, progrlmm.d 10 g.n •• a .. 
• n Int.rrupt 10 thl CPU .• 
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'HA""p"·itj 
Output Port 
Til. 8·bll mulll·purpose outpul port can b. 
Uled as I gln.ral purpose outpul port, in 
wlllcll case til. oulputs Ire til. compll' 
mInIS 01 till outpul port r.gl,lIr (OPR). 
OPRln]_ I results In Optn]_ low Ind yiCI' 
Ylr,a. Bits 01 Ille OPR can be individually 
III and res.t. A bil IS set by plrlorming a 
write operallon It Iddress E'6 witllihe IC' 
companying data specifying Ihe bits to be 
s" (1 .. sel. 0 = no change). Likewise, a bil 
is reslt by a writl at address F 16 witll till 
Iccompanying data specllying the bits to 
be reset (I .. reset, 0" no change). 

Outputs can be also individually assigned 
specific lunctions by appropriate pro· 
gramming 01 tile channel A mode registers 
(MR1A, MR2A), Ihe channel B mode regis· 
ters (MRI B, MR2B), and Ihe output port 
conflgurallon rlgister (OPCR). 

OPERATION 

Tr.nsmltter 
Th. 2681 is conditionld to transmit data 
whln thl transmitter is Inabled through 
till command register. Tile 2681 indicates 
to the CPU til at it is ready to accept a 
cllaracler by setting the TxRoY bit In tile 
Itatus register. This condition can be pro· 
grammed to generate an Interrupt rlQuest 
at OPe or OP7 and INTRN. When a charac· 
IIr is loaded into till transmitllolding rIg· 
iller (THR), till aboye conditions are 
negated. Data is transllrred from the IIOld· 
ing register to tile transmit IIl1ift register 
wllln It is idl. or lias compllted transmis­
lion of the preYlous character. The TxROY 
conditions Ire tllen asaerlld Igain whicll 
means one full cllaracter time of buffering 
il provided. Cllarlcters cannot be 10Ided 
into tile THR while tile transmitter is dis­
ablld. 

Til. transmitter conv.rt. till parallel dlla 
from the CPU 10 a serial bit Itream on til. 
Txo output Pin. It automatiCally IInds a 
lIart bit lollowed by 1111 programmed 
number of data bill, an opllonal Plrily bll, 
and tile programmed number 01 atop bits. 
Till least Ilgnlllcant bll ,. IInl. firsl Fol­
lowing tile Iranam,",on of till alop bill, il 
a n.w cllaracter il nOI IVllllble In IIIe 
THR, Ihe T.o oulput remllnl high Ind till 
TxEMT bll In IIIe IIlIuI rlgilter (SR) will 
be lit 10 1. Trlnlmlilion rllUme. Ind 1111 
hEMT blill clearlld wilen Ihl CPU 10ldii 
nlw CharlCllr ,nlo thl THR. If Ihe Irana· 
mllllr II d, .. bl'd, il contlnu .. operallng 
unl,' Ihe Charlcter cu"ently being I'anl 
mlllild II completely .. nt oul Th. "In.· 
mlll.r can be 10'ClO 10 lind a conlinuoul 
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low condilion by Iliulng a lind break 
command. 

Till trlnlmltllr can be r .. et Ihrough I 
IOflware commlnd. 111111 reset, operation 
cu .. s Immedlltely and till tranlmltter 
mUlt be .nlbl.d tllrough III. commlnd 
rlgilter before rellumlng operation. 11 CTS 
oplrltlon III .n.bl.d, till CTSN input mult 
be low In ordlr for thl cherlcter to be 
tr.nllmitted. If it gOls IIlgh In till middle of 
I tranllmlsslon, till character In till llIift 
rlgiallr Is transmlttld Ind TxOA tllln re­
m.'ns in till m.rklng stltl until CTSN 
goes low. Tile transmitter c.n .Iso control 
til. deactivalion of till RTSN output. If 
programm.d, till RTSN output will be r.­
lit on. bit tim. aller til. cller.cllr In til. 
transmit shill register Ind transmit 1I01d­
ing register (if .ny) are completely trans­
mitted, if th. transmitter II .. been di'­
.bled. 

Receiver 
Till 2681 is conditioned to recllYe dll. 
wllln Inabled through the command rIg­
liter. The recliver looks for I IIlgh to low 
(mark to apace) transition of the lIart bit 
on the RxO input pin. If a Iranaillon Is de­
Ilcled, the slate of tile RxO pin i, lampled 
lacll 16X clock lor 7-1/2 clocks (leX clock 
modI) or allhe nlxt riling edge of Ihe bit 
time clock (IX clock mod.). If RxO is 
sampled higll, Ihe start bil is Inyalid and 
th. aearch lor a vllid start bit begins 
again. 11 RxO is Itililow, a yalid start bit ia 
.ssumed .nd Ihe receiver continues 10 
sample thl Input .1 onl bil time interv.ls 
at the tlleorellc.' c.nter of til. bit, until 
Ihe proplr. numblr of data bits Ind tile 
parity bil (If .ny) h.ve been asslmbled, 
.nd on. lIop bit lias been detecled. The 
leaal ,Igilic.nt bil II recllved lirsl. Tile 
data is tllen Ir.nsle"ed 10 Ihl reclive 
holding rlglater (RHR) .nd Ille RxROY bit 
In Ih. SR ill S8l10. 1. Thl, condition c.n 
be programmld to glneral •• n Inlerruptll 
OP~ or OPS .nd INTRN. If til. cllar.cter 
Ilngth ia II .. III.n IlglIl bits, tile most 
aignilic.nl unuaed bits in till RHR are III 
10 Zlro. 

Alter til. Ilop bll il delected, tile recllver 
will Immediatlly look for thl n.xlll.rt bit 
HOWIYlr, if • non-zero cllar.cter w.s r. 
cllved wltllout I 1I0P bit (Iramlng error) 
• nd RxO remlina low for onl 11111 01 tile bll 
period .fllr till atop bit w .. sampled, 
Illen till rec.lye, operat ... 1 II • new lIart 
bll lran"t'on lI.d beln dlleclild II tllll 
poinl (on.II./I bit tlml .h.r IIIe IIOP bll 
WII aampilld) 

Till parity e"o" framing ."or, OYI"Un .,. 
ror .nd ,ecllvlld break lIall (It any) are 
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",obed inlO Ihe SR at tile 'eceivlld cha'lc· 
ler bound.ry, belore 1111 RxROY alllus bll 
II ael. II • bre.k condilion II dlllctild 
(Rxo i' low lor Ihe Intire cll .. lcllr In­
cluding the IIOP bil), • char.cler con· 
liSling 01 .11 zeros will be lo.ded InlO the 
RHR .nd Ih. rlc.ived break bll In Ille SR 
la III to t. Til. Rxo inpul must relurn 10 I 
high condilion lor atll .. t one-half bit time 
belore .... ,cll lor 1111 nexl atart bit 
beginll. 
Th. RHR consists of • firal-in·firll-Oul 
(FIFO) stack with a c.paclty 01 Ihree cha,· 
.cters. Oall is lo.d.d from 1111 rec.ive 
IIhlft register into Ille lopmosl empty POSI' 
tlon of Ihe FIFO. Tile RxRDY bit in Ihe 
status regisler ill S81 whln.yer onl or 
more characlers .. e .vailable 10 be read. 
.nd a FFULL stalus bit is set If .11 Illree 
al.ck pOSitions .,e fill.d willi data Eilher 
of Ihese bilS c.n be Sliected 10 c.use an 
Inllrrupt. A read of thl RHR oulputs the 
data at Ihe lop 01 till FIFO Afte' Ihl read 
cycll, the data FfFO .nd its .ssocialed 
stalus bill (see below) .re 'popped' thus 
Implying. FIFO position for new data 

In .ddition to tile data word. three stilus 
bits (parity ."or, framing error, .nd r. 
ceiv.d break) arl Iiso .ppended to each 
data character in till FIFO (ove"un IS not) 
Slatus can be provided in two w.ys. IS 
programmed by 1111 Irror mode conlrol bll 
in the modI reglSllr In III. 'cllaracler' 
mode, IIllus is prOVided on a characler· 
by-ch.racle' basis: the status appl.es only 
10 Ihe character Illhe lOp of Ihe FIFO In 
tile 'block' modI. Ihl IIt.lus prOVided In 
tile SR for these Ihree bits 'S til. log.cal 
OR 01 thl Slit uS lor all ch ... cters coming 
to thl lOP of Ihl FIFO since the las I "esel 
error' command was issued In Illher 
mode reading the SR d08$ nOI .lIect Ihe 
FIFO. Tile FIFO,s 'popped' only wilen the 
RHR is read. Tller810re till slat uS rlglSter 
ahould be re.d pllor to ,eadlng the FIFO 

If 1111 FIFO is full wilen. new ch.racter IS 
received, that cll.racter is held ,n Ihe 'e­
ceive allift rlgister until. FIFO poaltlon IS 
,v"lable. II .n addltionll clliracter " '. 
celYIld wllill Ihis lIat. ,xllS, 1111 contents 
of 1111 FIFO .re not .ttlclild the cllar.cter 
previoully In Ihl ahlft rlglSllr IS lost .nd 
thl over,un 1"0' lIatus bit (SRI4j) Will be 
lit upon rec.ipt of IIIe ,I.rt bit 01 thl nlw 
(overruning) cll .. acllr . 

Tile recllYer can control till deaclty.lton 
ot RTS. II progr.mmlld to operlll In !l1I1 
mOdi, Ih. RTSN output Will be nlgalild 
when I v.lld IlIrt bit w., ,ecllvlld InO thl 
FIFO " full Whln • FIFO poallton be 
com .. Iy"I.bll. thl RTSN outpul 101.11 be 
r ..... rlild .ulom.ItCally. Thill 1 .. lur. 
c.n be uilld 10 pr.v.nt .n ov.rrun. In 1111 

Reproduced wilh perm_ion from S'lIT'etica 



MICROPQOCESSOR DIVISION JANUARY 1983 

DUAL ASYNCHRONOUS RECEIVER lTRANSMITTER (DUART) SCN2681 SERIES 

receiver, by connecting the RTSN output 
to the CTSN Input 01 the transmitting 
device. 

II lhe recelYer Is disebled, the FIFO Char· 
ecters can be read. However, no addilional 
characters can be raceived until Ihe r. 
ceiver is enabled again. If the receiver is 
reset, the FIFO and all 01 Ihe raceiver 
lIetus, and the corresponding oulput 
ports end interrupt ere reset. No eddi· 
tlonal cheraeters can be received unlil the 
receiver is enabled again. 

Multidrop Mode 
The OUART is equipped with a wake up 
mode used lor multidrop applications. 
This mode is selected by programming 
bits MRIA[4:3] or MRIB[4:3) 10 'II' lor 
channels A and B respectively. In this 
mode 01 operation, a 'masler' slation 
trensmits an address characler lollowed 
by data characters lor Ihe addressed 
"live' Slation. The slave stations, with 
receivers Ihal are normally disabled, ex­
Imine the raceived data stream and 'wake­
UP' the CPU (by setting RxROY) only upon 
raceipt 01 an address character. The CPU 
compares the received address to its sla­
tion address and enables the receiver il 1\ 
wishes to receive the subsequent data 
characters. Upon raceipt 01 another ad­
dress character, the CPU may disable the 
receiver to initiate the process again. 

A transmitted character consists 01 a start 
bit, the programmed number 01 data bits, 
an address/data (AID) bit, and the pro­
grammed number 01 stop bitS. The polarity 
Of the transmitted AID bit is selected by 
the CPU by programming bit MRIA[2V 
MR1B[2). MRIA[2YMRI B[2J = 0 transmits a 
zero In the AID bit position, which iden· 
lifl.es the corresponding data bits as data, 
while MR1A[2]1MR1B[2)= 1 transmits a 
one in Ihe AID bit pOSition, which identi· 
fies the corresponding data bits as an ad· 
dress The CPU should program the mode 
register proor to loading the corresponding 
data bits into the THR. 

In thiS mode, the receiver conhnuously 
looks It the received dlta stream, whether 
It IS enabled or dls.bled If disabled, It 
MIS the R.ROY status bit and loads the 
Character ,nto the RHR FIFO II the reo 
calved AlO bit " a one (Iddrlas tag). but 
discards the received chlracte' II the 
received AlO bit " I zero (dill tag) If 
enebled. III received chlrlcters If- tr.ns· 
'erred to Ihe CPU VI. Ihe RHR In lither 
ca.e. the dlla bits .re loeded Into the d.ta 
FIFO while the AID bll IS 10lded Into th.e 
IIl1ua FIFO pOllllon norm,"y uled lor 
perlty I"or (SRA[!>] or SRBI!>]) Fremlng 
I"or. o.errun error. and brelk detect oper 

ate normally whether or not the receiver is 
enlbled. 

PROGRAMMING 
The operation 01 Ihe OUART is program· 
med by writing control words into the ap· 
propriale regislers. Operational feedback 
ie provided via status registers which can 
be read by the CPU. The addressing 01 the 
register, is described in tlble 1. 

The contents 01 certain control registers 
er. initialized to zero on RESET. Care 
should be exercised if Ihe contents 01 I 
register are changed during operation, 
Since certain changes may cause opera· 
tional problems. For example, changing 
the number of bits per character whiie the 
tflnsmiller is active may cause the trans· 
mission 01 an incorrecl character. In gen· 
eral, the contents 01 the MR, the CSR, and 
the OPCR should only be changed while 
the receiver(s) and transmiller(S) are not 
enabled, and certain Changes 10 Ihe ACR 
should only be made while the CfT is 
stopped. 

Mode registers 1 and 2 of each channel are 
Iccessed via independent auxiliary poinl· 
ers, The pOinter is sel to MRlx by RESET 
or by Issuing a 'reset pointer' command 
via the corresponding command regiSler. 
Any read or write 01 the mode register 
while the pOinter is at MRlx switches Ihe 
pOinter 10 MR2x. The pointer Ihen remains 
at MR2., so thaI subsequent accesses are 
always to MR2x unless the pointer is reset 
10 MRlx as described above. 

Mode, command, clock select, .nd status 
regislers are duplicated lor each channel 
10 provide total independenl operation 
and control. Reier 10 table 2 lor register bil 
descriptions. 

MR1A - Channel A Mode 
Register 1 
MRIA IS accessed when the ch.nnel A MR 
pointer points to MR 1. The pointer is set 
to MRI by RESET or by a 'set pOinte" com· 
mand applied via CRA. After reading or 
writing MR1A, Ihe pointer will point to 
MR2A. 

MR1A(7) - Chlnnel A Receiver Reque.l· 
Io-Send Conlrol - This bit controls the 
deactivation 01 the RTSAN output (OPO) by 
Ihe receiver. This oulpul is normally 
asserted by selling OPR[O) and negated by 
resetting OPR(O). MR1A(7] = I cluses 
RTSAN to be negated upon receipt 01 a 
valid start bit if the channel A FIFO IS lull. 
However, OPR(O) is not reset and RTSAN 
will be lS,erted .gain when an empty 
FIFO posilion IS available. ThiS leature 
c.n be used for flow control 10 prevent 
overrun in the receiver by uSing the 
RTSAN output Signal to control the CTSN 
input 01 the transmitting deVice 

MA1AJII) - Chlnnll A Aecalver Inlerrupl 
Selecl - This bit lIelecls either the chin· 
nel A receiver ready StiluS (RXROY) or the 
channel A FIFO full stalus (FFULL) 10 be 
used lor CPU interrupts. 111110 causes the 
selected bit to be Oulpul on OP4 " It IS 

programmed IS an Interrupt outpul via the 
OPCR. 

MR1AJ5) - Chlnnel A Error Mode Uec:1 
- ThIS bit selects the operlting mode 01 
Ihe three FIFOed slit us bits (FE, PE. re­
ceived bre.k) lor channel A. In the 'chlrac· 
ter' mode, stltus is provided on I cherac· 
ter·by·charlcter basis: the status Ippltes 
only to the ch.flcler It the top 01 Ihe 
FIFO. In the 'block' mode, the StiluS pro· 
vided in Ihe SR lor thel' bits IS Ihe Ie· 

Table 1 2681 REGISTER ADDRESSING 

1.3 A2 AI 1.0 READ (RON. 0) WAITE (WAN. 0) 

0 0 0 0 Mode Register A (MRIA, MR2A) Mode Register A (MRIA. MR2A) 
0 0 0 , Stilus Register A (SRA) Clock Select Reg A (CSRA) 
0 0 , 0 ° Reserved' Commlnd Reglsler A (CRA) 
0 0 , I RX Holding Register A (RHRA) TX Holding Register A (THRA) 
0 1 0 0 Input Pori Change Reg (lPCR) Aux. Conlrol Register (ACR) 
0 I 0 I Interrupt Slllus Reg. (ISR) Inlerrupt MlSk Reg. (IMRI 
0 1 I 0 CounlerfTimer Upper (CTU) CfT Upper Register (CTUR) 
0 1 , I CounlerfTimer Lower (CTL) err Lower Register (CTLR) 
1 0 0 0 MOde Regl"er B (MR 1 B, MR2B) MOde Regl"er B (MRIB, MR2BI 
I 0 0 I StatuI Register B (SRB) Clock Selecl Reg. B (CSRB) , 0 , 0 ° Reserved ° Commlnd Reglsler B (CRBI , 0 , t RX Holding Reglstlr B (RHRB) TX Holding Regl.te, B (THRB) 
I , 0 0 °Rllerved' °Ra.erved· , I 0 , Input Port Output Port Coni Reg· (OPeR) 
1 1 I 0 Starr Counter Command Set Output Pori Blu Command , 1 1 1 SlOP Counter Com mind Reael Oulput Port 8111 Command 
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MAlA 
MAti 

MA2A 
MA2B 

CSRA 
CSRB 

CRA 
CAB 

SRA 
IA8 

OPCR 

ACA 

IPCA 

Table 2 REGISTER BIT FORMATS 
IIT7 IllI IITS IIT4 IIT3 IIT2 lIT, liTO 

AX ATS AXINT EAAOA 
PAAITY MODE 

PAAITY IITS PEA CHAA. 
CONTAOL SELECT MODE TYPE 

O. no O. RXAOY O. char 00. with panty O. e.en 00., 5 
'.yts ,. FFULL ,. block 0, • force parity ,. odd 01.6 

10. no parity 10.7 
11 = multi·drop mode 11.8 

1IT7 IIl1 IITS IIT4 IIT3 IIT2 IITI liTO 

CHANNEL MODE Tx ATS CTS STOP 81T LENGTH' 
CONTAOL ENABLE Tx 

00= Normal 0 .. no O.no 0 .. 0.563 4.0.813 8.1.563 C .. '.8'3 
01 .. Auto echo 1. yes 1 .. yes 1.0.625 5 .. 0.875 g .. 1.625 0 .. 1.875 
10 .. Local loop 2= 0.688 6= 0.938 A.'.688 E .. l.938 
11 • Remote loop 3.0.750 7.1.000 B=I.75O F.2.000 

• AdO 0 S to ."Iu" anow", for 0- 7 If c!\annll .1 proorammed 'or ~ bll"'char 

81T7 liTe IITS 81T4 8113 81T2 8111 liTO 

AECEIVER CLOCK SELECT TRANSMITTER CLOCK SELECT 

See text See texl 

81T7 81Te BITS 81T4 81T3 81T2 81Tl liTO 

MISCELLANEOUS COMMANDS DISABLE Tx ENABLE Tx DISABLE Ax ENABLE RI 
not used-
must be 0 See text 0= no 0 .. no 0 .. no 0= no 

1 ",yes 1. yes I. yes 1. yes 

81T7 liTe 81TS 81T4 8113 81T2 81Tl 81T0 

RECEIVED FRAMING PARITY OVERRUN TxEMT TxRDY FFULL RxRDY 
8REAK ERROR ERROR ERROR 

0 .. no 0= no O.no O.no 0 .. no 0 .. no 0" no 0., no 
1 .. yes 1. yes 1. yes , .. yes l.yes 1 .. yes 1 .. yes 1. yes . . 

·TM ... "1, ... 1 bl" tt. appended 10 Ih. corr •• pondlng dill characte' In the '.e .... '. FIFO A read of , .... 111'1011 r~I'I.r pro'flIHI 'he" 01" \7 ~I from the lOP of 1M FIFO 
togethl' *llh bl1l ._0 The .. bltl'" '''''10 by. ', ... , .rror .ta'u,' command In eN",c'.' mode thly.,. dllcarded _twtn Ih, con.'POncJ1ng d.ta cf\eractl' II ,..0 
from ,,,. FIFO 

81T7 81Te 81T5 81T4 81T3 81T2 81Tl 81TO 

OP7 0P6 OPS OP4 OP3 OP2 

0.OPR(7) 0 .. OPRI6) 0 .. OPR[S) 0 .. OPR(4) 00 .. OPA(3) 00",OPR(2) 
1. TxROYB 1 .. TxAOYA 1 .. RxROYI 1. RxROYI 01 .. CfT OUTPUT 01 • TxCA (16X) 

FFULLB FFULLA 10 .. TxCB (IX) 10", TICA (IX) 
11- RxCe (IX) 11. RxCA (IX) 

81T7 1111 IITS IIT4 81T3 IIT2 8ITI 81T0 

IRG SET COUNTERfTIMER DELTA DELTA DELTA DELTA 
IELECT MODE AND SOURCE 1P31NT 1P21NT IPI INT IPO INT 

0 ... 11 See lable 4 0.011 0 .. 011 0. off O. ott 
1 ... 12 1. on 1. on 1. on ,. on 

1IT7 IllI IITS IIT4 8113 1112 8111 liTO 

DELTA DELTA DELTA DELTA 
1P3 1P2 !PI IPO 1P3 1P2 IPI IN 

O. no O. no o. no O. no O.low O.low O.low O.low 
1. y •• 1.ylS 1.ylS 1.ylS 1. hlOh 1. hlOh 1. h'Oh 1. n,O" 
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Tlble 2 
IIT7 

REGISTER BIT FORMATS (Continued) 
liTe 

ISR 

INPUT 
DELTA PORT 

CHANGE IREAK I 

O.no O.no 
1. yes 1·yes 

IIT7 liTe 

IN, PORT DELTA 
CHANGE IREAK I 

IMR INT INT 

o. off o. off 
1 = on I =on 

CTUR 

1IT7 liTe 

ClT(IJ 

CTLR 

cumulation (logical OR) 01 the stalus for 
all characters coming to the top of the 
FIFO since the last 'reset error' command 
'or channel A was issued. 

MR1A(4:3) - Channel A Parity Moda 
Selact - " 'with parity' ur 'force parity' is 
Hlected, a parily bit Is added to Ihe trans· 
milled character and the receiver per· 
form. a parity check on incoming dala. 
MR1A(':31= 11 Hlecls channel A to oper· 
ate In the .plocial multidrop mode de· 
scribed in the Operation section, 

MR1A(2J;'" Cha~1 A Parlt, Type Selact 
- This bit a,leclS the parity type (odd or 
even) if the 'with parity' mode ia program· 
med by MR1A(4:3I, and the polarity of the 
forced parity bit .iI the 'force parity' mode 
is programmed. It has no a"act if the 'no 
parity' mode .. programmed. In tha Special 
mUltIdrop mode II Hlacll Iha polarity 0' 
tha AID bit. 

MR1",':01 - Channal A IIta par Characla, 
Selacl - Thlshe'd aalaclS th' number o. 
dala bIll par character 10 be Iransmill'd 
and receIved The Character I,nglh doel 
ftOI Includa Iha lIarl, pa"ly. and atop bIll 

IITS IIT4 llTa 

RaRDYI COUNTER TaRDYI FFULLI READY 

O.no O.no O.no 
,. yes 1.yes ,. yes 

IITS IIT4 1113 

RaRDYI TaRDYI COUNTER 
FFULLI 

INT READY 
INT INT 

O .. ofl 0.011 o. oil 
, .. on ,. on ,. on 

BITS IIT4 1113 

C1T15J CIT(4) ClTI31 

MR2A - Channel A Mode 
Reglater 2 
MR2A is accessed when the channel A MR 
pointer points to MR2, which occurs alter 
any access to MR1A. Accesaes to MR2A 
do not Change the pointer. 

MR2A(7:I) - Channal A Moda Select -
Each channel of the OUART can operate in 
one of four modes. MR2A(7:6) .. 00 is the 
normal mode, with the transmitler and reo 
caiver operating independently. MR2A(7:6) 
.01. places the channel in the automatic 
echo mode, which automatically retrans· 
mite the raceived data. The fOllowing con· 
ditione are true whila in automatiC echo 
mode: 

1. Raceived data ia ,aclocked and ratrana, 
mllted on tha TxDA output. 

2. The recaiva clock ia UHd for the trana· 
mltter. 

3, The recalvlr mUlt be anablad, but thl 
tranamiller need nOI be Inlblld. 

4. The chlnnal A TaRDY and TaEMT 
atatua bite era Inactivi 

5. The recllved parHy II chacked, bul II 
not raglnlrated 'or tranlml",on, I I , 
tranlmilled pallty bit II .. recalvld 

Sigletics 

IIT2 IITt liTO 

DELTA RaRDYI TaRDYA IREAK A FFULLA 

O. no O.no O.no 
1. ye. 1. ye. 1. ye. 

1112 IITI liTO 

DELTA RxRDYI TaRDYA IREAK A FFULLA INT INT INT 

O. oil O. Oil 0 .. 0" 
1.0n 1.on 1. on 

IIT2 IIT1 liTO 

ClTI21 C1T11) CITIOJ 

6. Character framIng " chlcked, but the 
atop bits are ritransmllled as recll'ld 

7. A recelvld break IS echoed as recel.ed 
unllithe nexl valid slart bll IS detected 

8. CPU to recllver communlca"on conlIn· 
UI. normally, but thl CPU to lransmlt· 
tar link ia disabled. 

Two diagnostic modes can alao be con"g· 
ured. MR2A[7:6). 10 lallclI lOCI I lOOp· 
beck mode. In Ihis mode: 

" . The lransmitter Oulpul ia inlerna"y 
connlcled 10 thl receiver inpul 

2. Tha Iransmit clock ia used tor thl rl· 
cI.iver. 

3. Thl T.OA oUlput ia hald hIgh. 
4. The RxOA inpul is ignored. 
5. Tha lranamitter mull be Inablld, bul 

Iha recliver nled nOI be anabled 
I. CPU 10 Iran.mitter and recel.lr com· 

munication, continul normally 

The aecond dIagnostiC modi lalheramOle 
loopback modi, ,elacled by MR2A(7.6J .. 
", In Ihia modi' 
1. Recel.ed dala II relocked and retrans 

mitled on Ihe T.O", oulpul 

2. Thl racei.1 clOCk II used 'or Ihe Irans· 
miller 
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.atal" "I"!. 't' 
3. Received dlle ia nOI IInl 10 Ihe local 

CPU, and Ihe error t"lu. condl\ton. 
Ire inective. 

4. The receIved PlrllV la not checked .nd 
i. nOI reganerlted lor tr.nsmillion, 
i.e., Ir.namilled parily bit ia II re· 
ceived. 

5. The receIver muSI be en.bled. 

6. Characler Ir.ming la not checked, and 
Ihe Slop bill are rllranamilled .S re· 
celved. 

7. A received break IS echoed as received 
untillhe next valId stan bit is detected. 

The u.er must exercise c.re wilen switCh· 
ing into .nd oul 01 the various modes. The 
selected mode will be .clivll.d imm.di· 
lIely upon mod. sel.clion, ev.n illhis oc· 
curs in Ih. mlddl. 01 • recelv.d or Irans· 
milled Character Lik.wise, il a mode is de· 
IIlected, Ih. d.vic. will swilch out ollhe 
mode Imm.diat.ly. An exceplion 10 Ihis is 
,wltching out 01 aulo.cho or remole loop· 
back modes: il the d.seleclion occurs 
just liter Ih. receiver has sampled the 
Slop bil (indiclled in auto.cho by ISser· 
tion 01 RxROY), and th. tr.nsmiller is 
• nabled, Ihe transmitter will remain In 
autoecho mode until Ihe entire Slop bit 
has be.n relransmitted. 

MR2A/S) - Chenne' A Trlnlmiller R. 
quelt·to·Send Control - This bit controls 
Ihe deactivation 01 the RTSAN output 
(OPO) by the transmitter. This output is 
normally assert.d by setting OPR(OJ and 
negated by resetting OPR(O). MR2A(5J= I 
ClUSes OPR(OJ to be reset aU10matically 
one bit time alter the ch.racters in Ihe 
chlnnel A tranamit lhill register and in 
Ih. THR, il any, are completely transmit· 
ted, inCluding the programmed number of 
1I0p bIts, If the Iransmitt.r ia not .nabl.d. 
Thia leature can be ulld to .ulomaticaily 
termInate the transmillion of a mellag' 
I.'ollows: 

,. Program aulo-rllet mode: MR2A(5J .. I. 

2. Enable "Insmitter. 

3. A ... rt RTSAN OPR(OJ" , 

4. Send meillg. 

5. OlilblB trln.mlller liter Ih. last ch.r· 
ICte, i. lo.ded InlO the ch.nnel A THR. 

8. The I.st cher.cle, will be lran.milled 
• nd OPR(O] WIll be "aet one bIt tome 
elter Ihe 1111 atop bIt, ceullng RTSAN 
10 be neglted 

MR2A/41 - Chen",1 A C"lr·to-Send Con· 
trol - IIlhll bll 110, CTSAN has no I"ICI 
on thl lran,mllte' If IhlS bll II I " Ihl 
tranlmltter chlcke Ihl .. III of CTSAN 

1018 

(tPO) each tim. il Is , .. dy to .. nd. ch.r.c· 
ter. If IPO I ..... n.d (low), Ihl ch.racter il 
trlnlmitted. If It II neglled (high), the 
TxOA output remlins In th. m.rklng .t.t. 
Ind thl t"namillion I. del.yed until 
CTSAN goes low. Changes In CTSAN 
while a char.cter la being transmitted do 
not allect the transml.aion of thll charac· 
ter. 

MR2A/3:0) - Chennel A Stop lit Length 
Select - This field programa the length 01 
the atop bit appended to the transmitted 
char.cter. Stop bit lengtha 01 9116 to lInd 
1·9/16 to 2 bits, in increm.nll of 1/'6 bit, 
can be programmed lor Character I.ngths 
016,7, and 8 bits. For a character length 01 
5 tlits, 1·1/16 to 2 stop bits can be pro­
grammed in increments 011/16 bit. The reo 
ceiver only checks lor a 'mark' condition 
at the center of the lirst stop bit position 
(one bit time alter the last data bit, or alter 
the parity bit II parity is enabled) in all 
cases. 

" In external 'X clock is used lor the 
transmitter, MR2A[3J = 0 "Iects one stop 
bit and MR2A[3J= 1 select a two stop bits 
to be transmitted . 

MR1 B - Channel B Mode 
Register 1 
MRIB is accessed wilen the channel B MR 
pointer points 10 MR,. The pointer is set 
to MRI by RESET or by a 'set pointer' com· 
mand epplied via CRB. Alter reading or 
writing MR,B, the pointer will point to 
MR2B. 

The bit delinitions lor this register are 
Identical to the bil definitions lor MRIA, 
except thlt all control actions apply to the 
channel B receiver and Iransmitter and the 
corresponding inputs and outpull. 

MR2B - Channel B Mode 
Register 2 
MR2B ie accessed wilen the channel B MR 
polnllr paints to MR2, which occurs alter 
any access to MRIB. Accesses to MR2B 
do nOI Change the poinler. 

The bit definitions lor this register are 
Identical 10 Ihe bit definitions lor MR2A, 
excepl Ihll all contrOl actions apply 10 Ihe 
ch.nnel B ric liver .nd tr.namitter .nd Ihe 
correspondIng Inpull Ind outputs . 

CSRA - Channel A Clock '-Iect 
Aeglster 
CaRA(7:4l - Chen",1 A Receiver Clock 
Select - This "eld .. IICII the baud rete 
clock for "" channei A recll.,r '1 fol· 
Iowa 

Sig)etics 

Ilud Alte 
CLOCK. Ull4MHz 

CaRA(7:4) ACR(7).O ACR(7).' 

0 0 0 0 50 75 
0 0 0 1 110 110 
0 0 I 0 134.5 134.5 
0 0 1 1 200 150 
0 0 0 300 300 
0 0 1 600 600 
0 1 0 1,200 1.200 
0 1 1 1 1,050 2,000 
1 0 0 0 2,400 2,<400 

0 0 1 4,800 4.800 
0 1 0 7.200 1.800 
0 1 1 11,800 11.600 
1 0 0 38.<4K 111.2K 
1 0 1 Timer Timer 
1 0 IP4-16X IP<4-,6X 
1 1 IP4-1X IP4-'X 

Tile receiver clock is alw.ya • 16X Clock 
except lor CSRA(7:4)- ",,. 

CSAAl3:0) - Chennel A Trenlmltter Clock 
Selecl - This field selects the baud rate 
clock lor the ch.nn.1 A lransmltter The 
field definition ia as par CSRA(7:<4) except 
as 'ollows: 

leudAele 
CSAAl3:0) ACR(7) • 0 ACR(7) • 1 

, , I 0 
1 I 1 1 

IP3-'6X 
IP3-1X 

IP3-'6X 
IP3-'X 

The tranamitter clock is alwlys a 16X 
clock except lor CSRAl3:0) .. ,," 

CSRB - Channal B Clock '-'eet 
Register 

CSR8[7:4) - Chen",1 I Recelftr Clock 
Selecl - Thil field aelects the baud rate 
clock lor the channel B receiver The Ileid 
definition ia II par CSRAl7:<4) except as 
follows: 

laud Rile 
CSAI,7:4) ACR(7). 0 ACR(7). 1 

I 1 I 0 
, 1 1 I 

1P6-16X 
1P6-'X 

1P6-'6X 
1P6-'X 

Tile receIver clock IS always e 16X clOCk 
exc.pt lor CSRB[7.4) .. 1111. 

CaRI,3:0J - Chen",1 I Tranamltter Clock 
Seleel - This field .. Iect. the baud rate 
clock lor the Channel B transmltt,r The 
lield definition la as per CSRA(7 4J except 
1II0liows 

laud Rete 
CaRI,3:0) ACR(7). 0 ACR(7). , 

, , 0 

I 1 I I 
1P5-'6X 
1P5-1X 

1P5-16X 
1P5-1X 

The transmItter ClOCk IS al .. ays a 16X 
Clock e,clpt tor CSRBI3 OJ .. t I I I 

Reproduced with perm.ion from Sipetica 
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'G",,11"·'tl 
CRA - Channel A Command 
Reglate, 
CRA I. I register uled 10 lupply com· 
mand. 10 chlnnel A. Multiple commlnds 
cari!;le .pecllied In I lingle write 10 CRA 
u long es Ihe commlnds Ire non·conflicl· 
Ing. e.g.. Ihe 'enlble Irlnsmiller' .nd 
'relll Irlnsmille,' comm.nds Clnnol be 
lpecifled in • lingle commlnd word. 

CRAlI:4) - Channel A Miscallaneou. 
Commandl - The encoded vllue 01 Ihi' 
field m.y be u.ed 10 specify I lingle com· 
mand IS lollows: 

CRA(I:41 COMMAND 

000 No command. 
o 0 1 R .. et MR poinler. Caulls the 

ch.nnel A MR pointer to point to 
MR1. 

o 1 0 R .. et receiver. R .. e" Ihe chin· 
nel A receiver a. If I herdware 
r .. et had been .pplied, The r. 
celver Is disabled Ind the FIFO 
Is flushed, 

o 1 1 R ... t tran.mltt.r. R .. ets Ihe 
channel A trln.mltter as If I 
l'Iardw.re re.et had bUn ap' 
plied. 

1 0 0 Res.t error stalus, Clears Ihe 
channel A Rec.ived Bi.ak. Par· 

'ily Error. Framing Error. Ind 
Overrun Error bits in Ihe slat US 
r.gister (5RA[7:4)). Vs~ in char· 
,cler, "lod" 10 cle.rOE status 
(1IthoughR8. PE •• nd FE bits 
will.lso be cleared) and in block 
mode 10 clear all erro,r slatus 
.fter I block of data ..... been 
received, 

1 0 1 R ... I chlnn.1 A break Change 
Int.rrupt, ClUII' tl'l. cl'llnnel A 
break det.ct ching. billn Ihe In· 
terrupl statUI regi.ter (15R[2)) 10 
be Cleared 10 zero. 

1 1 0 SliM br .. k, Forces 11'1. TXOA 
OUlpul low (Ip.cing), If 11'1. 
trlnamiller la.mply Ih. stlrt of 
I .... br .. k condition will be de· 
layed up to Iwo bit times, If 11'1. 
tranlmill.r II Ichy. 11'1. br.lk 
begina w .... nJren.mi .. ion of 11'1' 
c .... r.cter II complated, If I chlr· 
IClir is In , .... THR. thl lIart 01 
t .... break will be d.layed until 
that cl'laracllr. or any 011'1." 
loaded lubMqu.ntly are tran., 
mil ted T .... trlnsm .. llr mull be 
enlbled lor this command 10 be 
ICc.pied, 

, " SlOp Break T .... TXOA fin. wlli 
00 high (marklngl wilhln Iwo btl 

tim.l, TXOA will ram.in high lor 
on. bit tim. belor. th, n.xl 
cl'larlcl.r. if .ny. il trln.milled, 

CRA(3) - Dlubl. Chann.1 A Trlnsmltt.r 
- Thll commlnd lermin.' .. lransmiller 
operltion .nd rellls Ihe TxROY Ind 
TxEMT .t.lu. bitl. However. If I chlracter 
I. being lransmill.d or If I cl'laracl.r il in 
tl'l. THR when 11'1. lranlmitter II dl.abled. 
the tran.mi .. lon 01 Ihe chlracler(.) i. 
complated belore .. suming Ihe Inlcltve 
,"te, 

CRAP) - Enable C .... nn .. A Tranlmlttar 
- Enlbles op.ration of 11'1. chann.1 A 
tran.miller. Th. TxROY .. atus bil will be 
.. •• rted, 

CRAIl) - Dlubl. C .... nn.1 A Receiver -
TI'III commlnd terminates operlhon 01 
the rec.lver immediltely - I chlract.r 
being r.celved will be lost, The command 
has no eflect on Ihe rec.lver statUI bllS or 
any other conlrol registers, If Ihe Ipecial 
multidrop mode Is programm.d. the r. 
c.lver operates even if it is disabled, See 
Operation section, 

CRA(O) - Enable C .... nnal A Rec.lver -
Enables oper .. ion of the channel A reo 
c.lver, II not in 11'1 •• pecial wakeup mode. 
Ihis also lorces the rec.iver inlo the 
... rch lor .. arl·bit .. ate, 

CRB - Channel B Command 
Register 
CRB is a register used to supply com· 
mands 10 channel B, Multiple commands 
can be .pecified in a single write to CRB 
.. long .. Ihe commandl are non·confllct· 
ing. ',g.. Ihe 'enabte transmitter' and 
·ra.et 'Iranlmitter' commands cannot be 
lpecified in a .ingl. command word, 

T .... bll definitions lor Ihil register are 
Id.ntlcal to 11'1. bit definitions for CRA. ex· 
capl tl'la' a" conlrol .ctionl apply to the 
cl'I.nn.1 B recaivar and lransmlller and the 
correapondlng inputs .nd outputs, 

SRA - Channel A StatuI 
Reglate, 
lRA(7J - Channel A Rec"wecI 'reak 
Tl'lia bit Indlc., .. that an III zero character 
01 Ii'll programm.d I.nglh tia. bUn r. 
C.ived wlthoul a Itop bit, Only I 'Ingla 
FIFO pOSItion II occupiad when I break I' 
recalvedlurthar anlrt .. 10 tha FIFO ara In· 
I'Ilblted unitl the RIOA Itne return. to Iha 
markIng ... te lor at I.... on.·hl" •. blt 
tlma (two allcc ... iya .dg .. Of Ilia Internal 
or •• I.rnll 'x ClOck) 

Sigletics 

When thll bit I ••• 1.1 .... ch.nnat A 'changa 
In braak' bit In thalSR (15RI2]) i, HI.I$RI2) 
I. allo •• t whan 11'1. and 01 Iha bre.k con· 
dltlon. ea d.fined .bov •. 'a d ... cted, 

Tha break detect Circuitry ~n d.tect 
breaks thlt originate In tlla mlddla 01 • 
received char.cter, Howavar. If a break 
begin. in tha middla ola ch.rlcter. II must 
perlist until at least Iha and 01 tha na.t 
Ch'!lcter tima in order lor it 10 be da, 
IIcted, 

1'1/411) - Channa' A Framing Error - ThIS 
bit. wh.n Sll. Ind,c.tes that a stop b,t was 
not detected wh.n the corresponding data 
character In tha FIFO w.s rece,ved The 
ItOP bIt check IS made In tile m,ddle olthe 
lirst stop bit pos't,on, 

1'1/4151 - Channal A 'arlly Error - TillS 
bit il HI whan Iha 'wlth pa"ty' or ·Iorc. 
parity' moda is prog!lmmed and the corre· 
.ponding ch.racter tn Iha FIFO WIS ,. 

ceived WIth Incorreci partly. 

In Ihe 'peclal multIdrop mod. the partty 
.rror bil stores the rec,lved AID bIt 

1'1"141 - C .... nn.1 A O".rrun Error - Th,s 
bit. whan '". indlcat .. that ona or more 
char.cters In the racelved dati stream 
have been 10SI, It IS set upon rece,pt 01 a 
naw clleracter when tile FIFO IS lull Ind a 
cllaracter is .Iready In tha rece,v. Sh"t 
register wllt,ng lor an ampty FIFO pos, 
lion, When this occurs. tha Character ,n 
tha rac.,ve .IIIIt rag 1st., (and liS break 
detact. p.rtty .rror and Iramtng arror 
, .. tus. if any) IS lost, 

Thl, bit is claared by • ·r ..... rror ""uS' 
command, 

SR/4I31 - Channa' A Tranlm'tter Emply 
(TaEMTA) - This bit will be let wl'lan tile 
cll.nnal A transmi"ar underruns, I,e,. both 
Ihe transmIt holding register (THR) .nd 
III. transmll Ihllt regIster are ampty It IS 
lit after tranlmisslon of Iha last stop bIt 
01. Char.cter II no ch.racter IS In the TMR 
.walilng transm,ssion It II reset when the 
THR IS loaded by Ihe CPU or wh.n the 
lransmllier IS dlllbled, 

1'1/412) - Cllannel A Trlnlmltter Reidy 
(TaRDYA) - Thll bIt. whan lit. IndIcates 
Ihat tha THR I' ampty and raady to be 
loaded wllh • CII.'raeter Till' b,t I' Cla.red 
whan tlla THR 's loaded by Ihe CPU .nd ,s 
lit whan tlla char.cter I' tr.nslarred to 
Iha t!lnlmlt .hllt reg,ster T.ROY I' r .. .. 
w .... n th. trlnam,lIar " d'sablad .nd , .. .. 
wh.n III. ".nam,lIar II III" enabled v,: 
c .... !lc .. ,. loaded ,nto till THR wll,la Ih' 
'ran.mllla' II d'Hblad WItt not be "Ins 
m',It.d 

1-77 
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W"II,j,'·'t' 
SRAlt) - ClI,nn,l A FIFO Full (FFULLA) 
- Tills bit I. s.t when, ch,r,cter IS Hans· 
I.rr.d Irom the r.celve shill reg Iller to the 
rec"ve FIFO and the transler causes the 
FIFO to become lull, I.e., all thr.e FIFO 
POSitions are occupied. It IS resll when 
the CPU reads the RHR. II a character is 
waiting In the receive sh,lI reg,ster be· 
cause the FIFO 's full, FFULL will not be 
reset when the CPU reads the RHR. 

SRAlO) - Ch.nn.1 A Rec.lv.r Reedy 
(RxRD'(A) - Th,s biI,nd,cates that a char· 
acter has been rec .. ved and IS wailing in 
the FIFO to be read by the CPU. It is set 
when the Character is Hanslerred from the 
rece,ve Shift register to the FIFO and reset 
when the CPU reads the RHR, 'f after thiS 
read there are no more characters slill in 
the FIFO. 

SRB - Channel B Status Reg)ster 
The b,t defln,lions lor this register are 
idenllcal to the bit definitions for SRA, ex­
cept that all status applies to the channel 
B receiver and transmitter and the corre­
sponding ,nputs and outputs. 

OPCR - Output Port Conflgur. 
atlon Register 
OPCR[7J - OP7 Oulput 5.'otCI - ThiS bit 
programs the OP7 output to provide one of 
the fOllOWing: 

- The complement 01 OPR(7) 

- The channel B transmitter interrupt 
output, which is the complement of 
TxRDY8. When in this mode OP7 acts 
as an open collector output. Note that 
thiS output is not masked by the con­
tents 01 the IMR. 

OPCRI6) - OP6 Output S".ct - This bit 
programs the 0P6 output to prOVide one 01 
the fOllowng 

- The complement 01 OPR(6) 

- The ch,nnel A transm,tter interrupt 
output, which is the complement 01 
TxRDYA When In this mode 0P6 .cts 
as an open coll.ctor output. Note that 
thiS output ,s not m'lked by the con· 
tents Of th, IMR. 

OPCRlS) - OPS Output Select - Thill bit 
progr.ms the OP5 output to prov,de one of 
til. fOllOWing' 

- Tile complement of OPR(5) 
- Tile ch,nnel B r.c.,v.r ,nterrupt out· 

pul, which II th. compl.m.nt 01 ISR(5) 
When In th •• mod. OP5 tets lI.n open 
colltetor Output. Note thll th., output 
•• not m .. k.d by Ih. con ten" 01 Ih. 
IMR 

1-78 

OPCRI41 - OP4 Oulput Selecl - Thll bit 
proor.ms Ihe OP4 output to prov,de on. of 
the lollowing: 

- Th. compl.ment 01 OPR(4) 

- The ch'!'ftel A receiver interrupt out· 
put, which is the complem.nt 01 ISR(I). 
When in this mode OP4 ,cts as an open 
collector output. Note that this output 
is not masked by the contents of the 
IMR, 

OPCRl3:2) - OP3 Output Select - This 
field programs the OP3 outpul to provide 
one of Ihe lollowing: 

- The complemenl 01 OPR!3) 

- The counlerllimer oulpul, In which 
ceae OP3 acls as an open colleclor oul­
put. In the timer mode, this output Is a 
aquare wave II the programmed fr.­
quency, In Ihe 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 Ihat this out· 
put ia nol meaked by the contents of 
the IMR. 

- The tX clock for the channel 8 trans­
mitter, which ia the clock that sh.lls the 
transmitted data. II dela is not being 
transmitted, a free running tX clock '8 

outpul. 
- The tX clock for Ihe channel B receiver, 

which is Ihe clock that samples the 
receiv.d data. II data is not being r. 
ceived, a free running IX ClOCk is out­
put. 

OPCRI1:01 - OP2 Output Selecl - Thl' 
fi.ld proor.ma Ihe OP2 oulpul 10 prOVide 
on. 01 the following: 

- The complem.nt of OPR(21 

- The 16X clock lor the ch.nnel A tr.ns· 
mitter. This II the clock .. Ieclld by 
C5RAI3:0), .nd will be • IX clock if 
CSRA(3:0)", 1111. 

- Th. IX clock for the ch.nnel A trans· 
mltter, which il the clock th.t shifts the 
tr.namitted d .... II d ... is not being 
tr.nsmltted, • free running IX clock IS 
output. 

- The 1 X clock for the ch.nnel A receiver, 
which is the clock th.t .,mples Ihe 
received d,'a. II d,t, is nol being r. 
c.lv.d, , free running IX clock is oul­
put. 

ACR - Auxiliary Control Register 

ACR(7) - 'eud R.t. Q_r.tor Set Selecl 
- This bil .. I.CII one of two sets of baud 
r.t .. to ba generlled by the BRG 

Sell: 50,110.134.5,200,300,600. 100K. 
1.2K, 2.4K, 4.8K, 7.2K, 9 6K. .nd 
38.4K baud 

Set 2: 75, 110, 134.5, 150, 300, 600. 12K. 
1.8K, 2.0K, 2.4K. 4.8K, 96K, .nd 
19.2K baud 

The .. Iected set 01 retes is .v.llable lor 
use by the chann.1 A .nd B receivers and 
tr.nsmllters ea desCribed .n CSRA .nd 
CSRB. Baud rate generator ch.r.ct,rlst.cs 
Ire given in table 3 

Table 3 BAUD RATE GENERATOR CHARACTERISTICS 
CRYSTAL OR CLOCK = 3.8864MHz 

NOMINAL AATE(BAUD) ACTUAL lex CLOCK (KHzl ERROR (PERCENT) 

50 08 0 
75 1.2 0 
110 1.759 -0069 

134.5 2153 0059 
150 2.4 0 
200 3.2 0 
300 4.8 0 
600 96 0 
1050 16756 -0260 
1200 192 0 
1800 288 0 
2000 32056 0175 
2400 384 0 
4600 768 0 
7200 t 152 0 
9600 153 6 0 
192K 3072 0 
38 4K 614 4 0 

"OT! 
0..,1, (,lie 0' ". (IOC' '. ~ •• , ,'-

Sigletics 
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.""lIel.ln 
ACRII:4)-CQuntlrfTlmer Mode Ind Clock Table 4 ACR 18:4) FIELD DEFINITION 
Iouree Stiect -. Thi. filld all.cts the 
operating mod. of thl countlrltimlr Ind 
Itl clock BOurc. IS shown in IIbl. 4. 

ACRP:O)- 1P3. "2, "1, "0 Chlnge 01 
11I.llntenvp' Enabll - Thlsll.ld Sll.cls 
which bits 01 the Input Port Chlnge regia· 
tlr (IPeR) cluse the input chlnge bit in 
thl interrupt StltuS regist.r (ISR(7D to be 
Ht. " I bit I. in th. 'on' Slat •• the setting 
01 the corresponding bit in the IPeR will 
"10 rlsult In thl "tting of ISR(7). which 
result, in the generltion of In Int.rrupt 
output if IMR{7!= 1. " I bit I. In the 'off' 
Itlte, thl setting Of that bit In the IPCR 
h .. no Iffect on ISR(7). 

IPCR - Input Port Change 
Regllter 
IPCR(7:4) .., 1P3, 1P2, 1P1, IPO Chlngl 01 
"It I - These bits are set when a change 
of lIate, IS defin.d in the Input Port sec· 
tion of thiS data sheet, occurs It the reo 
.pectiveinput pins. Th.y are cleared when 
the IPeR is read by the CPU. A read of the 
IPeR II so clears ISR(7), the Input chlnge 
bit in the interrupt statuI register. 

The setting of th.se bits can be program· 
med to generate an interrupt to the CPU. 

IPCRl3:0)- IP3; 1P2. 1P1, IPOCu"."t Stltl 
- Thlse bits provide th, c~rrent stale of 
the respective inputs. The information is 
unlatched and reflects tna state of the in· 
putpins at the. time lhe IPeR. is ,ead. 

ISR - Interrupt StatuI Regllter 
rhls regist.r provid.s the status 01 III 
potential interrupt sources. The contents 
01 this register are masked by the interrupt 
mask register (IMR). If I bit in the ISR is a 
'1' Ind the corresponding bit in the IMR is 
also a ',', the INTRN output will be IS· 
Hrted II the corresponding bit in the IMR 
II a zero, the state of the bit in the ISR has 
no .ffect on the INTRN output. Not. that 
the IMR do" not mlsk the reading 01 th. 
ISR - the true stitUS will be provid.d 
regardles. of the contents of the IMR. Th. 
contents of thil register are Initializ.d to 
00'6 wh.n thl DUART II reset 

IIIl(7) - Input POft Chante Sillul - Thll 
bit il I '" when.a change of .. ate has 
occurred at the IPO, IP" IP2, or IP3 Inpula 
Ind thet IVlnt hi. beln IIIICted to CIUH 
In intlrrupt by thl progrlmmlng of 
ACAl30! The bit II cleared when the CPU 
reeda thl IPCR 

ACRlI:4) MODE CLOCK SOURCE 

000 Counter Externll (lP2) 
00 1 Counter TXCA - IX clock of chlnnll A trlnsmltter 
o I 0 Counter .TXCB - IX clock of chlnnel B trlnlmitter 
o 1 , Counter Crystal or external clock (X 1IClK) divided by '8 , 00 Timer External (IP2) 
1 0 1 Timer External (lP2) divided by 16 , 1 0 Timer Cryllal or external clock (X 1IClK) 
1 , 1 Timer Crystal or external clock (XI/ClK) divided by 16 

ISRlI) - Chlnnel I Chlngl In lresk -
This bit. when set, indicates that the chan· 
nil B rec.lver hiS detected the beginning 
or the end of a received break. It Is reset 
when the CPU issues a channel B 'reset 
break change interrupt' command. 

ISRIS) - Chlnnll I RacllYlr R .. dy or 
FIFO Full - The function of this bit is pro· 
grammed by MRI8[6). II programmed as 
receiver ready, it indicates that a character 
hiS been received in channel B and is 
wliting in the FIFO to be r.ad by th. CPU. 
1\ Is set when the charact.r is transferred 
Irom the receive shift register to the FI FO 
and reset when the CPU reads the RHR. " 
Ifter this r.ad there are more characters 
still in the FIFO the bii will be set again 
aft.r the FIFO is 'popped'. " programm.d 
as FIFO lull. it is set when a character is 
transferred from the receive hOlding regis· 
ter to the receive FIFO and the transfer 
causes the channel B FIFO to become full, 
i. ... allthr" FIFO positions are occupied. 
I! is reset wh.n the CPU reads the RHR. If 
I character is wliting in the receive shift 
register beCluse the FIFO is lull, the bit 
will be lit Igain wtlen the waiting charac· 
ter is loaded into the FIFO. 

IIR(4) - Chlnnll I Tran,mltter R .. dy -
This bit i' I duplicate of TxRDYB (SRB(2)). 

ISR(3) - Counter R .. dy - In thl counter 
mod., thil bit Is Ht whan the counler 
ralches Itrminll count Ind I. reset wh.n 
th. counter il ,topped by I stop counter 
command. 

In thatlmer mode, thie bit •• Ht onc. each 
CyCI. of tha g.nerlled IQuara Wivi (.v.ry 
othe, 11m. that thl counter/I1mer relches 
zero count) Th. b .... "Iet by I SlOP 
countlr com mind The commlnd. how· 
ever. doel nOillOp thl counler/llmer 

ISRI2I - Channel A Chlngl In lresk -
This bit. wh.n set, indicates that the chan· 
n.1 A receiver has d.tected the b.ginning 
Or the .nd of a receiyed break. I! is reset 
when the CPU issues a chann.1 A 'reset 
break change int.rrupt' command. 

ISRll) - Chlnnal A RacilYer R .. dy or 
FIFO Full - Th. function 01 this bit is p,o· 
grammed by MR1A{6). If programmed as 
receiver readY,1! Indicates that a character 
hiS bHn received in channel A Ind IS 
weiting in th. FIFO to be reid by the CPU 
I! is set when the character .s Irlnslerr.d 
from the rec.iv. lhilt register to th. FIFO 
Ind reset when the CPU relds the RHR. " 
after this read th.re are more characters 
still in the FIFO th. bit Will be set ag"n 
.fter the FIFO IS 'poPPed'. If programm.d 
IS FIFO full, it is se. when a character ., 
transferred from the recelv. hOlding ,egis· 
Itr to the receive FIFO Ind the tren,'" 
causes the chlnn.1 A FIFO to become lull. 
i.e., all thrH FIFO pos.tions are occupied 
I! is reset when the CPU reads the RHR. II 
I character is waiting in the rec"v. Sh"t 
register because the FIFO IS lull, Ihe till 
will be set Iglin whan th. Wilting ch.'lc· 
ter is loaded into the FIFO. 

IIRIO) - Chlnnel A Tranlmltter R .. dy -
This bit is I duplicat. of TxRDYA (SRA[211 

IMR - Interrupt Malk Regllter 
The programming of this register "11Cts 
which bits in the ISR ClUse In .ntei'upt 
output If I bit in the ISR is I ." Ind thl 
corrltPOndlng bit in thl IMR il also a .,.. 
Ih. INTRN output will be I .. e,ted If Ihe 
corresponding bit In Ihl IMR .. I zero, the 
lilt. of the bit .n the ISR hiS no ellect on 
Ihl INTRN output. NOIe Ihat thl IMR does 
nOI mlsk the prog'lmmlbl"nterruPI out· 
pull OP3-0P7 or thl rald.ng of th, ISR 

Reproduced wilh permlIIton from SlPMiCi 
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CTUR end CTLR - CounterfTlmer 
Rlgllterl 

The CTUR and CTlR hold Ihe elghl MSSI 
and algi'll lSSI relpecllvely of Ihe value 10 
be Uled by the counterltlmer In either the 
counler or IImer mod .. of operallon. The 
minimum velue which may be loaded Into 
the ClURlCllR reg latera II 0002, •. No .. 
Ihlt thl" regllter. Ire wrlt.only Ind Cln· 
not be rlld by the CPU. 

In the IImer (proorammibie divider) mode, 
thl CIT generltes I squire wive with I 
period of Iwice the vllue (in clock periods) 
of the ClUR and CllR. If the vllue in 
ClUR or CTlR is chlnged, the current 
hllf·period will not be I"ected, but ,ub.e· 
quent hllf periods will be. In this mode the 
CIT runs continuously. Receipt of I start 
counter commlnd (read with A3-AO. 
1110) ClUSes the counter to terminate the 

ABSOLUTE MAXIMUM RATINGS' 

PARAMETER 

Operating Imb"nl temperature2 

Storlge temperature 
All yoltlges with respect 10 ground] 

NOTES 

currenl timing cycle Ind to begin I new 
cycle uling "" Vilul' ,n CTUR Ind CllR. 

The coun"r reldy "Ilul bit (ISR[31> II ... 
once IIch cycle of Ihe IqUiri wave. The 
bit II r.... by I atop coun .. r com mind 
(read with A3-AO. 1111). lhe commlnd, 
however, does not atop the CIT. lhe gen· 
.rated ,quire w.ye II oulpul on OP3 if it i. 
proorlmmed 10 be the CIT oulput. 

In Ihe counter mode, the CIT coun" down 
Ihe number of pul .. , 10lded into ClUR 
Ind CllR by Ihe CPU. Counting begins 
upon receipt of I ,tart counter com mind 
Upon reaching terminll counl (0000'6)' Ihe 
counter reldy interrupl bit (ISR[3» la lit. 
The coun"r continues counllng past the 
"rmin,' count unlii stopped by the CPU. If 
OP3 ia progrlmmed to be the oulput of the 
CIT, Ihe output remlin, high untillerminll 
counl i, reached, at which lime il goes 
low. The output returns 10 Ihe high Itlte 

RATING UNIT 

010 + 70 ·C 
-85 10 + 150 ·C 
-0.510 +8.0 V 

, • ., ...... 00 •• thONlllled unGer AOao1ul' "' ••• mum "allngt may ,au" permanet\1 oamao.,O l~oewIC' Tft'l I' 
I I"'" 'I"ng onl., ."'" I",nChona' oper"lon 01 tn, ct .... 'c. I' th, .. Of IIlny 01"" condition abOve If'lON InOte"IC 
1ft 'h, Goer,hon NChon of Hu. '"(",Cllion 'I 1'101 Imph~ 
For operiling It ......... G limper"",,., Ihl 0."''':1 mull be "rl'la r...aed on + '~·C Mea_mum ,,,,nchon 

'-"'"'.'u" 
T"". ptOClyCllnC1uoe. ''''Yllty .peCI'.ClIIY dtllgneo 101 I~ plOllchon 01 Ita Inllmll 0. ... ",. flom dlrrt.aGlnQ It 
tee,a Of '.UII ...... tlhC Chlrg. NOI\lI"'IIII' It I •• uggllted ,"', COftwenhOftiI ~uttOf'l. M ,,,,,,, to lYON:I ap. 

plyino Iny .01'.' 'IrQI' '''11'1 I'" Iliia mllllmi 

DC ELECTRICAL CHARACTERISTICS TA • O·C 10 + WC, Vet; .. 5.0V a 5%u, 

PARAMETER TEST CONDITIONS 
IIln 

V'L Input low yoltlge 

V," Inpul h,gh .oltlge (excepl Xl/ClK) 2.0 

V," Inpul h'gh yoltlge (Xl/ClK) '.0 
VO\. OUlpul low yoltlge IOL-2.'mA 
VOH Outpul h'gh yoltlge (eltcept o.c. outpull) 10H. - .oo~A 2.' 

Ind ISAl3111 cillred when Ihe counter 'I 
1I0PPed by I 1I0p counle, commlnd lhe 
CPU mlY chlnge the vllu .. of CTUR Ind 
CTlR II Iny time, bul Ihe new counl be· 
comes effecliye only on Ihe nexl IIlrl 
counler com mind. II new vllue. h •• e nOI 
been loaded, the preyiOUI counl Yllues 
Ire pre.lrved Ind uaad for Ihe nexl counl 
cycle. 

In the coun .. r mode. Ihe currenl Yllue of 
Ihe upper Ind lower 8 bits of Ihe counier 
(CTU, CTl) mly be read by the CPU It 'I 
recommended Ihlt the counler be stop· 
ped when rlldlng to preyenl potenloal pro· 
blem, which mlY occur iI • Clrry from Ihe 
lower 8·bltll0 Ihe upper 8-bils occura bel· 
ween Ihe times 11'111 bolh hal.es of Ihe 
counler Ire read Howe •• r. note 11'111 I 
tubseQuenl Illrl counler comm.nd w,lI 
CIUII Ihe count.r 10 begin a new couni 
cycle ullng Ihe .alu .. In ClUR and CllR 

LIMITS 
UNIT 

Typ II", 

0.8 V 
V 
V 

O. V 
V 

I'L Inpul lelklge currenl V'N-OtOVet; - 10 10 "A 
ILL Dati bUI 3-lIlte lelklge currenl Vo·OtoVet; -10 10 "A 
loe Open cOlieClor outpul lelklge currenl Vo·O 10 Vet; -10 10 "A 
let; Power tupply currenl 150 mA 

NOTEI 
• ........... ,..,. .... ., ..., .... .., "mpetl'"'' "'" 
• All ....... ,.....u~tI.,. "",.MllCIto O'OU"CI tONDI '01 t.I"ft8. IIII"OWI ........... "'gM •• ..,. O.V IIftCII'V .It'" t..-'tOf'I'.-e 0' IOn ...... """"" A~ 1."'1 "'IIM\I" 
~II .,1 ,.t.,.""Ced I' "'Dw' ... " .... of 0 IV ancf 2 0'1 aftd Ck#lpul ......... of 0 IV aNI IOV AI "".'1" 

• ',.-cal ....... ".,. It •• -C .,p.c" luPO'y .. 011 .... IftCI "ltcat P ..... "' • ..,."..,.,. 

Sigletics 



MtCl1QPROCESSOI? DiVISION JANUA!?Y 1983 

DUAL ASYNC.HRONOUS REC.EIVER /TRANSMITTER· (OUART) SCN2681 SERIES 

'IS""""-'" 
AC ELECTRICAL CHARACTERISTICS TA-O·CIO + 70·C, vcc - 5.0V ~ 5%<·"7 

TENTATIVE LIMITS 
PARAMETER UNIT 

Min Typ Ma-

Rea,1 'tIming (figure 1) 
tllU R£SET pulse width 1.0 ", 
Bus Timing (figure 2)' 
tAS 1.0-1.3 setup time to RON, WRN low 10 n. 

tAH 1.0-1.3 hOld time from RON, WRN high 0 ns 

lea CEN setup time to RON, WRN low 0 ns 

ICM CEN hold time from RON, WRN high 0 ns 
IRW WRN, RON pulse width 225 na 

too Data valid after RON low 175 ns 
tOF Data bus floating after RON high 100 ns 

.tos Data setup time before WRN high 100 ns 

tOH Data hOld time after WRN high 20 ns 
tllWO High time between READs and/or WRITEs9'o 200 ns 

Port Timing (figure 3)B 
tps Port input setup time before RON low 0 ns 
tpH Port input hold time after RON high 0 ns 
tpo Port output valid after WRN high "00 na 

Interrupt Timing (figure 4) 
till INTRN (or OP3-0P7 when used as interrupts) high from: 

Read RHR (RXROY/FFULL interrupt) 300 ns 
Write THR (TXROY Interrupt) 300 ns 
Reset command (delta break interrupt) 300 ns 
Stop CfT 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) 

teLK X1/ClK high or low time 100 ns 

feLK X1/ClK frequency 2.0 3.6864 4.0 MHz 

teTc CTClK (IP2) high or low time 100 ns 
fCTC CTCLK (IP2j f,equency 0 •. 0 MHz 

tAX RxC high .or low time 220 ns 
fRX RxC frequency (,6X) 0 2.0 MHz 

('X) 0 '.0 MHz 
ITX TxC high or low time 220 ns 
fTX TxC frequency (16X) 0 2.0 MHz 

('X) 0 1.0 MHz 

Transmiller Timing (figure 6) 
ITXO TxO output delay from TxC low 350 ns 
ITCS TxC output akew from TxO oulput data 0 'SO ns 

Receiver Timing (figure 7) 
IAXS RxO data .etup time to RXC high 240 ns 
tllXH RxO data hold time from RXC high 200 ns 

NOTES 
P,tlme'lr, .t. yilid Ov., tpeCtl,IClllrftpe'.lu" 'Ing. 
All YOIII. m"'Uf,men',.re ""'Inc.o 10 V'DUnei (GNO) For ' •• tlng .• lIlnD",'I.;",al, IWlnO bl'*"" O.V .na 2''1/ W.'''' I'f,nlilion 11m. 0120"1 m •• ,m~", A" I,"", m •• " ... ,. 
""'''''I .t, "'".ncect ,I Input VOU.gel 01 0 IV and 2 OV and OViput .,Oll.g.' 01 0 Iv Ind 20V ••• PP'OP"." 

• T,PIC,I '1,1,,'1 Ir. I' • 25-C. Iyp.cal,upp', '1011', .. ,na I'PICII O,oc .... nO Plr.met.,. 
1 , .. , COnd,I,O" lor 0",1,,1,.1" CL ., ,SOp' •• c,pt .nl,nupt oulpu" 111' cond,lIon lor ,nt,rrupt outputs CL. ~pF -L" 2 7K Ohm to Vee 

• ',m,no '1IIIulf'.IId .nd "',r,netd to ",.WRN ~nd AD~ Inputl '~d'Y'C' m.y a'io be ope, ... d .. ,I" CEN., Ih. ItfOb'''G .npul In 'h" '"' I" 1I",.no .~c.t.c."O"' ."','_ 
f.I,r,,,,(..d 10 'h. f,lI.ng .nd "I.no 'dO" of CE~ 

• If elk " wHO., '''' ,,,otunD .netu! " .. , p.,~t., ct,,,",, I'"~ "",n,mum h.O'" """ b.lw.," 0'" CEN .no '''' n,_1 
tC Con .. ,u"'" w','1 QPlrllrc"nt ICt Ihl' ,."" command "0'1'" "Qulf, ,t 1'1" I"'.' lesg" 01 U" )C 1 cloetl btl •• ,n .,.It, 

Sigletics ,·a, 
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MlCAOPI'lOCESSO~ DIVISION JANUARY 1983 

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (OUART) SCN2681 SERIES 

' .. 2 

Figure 1, R ••• t Tlmln, 

.A3 )(~. __ ~ '--__ 

---' -f IA. 

eEN 

liON 

DO·D7 
(IIUDI 

WIIN 

FLOAT 

Figure 2. au. Timing 

Siglettcs 
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MICROPQOCESSOR DIVISION JANUARY 1983 

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN2681 SERIES 

1 
~DN~ ! 

-I'.HI--
=5<"'- X '1'0-'1'1 

W~N\ I 
(4-".-

01'0·0'1 OLD DATA X NEW DATA 

Figure 3. Port Timing 

~AN\ 
WAN / .. IIII~ 

'NTRN r OR 
OP)·0'1 

Figure.. Interrupt Timing 

r C,: '0-'111>'. "TRAY, III>Fl 
C2: 0-111>'. (STRAY, III>Fl ,~ 

.... CLOC~ - Ie" - TO OTHER - Ie It • .... 
'.LIOO CH'" - ' .. • - '" I· 

I \ I .'ICL~ 
CTCL" 

~.c ., 
TaC a I -.., Ie" .. 

0 .. left .. ... , - ' .. ... T I 
C2 T -l '" .. 

12 
I ...... H' 

Figure Ii. Clock Timing C"YITAL 1.11111 II" .. ""oCl'HOULD e. LIII THAN 110 0"1" 



MICROPROCESSOR DIVISION JANUARY 1983 

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN2681 SERIES 

.pmil"liel·'k' 

hC~ 
CINPun L 

~ITI~! 

TaD _-----'X'--! __ '[ 
TIC 

ilX oU'pun 

Figur. 8. Trlnamlt 

RIC 
(IX INPUT) \\---..11 \~ 

A.D---JX'---_---JX~_ 
Flgur.7. Rec.lv. 

T.O~ 01 

CUH' .'.01 ___ ....J 

.""" tOPO, "I.. __________________________ ~ 
0''''01_ , 

tIIIOTlI 
I "III .. " '"O.N 'OA .. -;tic!. , 
J 'I .... c;. ''''0.'' • OA ",a,M • I 

1-14 

Flgur.. Trln,mltte' Timing 

Sigletics 

Reproduced with permileion from . Si",etiea 



JANUARy 1983 

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (OUART) SCN2681 SERIES 

'I'SU,,''''.'£I 

'laD 

"ICE'VE~ 
INAILEO 

"_"0Y (1110, ______ --1 

"UL (lIIlI __________ --+-__________ .J 

II.II0YI -------.., 
"UL~ 
IO~5" / 

\ 

IIoN-----LfU-I-1-----------+---,mfu-tnnr 
ST~S~TA 05 W'LL ITATUS DATA ITATUI DATA "ATUI DATA 

0' 'EL~T. \,-02- 1-03- -0.- ., 

OVERRUN . --l t~ESET IY CO .... ANO iSIIO, _________________________ ~;;;;..J -

IITS'~ 
IO~' (: __________________ --' 

O~II(O,. , 

NOTES 

r 

, TIMIHG SHOWN FOR MA1111_1, 
J SHOWN FO~ OPCII(O,. , AND "11(11- 0 

Fleur. II. Racelvar Timing 

"ASTEA STATION IITt 

hO 
..... ......:.,..'T..;..--.-_"" .. \__------_ lIT. 

L..-..I-.:..DO:.....,.! oJol L \0' _______ -1,:--, IAOO+ I 

W"N~ 
M"',,· ". t1 ADO.' MIIII1(2,.0 00 

""1121_1 
.. A'12,., A00.2 

c== 

~E"'~HEUL STATION 
IITt Ill' liT. lIT. lIT' 

00 jol 

IIECE'VE~ INAILEO ______________ ....1 

•• IIIID" ,...--,_ i C.IIO, ____________ 1 ~ 

IIDNIWII" -U 
111111111'· J,_ 11 

U 
.. DO.' 

:_,----,~ -' ---' 
Eoo+ I , 1..(-1._ .... : .... ° I L: 
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~..-..---------~ 

I.fLr 
IT~U'~ATA 

00 

-uu--
IT~US..2A'A 

100002 

Figure 10. Weke Up Mode 

Sigletics 1-15 

Reproduced with perm_ion from Sip.tiCi 

1 



NCR 5380 SCSI INTERFACE 
PRODUCT BRIEF 

8CSIlNTERFACE MPUINTERFACE 
• Aaynchronoua data tran.fer to 1.5 MapS • Memory or 110 mapped Interface 
• Support. both Initiator and target roilS • DMA or programmed 110 
• Parity generation w'optlonal checking • Normal or block mode OMA 
• Support. arbitration • Optional MPU Interrupt. 
• Direct control of an bu. algnal. 
• High current output. drive SCSI bu. directly 

The NCR S380 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 S380 communicates with the system microprocessor as a peripheral device. The chip is 
controlled by reading and writing several Internal registers which may be addressed as standard or 
memory mapped 110. Minimal processor Intervention Is required for OMA transfers because the 5380 
controls the necessary handshake signals. The NCR 5380 interru,pts the MPU when It detects a bus 
condition that requires attention. Normal and block mode OMA Is provided to match many popular 
DMA controllers. 

• Differential pair operation Is supported in the NCR 5381 (48 PIN). 

FUNCTIONAL PIN GROUPING PINOUT 

SCSI DATA BUS DO 01 

[~ bBO ... 7. ESP 1m 02 
OMA READY ~ 03 

CONTROL ~ m 95 eM 
In 1m os 

.. GISrEA [ 

QT m D6 m 07 m SCSI !m1 A2 

NCR m CONTROLS 1510 NCR A1 
ADDRESSING NJ 5380 wm DP 5380 Voo 

A1 Uti GNO AO 

ems In I'O'W 
IS\' Run 

DATA BUS 00 ... 07 
17C) ~K (Or> 

n-N DAC ... 
mrr Jm'f READY 
IRQ DO""" ~ 
GNO VDO em IRO 

1m» ORO 
Rm CS , 



m[3[l1 
PIN DESCRIPTIONS 
MICROPROCESSOR INTERFACE SIGNALS 
PI" Name PIn Number DHcrlptIon 

AO ... 1.2 30, 32, 33 INPUTS 
Thll addra .. II uMd with a, iOR 
or row to addr... an l"t.rn.1 
,.glst.rl. 

21 

26 

ORO 22 

INPUT 
OIlp Select enables a r.ad or write 
of the Int.rnal r!tOister leleCled 
by AO , , , 1.2. ~ II a low active 
algnal. 

INPUT 
OMA Acknowledge r •• ets ORO 
and .. Iects the dala r!tOlster for 
'"pul or output. ~ Is a low 
active aignal. 

OUTPUT 
DMA Request Indicates that the 
data register is ready to be read 
or written. ORO occurs only If 
OMA MODE Is true In the com· 
mand register. It la cleared by 
l5ACK. 

DO ... 07 3oi .. , 40,1 al·DIRECTIONAL, TRI-STATE 
Microprocessor data bua Active 
high 

fOP 27 INPUT 
The End of Process aignal ia true 
during the last byte of a DMA 
transfer. This alops .ddltional 
translers but .1I0ws the current 
transler to finish. EOP is • low 
active signal. 

iOR 24 INPUT 
110 Re.d Is uaed to read an In· 
ternal regisler .. Iected by ~ and 
AO ... 1.2. It also .. Iecls the data 
~ster when uaed with tsACK. 
lOA ... low active lignal. 

lOW 29 INPUT 
110 Wrlle 'I uaed to write an in· 
ternal register lelected by es and 
AO. , , 1.2. It allo .. Iecls Ihe dala 
!!alster when uled wilh ~. 
lOW II • low active Ilgnal. 

IRO 23 OUTPUT 
Interrupl Request alertl the micro­
proc ... or of an error condition or 
an evenl compl.llon 

READY 25 OUTPUT 
.... dy can be u .. d to control the 
Ipeed of block mode DMA 
t,anlferl 

RESET 28 INPUT 

2 

..... 1 clearl all registers It does 
nol force the SCSI II.gnal ~ST 10 
the active alale ~SET II a low 
actlv. ligna I 

'OWER SIGNALS 
PIn Name PIn Number Description 

VDD 

GND 

31 

11 

+5VOLTS 

GROUND 

ICSIINTERFACE SIGNALS 
PI" Name PIn Number Description 

14 al,DIRECTIONAL, OPEN COL 
INITIATOR ROLE: The chip asse", 
thil ligna I in r.lponse 10 Rm 
for a byte Iranller on the SCSI bus. 

TARGET ROLE: m is receiyed 
a. a reapon .. to the Rl"O lignal. 

XCK II an acllve low ligna I. 

15 al·DIRECTIONAL, OPEN COL. 
INITIATOR ROLE: The chip asse"s 
thll aignal when the mlcroproces· 
sor requesls tha attenllon con· 
dillon. 

TARGET ROLE: m is a received 
ligna I. 

m Is an acllye low signal. 

13 al·DIRECTIONAL, OPEN COL. 
The SCSI Ry signal can be driven 
and received concurrently. 

m il an actlye low Signal 

Cir> 18 al·DIRECTIONAL, OPEN COL 
Command/Dala is an Inpul lor an 
Inilialor, an outpul lor a large\ It 
Indicates a command when 
asserled 

ii(5 17 

liSt 19 

QT 18 

no 2 .. 10 
1&",S9~ 

m 12 

Cir> il an active low signal 

al·DIRECTIONAL, OPEN COL 
InputlOulpul IS an Inpul fOl an 
Initiator, an output lor a target It 
Indicates an input 10 Ihe Inilialor 
when assarled. 

iiO is an active low Signal 

al·DIRECTIONAL. OPEN COL 
Message IS an Input for an Intll' 
alor, an oulpul for a large: It Indl' 
cales a message when asserled 

fiB"G is.n aCllve low ligna I 

al·DIRECTIONAL. OPEN COL 
The largel assens ~EO 10 requesl 
a byle transfer from Ihe Inillalor 
The Iransfer may be In .llher 
dlreclion. 

~ II an acllve low Ilgnal 

al·DIRECTIONAL. OPEN COL 
SCSI BUS r.lel ligna I 

,,~ II an acllY. low Signal 

al·DIRECTIONAl OPEN COL 
SCSI DATA BUS and PARITY 

Tha,. lignal. are low aCllve 

al·DIRECTIONAL. OPEN COL 
Sel.ct '1 u •• d for 18lec(,on and 
r."lecloperallons 

ItL II an active low 'Ignal 

Reproduced w"h permlllloft from NOR Nlcroeltdronlca Dlvllion 



NCR 5380 BLOCK DIAGRAM NCR 5380 

r--- -- - -- -- -~-----, 
IRQ r, 
MAOv ORO D GICrt ... AJ DO. D1 
I CPU . I 
I INTERFACE I l _____ .J 

~------------------------------------------------~ 

HIGH CURRENT O.C. 
OUTPUT DRIVERS 

REGISTER SUMMARY 

A2 A1 AO AIW REGISTER NAME 

0 0 0 R Current SCSI Data 
0 0 0 W Output Data Register 
0 0 1 RIW Initiator Command Reg. 
0 1 0 RIW Mode Register 
0 1 1 RIW Target Command Reg. 
1 0 0 R SCSI Bus Status 
1 0 0 W Select Enable Register 
1 0 1 R Bus & Status Register 
1 0 1 W Start DMA Send 
1 1 0 R Input Data Reg. 
1 1 0 W Start Target Rec. DMA 
1 1 1 R Reset Parltyllnterrupts 
1 1 1 W Start In It. Rec. DMA 

3 
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REGISTER DESCRIPTION 

READ 
CURRENT SCSI DATA (00) 
76~.32'0 

I I , I I I I I I 
DIO ... "0"&7 

INITIATOR COMMAND REGISTER (01) 
7 6 5 • 3 2 1 0 

AsstrLData Bus 

Ass r ~
ss r1ATN 

Asser! 

I Assert 
Lost Arbitration 

Arbitration In Progress 
Assert RST 

Arbitration 

I, DMA Mode 
Monitorm 

Enable rn-P Interrupt 
Enable Parity Interrupt 

Enable Parity Checking 
Target Mode 

Block Mode DMA 

TARGET COMMAND REGISTER (03) 
7 6 ~ • 3 2 1 0 

101010101 i I I I _ 
I I • Assml/O 

AsslliCID 
AssI!LMS"G 

Assert REO 

CURRENT SCSI BUS STATUS (04) 
7 6 5 • 3 2 1 0 

LJ IIII ~~~Ap 
~ Ala 

~ 

XTN 
Busy Error 

Phase Match 
Interrupt Request 

Par.ty Error 
DMA Requel1 

End 01 DMA 
INPUT DATA REGISTER (06) 
76~.3210 

o:rl I I I n 
Dao ,D87 

RESET PARITYIINTERRUPT (07) 
7 6 ~ • 3 2 1 0 

CiI"X'FTl X I )( : X i)( I 

NCR 5380 

WRITE 
OUTPUT DATA REGISTER (00) 

7 6 ~ • 3 2 1 0 
I I I I I I I I I 

Deo." DB7 

Asslli.Pata Bus 
Asst!! ATN 

Asstrt SEL 
Asst!!.JiSY 

Assert ACK 
Differential Enable (NCR 5381) 

Test Mode 
Assert RST 

Arbitration 
DMA.MQde 

Monl.!.2!..SSY 
Enable EOP Interrupt 

Enable Parity Interrupt 
Enable Parity Checking 

Target Mode 
Block Mode DMA 

TARGET COMMAND REGISTER (03) 
7 65. 3 2 1 0 

I X I X I X I X I I I I I 
I I i Assert riO 

AsstI! CiO 
Ass!!!. MSG 

Assert REO 

SELECT ENABLE REGISTER (04) 
7 6 5 • 3 2 1 0 

I I I I I I I I I 
l)BO .. ,~7 

ST ART DMA SEND (05) 
7 6 ~ • 321 0 

Ixlxlxlxlxlxlxlxl 
START DMA TARGET RECEIVE (061 
765.3210 

Ixlxlxlxlxlxlxlxl 
START DMA INITIATOR RECEIVE (07) 

7 6 ~ • 3 2 1 0 
,xlxlxlxlxlxlxlx I 

NOTE X • DON'T CARE 
4 



ELECTRICAL CHARACTERISTICS 
OPERATING CONDITIONS 

PARAMETER SYMBOL MIN MAX UNITS 

Supply Voltage VOO 4.75 5.25 Volts 
Supply Current 100 145 mAo 
Ambient Temperature TA 0 70 ·C 

INPUT SIGNAL REQUIREMENTS 

PARAMETER CONDITIONS MIN MAX UNITS 

High·level, Input VIH 2.0 5.25 Volts 
Low·level, Input VIL -0.3 0.8 Volts 

SCSI BUS pin. 2 ••• 20 
High·level Input Current, IIH VIH = 5.25 V 50 ua. 
Low·level Input Current, IlL Vll= 0 Volts -50 Jla. 

All other pins 
High·level Input Current, IIH VIH= 5.25 V 10 ~a. 

Low·level Input Current, III . Vil = 0 Volts -10 JJa. 

OUTPUT SIGNAL REQUIREMENTS 

PARAMETER CONDITIONS MIN MAX UNITS 

SCSI BUS pin. 2 ••• 20 
Low·level Output VOL VOO = 4.75 V 

IOl = 48.0mA. 

All other pin. 
Hlgh·level Output VOH VOO = 4.75 V 

IOH = -3.0mA. 
Low·level Output VOL VOO = 4.75 V 

IOl c 7.0mA. 

PRELIMINARY 
Nolle.: Thll II not a final lpeelllCIUon 
lome parametric IImltl art tubJeci to Chang. 

0.5 Volts 

2.4 Volts 

0.5 Volts 

NCR 5380 
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TYPICAL CONFIGURATION 

DMA 
CONTROL LOGIC 

....----4 ... EOP 
______ ---I g~gK NCR 5380 
....---tREAOY 

SCSI BUS 

NCR MICROELECTRONICS DIVISION 
1135 .Iroplau Drivi 

Colorado Sprtng •• Colorado 10818 
Phon.:~52>22S2 

Telex: 46 2457 NCR MICRO CSP 

NCR 5380 

While the Informetlon heraln pra .. nted ha. bMn cheeked for both accuracy and raliabillty, NCR luum.s no 
retponllbllity for althar Itl u .. or for lhe Infrlngament of any patanll or othar right I of third part I." WhiCh 
would rHull from Itl u ... The publication and dllaemlnaUon oltha ancloNd Informalion conl.r. no IIcanse. 
by Implication or otherwl", under any patanl or patant right I owned by NCR 6 

Reproduced .',h perm_Ion from NOR Mleroalanronlca DlvlIlon 



WESTERN DIGITAL 
c o R P 0 R A , I o N 

WD177011772 5114" Floppy Disk ControlieriFormatter 

FEATURES 

• 28 PIN DIP 
• SINGLE 5V SUPPLY 

• BUILT·IN DATA SEPARATOR 

• BUILT·IN WRITE PRECOMPENSATION 

• 5V4· SINGLE AND DOUBLE DENSITY 

• MOTOR CONTROL 

• '28,256,512 OR 1024 SECTOR LENGTHS 

• TTL COMPATIBLE 

• 8 BIT BIDIRECTIONAL DATA BUS 

• lWO VERSIONS AVAILABLE 
WD1no = STANDARD 179X STEP RATES 
WD1n2 = FASTER STEP RATES 

DESCRIPTION 

The WD1 no is a MOSILSI device which performs the 
functions of a 51f4· 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 buffersl 
receivers. DeSigned for 51f4 • single or double density 
operation, the device contains a programmable 
Motor On signal. 

The WD1nO is implemented in NMOS silicon gate 
technology and is available in a 28 pin dual-in-line. 

The WD1no Is a low cost version of the FD179X 
Floppy Disk Controller/Formatter. It Is compatible 
with the 179)(, but has a bullt·ln digital data separator 
and write precompensatlon circuits. A single read 
line (RD, PIn 19) is the only Input required to recover 

a INTRa 
ww OAO 

NJ i)OOi 

A' WIIRT 
OALa iJS 
OALI fiiici 
DAL2 wo 
DAU WG 
DAU MO 

DAL5 AD 
DALe CLK 
DAL7 DIRe 

Wi STEP 

OND vee 

PIN DESIGNATION 

serial FM or MFM data from the disk drive. The 
device has been specifically designed for control of 
511.· floppy disk drives with data rates of 125 
KBitslSec (single density) and 250 KBitslSec (double 
denSity). In addition, write precompensation of 125 
Nsec from nominal can be enabled at any point 
through simple software commands. Another pn> 
grammable feature, Motor On, has been incorporated 
to enable the spindle motor automatically prior to 
operating a selected drive. 

Two versions of the WD1nO are available. The stan­
dard version Is compatible with the 179X stepping 
rates, while the WD1n2 offers stepping rates of 2, 3, 
5and6msec. 

The processor interface consists of an ~bit bidlrec· 
tlonal 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. 
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PIN 
NUMBER 

2 

3,4 

5-12 

13 

14 

15 
16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

PIN NAME 
CHIP SELECT 

REAOt'WRiTr 

ADDRESS 0,1 

DATA ACCESS LINES 
o THROUGH 7 

MASTER RESET 

GROUND 

POWER SUPPLY 

STEP 

DIRECTION 

CLOCK 

READ DATA 

MOTOR ON 

WRITE GATE 

WRITE DATA 

TAACKOO 

INDEX PULSE 

WRITE PROTECT 

DOUBLE DENSITY 
ENABLE 

SYMBOL 

NJ,A1 

DALO-DAL7 

GND 

vee 
STEP 

DiRe 

CLK 

RD 

MO 

WG 

WD 

TROO 

2 

FUNCTION 
A logic low on this input selects the chip and 
enabie Host communication with the device. 

A logic high on this 1r:!QU! controls the 
placement of data on the 00.07 lines from a 
selected register, while a logic low causes a 
write operation to a selected register: 

These two inputs select a register to AeadIWrIte 
data: 
CI A1 NJ 
o 
o 
o 
o 

o 
o 
1 
1 

o StatusReg 
1 Track Reg 
o SectorReg 
1 DataReg 

RIll. 0 
Command Reg 
Track Reg 
Sector Reg 
Data Reg 

Eight bit bidirectional bus used for transfer of 
data, control, or status. This bus is enabled by 
CS and PJW. Each line will drive one TTL load. 
A logic low pulse on this line resets the device 
and initializes the status register (internal pull· up).· 

Ground. 

+ 5V ± 5% power suppiy input. 

The Step output contains a pulse for each step 
of the drive's PJW head. The WD1nO and 
WD1 n2 oHer different step rates. 

The Direction output is high when stepping in 
towards the center of the diskette, and low 
when stepping out. 

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

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

Active high output used to enable the spindle 
motor prior to read, write or stepping 0pera­
tions. 

This output is made valid prior to writing on the 
diskette. 

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

This active low input informs the WD1no that 
the drive's A/W heads are positioned over Track 
zero (internal pull·up). 

This active low input informs the WD1no when 
the phySical index hole has been encountered 
on the diskette (internal pull· up). 

This input is sampled whenever a Write 
Command is received. A logic low on this 
line will prevent any Write Command from 
executing (intemai pull·up). 

This input pin selects eitheDD~Ngle (FM) or 
double (MFM) density. When = 0, double 
denSIty .s selected (Internal pull· up). 
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PIN 
NUMBER PIN NAME SYMBOL 

27 DATA REQUEST ORO 

28 INTERRUPT REQUEST INTRQ 
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V 
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1 L. 5V 

WD1770 SYSTEM BLOCK DIAGRAM 

ARCHITECTUAE 

The Floppy Disk Formatter block diagram Is Il­
lustrated on page 4. The primary sections include 
the parallel processor Interface .nd the Floppy Disk 
Interface. 

a.ta ShIft AegI • .., - this 8-blt reQi!ter assembles 
aerial data from the Read Data Input (RD) during Read 
operations and transfers serial data to the Write Data 
output during Write operations. 

a.ta Aegla.., - This 8-bit register is ulecl 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 perallel from the Data 
Register to the Dati Shift Register. 

When executing the Seek commend, the Dat. Regi. 
ter holds the Iddress of the desired Track poaition. 

3 

FUNC110N 

this active high output Indicates that the Data 
Register la full (on • ReId) or empty (on • Write 
operation). 

Thla active high output la .. t It the completion 
of eny command or MMt • reed of the Stltua 
Reglater. 

this register Is loaded from the DAL end geted onto 
the DAL under procesaor control. 

'belt RegIa_ - this 8-blt register holds the track 
number of the cunent RealWVrite head poaltlon. It la 
Incremented by one flY8ry time the head Is atepped in 
end decremented by one when the head Is stepped 
out (towards track (0). The contents of the register 
ere compared with the recorded track number in the 
10 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 AegI.ter (SA) - This 8-blt register holds the 
Iddress of the desired sector position. The contents 
of the register are compared with the recorded sector 
number in the 10 field during disk Read or WrIte 
operations. The Sector Register contents can be 
loaded from or transferred to the DAL This register 
should not be loaded when the device is busy. 

Commlnd Register (CR) - This 8-bit register holds 
the command presently being executed. This register 
should not be ioaded 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 
ontotheDAL 

Status Regiater (STA) - This 8-blt register holds 
device Status information. The meaning of the Status 
bits Is a function of the type of commend previously 
executed. this register can be read onto the DAl, but 
not loaded from the DAL 

CRC LogIc - this logic Is ulecl to check or to 
generate the 16-blt Cyclic Redundancy Check (CRC). 
The polynomial is: 
G(x) = x16 + x12 + x5 + 1. 
The CRC Includes all Information starting with the 
Iddress mark .nd up to the CRC characters. The 
CRC register Is preset to ones prior to data being 
Ihifted through the circuit. 

ArlthmetlclLoglc Unit (ALU) - The ALU is a serial 
comparator, Incrementer, and decrementer .nd Is 
ulecl for register modification and comparisons with 
the disk recorded 10 field. 

AIcwocIuced .,'" PI',.,nl •• "" IrOT 
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WD1no BLOCK DIAGRAM 

nmlng and Con~ - 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 FD1no has two different 
modes ..QLQQeratlon according to the state of Dt5EN. 
When oorn = 0, double density (MFM) is enabled. 
When DDEN = 1, single density is enabled. 

AM De_lot" - The address mark detector detects 
10, data and index address marks during read and 
write operations. 

Data s-p.rator - 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 woros out of. or In­
to the WD1no. The DAL are three state buffers that 
are enabled as output drivers when Chip Select (CS) 
and fW.I = 1 are active or act as input receivers when 
CS and R/IN = 0 are active. 
When transfer of data with the Floppy Disk Controller 
Is required by the host processot; the device address 
Is decoded and CS is made low. The address bits A 1 
and AO, combined with the signal fW.I during a Read 
operation orWrite operation are interpreted as select· 
ing the following registers: 

Rep'OCIute<l .. ",. ,..,m._ from 
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.1 . AI) 

o 0 
o 1 
1 0 
1 1 

READ .1 
Status Register 
Track Register 
Sector Register 
Data Register 

During Direct Memory Access (OMA) types 01 data 
transfers between the Data Register 01 the W01no 
and the processor, the Data Request (ORO) output 
Is used In Data Transfer control. This signal also 
~ 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 parallel 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 INTRa Is 
generated. INTRa Is reset by either reading the 
status register or by loading the command register 
with a new command. In addition, INTRa is gen­
erated If a Force Interrupt command condition Is met. 

The WD1nO has two modes of ~ration according 
to the state OOEN (Pin 26). When DEN = 1, single 
density is selected. In either case, the ClK input (Pin 
18) lsat 8 MHZ. 

GENERAL DISK READ OPERAOONS 
Sector lengths of 128, 256, 512 or 1024 are obtainable 
In either FM or MFM formats. For FM, I5l5EN should 
be placed to logical "1:' For MFM formats, t5J5Eii1 
should be placed to a logical "0:' Sector lengths are 
determined at fonnat time by the fourth byte in the 
"10" field. 

seCTOR LENGTH TABLE 
seCTOR LENGTH NUMBER OF BYTES 

FIELD (HEX) IN SECTOR (DECIMAL} 
00 128 
01 256 
02 512 
03 1024 

The number of sectors per tract as far as the W01nO 
Is concerned can be from 1 to 255 sectors. The 
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number 01 tracks as lar as the WD1nO Ie concerned 
It from 0 to 255 tracks. 

GENERAL DISK WRITE OPERAOON 
When writing Is to take place on the dlakette the 
Write Gate (WG) output Is activated, allowing current 
to flow Into the ReadlWrlte head. As a precaution to 
erroneous 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 WI'Ite PrOtect Input Is • 
logic low, In which case any Write command Is I~ 
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
fonnation In FM and MFM. Write Data provides the 
unique missing clock pattems 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 Eariy Nil. 
X 0 1 1 Late NlA 
0 0 0 1 Eariy NlA 
1 0 0 0 Late NlA 

I L Next Bit to be sent 
Current Bit sending I vi . n Pre ous BIts se t 

Precompensation Is typically enabled on the Inner­
most tracks where bit shifts usually occur and bit 
density Is at Its rnaxlmun. 

COMMAND DESCRIPOON 
The W01nO will accept eleven commands. C0m­
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 error 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 TYPE rv COMMANDS 

BITS 
TYPE COMMAND 7 I 5 4 

I Restore 0 0 0 0 
I Seek 0 0 0 1 
I Step 0 0 1 u 
I Step.in 0 1 0 u 
I Step.out 0 1 1 u 

II Read Sector 1 0 0 m 
II Write Sector 1 0 1 m 

III Read 
Address 1 1 0 0 

III Read Track 1 1 1 0 
III Write Track 1 1 1 1 
IV Force 

Interrupt 1 1 0 1 

FLAG SUMMARY 

TYPE I COMMANDS 

h .. Motor On Flag (Bit 3) 
h = 0, Enable Spin-Up Sequence 
h = 1, Disable Spin-Up Sequence 

V = Verify Flag (Bit 2) 
V = 0, No Verify 
V = " Verify on Destination Track 

r,. ro = Stepping Rate (Bits 1. 0) 

'1, It) WD1nO 

0 0 8ms 
0 1 12ms 
1 0 20ms 
1 1 30ms 

u .. Update Flag (Bit 4) 

u = O. No Update 
u = 1, Update Track Register 

TYPE II • III COMMANDS 

m .. Multiple Sector Flag (Bit 4) 
m = 0, Single Sector 
m = 1. Multiple Sector 

110 := Data Addre .. Marti (Bit 0) 

ao = 0, Write Normal Data Maf1( 
ao = 1. Write Deleted Data Maf1( 

E ... 30ms SeHilng Delay (Bit 2) 

E :: 0, No Delay 
E = " Add 30ms Delay 

3 2 1 
h V r, 
h V .., 
h V r, 
h V r, 
h V r, 
h E 0 
h E P 

h E 0 
h E 0 
h E P 

13 12 11 

WD1m 

2ms 
3ms 
5ms 
8ms 

0 

ro 
ro 
ro 

ro 
ro 
0 
ao 
0 
0 
0 

I() 

I() = " Don't care 
1, = 1, Don't Care 
12 = " Intenupt on Index Pulse 

13 = 1, Immediate Interrupt 

13-1() = 0, Terminate without Interrupt 

TYPE I COMMANDS 

The Type I Commands include the Restore, Seek. 
Step, Step.ln. and Step.Out commands. Each of the 
Type I Commands contains a rate field (ro.r,), which 
determines the stepping motor rate. 

A 4,..s (MFM) or 8 "s (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 unless the ~ 
mand changes the direction. 

The Direction signal is active high when stepping In 
and low when stepping out. The Direction signal is 
valid 24,..s before the first stepping pulse is 
generated. 

After the last directional step an additional 30 
milliseconds of head settling time takes place if the 
Verify flag is set in Type I commands. There is also a 
30 ms head settling time if the E flag is set in any 
Type II or III command. 

When a Seek, Step or Restore command is executed, 
an optional verification of ReadlWrlte 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 10 Field is com­
pared against the contents of the Track Register If 
the track numbers compare and the 10 Field Cyclic 
Redundancy Check (CRq Is correct. the verify opera­
tion is complete and an INTRa is generated with no 
errors. If there is a match but not a valid CAC, the 
CRe error status bit Is set (Status Bit 3), and the next 
encountered 10 field is read from the disk for the 
verification operation. 

The WD1nO must find an 10 field with correct track 
number and correct CRe within 5 revolutions of the 
media, otherwise the seek error Is set and an INTRa 
is generated. If V = O. no verification is performed. 

~-= WriteJ'~~nuUon (!!!.:.L1) ___ _ 

All commands, except the Force Interrupt 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 WDlno will force Motor On to a logic 1 
and wait 6 revolutions before executlno the c0m­
mand. At 300 RPM, this guarantees a one second 
spindle start up time. If after finishing the command, 
the device remains Idle for 10 revolutions, the Motor 

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

8 
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On line will go beck to • logic O. If • command II 
issued while Motor On is high, the command will ex· 
ecute Immediately, defeating the 6 revolution ltart 
up. This feature allows conaecutlYe Read or Write 
commands without waiting for motor start up each 
time; the W01 no assumes the spindle motor la up to 
1P88d. 

TYPE I COMMAND FLOW 

7 

RESTORE {SEEK TRACK ot 
Upon receipt 01 thla command, the Track 00 (T'Fm) Irl­
put la sampled. If TJm la Ktive low Indicating the 
AeaQlWrite head la poeltioned over track 0, the Track 
Register Is ~ with zeroes and an interrupt Is 
generated. If TJUj Is not active I~ atepplng pulses 
(pIn 16) 8t 8 rate apeclfled by the rvo field are lsaued 
until the TFiXi Input is activated. 

&£T DIRECTION 

-HOTR 

OTOTR 

TYPE I COMMAND FLOW 

~ -,.,"'-,.­
-....... Dog, .. , Corpor.,_ 



At this time, the 'rrack RegiShr Is loaded with zeroes 
and an interTl.lpt is generated. If the T1ii5 input does 
not go active low after 255 stepping pulses, the 
W01770 terminates operation, Int8rTl.lpts, and sets 
the Seek efTOf 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 stalt 
of command. 

SEEK 
This command assumes that the Track Register cen­
lains the track number ot the current position of the 
Re&dWrite head and the Oata Register contains the 
desired track number. The W01 no 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 Oata 
Register (the desired track location). A verification 

VERIFY 
SEQUENCE 

SET 
CAe 

ERROR 

INTRO 
RESET BUSY 

TYPE I COMMAND FLOW 
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operation takes place If the V flag Is on. The h bit 
allOWlthe MotOl' On option at the start of the com­
mand.An int8rTl.lpt II generated at the completion of 
the commanc:t Note: When using multiple driws, the 
track register must be updated fOl' the drive selected 
before seeks are Issued. 

STEP 
Upon receipt of this command, the W01770 issues 
one stepping pulse to the dlsf( drive. The stepping 
motOl' direction is the same as in the previous step 
command. After a delay determined by the r',1l) field, 
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 MotOl' On option at the start of the com­
mand. An interTl.lpt is generated at the completion of 
the command. 

STEp·IN 
Upon receipt of this command,. the W01nO 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 r',1l) 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 interTl.lpt is generated at the completion of 
the command. 

STEP'()UT 
Upon receipt of this command, the W01770 issues 
01l4! stepping pulse in the direction towards track O. If 
the U flag Is on, the Track Register is decremented by 
one. After delay determined by the r',1l) 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 interTl.lpt is generated at the completion of 
the command. 

TYPE II COMMANDS 
The Type II Commands are the Read SectOl' and Write 
SectOl' commands. PrlOI' to loading the Type II C0m­
mand into the Command Register, the computer 
must load the Sector Register with the desired sectOl' 
number. Upon receipt of the Type II command, the 
busy status bit Is set. If the E flag = 1 the command 
will execute after a 30 msec delay. 

When an 10 field Is located on the disk, the W01770 
compares the Track Number on the 10 field with the 
Track Register. If there is not a match, the next en­
countered 10 field is read and a comparison Is again 
made. If there was a match, the SectOl' Number of the 
10 field is compared with the Sector Register. If there 
Is not a SectOl' match, the next encountered 10 field 
Is read off the disk and comparisons again made. If 
the 10 field CRC is correct, the data field is then 
located and will be either written into. 01' read from 
depending upon the command. The W01770 must 
find an 10 field with a Track numbe~ SectOl' num~ 
and CRC within (aur revolutions of the disk, other-
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INTRa. RESET BUSY 
lET WRITE PROTECT 

SETMO 
WAIT 

I INDEX PULSES 

TYPE I COMMAND 

wise, the RecorcI not found status bit is set (Status 
Bit 4) and the command Is terminated with an Inter· 
Npt (INTRa). 

&ch of the Type 1\ Commands contains an (m) flag 
which determines If multiple records (sectors) are 10 
be read or written, depending upon the command. If 
m = 0, a single sector is read or written and an Inler· 
Npt Is generated at the completion of the command. 
If m = 1, multiple racords are read or wrttten with 
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the sector register Intemally updated so thaI an ad­
dntSs verification can occur on the next record. The 
WD1770 will continue to read or write multiple 
records and update the sector reglsler In numerical 
ascending sequence until the sector register ex· 
ceeds the number of sectors on the track or until the 
Force InlelTUpt command Is loaded Into the C0m­
mand Register, which terminates the command and 
generates an intelTUpl 

For example: If theWD1770 Is Instructed to read sec­
tor 27 and there are only 26 on the track, the sector 
Alglster exceeds the number available. The W01nO 
will search for 5 disk revolutions, Int8fTUpt out, reset 
busy, and set the record not found status bit. 

READSECTOA 
Upon receipt of the Read Sector command, the Busy 
status bit Is set, and when a 10 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 densily 
and 43 bytes In double density of the last 10 field 
CRC byte; If not, the 10 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 ORO is 
generated. When the next byte Is accumulated in the 
DSR, It Is transferred to the DR and another ORO is 
generated. If the computer has not read the previous 
contents of the DR before a new character Is tran­
sferred that character is losl 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 field, the 
CRC error status bit Is sel, 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 Slatus Register (Bit 5) as shown: 

STATUS BIT 5 
1 Deleted Data Mark 
o OataMark 

WRITE SECTOR 
Upon receipt of the Write Sector command, the Busy 
.tatus bit Is set. When an 10 field is encountered that 
has the correcl track number, correct sector number, 
and correct CRe, a ORO is generated. The W01770 
counts 0" 11 bytes in single density and 22 bytes In 
double density from lhe CRe field and the Write Gate 
(WG) output is made active if the ORO Is "Nieed 
(i.e., the DR has been loaded by the compute" If ORO 
has not been .. rviced, the command is terminated 



NO 

NO 

NO 

INTRQ, RESET BUSY 
SET RECORD· HOT FOUND 

BRING IN SECTOR LENGTH FIELD 
STORE LENGTH IN INTERNAL 

REGISTER 

SETCRC 
STATUS ERROR 

TYPE II COMMAND 

and the Lost Data status bit Is set. If the ORO has 
been serviced, the WGis made active and six bytes 
of zeroes In single density and 12 by1es in double 
density are then written on the disk. At this time, the 
Data Address Mark is then written on the disk as 
detennlf'8<i by the ao field of the command IS shown 
belOW: 

10 

I() DATA ADDRESS MARK (lIT at 
1 Deleted Data Milk 
o DataMatk 

The WOl no then writes the data field and generat .. 
ORO's to the computet If the ORa is not MMced In 
time fO( continuous writing the Loet o.ta StatuI BIt 

Re9toduceo •• 111 ..,.",_ froM 
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NO 

INTRa. "ESET BUSY 
lET CFIC E ""011 

READ SECTOR 
SeQUENCE 

SET DATA 
LOST 

NO 

INTAO "ESET BUSY 

TYPE II COMMAND 

11 

"-!»tDCIlIGecI·WIll\ pe,m_IOfI'rQIII 
.... mClog ... 1 Corpore_ 



NO 

3EOUENCE 

TYPE II COMMAND 
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SET DATA LOST 
WRITE BYTE 
OF ZEROES 



Is sat 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 twc>byte CRC Is 
computed Intemally and written on the disk followed 
by one byte 01 logic ones In FM or In MFM. The WG 
output Is then deactivated INTRa will set 2~sec 
(MFM) alter the last CRC byte is written. For partial 
sector writing, the proper method is to write data and 
fill the balance with zeroes. 

TYPE III COMMANDS 

RudAddress 
Upon receipt of the Read Address command, the 
Busy Status Bit is set. The next encountered 10 field 
is then read in from the disk, and six data bytes of the 
10 field are assembled and transferred to the DR, and 
a ORO is generated for each byte. The six bytes of the 
10 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 WD1nO checks for validity and the 
CRC error status bit is set if there is a CRC error. The 
Track Address of the 10 field Is written into the sector 
register so that a comparison can be made by the 
user. At the end of the operation an interrupt is 
generated and the Busy Status is reset. 

RudTl'IICk 
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 ORO'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. 

DATA PATTERN 
IN DR (HEX) IN FM (DDEN I: 1) 

OOthru F4 Write 00 thru F4 with ClK = FF 
F5 Not Allowed 
F6 Not Allowed 
F7 Generate 2 CRe bytes 

ThiS command has saveral characteristics which 
make It suitable for diagnostic purposes. They are: no 
CRe checking Is performed; gap information Is I~ 
cluded In the data stream; and the address rnar1I 
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 10 AM, 10 field, 10 CRC bytes, DAM, Data, and 
Data CRC Bytes for each sector will be COITect. The 
Gap Bytes may be read Incorrectly during write-splice 
time because of synchronization. 

WRITE TRACK FORMAmNG THE DISK 

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

Fonnatting the disk 15 a relatively simple task when 
operating programmed I/O or when operating under 
DMA with a large amount of memory. Data and gap 
Information must be provided at the computer inter· 
face. Fonnatting the disk Is accomplished by posi· 
tloning the PJW 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. If the DR has not been loaded 
within 3 byte times, the ~ration 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 WD1 no detects 
a data pattem of F5 through FE in the data register, 
this Is interpreted as data address marks with 
missing clocks or CRC generation. 

IN MFM (DDEN = 0) 
Write 00 thru F4, in MFM 
Write A'· in MFM, PresentCRC 
Write C2·· In MFM 
Generate 2 CRC bytes 

F8thruFB Write F8 thru FB, ClK = C7. Preset CRC Write Fe thru FB, to MFM 
FC Write FC with ClK = 07 
FO Write FO with CLK = FF 
FE Write FE, ClK = C7. Preset CRC 
FF Write FF with ClK = FF 

• Missing clock transition between bits 4 and 5. 
··Mlsslng clock transition between bits 3 and". 
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Write FC in MFM 
Write FO in MFM 
Write FE in MFM 
Write FF in MFM 



seT INTRll 
LOST DAlAI 

RESE T BUSY 

tES 

S[ T "'0 
DELAY 6 

INDEX PULSES 

TYPE III COMMAND WRITE TRACK 
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WRITE 2CAC 
CHARS ClK .. FF 

WRITE FC 
ClK" D7 

WRITE FO. FE OR 
Fa-Fe. ClK = C7 
INITIALIZE CRC 

WRITE 
BYTE OF ZEROES 
SET DATA lOST 

WRITE A 1 IN MFM 
WITH MISSING 

CLOCK INITIALIZE 
CRC 

WRITE C2 IN MFM 
WITH MISSING 

CLOCK 

WAITE 2CRC 
CHARS 

TYPE III COMMAND WRITE TRACK 

15 
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The CRC generator IS Inttlallzed when any data byte 
from F8 to FE IS about to be transferred from the DR 
to the DSR In FM or by receipt 01 F5 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 10 fields. 
Also, CRC's must be generated by an F7 pattem, 

Disks may be formatted In IBM 3740 or System 34 for· 
mals 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 wnte command or 
to insure Type I status In the status register. This 
command can be loaded into the command register 
CIt any time. It 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 
'1 = Don't Care 
12 = Every Index Pulse 
'3 = Immediate Interrupt 

The conditional interrupt is enabled when the cor­
responding bit positions of the command (13.10) are 
set to a 1. Then, when the condition for interrupt is 
met. the INTRa line will go high signifying that the 
condition specified has occurred. If 13.10 are all set to 
zero (HEX 00), no interrupt will occur but any com­
mand presently under execution will be immediately 
terminated. When using the immediate interrupt con­
dition (13 = 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 00 is the only command that will enable the im­
mediate interrupt (HEX OS) to clear on a subsequent 
load command register or read status register opera­
tion. Follow a HEX OS With 00 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 Will nullify the forced interrupt. 

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

StatuI 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. If the Force Interrupt Command is 
received when there IS a current command under ex­
ecution, the Busy status bit IS reset and the rest of 
the status bits are unchanged. If the Force Interrupt 
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command is received when there is not a current 
command under execullon, the Busy Status bit is 
reset and the rest of the status bits are updated 
or cleared. In thiS case, Status reliects the Type I 
commands. 

The user has the option of reading the status register 
through program control or using the ORO line with 
DMA or interrupt methods. When the Data register is 
read the ORO bit in the status register and the ORa 
line are automatically reset. A write to the Data 
register also causes both ORO'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 INTRa line. When using the 
INTRa, a busy status check is not recommended 
because a read of the status register to determine the 
condition of busy will reset the INTRa line. 

The format of the Status Register is shown below: 

(BITS) 
718151413121110 

S7 1 S6 1 S5 1 54 1 S3 1 S2 1 S1 1 SO 

RECOMMENDED - 128 BYTESISECTOR 

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 

~ 6 
1 
1 
1 
1 
1 
1 

11 
6 
1 

128 
1 

10 
369"" 

HEX VALUE OF BYTE WRmEN 
FF (or 00) 
00 
FE (10 Address Mark) 
Track Number 
Side Number(oo or 01) 
Sector Number(1 thru lA) 
00 (Sector Length) 
F7 (2 CRC's written) 
FF(oroo) 
00 
FB (Data Address Mark) 
Data (IBM uses E5) 
F7 (2 CRG's written) 
FF(orOO) 
FF (or 00) 

"Write bracketed field 16 times. 
··Continue writing until WD1nO interrupts out. 

Approx. 369 bytes. 

256 BYTESISECTOR 

Shown below is the recommended dual·density for· 
mat with 256 bytes/sector. In order to format a 
diskette the user must issue the Wnte Track com­
mand and load the data register With the following 
values For every byte to be wntten, there is one data 
request. 

ReprOduc.ed ,-If" permlu.on hom 
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= ___ .. n"-________ _ 
REPEATED 

--
FOR EACH SECTOR ~ 

1- «J !lYlES SBYlES 10 TRACK SIDE SECTOR LENGTH CRe CRe 11 BYlES SBYlES DATA USER DATA CAe CAe 10!lYTU I 'FF" '00' 'FE' , • , • , 2 'FF' '00' AOR '28 BYlES , 2 'FF" 
MARK 

..... --------IOFIELO----------' '-------OATA FIELD----.... 

WRITE GATE---~ 

SINGLE DENSITY FORMAT 

IMOEX PULSE ___ _ '---------- REPEATED 

1-- FOR EACH SECTOR -, 
I &GBYlES 12 BYlES 3 BYlES 10 TRACK SIDE SECTOR LENGTH CRC CRe 22 BYlES '2 BYlES 3 BYlES 10 USER DATA CRe CRe 2' BYlES I "E' '00' 'A" 'FE' , • , • , 2 "E' '00' 'A" 'FB' 25eBYlES 1 2 "E' 

I 10 FIELD 1 I OATAFIEL 

WRtTEGATE----.... 

DOUBLE DENSITY FORMAT 



~M8ER 
OF 8YTES 

60 
12 
3 
1 
1 
1 
1 
1 
1 

22 
12 
3 
1 

256 
1 

24 
668" 

HEX VALUE OF 8YTE WRITTEN 
4E 
00 
F5 (Writes A 1) 
FE (ID Address M~ 
Track Number (0 thru 4C) 
Side Numbef(O or 1) 
Sector Number (1 thru 1A) 
01 (Sector Length) 
F7 (2 CRC's written) 
4E 
00 
F5 (Writes A 1) 
FB (Data Address Mali<) 
DATA 
F7 (2 CRC's written) 
4E 
4E 

• Write bracketed field 16 times. 
•• Continue writing until WD1nO intelT\lpts out. 

Approx. 668 bytes. 

1. Non-Standard Formals 

Variations in the recommended formats are possible 
to a limited extent if the following requirements are 
met 

STATUS REGISTER DESCRIPTION 
81T NAME MEANING 

1) Sector size must be 128,258,512 of 1024 bytes. 

2) Gap 2 cannot be varied fJOlTl the recommended 
format. 

3) 3 bytes of A 1 must be used In MFM. 

In addition, the Index Address Matte II not required 
for operation by the WD1770 Gap 1,3, and 4 lengths 
can be as short as 2 bytes for W01770 operatIOn, 
however PLL Ic)ct( up time, motor speed variatIOn, 
wrtt.splice .,., etc. will add mont bytes to each gap 
to achieve proper operation. It Is recommended that 
the recommended format be used for highest system 
reliability. 

FM MFM 
Gap I 16bytesFF 32bytes4E 

Gap II 11 bytesFF 22bytes4E . 6 bytes 00 12 bytes 00 . 3 bytesA1 

Gap III·· 10 bytes FF' 24bytes4E 
4 bytes 00 8 bytes 00 

3 bytes AI 

Gap IV 16bytesFF 16bytes4E 
• Byte counts must be exact. 

• • Byte counts are minimum, except exactly 3 bytes 
of A 1 must be written. 

S7 MOTOR ON This bit reflects the status of the Motor On output. 

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

S5RECORD When set, this bit indicates that the Motor Spin-Up sequence has completed (6 
TYPElSPtN·UP revolutions) on Type I commands. Type 2 & 3 commands, this bit indicates recOfd 

Type. 0 = Data Mari(. 1 = Deleted Data Mari(. 

54 RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit 
FOUND (RNF) is reset when updated. 

S3CRCERROR If 54 is set, an elTO( is found in one or more ID fields; otherwise it Indicates 8ITO( in 
data field. This bit is reset when updated. 

S2 LOST DATAl When set, it indicates the computer did not respond to DRO in one byte time. This 
TRACK 00 bit is reset to zero when update. On Type I commands, this bit reflects the status of 

the TRACK 00 Pin. 

S1 DATA REQUESTI This bit is a copy of the DRO output. When set, it indicates the DR is full on a Read 
INDEX Operation or the OR is empty on a Write operation. This bit is reset to zero when 

updated. On Type I 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 ......... - SS·C to + 125·C Maximum Voltage to Any Input 
Operating Temperature ...... O·C to 70·C Ambient with Respect to Vss ............. (- 15 to - O.3V) 
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DC OPERATING CHARACTERISTICS 

TA = O·C to 70°C. Vss = OV. Vee = + 5V % .25V 

SYMBOL CHARACTERISTIC MIN. MAX. UNITS CONDfTIONS 

IlL Input Leakage 10 IIA VIN = Vee 

IOL Output Leakage 10 IIA VOUT = Vee 
VIH Input High Voltage 2.0 V 

VIL Input Low Voltage 0.8 V 

VOH Output High Voltage 2.4 V 10= -10011A 
VOL Output Low Voltage 0.40 V 10 = 1.6 rnA 

Po Power Dissipation .75 W 
Rpu Intemal Pull-Up 100 1700 IIA VIN = OV 

ICC Supply Current 75 (Typ) 150 rnA 

AC TIMING CHARACTERISTICS 

TA = O·C to 70'C, Vss = OV. Vee = + 5V % .25V 

READ ENABLE TIMING - RE such that: RJIN = 1. CS = o. 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS 

TRE RE Pulse Width of CS 150 osee CL = 50pf 
TORR ORO Reset from RE 25 100 nsec 
TlRR INTRa Reset from RE 8000 nsec 
TOV Data Valid from RE 100 200 nsec CL = 50pf 
TOOH Data Hold from RE 50 150 nsec CL = 50pf 

Note: D~nd INTRO reset are from rising edge (lagging) of RE. whereas resets are from falling edge (leading) 
Of WE. 

WRITE ENABLE TIMING - WE such that: RJIN = 0, cs = O. 

SYMBOL CHARACTERISTIC 
TAS Setup ADDR to CS 
15ET Setup RJIN to CS 
TAH Hold ADDR from CS 
THLD Hold RJIN from ~ 
lWE WE Pulse Width 
TOAW ORO Reset from WE 
TlAW INTRa Reset from WE 
TDS Data Setup to WE 
TOH Data Hold from WE 

MIN. TYP. MAX. 
50 
0 
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0 
150 

100 200 
8000 

150 
0 
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UNITS CONDmONS 

osee 
nsec 
osee 
naec 
naec 
naec 
nsec 
nsec 
nsec 



______ I I 
g~lS X VALID X,----

TOS .....- TOM 

_'m-1 ~ ~ r--'~D 
om 1 x""'---

_--------.' .. ~ ~ ~ I ~,., 
AO.Al X x,.----

I I I I I 

REGISTER TIMINGS 
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" " " " I I I I 
Jr "112 CU<S } EARlYTWP 

I 
f I 

!>-112 CLltS }-NOMINAL TWP I 
f .. 112 ClKS ~~ 

LATE TWP 

WRITE DATA TIMING 

WRITE DATA TIMING: 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS 
Twg Write Gate to Write Data 4 "sec FM 

2 "sec MFM 
Tbc Write Data Cycle Time 4,6,8 "sec 
Twf Write Gate off from WD 4 "sec FM 

2 "sec MFM 
Twp Write Data Pulse Width 820 nsec EarlyMFM 

690 nsec NomlnalMFM 
570 nsec L.ateMFM 

1380 nsec FM 

INPUT DATA TIMING: 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS 
TPW Raw Read Pulse Width 200 Nee 

TBC Aiw Read Cycle Time 3000 Nee 

MISCEL1.ANEOUS TIMING: 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS 

TCD1 Clock Duty (low) 50 87 nsec 
TCD2 Clock Duty (high) 50 87 nsec 
TSTP Step Pulse Output 4 

f'I8C 
MFM 

8 FM 
lOIR Olr Setup to Step 24 

f'I8C 
MFM 

48 FM 
TMR Master Reset Pulse Width 50 f'I8C 
TIP Index Pulse Width 20 "eec 
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