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CHAPTER 2
INTERFACING THE SCC/ESCC

2.1 INTRODUCTION

This chapter covers the system interface requirements
with the SCC. Timing requirements for both devices are
described in a general sense here, and the user should
refer to the SCC Product Specification for detailed AC/DC
parametric requirements.

The ESCC and the 85C30 have an additional register,
Write Register Seven Prime (WR7'). Its features include the

ability to read WR3, WR4, WR5, WR7', and WR10. Both the
ESCC and the 85C30 have the ability to deassert the /DTR
//REG pin guickly to ease DMA interface design. Addition-
ally, the Z85230 features a relaxed requirement for a valid
data bus when the /WR pin goes Low. The effects of the
deeper data FIFOs should be considered when writing the
interrupt service routines. The user should read the sec-
tions which follow for details on these features.

2.2 Z80X30 INTERFACE TIMING

The Z-Bus® compatible SCC is suited for system applica-
tions with multiplexed address/data buses similar to the
Z8®, 7Z8000%, and Z280°,

Two control signals, /AS and /DS, are used by the Z80X30
to time bus transactions. In addition, four other control
signals (/CS0, CS1, R/W, and /INTACK) are used to
control the type of bus transaction that occurs. A bus
transaction is initiated by /AS; the rising edge latches the
register address on the Address/Data bus and the state of
/INTACK and /CSO0.

In addition to timing bus transactions, /AS is used by the
interrupt section to set the Interrupt Pending (IP) bits.
Because of this, /AS must be kept cycling for the interrupt
section to function properly.
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The Z80X30 generates internal control signals in response
to a register access. Since /AS and /DS have no phase
relationship with PCLK, the circuit generating these inter-
nal control signals provides time for metastable conditions
to disappear. This results in a recovery time related to
PCLK.

This recovery time applies only to transactions involving
the Z80X30, and any intervening transactions are ignored.
This recovery time is four PCLK cycles, measured from the
falling edge of /DS of one access to the SCC, to the falling
edge of /DS for a subsequent access.
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2.2.1 Z80X30 Read Cycle Timing

The read cycle timing for the Z80X30 is shown in  edge of /AS. R//W must be High before /DS falls to indicate
Figure 2-1. The register address on AD7-ADO, as wellas  a read cycle. The Z80X30 data bus drivers are enabled
the state of /CSO and /INTACK, are latched by the rising  while CS1 is High and /DS is Low.

/AS —\_/

/Ccso

AINTACK /

X Data Valid

LT

AD7 - ADO X Address

RI/W

Cst

NERN

1117

/DS \

Figure 2-1. Z80X30 Read Cycle
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2.2.2 Z80X30 Write Cycle Timing

The write cycle timing for the Z8OX30 is shown in  awrite cycle. The leading edge of the coincidence of CS1
Figure 2-2. The register address on AD7-ADO, as well as High and /DS Low latches the write data on AD7-ADO, as
the state of /CS0 and /INTACK, are latched by the rising  well as the state of R//W.

edge of /AS. R//W must be Low when /DS falls to indicate

/AS

/CSo

ANTACK

|V ¢

Data Valid

AD7 - ADO K Address

RIW

Cs1

\/;j/\

/DS \

1N T

Figure 2-2. Z80X30 Write Cycle

B 9984043 Q03kLb22 TOO M

2-3

- __________________________________________________________________________________________________________________
Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003



. SCC"/ESCC™
@ 2!‘.“5 USER'S MANUAL

2.2.3 Z80X30 Interrupt Acknowledge Cycle Timing

The interrupt acknowledge cycle timing for the Z80X30is  of /AS. However, if INTACK s Low, the address, /CSO, CS1
shown in Figure 2-3. The address on AD7-ADO and the and R//W are ignored for the duration of the interrupt
state of /CS0 and /INTACK are latched by the rising edge  acknowledge cycle.

{(
7
/AS

{(

e

)
/CS0 X
{(
)]
AD7 - ADD _q__/‘ 55 J\ X Vector )—
{(
1))
X /
/ {« \\
)
/INTACK \ / }
{(
T . /
{
)
IEI \
IEO
\)\ {«
)4
ANT

{(
)

Figure 2-3. Z80X30 Interrupt Acknowledge Cycle
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The Z80X30 samples the state of /INTACK on the rising
edge of /AS, and AC parameters #7 and #8 specify the
setup and hold-time requirements. Between the rising
edge of /AS and the falling edge of /DS, the internal and
external daisy chains settle (AC parameter #29). A system
with no external daisy chain should provide the time
specified in spec #29 to settle the interrupt daisy-chain
priority internal to the SCC. Systems using an external
daisy chain should refer to Note 5 referenced in the
ZBOX30 Read/Write & Interrupt Acknowledge Timing for
the time required to settle the daisy chain.

Note: /INTACK is sampled on the rising edge of /AS. If it
does not meet the setup time to the first rising edge of /AS
of the interrupt acknowledge cycle, itis latched on the next
rising edge of /AS. Therefore, if /INTACK is asynchronous
to /AS, it may be necessary to add a PCLK cycle to the
calculation for /INTACK to /RD delay time.

If there is an interrupt pending in the SCC, and IEl is High
when /DS falls, the acknowledge cycle was intended for
the SCC. This being the case, the Z80X30 sets the Inter-
rupt-Under-Service (IUS) latch for the highest priority pend-
inginterrupt, as well as placing an interrupt vector on AD7-
ADO. The placing of a vector on the bus can be disabled
by setting WRS, D1=1. The /INT pin also goes inactive in
response to the falling edge of /DS. Note that there should
be only one /DS per acknowledge cycle. Another impor-
tanttactis thatthe IP bits in the Z80X30 are updated by/AS,
which may delay interrupt requests if the processor does
not supply /AS strobes during the time between accesses
of the Z80X30.

2.2.4 Z80X30 Register Access

Theregisters in the Z80X30 are addressed via the address
onAD7-ADO and are latched by the rising edge of /AS. The

Shift Right/Shift Left bit in the Channel B WRO controls
which bits are decoded to form the register address. It is
placed in this register to simplify programming when the
current state of the Shift Right/Shift Left bit is not known.

Ahardware reset forces Shift Left mode where the address
is decoded from AD5-AD1. In Shift Right mode, the ad-
dress is decoded from AD4-ADQ. The Shift Right/Shift Left
bit is written via a command to make the software writing
to WRO independent of the state of the Shift Right/Shift Left
bit.

While in the Shift Left mode, the register address is placed
on AD4-AD1 and the Channel Select bit, A/B, is decoded
from ADS5. The register map for this case is shown in
Table 2-1. In Shift Right mode, the register address is again
placed on AD4-AD1 but the channel select A/B is decoded
from ADO. The register map for this case is shown in
Table 2-2.

Because the Z80X30 does not contain 16 read registers,
the decoding of the read registers is not complete; this is
indicated in Table 2-1 and Table 2-2 by parentheses
around the register name. These addresses may also be
used to access the read registers. Also, note that the
Z80X30 contains only one WR2 and WR9: these registers
may be written from either channel.

Shift Left Mode is used when Channel A and B are to be
programmed differently. This allows the software to se-
quence through the registers of one channel at a time. The
Shift Right Mode is used when the channels are pro-
grammed the same. By incrementing the address, the user
can program the same data value into both the Channel A
and Channel B register.
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2.2.4 Z80X30 Register Access (Continued)
Table 2-1. Z80X30 Register Map (Shift Left Mode)
READ 8030 80230
80C30/230* 80C30/230 WR15 D2=1

AD5 AD4 AD3 AD2 AD1 WRITE WR15D2=0 WR15 D2=1 WR7' D6=1

0 0 0 0 0 WROB RROB RROB RROB

0 0 0 0 1 WR1B RR1B RR1B RR1B

0 0 0 1 0 WR2 RR2B RR2B RR2B

0 0 0 1 1 WR3B RR3B RR3B RR3B

0 0 1 ) 0 WR4B (RROB) (RROB) (WR4B)

0 0 1 0 1 WR58B (RR1B) (RR1B) (WR5B)

0 0 1 1 0 WR6B (RR2B) RR6B RR6B

0 0 1 1 1 WR7B (RR3B) RR78B RR7B

0 1 0 0 0 WR8B RR8B RR8B RR8B

0 1 0 0 1 WR9 (RR13B) (RR13B) (WR3B)

0 1 0 1 0 WR10B RR10B RR10B RR10B

0 1 0 1 1 WR11B (RR15B) (RR15B) (WR10B)

0 1 1 0 0 WR12B RR12B RR12B RR12B

0 1 1 0 1 WR13B RR13B RR13B RR13B

0 1 1 1 0 WR14B RR14B RR14B (WR7'B)

0 1 1 1 1 WR15B RR15B RR15B RR15B

1 0 0 0 0 WROA RROA RROA RROA

1 0 0 0 1 WR1A RR1A RR1A RR1A

1 0 0 1 0 WR2 RR2A RR2A RR2A

1 0 0 1 1 WR3A RR3A RR3A RR3A

1 0 1 0 0 WR4A (RROA) (RROA) (WR4A)

1 0 1 0 1 WR5A (RR1A) (RR1A) (WRSA)

1 0 1 1 0 WR6EA (RR2A) RR6A RR6A

1 0 1 1 1 WR7A (RR3A) RR7A RR7A

1 1 0 0 0 WR8A RR8A RRSA RR8A

1 1 0 0 1 WRS9 (RR13A) (RR13A) (WR3A)

1 1 0 1 0 WR10A RR10A RR10A RR10A

1 1 0 1 1 WR11A (RR15A) (RR15A) (WR10A)

1 1 1 0 0 WR12A RR12A RR12A RR12A

1 1 1 0 1 WR13A RR13A RR13A RR13A

1 1 1 1 0} WR14A RR14A RR14A (WR7'A)

1 1 1 1 1 WR15A RR15A RR15A RR15A

Notes:

The register names in { ) are the values read out from that register location.
WR15, bit D2 enables status FIFO function (not available on NMOS).

WR7' bit D6 enables extend read function (only on ESCC).
* Includes 80C30/230 when WR15 D2=0.
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Table 2-2. Z80X30 Register Map (Shift Right Mode)

READ 8030 80230
80C30/230* 80C30/230 WR15 D2=1
AD4 AD3 AD2 AD1 ADC WRITE WR15D2=0 WR15 D2=1 WR7' D6=1
0 0 0 0 0 WROB RROB RROB RROB
0] 0 0 0 1 WROA RROA RROA RROA
0 0 0 1 0 WR1B RR1B RR1B RR1B
o] 0 0 1 1 WR1A RR1A RR1A RR1A
0 0 1 0 0 WR2 RR2B RR28 RR2B
0 0 1 0 1 WR2 RR2A RR2A RR2A
0 0 1 1 0 WR3B RR3B RR3B RR3B
0 0 1 1 1 WR3A RR3A RR3A RR3A
0 1 0 0 0 WR4B (RROB) (RROB) (WR4B)
0 1 ¢} 0 1 WR4A (RROA) (RROA) (WR4A)
0 1 0 1 0 WRSB (RR1B) (RR1B) (WR5B)
0 1 0 1 1 WR5A (RR1A) (RR1A) (WR5A)
0 1 1 0 0 WREB (RR2B) RR6B RRéB
0 1 1 0 1 WR6A (RR2A) RR6A RR6A
0 1 1 1 0 WR7B (RR3B) RR7B RR7B
0 1 9 1 1 WR7A (RR3A) RR7A RR7A
1 0 0 0 0 WR8B RR8B RR8B RR8B
1 0 0 0 1 WRBA RR8A RR8A RR8A
1 0 0 1 0 WR9 (RR13B) (RR13B) (WR3B)
1 0 ¢} 1 1 WR9 (RR13A) (RR13A) (WR3A)
1 0] 1 0 0 WR10B RR10B RR10B RR10B
1 0 1 0 1 WR10A RR10A RR10A RR10A
i 0 1 1 0 WR118 (RR15B) (RR15B) (WR10B)
1 0 1 1 1 WR11A (RR15A) (RR15A) (WR10A)
1 1 0 ¢} 0 WR12B RR12B RR12B RR12B
1 1 0 0 1 WR12A RR12A RR12A RR12A
1 1 0 1 0 WR13B RR13B RR13B RR13B
1 1 0 1 1 WR13A RR13A RR13A RR13A
1 1 1 0 0 WR14B RR14B RR14B (WR7'B)
1 1 1 0 1 WR14A RR14A RR14A (WR7'A)
1 1 1 1 0 WR15B RR158 RR15B RR15B
1 1 1 1 1 WR15A RR15A RR15A RR15A
Notes:
The register namesin () are the values read out from that register location.
WR15 bit D2 enables status FIFO function (not available on NMOS).
WRT?' bit D enables extend read function (only on ESCC).
* Includes 80C30/230 when WR15 D2=0.
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2.2.5 Z80C30 Register Enhancement

The Z80C30 has an enhancement to the NMOS Z8030
register set, which is the addition of a 10x18 SDLC Frame
Status FIFO. When WR15 bit D2=1, the SDLC Frame Status
FIFO is enabled, and it changes the functionality of RR6
and RR7. See Section 4.4.3 for more details on this feature.

2.2.6 Z80230 Register Enhancements

in addition to the Z8OC30 enhancements, the 80230 has
several enhancements to the SCC register set. These
include the addition of Write Register 7 Prime (WR7'), and
the ability to read registers that are read only in the 8030.

Write Register 7' is addressed by setting WR15 bit, DO=1
and then addressing WR7. Figure 2-4 shows the register
bit location of the six features enabled through this regis-
ter. All writes to address seven are to WR7' when WR15,
DO=1. Refer to Chapter 5 for detailed information on WR7".

WR?'

Iﬂmlnslmlna‘ozlmlool

| |—- Auto Tx Flag
Auto EOM Reset

Auta RTS Tumoff

Rx FIFO Half Full
DTR/REQ Timing Mode
Tx FIFO Empty
External Read Enable
0

Figure 2-4. Write Register 7 Prime (WR7')

WR7' bit D6=1, enables the extended read register capa-
bility. This allows the user to read the contents of WR3,
WR4, WR5, WR7' and WR10 by reading RR9, RR4, RRS,
RR14 and RR11, respectively. When WR7' D6=0, these
write registers are write only.

Table 2-3 shows what functions are enabled for the various
combinations of register bit enables. See Table 2-1 (Shift
Left) and Table 2-2 (Shift Right) for the register address
map with the SDLC FIFO enabled only and the map with
both the extended read and SDLC FIFO features enabled.

Table 2-3. Z80230 SDLC/HDLC
Enhancement Options

WR15 WR7'
Bit D2 Bit DO Bit D6 Functions Enabled

0 1 0 WR7' enabled only

0 1 1 WR7' with extended read
enabled

1 0 X 10x19 SDLC FIFO
enhancement
enabled only

1 1 0 10x19 SDLC FIFO and WR7'

1 1 1 10x19 SDLC FIFO and WR7"

with extended read enabled
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2.2.7 Z80X30 Reset

The Z80X30 may be reset by either a hardware or software
reset. Hardware reset occurs when /AS and /DS are both
Low at the same time, which is normally an illegal condi-
tion. As long as both /AS and /DS are Low, the Z80X30
recognizes the reset condition. However, once this condi-
tion is removed, the reset condition is asserted internally
for an additional four to five PCLK cycles. During this time,
any attempt to access is ignored.

The Z80X30 has three software resets that are encoded
into two command bits in WRS. There are two channel
resets, which only affect one channel in the device and
some bits of the write registers. The command forces the
same result as the hardware reset, the Z80X30 stretches
the reset signal an additional four to five PCLK cycles
beyond the ordinary valid access recovery time. The bits
in WR9 may be written at the same time as the reset
command because these bits are affected only by a
hardware reset. The reset values of the various registers
are shown in Table 2-4,

Table 2-4. Z80X30 Register Reset Values

Hardware RESET
4 3 2

—h

Channel RESET
4 3

-

WRO
WR1
WR2
WR3

XXX O

XX XO

WR4
WRS5S
WRé
WR7
WR7"™

=X XXX XXXOo}lo

OXXOX|[ XXO0O0O|~N
OXXXX| XXo0o| o

2 XXX X XXXo|oun

WR9

WR10
WR11
WR12

WR13
WR14
WR15
RRO

= =2 XX| XOQO -~
00O X| XOOQ| OXXO =
QOO X| XOOX|] OXXOX| XXO00

2 2 XX X XXX OXXXX| XXOo0o| o
COXX| XXOX] OXXOX| XX00

00X X XOX|] OXXO =

RR1
RR3
RR10

-
-
QO X| OO X| XOOX| OXXXX| oxXxoo| e

OO0 X+ =+ X| XOOO| OXXOX| XX0O0
QOO X2OX| X200 OXXOX| XXO0OO0

OO0 X+ XX| XOO =

COO| X=—=X}] XO0OQO

X OO
(ol e]

QOO X2 XX| XXOX| OXXOX| XX00| N
OO X+OX| XXOX| OXXOX| XX0O0
QOO X=+OX| XXOX| OXXOX| XXOO0
OO X| OOXX| XXOX[| OXXXX| oxoo]lo

OO0 X=+=X|] XXXO

X OO
[eNeR
[eN e

Notes:
*WR7' is available only on the Z80230.
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2.3 Z85X30 INTERFACE TIMING

Two control signals, /RD and /WR, are used by the Z85X30
to time bus transactions. In addition, four other control
signals, /CE, D//C, A//B and /INTACK, are used to control
the type of bus transaction that occurs. A bus transaction
starts when the addresses on D//C and A//B are asserted
before /RD or /WR fall (AC Spec #6 and #8). The coinci-
dence of /CE and /RD or /CE and /WR latches the state of
D//IC and A//B and starts the internal operation. The
/INTACK signal must have been previously sampled High
by arising edge of PCLK for a read or write cycle to occur.
In addition to sampling /INTACK, PCLK is used by the
interrupt section to set the IP bits.

The Z85X30 generates internal control signals inresponse
to a register access. Since /RD and /WR have no phase
relationship with PCLK, the circuitry generating these
internal control signals provides time for metastable con-
ditions to disappear. This results in arecovery time related
to PCLK.

This recovery time applies only between transactions
involving the Z85X30, and any intervening transactions are
ignored. This recovery time is four PCLK cycles (AC Spec
#49), measured from the falling edge of /RD or /WR in the
case of a read or write of any register.

2.3.1 Z85X30 Read Cycle Timing

The read cycle timing for the Z85X30 is shown in
Figure 2-5. The address on A//B and D//C is latched by the
coincidence of /RD and /CE active. /CE must remain Low
and /INTACK must remain High throughout the cycie. The
Z85X30 bus drivers are enabled while /CE and /RD are
both Low. A read with D//C High does not disturb the state
of the pointers and a read cycle with D//C Low resets the
pointers to zero after the internal operation is complete.

A/B, DJIC X

Address Valid

/INTACK

_/
ICE \

e
)
—

/RD \

—

V4
D7-D0 4

x Data Valid )—

Figure 2-5. Z85X30 Read Cycle Timing

2-10
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2.3.2 Z85X30 Write Cycle Timing

The write cycle timing for the Z85X30 is shown in
Figure 2-6. The address on A//B and D//C, as well as the
data on D7-DO, is latched by the coincidence of /WR and
CE active. /CE must remain Low and /INTACK must
remain High throughout the cycle. A write cycle with D//C
High does not disturb the state of the pointers and a write
cycle with D//C Low resets the pointers to zero after the
internal operation is complete.

Historically, the NMOS/CMOS version latched the data
bus on the falling edge of WR. However, many CPUs do
notguarantee thatthe data bus is valid at the time when the
/WR pin goes low, so the data bus timing was modified to
allow a maximum delay from the falling edge of WR to the
latching of the data bus. On the Z85230, the AC Timing
parameter #29 TsDW(WR), Write Data to /WR falling mini-
mum, has been changed to: /WR falling to Write Data Valid
maximum. Refer to the AC Timing Characteristic section of
the Z85230 Product Specification for more information
regarding this change.

A//B, D//C X

Address Valid

/INTACK /
ICE \

X
)
—

D7-00

Note: Dotted line is ESCC only.

{ Data Valid ‘>__

Figure 2-6. Z85X30 Write Cycle Timing

2.3.3 Z85X30 Interrupt Acknowledge Cycle Timing

The interrupt acknowledge cycle timing for the Z85X30 is
shown inFigure 2-7. The state of /INTACK is latched by the

/INTACK \ V{4

rising edge of PCLK (AC Spec #10). While /INTACK is Low,
the state of A//B, /CE, D//C, and /WR are ignored.

07-D0 I’f—(

Figure 2-7. Z85X30 Interrupt Acknowledge
Cycle Timing
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2.3.3 Z85X30 Interrupt Acknowledge Cycle Timing (Continued)

Between the time /INTACK is first sampled Low and the
time /RD falls, the internal and external IEI/\EQ daisy chain
settles (AC parameter #38 TdIAI(RD) Note 5). A system
with no external daisy chain must provide the time speci-
fied in AC Spec #38 to settle the interrupt daisy chain
priority internal to the SCC. Systems using the external
IEI/IEQ daisy chain should refer to Note 5 referencedinthe
Z85X30 Read/Write and Interrupt Acknowledge Timing
for the time required to settle the daisy chain.

Note: /INTACK is sampled on the rising edge of PCLK. If
it does not meet the setup time to the first rising edge of
PCLK of the interrupt acknowledge cycle, it is latched on
the next rising edge of PCLK. Therefore, if /INTACK is
asynchronous to PCLK, it may be necessary to add a
PCLK cycle to the calculation for /INTACK to /RD delay
time.

iIf there is an interrupt pending in the Z85X30, and IEl is
High when /RD falls, the interrupt acknowledge cycle was
intended for the Z85X30. In this case, the Z85X30 sets the
appropriate Interrupt-Under-Service latch, and places an
interrupt vector on D7-DO0.

If the falling edge of /RD sets an I1US bitin the Z85X30, the
/INT pin goes inactive inresponse to the falling edge. Note
that there should be only one /RD per acknowledge cycle.

Note 1: The IP bits in the Z85X30 are updated by PCLK.
However, when the register pointer is pointing to RR2 and
RR3, the IP bits are prevented from changing. This pre-
vents data changing during a read, but will delay interrupt
requests if the pointers are left pointing at these registers.

Note 2: The SCC should only receive one INTACK signal
per acknowledge cycle. Therefore, if the CPU generates
more than one (as is common for the 80X86 family), an
external circuit should be used to convert this into a single
pulse or does not use Interrupt Acknowledge.

2.3.4 Z85X30 Register Access

The registers in the Z85X30 are accessed in a two step
process, using a Register Pointer to perform the address-
ing. Toaccess a particular register, the pointer bits are set
by writing to WRO. The pointer bits may be written in either
channel because only one set exists in the Z85X30. After
the pointer bits are set, the next read or write cycle of the
Z85X30 having D//C Low will access the desired register.
Atthe conclusion of this read or write cycle the pointer bits
are reset to Os, so that the next control write is to the
pointers in WRO.

AreadtoRR8 (the receive data FIFO)or awrite to WR8 (the
transmit data FIFQ) is either done in this fashion or by
accessing the Z85X30 having D//C pin High. A read or
write with D//C High accesses the data registers directly,
and independently of the state of the pointer bits. This
allows single-cycle access to the data registers and does
not disturb the pointer bits.

The fact that the pointer bits are reset to 0, untess explicitly
set otherwise, means that WRO and RRO may also be
accessed in a single cycle. That is, it is not necessary to
write the pointer bits with 0 before accessing WRO or RRO.

There are three pointer bits in WRO, and these aliow
access to the registers with addresses 7 through 0. Note
that a command may be written to WRO at the same time
that the pointer bits are written. To access the registers
with addresses 15 through 8, the Point High command
must accompany the pointer bits. This precludes concur-
rently issuing a command when pointing to these regis-
ters.

The register map for the Z85X30 is shown in Table 2-5. If,
for some reason, the state of the pointer bits is unknown
they may be reset to 0 by performing a read cycle with the
D//C pin held Low. Once the pointer bits have been set, the
desired channel is selected by the state of the A/B pin
during the actual read or write of the desired register.

2-12
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Table 2-5. Z85X30 Register Map
READ 8530 85C30/230
85C30/230 85C30/230 WR15 D2=1
A//B  PNT2 PNT1  PNTO WRITE  WR15D2=0 WR15 D2=1 WR7' D6=1
0 0 0 0 WROB RROB RROB RROB
0 0 0 1 WR1B RR1B RR1B RR1B
0 0 1 0 WR2 RR2B RR2B RR2B
0 0 1 1 WR3B RR3B RR3B RR3B
0 1 0 0 WR4B (RROB) (RROB) (WR4B)
0 1 0 1 WR5B (RR1B) (RR1B) (WR5B)
0 1 1 0 WR6B (RR2B) RR6B RREB
0 1 1 1 WR7B (RR3B) RR7B RR7B
1 0 0 0 WROA RROA RROA RROA
1 0 0 1 WR1A RR1A RR1A RR1A
1 0 1 0 WR2 RR2A RR2A RR2A
1 0 1 1 WR3A RR3A RR3A RR3A
1 1 0 0 WR4A (RROA) (RROA) (WR44A)
1 1 0 1 WR5A (RR1A) (RR1A) (WR5A)
1 1 1 0 WR6A (RR2A) RR6A RR6A
1 1 1 1 WR7A (RR3A) RR7A RR7A
With Point High Command
0 0 0 0 WR8B RR8B RR8B RR8B
0 0 0 1 WRS (RR13B) (RR13B) (WR3B)
0 0 1 0 WR108B RR10B RR10B RR10B
0 0 1 1 WR11B (RR15B) (RR15B) (WR10B)
0 1 0 0 WR12B RR12B RR12B RR12B
0 1 0 1 WR13B RR138 RR13B RR13B
0 1 1 0 WR14B RR14B RR14B (WR7'B)
0 1 1 1 WR15B RR15B RR15B RR15B
1 0 0 0 WR8A RR8A RR8A RR8A
1 0 0 1 WR9 (RR13A) (RR13A) (WR3A)
1 ¢} 1 0 WR10A RR10A RR10A RR10A
1 0 1 1 WR11A (RR15A) (RR15A) (WR10A)
1 1 0 0 WR12A RR12A RR12A RR12A
1 1 0 1 WR13A RR13A RR13A RR13A
1 1 1 0 WR14A RR14A RR14A (WR7'A)
1 1 1 1 WR15A RR15A RR15A RR15A
Notes:
WR15 bit D2 enables status FIFO function. (Not available on NMOS)
WR7' bit D6 enables extend read function. (Only on ESCC and 85C30)
2-13
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2.3.5 Z85C30 Register Enhancement

The Z85C30 has an enhancement to the NMOS Z8530
register set, which is the addition of a 10x19 SDLC Frame
Status FIFO. When WR15 bitD2=1, the SDLC Frame Status
FIFO is enabled, and it changes the functionality of RR6
and RR7. See Section 4.4.3 for more details on this feature.

2.3.6 Z85C30/Z85230 Register
Enhancements

in addition to the enhancements mentioned in 2.3.5, the
85C30/85230 provides several enhancements to the SCC
register set. These include the addition of Write Register 7
Prime (WR7'), the ability to read registers that are write-
only in the SCC.

Write Register 7' is addressed by setting WR15, DO=1and
then addressing WR7. Figure 2-8 shows the register bit
location of the six features enabled through this register for
the 85230, while Figure 2-7 shows the register bit location
for the 85C30. Note that the difference between the two
WR?' registers for the 85230 and the 85C30 is bit D5 and
bit D4. All writes to address seven are to WR7' when WR15
DO=1. Refer to Chapter 5 for detailed information on WR7".

WR?'
[D7|Ds|os|n4|oa|oa|m o]

| |— Auto Tx Flag
Auto EOM Reset

Auto/RTS Dy ion
Rx FIFO Half Full
DTR/REQ Timing Mode
Tx FIFO Empty
Extended Read Enable
Reserved (Must be 0)

Figure 2-8a. Write Register 7 Prime (WR7')
For the 85230

WR7' Prime
ID7IDGIDSID4IDSIDZID1IDﬂ

I |—— Auto Tx Flag
Auto EOM Reset

Auto/RTS Deactivation
Force TxD High
/DTR//REQ Fast Mode
Comp CRC Reception
Extended Read Enabie
Reserved {Program as 0)

Figure 2-8b. Write Register 7 Prime
For the 85C30

Setting WR7' bit D6=1 enables the extended read register
capability. This allows the user to read the contents of
WR3, WR4, WR5, WR7' and WR10 by reading RRS, RR4,
RR5, RR14 and RR11, respectively. When WR7' D6=0,
these write registers are write-only.

Table 2-6 shows what functions are enabled for the various
combinations of register bit enables. See Tabie 2-5 for the
register address map with only the SDLC FIFO enabled
and with both the extended read and SDLC FIFQO features
enabled.

Table 2-6. Z85C30/Z85230 Register
Enhancement Options

WR15 WR7?7'
BitD2 BitD0 BitD6 Functions Enabled

0 1 0 WR7' enabled only

0 1 1 WR7' with extended read
enabled

1 0 X 10x19 SDLC FIFO
enhancement enabled only

1 1 0 10x19 SDLC FIFO and WR7'

1 1 1 10x19 SDLC FIFO and WR7'

with extended read enabled

2.3.7 Z85X30 Reset

The Z85X30 may be reset by either a hardware or software
reset. Hardware reset occurs when /WR and /RD are both
Low at the same time, which is normally an illegal condi-
tion. As long as both /WR and /RD are Low, the Z85X30
recognizes the reset condition. However, once this condi-
tion is removed, the reset condition is asserted internally
for an additional four to five PCLK cycles. During this time
any attempt to access is ignored.

2-14
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The Z85X30 has three software resets that are encoded
into the command bits in WRS. There are two channel
resets which only affect one channel in the device and
some bits of the write registers. The command forces the
same result as the hardware reset, the Z85X30 stretches
the reset signal an additional four to five PCLK cycles

beyond the ordinary valid access recovery time. The bits
in WRS may be written at the same time as the reset
command because these bits are affected only by a
hardware reset. The reset values of the various registers
are shown in Table 2-7.

Table 2-7. Z85X30 Register Reset Values

Hardware RESET
5 4 3 2

Channel RESET
4 3

-

WRO
WR1
WR2
WR3

XXX O

XXXO|Ww

WR4
WR5
WR6
WR7

XXX X[ XXXO

XXX X XXXO| @,

WR7'*
WR9

WR10
WR11

2 000 XXOX|] XX00

WR12
WR13
WR14
WR15

AX XX OO0O=0O] XXOX| XXO0O|~N
A XXX OO0 =20 XXXX| XXOo0]| o
a2 X X| OO =

2 aXX| OO0 XXOX|] XXO0O0
OOXX| OO0OQOO| XX0O-=

- O X X

A XXX XOXO| XXOX| XX00|~N
A XXX XXXO| XXXX| XXO00| x>
2 OXX| XOXO| XXOX|] XXOQOO0
2 OXX| XOXO] XXOX| XXOO0

- =2 XX XXO-—
OO X X| XOXO] XXO~—=

RRO
RR1
RR3
RR10

OO0 X
OCOOXO| OOXX| OOXO| XXXX| ©OXOo0oo| e

OO0 OOXX| OOXO] XXOX| XXOO| =

XO O =
o0 o X
000X
OO0 X
OO 4=

OO =20 OXXX| XOXO| XXOX| XXO0O0
COXO| OXXX| XOXO| XXXX| ©oX0o0o|o

(oY==
X OO =
o0 o X
000X
00O X
OO 4=

Notes:
*WR7' is only avaitable on the 85C30 and the ESCC.

2.4 INTERFACE PROGRAMMING

The following subsections explain and illustrate all areas of
interface programming.

2.4.1 1/O Programming Introduction

The SCC canwork with three basic forms of /O operations:
polling, interrupts, and block transfer. All three I/O types
involve register manipulation during initialization and
data transfer. However, the interrupt mode also incorpo-

rates Z-Bus interrupt protocol for a fast and efficient data
transfer.

Regardless of the version of the SCC, all communication
modes can use a choice of polling, interrupt and block
transfer. These modes are selected by the user to deter-
mine the proper hardware and software required to supply
data at the rate required.

Note to ESCC Users: Those familiar with the NMOS/CMOS
version will find the ESCC I/O operations very similar but
should note the following differences: the addition of
software acknowledge (which is available in the current
version of the CMOS SCC, butnotin NMOS); the /DTR//REQ
pin can be programmed to be deasserted faster; and the
programmability of the data interrupts to the FIFO fill level.

BN 9984043 0D3bb3I4 722 MM
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2.4.2 Polling

This is the simplest mode to implement. The software must
poli the SCC to determine when data is to be input or output
from the SCC. In this mode, MIE (WR9, bit 3), and Wait/
DMA Request Enable (WR1, bit 7) are both reset to 0 to
disable any interrupt or DMA requests. The software must
then poll RRO to determine the status of the receive buffer,
transmit buffer and external status.

During a polling sequence, the status of Read Register 0
is examined in each channel. This register indicates whether
or not a receive or transmit data transfer is needed and
whether or not any special conditions are present,
e.g., errors.

This method of 1/O transtfer avoids interrupts and, conse-
quently, all interrupt functions should be disabled. With no
interrupts enabled, this mode of operation must initiate a
read cycle of Read Register 0 to detect an incoming
character before jumping to a data handler routine.

2.4.3 Interrupts

Each of the SCC's two channels contain three sources of
interrupts, making a total of six interrupt sources. These
three sources of interrupts are: 1) Receiver, 2) Transmitter,
and 3) External/Status conditions. In addition, there are
several conditions that may cause these interrupts.
Figure 2-9 shows the different conditions for each interrupt
source and each is enabled under program control. Chan-
nel A has a higher priority than Channel B with Receive,
Transmit, and External/Status Interrupts prioritized, re-
spectively, within each channel as shown in Table 2-8. The
SCC internally updates the interrupt status on every PCLK
cycle in the Z85X30 and on /AS in the Z80X30.

Table 2-8. interrupt Source Priority

Receive Channel A
Transmit Channel A
External/Status Channel A
Receive Channel B
Transmit Channel B
External/Status Channel B

Highest

Lowest

INT on first Rx Character
or Special Condition

Receive Character Availabl

Receive Overrun

INT on all Rx Character
or Special Condition

Rx Interrupt on Special
Condition Only

|

Framing Error \ Receiver

[ Interrupt
End of Frame (SDLC) [ — Sources
Parity Error (If enabled) /

Transmitter scc

Transmit Buffer Empty —I——b "é'gll;l;:g! — Interropt
Zero Count
oCco \
SYNC/HUNT \

[~~~ | External/Status

Interrupt

cTs > Sources
Tx Underun/EOM 7(
Break/Abort

Figure 2-9. ESCC Interrupt Sources
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ESCC:

The receive interrupt request is either caused by a
receive character available or a special condition.
When the receive character available interrupt is gen-
erated, itis dependent on WR7' bit D3. If WR7' D3=0, the
receive character available interruptis generated when
one character Is loaded into the FIFO and is ready to be
read. If WR7' D3=1, the receive character available
interrupt is generated when four bytes are available to
be read in the receive data FIFO. The programmed
value of WR7' D5 also affects how DMA requests are
generated. See Section 2.5 for details.

Note: If the ESCC is used in SDLC mode, it enables the
SDLC Status FIFO to affect how receive interrupts are
generated. If this feature is used, read Section 4.4.3 on the
SDLC Anti-Lock Feature.

The special conditions are Receive FIFO overrun,
CRC/framing error, end of frame, and parity. If parity is
included as a special condition, it is dependent on WR1
D2. The special condition status can be read from RR1.

On the NMOS/CMOS versions, set the IP bit whenever the
transmit buffer becomes empty. This means that the trans-
mit buffer was full before the transmit {P can be set.

ESCC:

The transmit interrupt request has only one source and
is dependent on WR7' D5. If the IP bit WR7' D5=0, it Is
set when the transmit buffer becomes completely
empty. If IP bit WR7' D5=1, the transmit interrupt is
generated when the entry location of the FIFO is empty.
Note that in both cases the transmit interrupt Is not set
untll after the first character is written to the ESCC.

For more information on Transmit Interrupts, see Section
2.4.8 for details.

The External/status interrupts have several sources which
may be individually enabled in WR15, The sources are
zero count, /DCD, Sync/Hunt, /CTS, transmitter underrun/
EOM and Break/Abort.

2.4.4 Interrupt Control

In addition to the MIE bit that enables or disables all SCC
interrupts, each source of interrupt in the SCC has three
controlfstatus bits associated with it. They are the Interrupt
Enable (IE), Interrupt Pending (IP), and Interrupt-Under-
Service (IUS).Figure 2-10showsthe SCCinterruptstructure.

| Interrupt Vector l

L] [we] [od]

[ e | [ ws |
IE}l /INT /INTACK IEO
from Pullup l T \ To IEl Input of
Resistor or [IEO From Lower Priority
line of Higher CPU Device
Status

Priority Device ToCPU D or

Figure 2-10. Peripheral Interrupt Structure

Figure 2-11 shows the internal priority resolution method to
allow the highest priority interrupt to be serviced first.
Lower priority devices on the external daisy chain can be
prevented from requesting interrupts via the Disable Lower
Chain bit in WR9 D2.

Channel A Channel A
Receiver Channel A Extarnal/Status
from (Righest Priority) Transmitter Conditions
l',ﬁg-» IEl IEO IEl 1E0 }—a IEY IEO
E ] P Jws E ] P s E [ w [ws
Channel 8
Channel B Channel B Extema!(Slalus
Receiver Transmitter Conditions To
{Lowest
IEl IEQ —a IEI IEO [—IEl  priopy) 'EC f—= IEO
Pin
E[ P Jws E [ Jws E] P Jws

Figure 2-11. Internal Priority Resolution
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2.4.4.1 Master Interrupt Enable Bit

The Master Interrupt Enable (MIE) bit, WR9 D3, mustbe set
to enable the SCC to generate interrupts. The MIE bit
should be set after initializing the SCC registers and
enabling the individual interrupt enables. The SCC re-
quests an interrupt by asserting the /INT pin Low from its
open-drain state only upon detection that one of the
enabled interrupt conditions has been detected.

2.4.4.2 Interrupt Enable Bit

The Interrupt Enable (IE) bits control interrupt requests
from each interrupt source on the SCC. If the IE bit is set
to 1 for an interrupt source, that source may generate an
interrupt request, providing all of the necessary conditions
are met. If the IE bit is reset, no interrupt request is
generated by that source. The transmit interrupt IE bit is
WR1 D1. The receive interrupt |E bits are WR1 D3 and D4.
The external status interrupts are individually enabled in
WR15 with the master external status interrupt enable in
WR1 DO. Reminder: The MIE bit, WR9 D3, must be set for
any interrupt to occur.

2.4.4.3 Interrupt Pending Bit

The Interrupt Pending (IP) bit for a given source of interrupt
is set by the presence of an interrupt condition in the SCC.
It is reset directly by the processor, or indirectly by some
action that the processor may take. If the corresponding |E
bit is not set, the IP for that source of interrupt will never be
set. The IP bits in the SCC are read only via RR3 as shown
in Figure 2-12.

Read Register 3
|D7|De|ns|m|03|02|m|oo|

=

Channel B Ext/Status 1P
Channel B Tx IP
Channel BRx IP
Channel A Ext/Status 1P
Channel ATx IP
Channel ARx IP

0

0

* Always 0 In B Channel

Figure 2-12. RR3 Interrupt Pending Bits

2.4.4.4 Interrupt-Under-Service Bit

The Interrupt-Under-Service (IUS) bits are completely hid-
den from the processor. An [US bitis set during aninterrupt
acknowledge cycle for the highest priority IP. On the
CMOS or ESCC, the IUS bits can be set by either a
hardware acknowledge cycle with the /INTACK pin or
through software if WRS D5=1 and then reading RR2.

The IUS bits control the operation of internal and external
daisy-chain interrupts. The internal daisy chain links the six
sources of interrupt in a fixed order, chaining the IUS bit of
each source. If an internal IUS bit is set, all lower priority
interrupt requests are masked off; during an interrupt
acknowledge cycle the IP bits are also gated into the daisy
chain. This ensures that the highest priority IP selected has
its IUS bit set. Atthe end of an interrupt service routine, the
processor must issue a Reset Highest [US command in
WRO to re-enable lower priority interrupts. This is the only
way, short of a software or hardware reset, that an 1US bit
may be reset.

Note: It is not necessary to issue the Reset Highest 1US
command inthe interruptservice routine, since the IUS bits
canonly be set by aninterrupt acknowledge if no hardware
acknowledge or software acknowledge cycle (not with
NMQOS) is executed. The only exception is when the SDLC
Frame Status FIFO (not with NMOS) is enabled and “re-
ceive interrupt on special condition only” is used. See
section 4.4.3 for more details on this mode.

2.4.4.5 Disable Lower Chain Bit

The Disable Lower Chain (DLC) bitin WRS (D2} is used to
disable all peripherals in a lower position on the external
daisy chain. If WR9 D2=1, the IEO pin is driven Low and
prevents lower priority devices from generating an inter-
rupt request. Note that the IUS bit, when set, will have the
same effect, but is not controllable through software.

2-18
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2.4.5 Daisy-Chain Resolution

The six sources of interrupt in the SCC are prioritized in a
fixed order via a daisy chain; provision is made, via the IEI
and IEQO pins, for use of an external daisy chain as well. All
Channel A interrupts are higher priority than any
Channel B interrupts, with the receiver, transmitter, and
External/Status interrupts prioritized in that order within
each channel. The SCC requests an interrupt by pulling
the/INT pin Low from its open-drain state. This is controlled
by the IP bits and the IE| input, among other things. A
flowchart of the interrupt sequence for the SCC is shown in
Figure 2-13.

The internal daisy chain links the six sources of interrupt in
a fixed order, chaining the 1US bits for each source. While
an IUS bit is set, all lower priority interrupt requests are
masked off, thus preventing lower priority interrupts, but
still allowing higher priority interrupts to occur. Also, during
an interrupt acknowledge cycle the IP bits are gated into
the daisy chain. This insures that the highest priority P is
selected to set IUS. The internal daisy chain may be
controlled by the MIE bit in WRS. This bit, when reset, has
the same effect as pulling the |EI pin Low, thus disabling all
interrupt requests.

2.4.5.1 External Daisy-Chain Operations

The SCC generates an interrupt request by pulling /INT
Low, but only if such interrupt requests are enabled
(IEis 1, MIE is 1) and all of the following conditions occur:

® [P is set without a higher priority IUS being set
W No higher priority iUS is being set

B No higher priority interrupt is being serviced
(IEl is High)

B No interrupt acknowledge transaction is
taking place

IEO is not pulled Low by the SCC at this time, but instead
continues to follow IEI until an interrupt acknowledge
transaction occurs. Some time after /INT has been pulled
Low, the processor initiates an Interrupt Acknowledge
transaction. Between the time the SCC recognizes that an
Interrupt Acknowledge cycle is in progress and the time
during the acknowledge that the processor requests an

interrupt vector, the |EI/IEO daisy chain settles. Any pe-
ripheral in the daisy chain having an Interrupt Pending (IP
is 1) or an Interrupt-Under-Service (1US is 1) holds its IEO
line Low and all others make 1EO follow IE|.

When the processor requests an interrupt vector, only the
highest priority interrupt source with a pending interrupt
(IP is 1) has its |Ef input High, its |E bit set to 1, and its IUS
bit set to 0. This is the interrupt source being acknowl-
edged, and at this point it sets its IUS bit to 1. If its NV bit
is 0, the SCC identifies itself by placing the interrupt vector
from WR2 on the data bus. If the NV bit is 1, the SCC data
bus remains floating, allowing external logic to supply a
vector. If the VIS bitin the SCCis 1, the vector also contains
status information, encoded as shown in Table 2-9, which
further describes the nature of the SCC interrupt.

Table 2-9. Interrupt Vector Modification

V3 V2 VA Status High/Status Low = 0
V4 V5 V6 Status High/Status Low = 1

0 0 0 Ch B Transmit Buffer Empty

0 0 1 Ch B External/Status Change

0 1 0 Ch B Receive Character Avail

0 1 1 Ch B Special Receive Condition
1 0 0 Ch A Transmit Buffer Empty

1 0 1 Ch A External/Status Change

1 1 0 Ch A Receive Character Avail

1 1 1 Ch A Special Receive Condition

ifthe VIS bitis 0, the vector held in WR2 is returned without
modification. If the SCC is programmed to include status
information in the vector, this status may be encoded and
placed in either bits 1-3 or in bits 4-6. This operation is
selected by programming the Status High/Status Low bit in
WRO. At the end of the interrupt service routine, the
processor should issue the Reset Highest {US command
to unlock the daisy chain and allow lower priority interrupt
requests. The IP is reset during the interrupt service
routine, either directly by command or indirectly through
some action taken by the processor. The external daisy
chain may be controlled by the DLC bit in WR9. This bit,
when set, forces IEO Low, disabling all lower priority
devices.

BN 9984043 D03bL38 378 WA
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2.4.5 DAISY-CHAIN RESOLUTION (Continued})

‘ Start ’

Interrupt
Condition
Exits?

Specific
Interrupt Enable
|Ex=1)?

Interrupt Pending
Set (IP=1)

Master
Imterrupt Enables
( -

CPU Initiates Status
Decode (INTACK=L)

Has Higher
Prlority Peripheral
Disabled Unit?
(1El=L)

Unit Selected for CPU
Service (IUS=1)

Service
Routine gnmplsta

Yes

{Option) Check Gther
Internal 1P, Bits,
RESET 1US and Exit

Interrupt Still
Pandlng (IP=1)

Figure 2-13. Interrupt Flow Chart (for each interrupt source).
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2.4.6 Interrupt Acknowledge

The SCC is flexible with its interrupt method. The interrupt
may be acknowledged with a vector transferred, acknowl-
edged without a vector, or not acknowledged at all.

2.4.6.1 Interrupt Without Acknowledge

In this mode, the Interrupt Acknowledge signal does not
have to be generated. This allows a simpler hardware
design that does not have to meet the interrupt acknowl-
edge timing. Soon after the INT goes active, the interrupt
controller jumps to the interrupt routine. In the interrupt
routine, the code must read RR2 from Channel B to read
the vector including status. When the vector is read from
Channel B, it always includes the status regardless of the
VIS bit(WR9bit0). The status given will decode the highest
priority interrupt pending at the time it is read. The vector
is not latched so that the next read could produce a
different vector if another interrupt occurs. The register is
disabled fromchange during the read operationto prevent
an error if a higher interrupt occurs exactly during the read
operation.

Once the status is read, the interrupt routine must decode
the interrupt pending, and clear the condition. Removing
the interrupt condition clears the IP and brings /INT inac-
tive (open-drain), as long as there are no other IP bits set.
For example, writing a character to the transmit buffer
clears the transmit butfer empty IP.

When the interrupt IP, decoded from the status, is cleared,
RR2 can be read again. This allows the interrupt routine to
clear all of the IP's within one interrupt request to the CPU.

2.4.6.2 Interrupt With Acknowledge

Afterthe SCC brings/INT active, the CPU can respond with
a hardware acknowledge cycle by bringing /INTACK ac-
tive. After enough time has elapsed to allow the daisy chain
to settle (see AC Spec #38), the SCC sets the IUS bit for the
highest priority IP. If the No Vector bit is reset (WR9 D1=0),
the SCC then places the interrupt vector on the data bus
during a read. To speed the interrupt response time, the
SCC can modify 3 bits in the vector to indicate the source
of the interrupt. To include the status, the VIS bit, WR9 DO,
is set. The service routine must then clear the interrupting
condition. For example, writing a character to the transmit
buffer clears the transmit buffer empty IP. After the inter-
rupting condition is cleared, the routine can read RR3 to
determine if any other IP's are set and take the appropriate
action to clear them. At the end of the interrupt routine, a

Reset IUS command (WRO) is issued to unlock the daisy
chain and allow lower-priority interruptrequests. This is the
only way, short of a software or hardware reset, that an IUS
bit is reset.

If the No Vector bit is set (WR9 D1=1), the SCC will not
place the vector on the data bus. An interrupt controller
must then vector the code to the interrupt routine. The
interrupt routine reads RR2 from Channel B to read the
status. This is similar to an interrupt without an acknowil-
edge, except the IUS is set and the vector will not change
until the Reset IUS command in RRO is issued.

2,4.6.3 Software Interrupt Acknowledge (CMOS/
ESCC)

An interrupt acknowledge cycle can be done in software
for those applications which use an external interrupt
controller or which cannot generate the /INTACK signal
with the required timing. If WR9 D5 is set, reading register
two, RR2, results in an interrupt acknowledge cycle to be
executed internally. Like a hardware INTACK cycle,
a software acknowledge causes the /INT pin to return
High, the IEO pin to go Low and the IUS latch to be set for
the highest priority interrupt pending.

As when the hardware /INTACK signal is used, a software
acknowledge cycle requires that a Reset Highest IUS
command be issued in the interrupt service routine. If RR2
isread from Channel A, the unmodified vector is returned.
If RR2 is read from Channel B, then the vector is modified
to indicate the source of the interrupt. The Vector Includes
Status (VIS) and No Vector (NV) bits in WR are ignored
when bit D5 is set to 1.

2.4.7 The Receiver Interrupt

The sources of receive interrupts consist of Receive Char-
acter Available and Special Receive Condition. The Spe-
cial Receive Condition can be subdivided into Receive
Overrun, Framing Error (Asynchronous) or End of Frame
(SDLC). In addition, a parity error can be a special receive
condition by programming.
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2.4.7 The Receiver Interrupt (Continued)

As shown in Figure 2-14, Receive Interrupt mode is con-
trolled by three bits in WR1. Two of these bits, D4 and D3,
select the interrupt mode; the third bit, D2, is a modifier for
the various modes. On the ESCC, WR7' bit D2 affects the
receiver interrupt operation mode as well. If the interrupt
capability of the receiver in the SCC is notrequired, polling
may be used. This is selected by disabling receive inter-
rupts and polling the Receiver Character Available bit in
RRO. When this bit indicates that a received character has

WR1

[oe]osfoe] | |

reached the exit location (CPU side) of the FIFQ, the status
in RR1 should be checked and then the data should be
read. If status is checked, it must be done before the data
is read, because the act of reading the data pops both the
data and error FIFOs. Another way of polling SCC is to
enable one of the interrupt modes and then reset the MIE
bitin WR9. The processor may then poll the IP bits in RR3A
to determine when receive characters are available.

| T__ Parity Is special condition
00 Receive interrupt Disabled

01 Rx INT On First Character or Special Condition

10 Rx INT On All Receive Characters or Spectal Condition
11 Rx INT On Special Condition Only

Figure 2-14. Write Register 1 Receive Interrupt Mode Control

2.4.7.1 Receive Interrupt on the ESCC
On the ESCC, one other bit, WR7' bit D2, also affects the
interrupt operation.

WR7' D3=0, a receive interrupt is generated when one
byte is available in the FIFO. This mode is selected after
reset and maintains compatibility with the SCC. Systems
with a long interrupt response time can use this mode to
generate an interrupt when one byte is received, but still
allow up to seven more bytes to be received without an
overrun error. By polling the Receive Character Available
bit, RRO DO, and reading all available data to empty the
FIFO before exiting the interrupt service routine, the fre-
quency of interrupts can be minimized.

WR7' D3=1, the ESCC generates an interrupt when there
are four bytes in the Receive FIFO or when a special
condition is received. By setting this bit, the ESCC gener-
ates a receive interrupt when four bytes are available to
read from the FIFO. This allows the CPU not to be inter-
rupted until at least four bytes can be read from the FIFO,
thereby minimizing the frequency of receive interrupts. If
four or more bytes remain in the FIFO when the Reset
Highest IUS command is issued at the end of the service
routine, another receive interrupt is generated.

When a specialreceive condition is detected inthe top four
bytes, a special receive condition interrupt is generated
immediately. This feature is intended to be used with the
Interrupt On All Receive Characters and Special Condition
mode. Thisis especially useful in SDLC mode because the
characters are contiguous and the reception of the closing
flag immediately generates a special receive interrupt.
The generation of receive interrupts is described in the
following two cases:

Case 1: Four Bytes Received with No Errors. A receive
character available interrupt is triggered when the four
bytes in receive data FIFO (from the exit side) are full and
no special conditions have been detected. Therefore, the
interrupt service routine can read four bytes from the data
FIFO without having to read RR1 to check for error condi-
tions.

Case 2: Data Received with Error Conditions. When any of
the four bytes from the exit side in the receive error FIFO
indicate an error has been detected, a Special Receive
condition interrupt is triggered without waiting for the byte
to reach the top of the FIFO. In this case, the interrupt
service routine must read RR1 first before reading each
data byte to determine which byte has the special receive
condition and then take the appropriate action. Since, in
this mode, the status must be checked before the data is
read, the data FIFO is not locked and the Error Reset
command is not necessary.

Note: The above cases assume that the receive IUS bit is
reset to zero in order for an interrupt to be generated.

WR7' D3 should be written zero when using Interrupt on
First Character and Special Condition or Interrupt on
Special Condition Only. See the description for Interrupton
All Characters or Special Condition mode for more details
on this feature.

Note: The Receive Character Available Status bit, RRO DO,
indicates if at least one byte is available in the Receive
FIFO, independent of WR7' D3. Therefore, this bit can be
polled at any time for status if there is data in the Receive
FIFO.
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2.4.7.2 Receive Interrupts Disabled

This mode prevents the receiver from requesting an inter-
rupt. It is used in a polled environment where either the
status bits in RRO or the modified vector in RR2 (Channel
B) is read. Although the receiver interrupts are disabled,
the interrupt logic can still be used to provide status.

When these bits indicate that a received character has
reached the exit location of the FIFQ, the status in RR1
should be checked and then the data should be read. if
status is to be checked, it must be done before the data is
read, because the act of reading the data pops both the
data and error FIFOs.

2.4.7.3 Receive Interrupt on First Character

or Special Condition

This mode is designed for use with DMA transfers of the
receive characters. The processor is interrupted when the
SCCreceives the first character of a block of data. Itreads
the character and then turns control over to a DMA device
to transfer the remaining characters. After this mode is
selected, the first character received, or the first character
already stored in the FIFO, sets the receiver IP. This IP is
reset when this character is removed from the SCC.

No further receive interrupts occur until the processor
issues an Enable Interrupt on Next Receive Character
command in WRO or until a special receive condition
occurs. The correct sequence of events when using this
mode is to first select the mode and wait for the receive
character available interrupt. When the interrupt occurs,
the processor should read the character and then enable
the DMA to transfer the remaining characters.

ESCC:
WR7' bit D3 should be reset to zero in this mode.

A special receive condition interrupt may occur any time
after the first character is received, but is guaranteed to
occur after the character having the special condition has
been read. The status is not lost in this case, however,
because the FIFO is locked by the special condition. Inthe
interrupt service routine, the processor should read RR1 to
obtain the status, and may read the data again if neces-
sary. The FIFO is unlocked by issuing an Error Reset
command in WRO. If the special condition was End-of-
Frame, the processor should now issue the Enable Inter-
rupt on Next Receive Character command to prepare for
the next frame. The first character interrupt and special
condition interrupt are distinguished by the status in-
cluded in the interrupt vector. In all other respects they are
identical, including sharing the IP and 1US bits.

2.4.7.4 Interrupt on All Receive Characters or
Special Condition

This mode is designed for an interrupt driven system. In
this mode, the NMOS/CMOS version and the ESCC with
WRY7' D3=0 sets the receive P when a received character
is shifted into the exit location of the FIFO. This occurs
whether or not it has a special receive condition. This
includes characters already in the FIFO when this mode is
selected. In this mode of operation the IP is reset when the
character is removed from the FIFO, so if the processor
requires status for any characters, this status must be read
before the data is removed from the FIFO.

Onthe ESCC with D3=1, four bytes are accumulated in the
Receive FIFO before an interrupt is generated (IP is set),
and reset when the number of the characters in the FIFO
is less than four.

The special receive conditions are identical to those pre-
viously mentioned, and as before, the only difference
between a "receive character available” interrupt and a
“special receive condition” interrupt is the status encoded
inthe vector. In this mode a special receive condition does
not lock the receive data FIFO so that the service routine
must read the status in RR1 before reading the data.

At moderate to high data rates where the interrupt over-
head is significant, time can usually be saved by checking
for another character before exiting the service routine.
This technique eliminates the interrupt acknowledge and
the status processing, saving time, but care must be
exercised because thisreceive character mustbe checked
for special receive conditions before it is removed from
the SCC.

2.4.7.5 Receive Interrupt on Special Conditions

This mode is designed for use when a DMA transfers all
receive characters between memory and the SCC. In this
mode, only receive characters with special conditions will
cause the receive IP to be set. All other characters are
assumed to be transferred via DMA. No special initializa-
tion sequence is needed in this mode. Usually, the DMA is
initialized and enabled, then this mode is selected in the
SCC. A special receive condition interrupt may occur at
any time after this mode is selected, but the logic guaran-
tees that the interrupt will not occur until after the character
withthe special condition has beenread fromthe SCC. The
special condition locks the FIFO so that the status is valid
when read in the interrupt service routine, and it guaran-
tees that the DMA will not transfer any characters until the
special condition has been serviced.

B 9984043 003kLL42 6TY mm
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2.4.5 Daisy-Chain Resolution (Continued)

In the service routine, the processor should read RR1 to
obtain the status and unlock the FIFO by issuing an Error
Reset command. DMA transfer of the receive characters
then resumes. Figure 2-15 shows the special conditions
interrupt service routine.

Note: On the CMOS and ESCC, if the SDLC Frame Status
FIFO is being used, please refer to Section 4.4.3 on the
FIFO anti-lock feature.

Note: Special Receive Condition interrupts are generated
after the character is read from the FIFO, not when the
special condition is first detected. This is done so that
when using receive interrupt on first or Special Condition
or Special Condition Only, data is directly read out of the
data FIFO without checking the status first. If a special

Special
Condition

condition interrupted the CPU when first detected, it would
be necessary to read RR1 before each byte in the FIFO to
determine which byte had the special condition. There-
fore, by not generating the interrupt until after the byte has
been read and then locking the FIFO, only one status read
is necessary. A DMA can be used to do all data transfers
(otherwise, it would be necessary to disable the DMA to
allow the CPU to read the status on each byte). Conse-
quently, since the special condition locks the FIFO to
preserve the status, itis necessary to issue the Error Reset
command to unlock it. Only the exit location of the FIFO is
locked allowing more data to be received into the other
bytes of the Receive FIFO.

| Error Handling |

Is tt
Parity
(RR1 Bit 4)2,

No
Is it
Qverrun
(RR1 Bit 5)?
No
Is It
EOF
(RR1 Bit 7)?
No
st
Framing
(RR1 Bit6)?
Yes

Eror Handing  |—am(7)

Error Handling

I Good Message I

Error Handling

p e

Reads Data
Character

Reset Highest 1US
(WRO - 38)

Figure 2-15. Special Conditions Interrupt Service Flow
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2.4.8 Transmit Interrupts and Transmit
Buffer Empty Bit

Transmit interrupts are controlled by Transmit Interrupt
Enable bit (D1) in WR1. If the interrupt capabilities of the
SCC are not required, polling may be used. This is se-
lected by disabling transmit interrupts and polling the
Transmit Buffer Empty bit (TBE) in RRO. When the TBE bit
is set, a character may be written to the SCC without fear
of writing over previous data. Another way of polling the
SCC is to enable transmit interrupts and then reset Master
Interrupt Enable bit (MIE) in WR9. The processor may then
poll the IP bits in RR3A to determine when the transmit
buffer is empty. Transmit interrupts should also be dis-
abled in the case of DMA transfer of the transmitted data.

Because the depth of the transmitter buffer is different
between the NMOS/CMOS version of the SCC and ESCC,
generation of the transmit interrupt is slightly different. The
following subsections describe transmit interrupts.

Note: For all interrupt sources, the Master Interrupt Enable
(MIE) bit, WR9 bit D3, must be set for the device to
generate a transmit interrupt.

2.4.8.1 Transmit Interrupts and Transmit Buffer Empty
Bit on the NMOS/CMOS

The NMOS/CMOS version of the SCC only has a one byte
deep transmit buffer. The status of the transmit buffer can
be determined through TBE bit in RRO, bit D2, which shows
whether the transmit buffer is empty or not. After a hard-
ware reset (including a hardware reset by software), or a
channel reset, this bit is set to 1.

While transmit interrupts are enabled, the NMOS/CMOS
version sets the Transmit Interrupt Pending (TxIP) bit
whenever the transmit buffer becomes empty. This means
that the transmit buffer must be full before the TxIP can be
set. Thus, when transmit interrupts are first enabled, the
TxIP will not be set until after the first character is written to
the NMOS/CMOS. In synchronous modes, one other con-
dition can cause the TxIP to be set. This occurs at the end
of atransmission after the CRC is sent. When the last bit of
the CRC has cleared the Transmit Shift Register and the
flag or sync character is loaded into the Transmit Shift
Register, the NMOS/CMOS version sets the TxIP and TBE
bit. Data for a second frame or block transmission may be
written at this time.

The TxIP isreset either by writing data to the transmit buffer
or by issuing the Reset Tx Int command in WRQ. Ordinarily,
the response to a transmit interrupt is to write more data to
the device; however, the Reset Tx Int command should be
issued in lieu of data at the end of a frame or a block of data
where the CRC is to be sent next.

Note: A transmit interrupt may indicate that the packet has
terminated illegally, with the CRC byte(s) overwritten by
the data. If the transmit interrupt occurs after the first CRC
byte is loaded into the Transmit Shift Register, but before
the last bit of the second CRC byte has cleared the
Transmit Shift Register, then data was written while the
CRC was being sent.

2.4.8.2 Transmit Interrupt and Transmit Buffer Empty
bit on the ESCC

The ESCC has a 4-byte deep Transmit FIFO, while the
NMOS/CMOS SCC is just 1-byte deep. For this reason, the
generation of transmit interrupts is slightly different from
that of the NMOS/CMOS SCC version. The ESCC has two
modes of transmit interrupt generation, which are pro-
grammed by bit D5 of WR7'. One transmit mode generates
interrupts when the entry location (the location the CPU
writes data) of the Transmit FIFO is empty. This allows the
ESCC response to be tailored to system requirements for
the frequency of interrupts and the interruptresponse time.
On the other hand, the Transmit Buffer Empty (TBE) bit on
the ESCC will respond the same way in each mode, in
which the bit will become set when the entry location of the
Transmit FIFO is empty. The TBE bit is not directly related
to the transmit interrupt status nor the state of WR7' bit D5.

When WR7' D5=1 (the defauit case), the ESCC will gener-
ate a transmit interrupt when the Transmit FIFO becomes
completely empty. The transmit interrupt occurs when the
data in the exit location of the Transmit FIFO loads into the
Transmit Shift Register and the Transmit FIFO becomes
completely empty. This mode minimizes the frequency of
transmit interrupts by writing 4 bytes to the Transmit FIFO
upon each entry to the interrupt will become set when WR7'
D5=1. The TBE bit RRO bit D2 will become set whenever
the entry location of the Transmit FIFO becomes empty.
The TBE bit will reset when the entry location becomes full.
The TBE bit in a sense translates to meaning "Transmit
Buffer Not Full" for the ESCC only, as the TBE bit will
become set whenever the entry location of the Transmit
FIFO becomes empty. This bit may be polled at any time
to determine if a byte can be written to the FIFO.
Figure 2-17 illustrates when the TBE bit will become set.
WR7' bit D5 is set to one by a hardware or channel reset.
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2.4.8 Transmit Interrupts and Transmit Buffer Empty Bit (Continued)

WhenWR7' D5=0, the TxIP bit is set when the entry location
of the Transmit FIFO becomes empty. In this mode, only
one byte is written to the Transmit FIFO at a time for each
transmit interrupt. The ESCC will generate transmit inter-
rupts when there are 3 or fewer bytes in the FIFO, and will
continue to do so until the FIFO is fitled. When WR7' D5=0,
the transmit interrupt is reset momentarily when data is
ioaded into the entry location of the Transmit FIFO. Trans-
mit interrupt is not generated when the entry location of the
Transmit FIFQ is filled. The transmit interrupt is generated
when the data is pushed down the FIFO and the entry
location becomes empty (approximately one PCLK time).
Figure 2-18 illustrates when the transmit interrupts will
become set when WR7' D5=0. Again, the TBE bit is not
dependent on the state of WR7' bit D5 nor the transmit
interrupt status, and will respond exactly the same way as
mentioned above. Figure 2-17 illustrates when the TBE bit
will become set.

Note: When WR7' D5=0. only one byte is written to the
FIFO at atime, when there are three or fewer bytes in FIFO.
Thus, for the ESCC multiple interrupts are generated to fill
the FIFO. To avoid multiple interrupts, one can poll the TBE
bit (RRO D2) after writing each byte.

While transmit interrupts are enabled, the ESCC sets the
TxIP when the transmit buffer reaches the condition pro-
grammed in WR7' bit D5. This means that the transmit
buffer must have been written to before the TxIP is set.
Thus, when transmit interrupts are first enabled, the trans-
mitIP is not setuntilthe programmed interrupting condition
is met.

The TxIP is reset either by writing data to the transmit buffer
or by issuing the Reset Tx Int Pending command in WRO,
Crdinarily, the response to a transmit interrupt is to write
more data to the ESCC; however, if there is no more data
to be transmitted at that time, it is the end of the frame. The
Reset Tx Int command is used to reset the TxIP and clear

the interrupt. For example, at the end of a frame or block of
data where the CRC is to be sent next, the Reset Tx Int
Pending command should be issued after the last byte of
data has been written to the ESCC.

In synchronous modes, one other condition can cause the
TxIPto be set. This occurs at the end of a transmission after
the CRC is sent. When the last bit of the CRC has cleared
the Transmit Shift Register and the flag or sync character
is loaded into the Transmit Shift Register, the ESCC sets
the TxIP. Data for the new frame or block to be transmitted
may be written at this time. In this particular case, the
Transmit Buffer Empty bit in RRO and the TxIP are set.

An enhancement to the ESCC from the NMOS/CMOS
version is that the CRC has priority over the data, where on
the NMOS/CMOS version data has priority over the CRS.
This means that on the ESCC the CRC bytes are guaran-
teed to be sent, even if the data for the next packet has
written before the second transmit interrupt, but after the
EOM/Underrun condition exists. This helps to increase the
system throughput because there is not waiting for the
second transmit interrupt. On the NMOS/CMOS version, if
the data is written while the CRC is sent, CRC byte(s) are
replaced with the flag/sync pattern followed by the data.

Another enhancement of the ESCC is that it latches the
transmit interrupt because the CRC is loaded into the
Transmit Shift Register even if the transmit interrupt, due to
the last data byte, is not yet reset. Therefore, the end of a
synchronous frame is guaranteed to generate two transmit
interrupts even if a Reset Tx Int Pending command for the
data created interrupt is issued after (Time "A" in
Figure 2-16) the CRC interrupt had occurred. In this case,
two reset Tx Int Pending commands are required. The TxIP
is latched if the EOM latch has been reset before the end
of the frame.
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04
TxFIFO
03 04
02 03
Tx Shift Register | 02 | | ]
No Transmit Interrupt No Transmit Interrupt Transmit Interrupt
TxIP=0 TxIP=0 TxIP=1

Figure 2-16, Transmit Interrupt Status When WR7' D5=1 For ESCC

04
8 TxFIFO o4
X
02 03 04
01 02 03
Opening Flag | Tx Shift Register | 01 ] I 02 ]
TBE=0 TBE=1 TBE=1

Figure 2-17. Transmit Buffer Empty Bit Status For ESCC For Both WR7' and WR7' D5=0

04
03 04
TxFIFO
02 03
01 02
Opening Flag | Tx Shift Register
No Transmit Interrupt Transmit Interrupt
TxIP=0 TxIP = 1

Figure 2-18. Transmit Interrupt Status When WR7' D5=0 For ESCC

2-2
B 9924043 003khuk 44y W 7

- _____________________________________________________________________________________
Power ed by 1 Cminer.com El ectronic-Library Service CopyRi ght 2003




SCC™/ESCC™

@ 2il35 UsEr's MANUAL
2.4.8.2 Transmit Interrupts and Transmit Buffer Empty Bit (Continued)
l Data l Data | CRC1 l CRC2 l Flag |
TXBE /_\ /—\_
Time "A"
TXIP Bit /
TXIP 1 TXIP 2

Figure 2-19. TxIP Latching on the ESCC

2.4.8.3 Transmit Interrupt and Tx Underrur/EOM bit
in synchronous modes

As described in the section above, the behavior of the
NMOS/CMOS version and the ESCC is slightly different,
particularly at the end of packet sending. On the NMOS/
CMOS version, the data has higher priority over CRC data;
writing data before this interrupt would terminate the
packetillegally. In this case, the CRC byte(s) are replaced
with a Flag or Sync pattern, followed by the data written.
On the ESCC, the CRC has priority over the data. That
means after the reception of the Underrun/EOM (End Of

Message) interrupt, it accepts the data for the next packet
without collapsing the packet. On the ESCC, if data was
written during the time period described above, the TBE bit
(bit D2 of RRO) will not be set even if the second TxIP is
guaranteed to set when the flag/sync pattern was loaded
into the Transmit Shift Register, as mentioned above
(Figures 2-17 and 18). Hence, on the ESCC, there is no
need to wait for the second TxIP bit to set before writing
data for the next packet and reducing the overhead.

ILast Data -1 I Last Data l

CRC1 I CRC2 l Flag

r¢— Can not write data—

/

TBE (RRO, D2) / \
Tx Underrun /EOM ' q
Indicating CRC get loaded =

If TxIP Reset Command
NOT Issued /f

I‘\ Reset Tx Underrur/EOM command

t

TxIP Reset Command
to Ciear Interrupt

f

Indicating 1st byte of next packet
can be written this time

Figure 2-20. Operation of TBE, Tx Underrun/EOM and TxIP on NMOS/CMOS.
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baﬁ Data -1 I Last Data [ CRC1 I CRC2 I Flag j

TBE / \ ,L_ Set if Tx FIFO is Empty

/ When Auto EOM Resst has enabled

Tx Underrun /EOM ﬁ ---------- --‘\‘

- >
Indicating CRC get loaded = Reset Tx Underrun/EOM Latch Command

me——— If TxiP Reset Command
TXIP ﬂ T NOT Issued /

1 4— Data can be written to Tx FIFO after this point

TxIP Reset Command
to Clear Tx Interrupt

Figure 2-21. Operation of TBE, Tx Underrun/EOM and TxIP on ESCC

2-29
M 9984043 0036Lus 217 1N

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



. SCCESCC™
@ Z'Lm USER'S MANUAL

2.4.8 Transmit Interrupts and Transmit Buffer Empty Bit (Continued)

An example flowchart for processing an end of packet is this flowchart does not have the procedures for interrupt
shown in Figure 2-22. The chartincludes the differences in handling, such as saving/restoring of registers to be used
processing between the ESCC and NMOS/CMOS version. in the ISR (Interrupt Service Routine), Reset 1US com-
In this chart, Tx IP and Underrun/EOM INT can be pro- mand, or return from interrupt sequence.

cessed by interrupts or by polling the registers. Note that

( START )
Y

Write Last Data

(TBE=1)

Yes

Issue
Reset Tx IP command

Underrun/EOM
INT?

Yes

Issue Ext/Stat Int cmd
(to clear Ext/stat INT)

£scC o NMOS/CMOS
NMOS/CMOS
! TxIP=17
(TBE=1)
Write data for next

packet (max. 4 Bytes) Yes

Write 1st byte of
Next Packet (1 byte)

]

Y
A

C End )

Figure 2-22. Flowchart example of processing an end of packet
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2.4.9 External/Status Interrupts

Each channel has six external/status interrupt conditions:
BRG Zero Count, Data Carrier Detect, Sync/Hunt, Clear to
Send, Tx Underrun/EOM, and Break/Abort. The master
enable for external/status interrupts is DO of WR1, and the
individual enable bits are in WR15. Individual enable bits
control whether or notalatch is presentin the path from the
source of the interrupt to the corresponding status bit in
RRO. If the individual enable is set to 0, then RRO reflects
the current unlatched status, and if the individual enable is
set to 1, then RRO reflects the latched status,

The latches for the external/status interrupts are not inde-
pendent. Rather, they all close at the same time as a result
of astate change in one of the sources of enabled external/
status interrupts. This is shown schematically in
Figure 2-23.

The External/Status IP is set by the closing of the latches
and remains set as long as they are closed. In order to
determine which condition(s) require service when an
external/status interrupt is received, the processor should
keep an image of RRO in memory and update this image
each time it executes the external/status service routine.

Thus, a read of RRO returns the current status for any bits
whose individual enable is 0, and either the current state or
the latched state of the remainder of the bits. To guarantee
the current status, the processor should issue a Reset
External/Status interrupts command in WRQ to open the
latches. The External/Status IP is set by the closing of the
latches and remains set as long as they are closed. If the
master enable for the External/Status interrupts is not set,
the IPis never set, even though the latches may be present
in the signal paths and working as described.

Change

Detector . TolP

—> L \
External/Status
Canditions Latch »
with o
E=1
— —
> To RRO
External/Status
Conditions >
with
IE=0
> _/

Figure 2-23. RRO External/Status Interrupt Operation
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2.4.9 EXTERNAL/STATUS INTERRUPTS (Continued)

Because the latches close on the current status, but give
no indication of change, the processor must maintain a
copy of RRO in memory. When the SCC generates an
External/Status Interrupt, the processor should read RRO
and determine which condition changed state and take
appropriate action. The copy of RRO in memory is then
updated and the Reset External/Status Interrupt command
issued. Care must be taken in writing the interrupt service
routine for the External/Status interrupts because it is
possible for more than one status condition to change
state at the same time. All of the latch bits in RRO should be
compared to the copy of RRO in memory. If none have
changed and the ZC interrupt is enabled, the Zero Count
condition caused the interrupt.

On the ESCC, the contents of RRO are latched while
reading this register. The ESCC prevents the contents of
RRO from changing while the read cycle is active. On the
NMOS/CMOS version, itis possible for the status of RRO to
change while a read is in progress, so it is necessary to
read RRO twice to detect changes that otherwise may be
missed. The contents of RRO are latched on the falling
edge of /RD and are updated after the rising edge of /RD.

The operation of the individual enable bits in WR15 for
each of the six sources of External/Status interrupts is
identicat, but subtle differences exist in the operation of
each source of interrupt. The six sources are Break/Abort,
Underrun/EOM, CTS, DCD, Sync/Hunt and Zero Count.
The Break/Abort, Underrun/EOM, and Zero Count condi-
tions are internal to the SCC, while Sync/Hunt may be
internal or external, and CTS and DCD are purely external
signals. In the following discussions, each source is as-
sumed to be enabled so that the latches are present and
the External/Status interrupts are enabled as a whole.
Recallthat the External/Status IP is set while the latches are
closed and that the state of the signal is reflected immedi-
ately in RRO if the latches are not present.

2.4.9.1 Brealk/Abort

The Break/Abort status is used in asynchronous and SDLC
modes, but is always 0 in synchronous modes other than
SDLC. Inasynchronous modes, this bitis setwhen a break
sequence (null character plus framing error) is detected in
the receive data stream, and remains set as long as Os
continue to be received. This bit is reset when a 1 is
received. A single null character is left in the Receive FIFO
each time that the break condition is terminated. This
character should be read and discarded.

In SDLC mode, this bit is set by the detection of an abort
sequence which is seven or more contiguous 1s in the

receive data stream. The bit is reset when a O is received.
A received abort forces the receiver into Hunt, which is
also an external/status condition. Though these two bits
change state at roughly the same time, one or two Exter-
nal/Status Interrupts may be generated as a result. The
Break/Abort bit is unique in that both transitions are
guaranteed to cause the latches to close, even if another
External/Status interrupt is pending at the time these
transitions occur. This guarantees that a break or abort will
be caught. This bit is undetermined after reset.

2.4.9.2 Transmit Underrun/EOM

The Transmit Underrun/EOM bit is used in synchronous
modes to control the transmission of the CRC. This bit is
reset by issuing the Reset Transmit Underrun/EOM com-
mand in WRO. However, this transition does not cause the
latches to close; this occurs only when the bit is set. To
inform the processor of this fact, the SCC sets this bitwhen
the CRC is loaded into the Transmit Shift Register. This bit
is also set if the processor issues the Send Abort com-
mand in WRO. This bit is always set in Asynchronous
mode.

EScCC:

The ESCC has been modified so that in SDLC mode
this interrupt indicates when more data can be written
to the Transmit FIFO. When this Interruptis usedin this
way, the Automatic SDLC Flag Transmission feature
must be enabled (WR7'D0=1). On the ESCC, the Trans-
mit Underrun/EOM interrupt can be used to signal
when data for a subsequent frame can be written to the
Transmit FIFO which more easily supporis the trans-
mission of back to back frames.

2.4.9.3 CTS/DCD

The CTS bit reports the state of the /CTS input, and the
DCD bit reports the status of the /DCD input. Both bits latch
on either input transition. In both cases, after the Reset
External/Status Interrupt command is issued, if the latches
are closed, they remain closed if there is any odd number
of transitions on an input; they open if there is an even
number of transitions on the input.

2.4.9.4 Zero Count

The Zero Count bitis set when the counter in the baud rate
generator reaches a count of O and is reset when the
counter is reloaded. The latches are closed only when this
bitis setto 1. The status in RRO always reflects the current
status. While the Zero count IE bit in WR15 is reset, this bit
is forced to 0.
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2.4.9.5 Sync/Hunt

There are a variety of ways in which the Sync/Hunt may be
setand reset, depending on the SCC’s mode of operation.
In the Asynchronous mode this bit reports the state of the
/SYNC pin, latching on both input transitions. The same is
true of External Sync mode. However, if the crystal oscilla-
tor is enabled while in Asynchronous mode, this bit will be
forced to 0 and the latches will not be closed. Selecting the
crystaloptionin External Sync mode is illegal, but the result
will be the same.

In Synchronous modes other than SDLC, the Sync/Hunt
reports the Hunt state of the receiver. Huntmode is entered
when the processor issues the Enter Hunt command in
WR3. This forces the receiver to search for a sync charac-
ter match in the receive data stream. Because both transi-
tions of the Hunt bit close the latches, issuing this com-
mand will cause an External/Status interrupt. The SCC
resets this bit when character synchronization has been
achieved, causing the latches to again be closed.

In these synchronous modes, the SCC will not re-enter the
Hunt mode automatically; only the Enter Hunt command
will setthis bit. In SDLC made this bitis also set by the Enter
Hunt command, but the receiver automatically enters the

Hunt mode if an Abort sequence is received. The receiver
leaves Hunt upon receipt of a flag sequence. Both transi-
tions of the Hunt bit will cause the latches to be closed. In
SDLC mode, the receiver automatically synchronizes on
Flag characters. The receiver is in Hunt mode when it is
enabled, so the Enter Hunt command is never needed.

2.4.9.6 External/Status Interrupt Handling

If careful attention is paid to details, the interrupt service
routine for External/Status interrupts is straightforward. To
determine which bit or bits changed state, the routine
should first read RRO and compare it to a copy from
memory. For each changed bit, the appropriate action
should be taken and the copy in memory updated. The
service routine should close with two Reset External/Status
interrupt commands to reopen the latches. The copy of
RRO in memory should always have the Zero Count bit set
to 0, since this is the state of the bit after the Reset External/
Status interrupts command at the end of the service
routine. When the processor issues the Reset Transmit
Underrun/EOM latch command in WRO, the Transmit
Underrun/EOM bitin the copy of RRO in memory should be
reset because this transition does not cause an interrupt.

2.5 BLOCK/DMA TRANSFER

The SCC provides a Block Transfer mode to accommo-
date CPU block transfer functions and DMA controllers.
The Block Transfer mode uses the W//REQ output in
conjunction with the Wait/Request bits in Write Register 1.
The /W//REQ output can be defined by software as a /WAIT
line inthe CPU Block Transfer mode or as a/REQ line in the
DMA Block Transfer mode. The /DTR//REQ pin can also be
programmed through WR14 bit D2 to function as a DMA
request for the transmitter.

To a DMA controller, the SCC's /REQ outputs indicate that
the SCC is ready to transfer data to or from memory. To the
CPU, the /WAIT output indicates that the SCC is not ready
to transfer data, thereby requesting the CPU to extend the
1/O cycle.

2.5.1 Block Transfers

The SCC offers several atternatives for the block transfer of
data. The various options are selected by WR1 (bits D7
through D5) and WR14 (bit D2). Each channel! in the SCC
has two pins which are used to control the block transfer of
data. Both pins in each channel may be programmed to
act as DMA Request signals. The /W//REQ pin in each
channel may be programmed to act as a Wait signal for the
CPU. In either mode, it is advisable to select and enable
the mode in two separate accesses of the appropriate
register. The first access should select the mode and the
second access should enable the function. This proce-
dure prevents glitches on the output pins. Reset forces
Wait mode, with /W//REQ open-drain.

B 9964043 003kb52 748
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2.5.1.1 Wait On Transmit

The Wait On Transmit function is selected by setting both
D6 and D5 to 0 and then enabling the function by setting
D7 of WR1 to 1. In this mode the /W//REQ pin carries the

/DS or WR X
to Tx Buffer

/WAIT signal, and is open-drain when inactive and Low
when active. When the processor attempts to write to the
transmit buffer when it is full, the SCC asserts /WAIT until
the byte is written (Figure 2-24).

(4 /

Tx Buffer Empty Full

B
Empty

(4

WIREQ Q\
(=WAIT)

)

{(

N

Figure 2-24. Wait On Transmit Timing

This aftows the use of a block move instruction to transfer
the transmit data. In the case of the Z80X30, /WAIT will go
active in response to /DS going active, but only if WR8 is
being accessed and a write is attempted. In all other
cases, /WAIT remains open-drain. In the case of the
Z85X30, /WAIT goes active in response to /WR going
active, but only if the data buffer is being accessed, either
directly or via the pointers. The /WAIT pin is released in

S VAN

response to the falling edge of PCLK. Details of the timing
are shown in Figure 2-25.

Care must be taken when using this function, particularly
at slow transmission speed. The /WAIT pin stays active as
long as the transmit buffer stays full, sothere is a possibility
that the CPU may be kept waiting for a long period.

PCLK

WAIT

\ SYNC Modes

ASYNC Modes

Figure 2-25. Wait On Transmit Timing
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2.5.1.2 Wait On Receive

The Wait On Receive function is selected by setting D6 or
WR1 to 0, DS of WR1 to 1, and then enabling the function
by setting D7 of WR1 to 1. In this mode, the W//REQ pin
carries the /WAIT signal, and is open-drain when inactive

X

/DS or /RD

and Low when active. When the processor attempts to
read data from the Receive FIFO when itis empty, the SCC
asserts /WAIT until a character has reached the exit
location of the FIFO (Figure 2-26).

—

(from Rx FIFO) {(
I}
Character Available
Rx Character

Available  FIFO Empty (
N

/W//REQ /
(=WAIT) {
I

Figure 2-26. Wait On Receive Timing

This allows the use of a block move instruction to transfer
the receive data. In the case of the Z80X30, /WAIT goes
active in response to /DS going active, but only if RR8 is
being accessed and a read is attempted. In all other
cases, /WAIT remains open-drain. In the case of the
Z85X30, /WAIT goes active in response to /RD going
active, butonly if the receive data FIFQ is being accessed,
either directly or via the pointers. The /WAIT pinis released
in response to the falling edge of PCLK. Details of the
timing are shown in Figure 2-27.

Care must be taken when this mode is used. The /WAIT pin
stays active as long as the Receive FIFO remains empty.
When the CPU access the SCC, the CPU remains in the
wait state until data gets into the Receive FIFO, freezing the
system.

/RTXC : f / Y

/WAIT /"

12 13

P

\ SYNC Modes

ASYNC Modes

Figure 2-27. Wait On Receive Timing

M 9984043 003bbS5Y 510 EE

2-35

Power ed by 1 Cminer.com El ectronic-Library Service CopyRi ght 2003




Q205

SCC™/ESCC™
USER'S MANUAL

2.5.2 DMA Requests

The two DMA request pins /W//REQ and /DTR//REQ can be
programmed for DMA requests. The /W//REQ pin is used
aseither atransmitorareceive request, and the /DTR//REQ
pin can be used as a transmit request only. For full-duplex
operation, the /W//REQ is used for receive, and the
/OTR//REQ is used for transmit. These modes are de-
scribed below.

2.5.2.1 DMA Request on ESCC

Transmit DMA request is also affected by WR7' bit D5. As
noted earlier, WR7' D5 affects both the transmit interrupt
and DMA request generation similarly.

Note: WR7' D3 is ignored by the Receive Request func-
tion. This allows a DMA to transfer all bytes out of the
Receive FIFO and still maintain the full advantage of the
FIFO when the DMA has a long latency response acquir-
ing the data bus.

Bit D5 of WR7' is set to 1 after reset to maintain maximum
compatibility with SCC designs. This is necessary be-
cause if WR7' D5=0 when the request function is enabled,
requests are made in rapid succession to fill the FIFO.
Consequently, some designs which require an edge to be
detected for each data transfer may not recover fast
enough to detect the edges. This is handled by program-
ming WR7' D5=1, or changing the DMA to be level sensi-
tive instead of edge sensitive. Pragramming WR7' D5=0
has the advantage of the DMA requesting to keep the FIFO
full. Therefore, if the CPU is busy, a significantly longer
latency can be tolerated without the transmitter under-
running.

TRxC ; ; \

2.5.2.2 DMA Request On Transmit (using /W//REQ)
The Request On Transmit function is selected by setting
D6 of WR1 to 1, D5 of WR1 to 0, and then enabling the
function by setting D7 of WR1 to 1. In this mode, the
/W/IREQ pin carries the /REQ signal, which is active Low.
When this mode is selected but not yet enabled, the
/MW//REQ is driven High.

The /REQ pin generates afalling edge for each byte written
to the transmit buffer when the DMA controller is to write
new data. For the Z80X30, the /REQ pin then goes inactive
on the falling edge of the DS that writes the new data (see
AC spec #26, TADSH(REQ)) For the Z85X30, the /REQ pin
then goes inactive on the falling edge of the WR strobe that
writes the new data (see AC spec #33, TAWRf(REQ)) This
is shown in Figure 2-28.

Note: The /REQ pin follows the state of the transmit buffer
even though the transmitter is disabled. Thus, if the /REQ
is enabled, the DMA writes data to the SCC before the
transmitter is enabled. This will not cause a problem in
Asynchronous mode, but it may cause problems in Syn-
chronous mode because the SCC sends data in prefer-
ence to flags or sync characters. it may also complicate
the CRC initialization, which cannot be done until after the
transmitter is enabled.

On the ESCC, this comPIication can be avoided in SDLC
mode by using the Automatic SDLC Opening Flag Trans-
mission feature and the Auto EOMreset feature, which also
resets the transmit CRC (see Section 4.4.1 for details).
Applications using other synchronous modes should en-
able the transmitter before enabling the /REQ function.

PCLK
/REQ
(/DTR/REQ) y
/REQ
(W/REQ)
ASYNG Modes SYNC Modes
Figure 2-28. Transmit Request Assertion
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With only one exception, the /REQ pin directly follows the
state of the transmit buffer (for the ESCC as programmed
by WR7' D5) in this mode. The SCC generates only one
falling edge on /REQ per character requested and the
timing for this is shown in Figure 2-29.

The one exception occurs in synchronous modes at the
end of a CRC transmission. At the end of a CRC transmis-
sion, when the closing flag or sync character is loaded into
the Transmit Shift Register, /REQ is putsed High for one

PCLK cycle. The DMA uses this falling edge on /REQ to
write the first character of the next frame to the SCC. In the
case of the Z80X30, /REQ goes High in response to the
falling edge of DS, but only if the appropriate channel
transmit buffer in the SCC is accessed. This is shown in
Figure 2-25. In the case of the Z85X30, /REQ goes High in
response to the falling edge of WR, but only when the
appropriate channel transmit buffer in the SCC is ac-
cessed. This is shown in Figure 2-30.

AD7-ADO m"-“"“' DataX X X X

s 7

PCLK

/REQ
(/DTRAREQ)

Y4

/REQ
{/WI/REQ)

ha
o

Figure 2-29. Z80X30 Transmit Request Release

e \\) Y4
X Jrwmiome XXX

PCLK

/REQ
(/DTR//REQ)

/REQ
(WIREQ)

Figure 2-30. Z85X30 Transmit Request Release
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2.5.2.3 DMA Request On Transmit (using /DTR/REQ)
A second Request on Transmit function is available on the
/DTR//REQ pin. This mode is selected by setting D2 of
WR14 to 1. /REQ goes Low when the Transmit FIFO is
empty if WR7' D5=1, or when the exit location of the
Transmit FIFO is empty if WR7' D5=0. In the Request
mode, /REQ follows the state of the Transmit FIFO even

/DS or WR \

though the transmitter is disabled. While D2 of WR14 is set
to 0, the /DTR//REQ pin is /DTR and follows the inverted
state of D7 in WR5. This pin is High after a channel or
hardware reset and in the DTR mode.

The /DTR//REQ pin goes inactive High between each
transfer for a minimum of one PCLK cycle (Figure 2-31).

/

D7-DO X Transmit Data X

ESCC WR7' D4 =1
4
4
/DTRIREQ ESCC WR?' D4 =0, or CMOS/NMOS version 7 \\
- - -0 8 e Y - - 4
/WAIT//REQ / \
Figure 2-31. /DTR//REQ Deassertion Timing
ESCC:

The timing of deactivation of this pin is programmable
through WR7' bit D4. The /DTR/REQ waits until the
write operation has been completed before going inac-
tive. Refer to 285230 AC spec #35a TdWRr(REQ) and
280230 AC spec #27a TdDSr(REQ). This mode is com-
patible with the SCC and guarantees that any subse-
quent access to the ESCC does not violate the valld
access recovery time requirement.

If WR7' D4=1, the /DTR//REQ is deactivated with iden-
tical timing as the /W/REQ pin. Refer to Z85230 AC spec
#35b TdWRr(REQ) and Z80230 AC spec #27b

TdDSr(REQ). This feature is beneficial to applications
needing the DMA request to be deasserted quickly. It
prevents a full Transmit FIFO from being overwritten
due to the assertion of REQUEST being too long and
being recognized as a request for more data.

Note: if WR7' D4=1, analysis should be done to verify
that the ESCC is not repeatedly accessed in less than
four PCLKs. However, since many DMAs require four
clock cycles to transfer data, this typically is not a
problem.
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In the Request mode, /REQ will follow the state of the
transmit buffer even though the transmitter is disabled.
Thus, if /REQ is enabled before the transmitter is enabled,
the DMA may write data to the SCC before the transmitter
is enabled. This does not cause a problem in Asynchro-
nous mode, but may cause problems in Synchronous
modes because the SCC sends data in preference to flags
or sync characters. It may also complicate the CRC initial-
ization, which cannot be done until after the transmitter is
enabled. On the ESCC, this complication can be avoided
in SDLC mode by using the Automatic SDLC Opening Flag
Transmission feature and Auto EOM reset feature which
also resets the transmit CRC. (See section 4.4.1.2 for
details). Applications using other synchronous modes
should enable the transmitter before enabling the /REQ
function.

With only one exception, the /REQ pin directly follows the
state of the Transmit FIFO (for ESCC, as programmed by
WR7' D5) in this mode. The one exception occurs in
synchronous modes at the end of a CRC transmission. At
the end of a CRC transmission, when the closing flag or
sync character is loaded into the Transmit Shift Register,
/REQ is pulsed High for one PCLK cycle. The DMA uses
this falling edge on /REQ to write the first character of the
next frame to the SCC.

2.5.2.4 DMA Request On Receive

The Request On Receive function is selected by setting D&
and D5 of WR1 to 1 and then enabling the function by

Character Available

setting D7 of WR1 to 1. In this mode, the /W//REQ pin
carries the /REQ signal, which is active Low. When REQ on
Receive is selected, but not yet enabled (WR1 D7=0), the
/W//REQ pin is driven High. When the enable bit is set,
/REQ goes Low if the Receive FIFO contains a character at
the time, or will remain High until a character enters the
Receive FIFO. Note that the /REQ pin follows the state of
the Receive FIFO even though the receiver is disabled.
Thus, if the receiver is disabled and /REQ is still enabled,
the DMA transfers the previously received data correctly.
In this mode, the /REQ pin directly follows the state of the
Receive FIFO with only one exception. /REQ goes Low
when a character enters the Receive FIFO and remains
Low until this character is removed from the Receive FIFO.

The SCC generates only one falling edge on /REQ per
character transfer requested (Figure 2-32). The one ex-
ceptionoccurs in the case of a special receive condition in
the Receive Interrupt on First Character or Special Condi-
tion mode, or the Receive Interrupt on Special Condition
Only mode. In these two interrupt modes, any receive
character with a special receive condition is locked at the
top of the FIFO until an Error Reset command is issued.
This character in the Receive FIFO would ordinarily cause
additional DMA Requests after the first time it is read.
However, the logic in the SCC guarantees only one falling
edge on /REQ by holding /REQ High from the time the
character with the special receive condition is read, and
the FIFO locked, until after the Error Reset command has
been issued.

Rx Character FIFO ’
Available Empty
Read Strobe {
to FIFO )
W/REQ
(=REQ) 5 5;

Figure 2-32. DMA Receive Request Assertion
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2.5.2 DMA Requests (Continued)

Once the FIFO is locked, it allows the checking of the
Receive Error FIFO (RR1) to find the cause of the error.
Locking the data FIFO, therefore, stops the error status
from popping out of the Receive Error FIFO. Also, since the
DMA request becomes inactive, the interrupt (Special
Condition) is serviced.

Once the FIFO is unlocked by the Error Reset command,
JREQ again follows the state of the receive buffer.
In the case of the ZBOX30, /REQ goes High in response to
the falling edge of /DS, but only if the appropriate receive
buffer in the SCC is accessed (Figure 2-33). In the case of
the Z85X30, /REQ goes High in response to the falling
edge of /RD, but only when the appropriate receive buffer
in the SCC is accessed (Figure 2-34).

IAS_\ /

//

AD7-ADO

ﬁRBHRmive Data)f) )

A4

—\NWW

/s
PCLK
/REQ

N

Figure 2-33. Z80X30 Receive Request Release

/RD —\\

/[ /S

]
or —7

N\ \
Recelve Data / 27
PCLK
/REQ \A
Figure 2-34. Z85X30 Recelve Request Release
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2.6 TEST FUNCTIONS

The SCC contains two other features useful for diagnostic
purposes, controlled by bits in WR14. They are Local
Loopback and Auto Echo.

2.6.1 Local Loopback

Local Loopback is selected when WR14 bit D4 is setto 1.
In this mode, the output of the transmitter is internally
connected to theinput ofthe receiver. Atthe same time, the
TxD pinremains connected to the transmitter, In this mode,
the /DCD pin is ignored as a receive enable and the /CTS
pin is ignored as a transmitter enable even if the Auto
Enable mode has been selected. Note that the DPLL input
is connected to the RxD pin, not to the input of the receiver.
This precludes the use of the DPLL in Local Loopback.
Local Loopback is shown schematically in Figure 2-35.

> Rx Enable

Y

/DCD

BxD I NC > Recsiver
TxD [ Transmitter
[
[ Tx Enable
/CTS

Local Loop Back

Figure 2-35. Local Loopback

2.6.2 Auto Echo

Auto Echo is selected when bit D3 of WR14 is set to 1. In
this mode, the TxD pinis connected directly to the RxD pin,
and the receiver input is connected to the RxD pin. In this
mode, the /CTS pin is ignored as a transmitter enable and
the output of the transmitter does not connect to anything.
If both the Local Loopback and Auto Echo bits are setto 1,
the Auto Echo mode is selected, but both the /CTS pin and
/DCD pin are ignored as auto enables. This should not be
considered a normal operating mode (Figure 2-36).

/DCD
Rx Enable
Y
RxD Receiver
TxD |- NC -w—] Transmitter
[
Tx Enable
/CTS

Auto Echo

Figure 2-36. Auto Echo
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