






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SUPPORT CIRCUITRY PROGRAMMING (cont'd) 

information is available in the data stream in the form 
of transitions on bit-cell boundaries. In an arbitrary 
data pattern this may not be sufficient to generate a 
clock for the data from the data itself. In the case of 
SDLC, where the number of consecutive "1 s" in the 
data stream is limited, a minimum number of trans­
itions to generate a clock are guaranteed. 

In FM1 encoding, also known as biphase mark, a 
transition is present on every bit cell boundary, and 
an addition transition may be present in the middle 
of the bit cell. In FM1 a "0" is sent as no transition in 
the center of the bit cell and a "1" is sent as a transi­
tion in the center of the bit cell. FM1 encoded data 
contains sufficient information to recover a clock 
from the data. 

In FMO encoding, also known as biphase space, a 
transition is present on every bit cell boundary and 
an additional transition may be present in the mid­
dle on the bit cell. In FMO a "1" is sent as no transi­
tion in the center of the bit cell and a "0" is sent as 
a transition in the center of the bit cell. FMO enco­
ded data contains sufficient information to recover 
a clock from the data. 

The data encoding method should be selected in 
the initialization procedure before the transmitter 
and receiver are enabled but no other restrictions 
apply. Note, in Figure 35, that in NRZ and NRZI the 
receiver samples the data only on one edge. Howe­
ver, in FM1 and FMO the receiver samples the data 
on both edges. Also, as shown in Figure 5-4, the 
transmitter defines bit cell boundaries by one edge 
in all cases and uses the other edge in FM1 and 
FMO to create the mid-bit transition. 

Digital Phase-locked Loop 

Figure 36 shows a block diagram of the digital 
phase-locked loop. It consists of a 5-bit counter, an 
edge detector, and a pair of output decoders. The 
clock for the DPLL comes from the output of a two­
input multiplexer, and the two outputs go to the 
transmitter and receive clock multiplexers. The 

Figure 36 : Digital Phase-Locked Loop. 

R,D EDGE DETECTOR 
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DPLL is controlled by the seven commands that are 
encoded in bits D7, D6 and D5 of WR14. 
The clock for the DPLL is selected by two of the com­
mands in WR14. One command selects the output 
of the baud rate generator as the c.JQck.source, and 
the other command selects the RTxC pin...as. the 
clock source, independent of whether the RTxC pin 
is a simple input or part of the crystal oscillator cir­
cuit. To avoid metastable problems in the counter, 
the clock source selection should be made only 
while DPLL is disabled, since arbitrarily narrow 
pulses can be generated at the output of the multi­
plexer when it changes status. 

The DPLL is enabled by issuing the Enter Search 
Mode command in WR14. This command is also 
used to reset the DPLL to a known state if it is sus­
pected that synchronization has been lost. When 
used to enable the DPLL, the Enter Search Mode 
command unlocks the counter, which is held while 
the DPLL is disabled and enables the edge detec­
tor. If the DPLL is already enabled when this com­
mand is issued, the DPLL also enters Search Mode. 
While in Search mode, the counter is held at a spe­
cific count and no outputs are provided. The DPLL 
remains in this status until an edge is detected in the 
receive data stream. This first edge is assumed to 
occur on a bit cell boundary, and the DPLL will be­
gin providing an output to the receiver that will pro­
perly sample the data. From this point on the DPLL 
will adjust its output to remain in phase with the re­
ceive data. If the first edge that the DPLL sees does 
not occur on a bit cell boundary, the DPLL will even­
tually lock on to the receive data but it will take lon­
gerto do so. 

The DPLL may be programmed to operate in either 
of two modes, as selected by command in WR14. 
In the NRZI mode the DPLL clock must be 32 times 
the date rate. In this mode the transmit and receive 
clock outputs of the DPLL are indentical, and the 
clocks are phased so that the receiver samples the 
data in the middle of the bit cell. In NRZI mode the 
DPLL does not require a transition in every bit celi, 

DECODE 
RECEIVE 
CLOCK 

TRANSMIT 
CLOCK 
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SUPPORT CIRCUITRY PROGRAMMING (cont'd) 

so this mode is useful for recovering the docking in­
formation from NRZ and NRZI data streams. In the 
FM mode the DPLL clock must be 16 times the da­
ta rate. In this mode the transmit clock output of the 
DPLL lags the receive clock outputs by 900, to make 
the transmit and receive bit cell boundaries the 
same, because the receiver must sample FMdata 
at one-quarters and three-quarters bit time. In FM 
mode the DPLL requires a transition in every bit cell, 
and if this transition is not present in two consecuti­
vely sampled bit celis, the DPLL will automatically 
enter the se'arch mode. As in the case of the clock 
source selection, the mode of operation should on­
ly be changed while the DPLL is disabled to prevent 
unpredictable results. 

NRZI Mode Operation 
To operate in NRZI mode the DPLL must be sup­
plied with a clock that is 32 times the data rate. The 

. DPLL uses this clock, along with the receive data, 

Figure 37: DPLL in NRZI Mode. 

to construct receive and transmit clock outputs that 
are phased to properly receive and transmit data. 
To do this, the DPLL divides each bit cell into four 
regions, and makes an adjustment to the count cy­
cle of the 5-bit counter dependent upon in which re­
gion a transition on the receive data input occured. 
This is shown in Figure 37. Ordinarily, a bit cell 
boundary will occur between count 15 and count 16, 
and the DPLL output will cause the data to be sam­
pled in the middle of the bit cell. The DPLL actually 
allows the transition marking a bit cell boundary to 
occur anywhere during the second half of count 15 
or the first half of count 16 without making a correc­
tion to its count cycle. However, if the transition mar­
king a bit cell boundary occurs between the middle 
of count 16 and count 31 the DPLL is sampling the 
data too early in the bit cell. In response to this the 
DPLL extends its count by one during the next a to 
31 counting cycle, which effectively moves the edge 
of the clock that samples the receive data closer to 

BITCELLLI ___________________________ ... 

CORRECTION L,.n1-___ ~A.:.DD:...O.:.N.:.E ,;.;CO;,;.UN.,;.T ____ --I'-____ SU_B_TR_AC_T_O_NE_C_OU_N_T _--.J.tll 
t NO CHANGE NO CHANGE t 

DPLL OUT I 

Figure 38 : DPLL Operating Example. 

RECEIVE DATA I 

DPLL OUTPUT 

co:~~~:: I +1 -1 I +1 I -1 +1 -1 J +1 1 I +1 1 I +1 1 I +1 1 I + 1 1 I +1 

COUNT LENGTH 32 I 32 32 31 31 31 33 33 33 
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SUPPORT CIRCUITRY PROGRAMMING (cont'd) 

the center of the bit cell. In a similar manner, if the 
transition occurs between count 0 and the middle of 
count 15, the output of the DPLL is sampling the da­
ta too late in the bit cell. To correct this, the DPLL 
shortens its count by one during the next 0 to 31 
counting cycle, which effectively moves the edge of 
the clock that samples the receive data closer to the 
center of the bit cell. In NRZI mode, if the DPLL does 
not see any transition during a counting cycle, no 
adjustment is made in the following counting cycle. 
If an adjustment to the counting cycle is necessary 

. the DPLL modifies count five, either deleting it or 
doubling it. Thus only the LOW time ofthe DPLL out­
put will be lengthened or shortened. While the DPLL 
is in search mode, the counter remains at count 16, 
where the DPLL outputs are both HIGH. The mis­
sing clock latches in the DPLL which may be acces­
sed in RR1 0, are not used in NRZI mode. An exam­
ple of the DPLL in operation is shown in Figure 38. 

FM Mode Operation 

To operate in FM mode the DPLL must be supplied 
with a clock that is 16 times the data rate. The DPLL 
uses this clock, along with the receive data, to 
construct receive and transmit clock outputs that are 
phased to receive and transmit data properly. In FM 
mode that the counter in the DPLL still counts from 
o to 31 but now each cycle corresponds to 2-bit cells. 
To make adjustments to remain in phase with the 
receive data, the DPLL divides a pair of bit cells in­
to five regions, making the adjustment to the coun-

Figure 39 : DPLL in FM Mode. 
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ter dependent upon which region the transition on 
the receive data input occured. This is shown in Fi­
gure 39. Ordinarily a bit cell boundary will occur be­
tween count 15 or count 16, and the DPLL receive 
output will cause the data to be sampled at one­
fourth and three-fourths of the way through the bit 
cell. The DPLL actually allows the transition marking 
a bit-cell boundary to occur anywhere during the se­
cond half of count 15 or the first half of count 16 wi­
thout making a correction to its count cycle. Howe­
ver, if the transition marking a bit cell boundary oc­
curs between the middle of count 16 and the mid­
dle of count 19 the DPLL is sampling the data too 
early in the bit celUn response to this the DPLL ex­
tends its count by 1 during the next 0 to 31 counting 
cycle, which effectively moves the receive clock 
edges closer to where they should be. In FM mode 
any transitions occurring between the middle of 
count 19 in one cycle and the middle of count 12 du­
ring the next cycle are ignored by the DPLL. This is 
necessary to guarantee that any data transitions in 
the bit cells will not cause an adjustment to the coun­
ting cycle. 

In FM mode the transmit clock and receive clock out­
puts from the DPLL are not in phase. This is neces­
sary to make the transmit and receive bit cell boun­
daries coincide, since the receive clock must sam­
ple the data one-fourth and three-fourths of the way 
through the bit cell. As in NRZI mode, if an adjus­
tment to the counting cycle is necessary, the DPLL 

BIT CELL LI _____________ '--____________ -' 

CORRECTION ":1 .... 1_+,_ .... 1 __________ 'G_"O_"_EO _________ ---'-_-_' ---,-:,11 

~~ ~~ 
RX DPLLOUT 

----' 

TX DPLL OUT LI ______ ...1 

~ SCiS-THOMSON ".,1 [ljJU©IiiI@I<I!.IIDIi'!m@OOU©® 
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SUPPORT CIRCUITRY PROGRAMMING (cont'd) 

modifies count 5, either deleting it or doubling it. If 
no adjustment is necessary, the count sequence 
proceeds normally. While the DPLL is in search 
mode, the counter remains at count 16, where the 
receive output is LOW and the transmit output is 
LOW. This fact can be used to provide a transmit 
clock under software control since the DPLL is in 
search mode while it it disabled. While the DPLL is 
disabled the transmit clock output of the DPLL may 
be toggled by alternately selecting FM and NRZI 
move in the DPLL. The same is true of the receive 
clock. 
In addition to FM encoded data, the DPLL may al­
so be used to recover the clock from Manchester 
encoded data, which contains a transition at the 
center of every bit cell. Here it is the direction of the 
transition that distinguishes a "1" from a "0". Ano­
ther way of looking at Manchester encoding is to 
realize that, during the first half of the bit cell the da­
ta is sent, during the second half of the bit cell the 
complement of the data is sent. This is shown in Fi­
gure 40, along with the DPLL output if it thinks that 
the mid-bit transitions are really bit cell boundaries. 
As is obvious from the figure, if the receiver samples 
the data on the falling edge of the DPLL receive 
clock output, the Manschester data will be properly 
decoded. This occurs if the receiver is programmed 
·to accept NRZ data. 
From the above discussion together with an exami­
nation of FMO and FM1 data encoding, it should be 
obvious that only clock transitions should exist on 
the receive data pin when the DPLL is programmed 
to enter search mode. If this is not case the DPLL 
may attempt to lock on to the data transitions. With 
FMO encoding this requires continuous "1 s" recei­
ved when leaving search. In FM1 encoding it is 
continuous "Os" ; which Manchester encoded data 
this means alternating "1s" and "Os". With all three 
of these data encoding methods there will always 
be at least one transition in every bit cell, and in FM 

Figure 40 : Manchester Clock Recovery. 

DATA 

MANCHESTER 

RX DPLLOUT 

TX DPLLOUT 

mode the DPLL is designed to expect this transition. 
In particular, if no transition occurs between the mid­
dle of count 12 and the middle of count 19, the DPLL 
is propably not locked onto the data properly. When 
the DPLL misses an edge the One Clock Missing bit 
is RR10 is set to "1" and latched. It will hold this va­
lue until a Reset Mission Clock command is issued 
in WR14 or until the DPLL is disabled or program­
med to enter the Search mode. Upon missing this 
one edge the DPLL takes no other action and does 
not modify its count during the next counting cycle. 
However, if the DPLL does not see an edge between 
the middle of count 12 and the middle of count 19 
in two successive 0 to 31 count cycles, a line error 
condition is assumed. If this occurs, the two Clocks 
Mission bit in RR10 is set to "1" and latched. At the 
same time the DPLL enters the Search mode. The 
DPLL makes the decision to enter Search mode du­
ring count 2, where both the receive clock and trans­
mit clock outputs are LOW. This prevents any 
glitches on the clock outputs when search mode is 
entered. While in search mode no clock outputs are 
provided by the DPLL. The Two Clocks Missing bit 
in RR1 0 is latched until a Reset Missing Clock com­
mand is issued in WR14, or until the DPLL is disa­
bled or programmed to enter the Search mode. 

DPLL Initialization 

Initialization 01 the DPLL may be done at any time 
during the initialization sequence, but should proba­
bly be done after the clock modes have been selec­
ted in WR11, and before the receiver and transmit­
ter are enabled. When initializing the DPLL the clock 
source should be selected first, followed by the se­
lection of the operating mode. At this point the DPLL, 
may be enabled by issuing the Enter Search Mode 
command in WR14. Note that a channel or hard­
ware reset disables the DPLL, selects the RTxC pin 
as the clock source for the DPLL, and places it in 
the NRZI mode. 
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SUPPORT CIRCUITRY PROGRAMMING (cont'd) 

Internal Loopback/Auto Echo 

The SCC contains two other features useful for dia­
gnostic purposes, controlled by bits in WR14. They 
are local loop back and auto echo. 

Local loopback is selected when bit 04 of WR 14 is 
set to "1 ". In this mode the output of the transmitter 
is internally connected to the input of the receiver. 
At the same time the TxO pin remains connected to 
the transmitter. In this mode the OCO pin is ignored 
as a receive enable and the CTS pin is ignored as 
a transmitter enable even if the Auot Enables mode 
has been selected. Note that the OPLL input is 
connected to the RxO pin, not to the input of the re­
ceiver. This precludes the use of the OPLL in local 
loopback. 

Figure 41 : Local Loopback. 

Z8530 

Auto echo is selected when bit 03 of WR14 is set to 
"1". In this mode the TxO pin is connected directly 
to the RxD pin, and the receiver input is connected 
to the RxO pin. In this mode the CTS pin is ignored 
as a transmitter enable and the output of the trans­
mitter does not connect to anything. If both the Lo­
cal Loopback and Auto Echo bits are set to "1 ", the 
auto echo mode will be selected, but both the CTS 
pin and OCD pin will be ignored as auto enables. 
This, however, should not be considered a normal 
operating mode, however. Local Loopback is shown 
schematically in Figure 41 and auto echo is shown 
schematically in Figure 42. 

LOCAL LOOPBACK 

Figure 42 : Auto Echo. 
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REGISTERS DESCRIPTION 

The following section describes the SCC registers. 
Each register is detailed in terms of bit configuration, 
the active states (See Table 8) of each bit, their de­
finitions, their functions, and their effects upon the 
internal hardware and external pins. 

Table 8 : SCC Registers Description. 

Read Description 
Reaister 
RRO XmitlReceive Buffer Status and Ext Status 
RR1 Receive Condition Status/Residue Codes 
RR2 Interrupt Vector (modified in BChannel) 
RR3 Interrupt Pending (Channel Aonly) 
RR8 Receive Buffer 
RR10 Loop/Clock Status 
RR12 Lower Byte of Time Constant 
RR13 Upper Byte of Time Constant 
RR15 External Status Interrupt Enable 
Write Description 
Reaister 
WRO Command Register 
WR1 Tx/Rx Interrupt and Data Xfer Mode 

Definition 
WR2 Interrupt Vector 
WR3 Receive Parameters and Control 
WR4 Tx/Rx Miscellaneous Parameters and 

Mades 
WR5 Transmit Parameter and Controls 
WR6 Sync Character or SDLC Address Field 
WR7 Sync Character or SDLC Flag 
WR8 Transmit Buffer 
WR9 Master Interrupt Control 
WR10 Misc Transmitter/Receiver Control Bits 
WR11 Clock Mode Control 
WR12 Lower Byte Baud Rate Generator Time 

Constant 
WR13 Upper Byte of Baud Rate Generator Time 

Constant 
WR14 Miscellaneous Control Bits 
WR15 External Status/Interrupt Control 

WRITE REGISTERS 

The SCC write register set in each channel includes 
ten control registers (among them is the transmit 
buffer), two sync character registers, and two baud 
rate time constant registers. The interrupt control re­
gister and the master interrupt control and reset re­
gister are shared by both channels. 

Write Register 0 (command register). WRO is the 
command register and the CRC reset code register. 
Figure 43 shows the bit configuration for the Z8530 
and includes register select bits in addition to com­
mand and reset codes. 

Bits 07 and 06 : CRC Reset Codes 0 And 1 

Null Code (00). This command has no effect on the 
SCC and is used when a write to WRO is necessa­
ry for some reason other than a CRC Reset com­
mand. 
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Reset Receive CRC Checker (01). This command 
is used to initialize the receive CRC circuitry. It is 
necessary in synchronous modes (except SDLC) if 
the Enter Hunt Mode command in Write Register 3 
is not issued between received messages. Any ac­
tion that disables the receiver initializes the CRC cir­
cuitry. Resetting the Receive CRC Checker com­
mand is accomplished automatically in SDLC 
mode. 

Reset Transmit CRC Generator (10). This com­
mand initializes the CRC generator. It is usually is­
sued in the initialization routine and after the CRC 
has been transmitted. A Channel Reset will not ini­
tialize the generator and this command should not 
be issued until after the transmitter has been en­
abled in the initialization routine. 

Reset Transmit Underrun/EOM Latch (11). This 
command controls the transmission of CRC at the 
end of transmission (EOM). If this latch has been 
reset, and a transmit underrun occurs, the SCC 
automatically appends CRC to the mes-sage. In 
SDLC mode with Abort on Underrun se-Iected, the 
SCC sends an abort, and Flag on under-run if the 
TX Underrun/EOM latch as been reset. 

At the start of CRC transmission, the Tx Under­
run/EOM latch is set. The Reset command can be 
issued at any time during a message. If the trans­
mitter is disabled, this command will not reset the 
latch. However, if no External Status interrupt is 
pending, or if a Reset External Status Int command 
accompanies this command while the transmitter is 
disabled, an External/Status interrupt is generated 
with the Tx Underrunl EOM bit reset in RRO. 

Bits 05·03 : Command Codes 

Null Code (000). The Null command has no effect 
on the SCC. 

Point High (001). This command effectively adds 
eight to the Register Pointer (82-80) by allowing 
WR8 through WR15 to be accessed. The Point High 
command and the Register Pointer bits are written 
simultaneously. 

Reset External/Status Interrupts (010). After an 
External/Status interrupt (a change on a modem 
line or a break condition, for example), the status 
bits in RRO are latched. This command re-enables 
the bits and allows interrupts to occur again as a re­
sult of a status change. Latching the status bits cap­
tures short pulses until the CPU has time to read 
the change. The SCC contains simple queueing lo­
gic associated with most of the external status bits 



REGISTERS DESCRIPTION (cont'd) 

in RRO. If another External/Status condition 
changes while a previous condition is still pending 
(Reset External/Status Interrupts has not yet been 
issued) and this condition persists until after the 
command is issued, this second change causes 
another Extemal/Status interrupt. However, if this 
second status change does not persist (there are 
two transitions), another interrupt is not generated. 
Exceptions to this rule are detailed in the RRO des­
cription. 

Figure 43 : Write Register 0 (Z8530). 
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Send Abort (011). This command is used in SOLC 
mode to transmit a sequence of eight to thirteen 
"1 s". This command always empties the transmit 
buffer and sets Tx UnderrunlEOM bit in Read Re­
gister O. 

Enable Interrupt On Next Rx Character (100). If 
the interrupt on the First Received Character mode 
is selected, this command is used to reactivate that 
mode after each message is received. The next cha­
racter to enter the receive FIFO causes a Receive 
interrupt. Alternatively., the first previously stored 
character in the FI FO will cause a Receive interrupt. 

Reset Tx Interrupt Pending (101). This command 
is used in cases where there are no more charac­
ters to be sent; e.g., at the end of a message. This 
command prevents further transmit interrupts until 
after the next character has been loaded into the 
transmit buffer or until CRC has been completely 
sent. This command is necessary to prevent the 
transmitter from requesting an interrupt when the 
transmit buffer becomes empty (with Transmit Inter­
rupt Enabled). 

Error Reset (110). This command resets the error 
bits in RR1. If Interrupt on First Rx Character or In­
terrupt on Special Condition modes are selected 
and a special condition exists, the data with the spe­
cial condition is held in the receive FIFO until this 
command is issued. If either of these modes is se­
lected and this command is issued before the data 
has been read from the receive FIFO, the data is 
lost. 

Reset Highest IUS (111). This command resets the 
highest priority Interrupt Under Service (IUS) bit, al­
lowing lower priority conditions to request interrupts. 
This command allows the use of the internal daisy 
chain (even in systems without an extenal daisy 
chain) and should be the last operation in an inter­
rupt service routine. 

Bits 2 through 0 : Register Selection 
Code 
These three bits select Registers 0 through 7. With 
the Point High command, Registers 8 through 15 
are selected. 

The following is a summary of the bit descriptions 
for each write register (WR1-WR15) 

Write Register 1 (transmit/receive interrupt and 
data transfer mode definition).Write Register 1 is 
the control register for the various SCC interrupt and 
Wait/Request modes. Figure 44 shows the bit assi­
gnments for WR1 . 
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REGISTERS DESCRIPTION (cont'd) 

Bit 7: WAITIOMA Request Enable 
This bit enables the WaiVRequest function in 
conjunction with the RequesVWait Function Select 
bit (86). If bit 7 is set to "1 ", the state of bit 6 deter­
mines the activity of the WAIT/REQUEST pin (Wait 
or Request). If bit 7 is set to "0", the selected func­
tion (bit 6) forces the WAIT/REQUEST pin in to the 
appropriate inactive state (High for Request, floating 
for Wait). 

Bit 6 : WAITIOMA Request Function 

The request function is selected by setting this bit to 
"1 ". In the Request mode, the WAIT/REQUEST pin 
switches from High to Low when the SCC is ready 
to transfer data. When this bit is "0", the wait func­
tion is selected. In the Wait mode, the WAIT/RE­
QUEST pin switches from floating to Low when the 
CPU attempts to transfer data before the SCC is 
ready. 

Bit 5 : WAITIOMA Request On Receive 
Transmit 

This bit determines whether the WAIT/REQUEST 
pin operates in the Transmit mode or the Receive 
mode. When set to "1", this bit allows the waiVre­
quest function to follow the state of the receive buff­
~.e., depending on the state of bit 6, the 
WAIT/REQUEST pin is active or inactive in relation 
to the empty or full state of the receive buffer. 
Conversely, if this bit is set to "0", the state of the 
WAIT/REQUEST pin is determined by bit 6 and the 
state of the transmit buffer. (Note that a transmit re­
quest function is available on the DTR/REQUEST 

Figure 44 : Write Register 1. 

I~I~I~I~I~I~I~I~I 

pin. This allows full-duplex operation under DMA 
control for both chan nels.) 

The request function may occur only when the SCC 
is not selected; e.g., if the internal request becomes 
active while the SCC is in the middle qf a read or 
write cycle, the external request will not become ac­
tive until the cycle is complete. An active request 
output causes a DMA controller to initiate a read or 
write operation. If the request on Transmit mode is 
selected in either SDLC or Synchronous Mode, the 
Request pin is pulsed Low for one PCLK cycle at 
the end of CRC transmission to allow the immediate 
transmission of another block of data. 

If the Wait On Receive mode, the WAIT pin is active 
if the CPU attempts to read SCC data that has not 
yet been received. In the Wait On Transmit mode, 
the WAIT pin is active if the CPU attempts to write 
data when the transmit buffer is still full. 80th situa­
tions can occur frequently when block transfer in­
structions are used. 

Bits 4 and 3 : Receive Interrupt Modes 

These two bits specify the various character-availa­
ble conditions that may cause interrupt requests. 

Receive Interrupts Disabled (00). This mode pre­
vents the receiver from requesting an interrupt and 
is normally used in a polled environment where ei­
ther the status bits on RRO or the modified vector in 
RR2 (Channel 8) can be monitored to initiate a ser­
vice routine. Although the receiver interrupts are di­
sabled, a special condition can still provide a unique 
vector status in RR2. 

I I L "'"., ",.m 
T. INT ENABLE 

PARITY IS SPECIAL CONDITION 
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REGISTERS DESCRIPTION (cont'd) 

Receive Interrupt On First Character Or Special 
Condition (01). The receiver requests an interrupt 
in this mode on the first available character (or sto­
red FIFO character) or on a special condition. Sync 
characters to be stripped from the message stream 
do not cause interrupts. 

Special receive conditions are: receiver overrun, 
framing error, end of frame, or parity error (if selec­
ted). If a special receive condition occurs, the data 
containing the error is stored in the receive FIFO un­
til an Error Reset command is issued by the CPU. 

This mode is usually selected when a Block Trans­
fer mode is used. In this interrupt mode, a pending 
special receive condition remains set until either an 
Error Reset command, a channel or hardware re­
set, or until receive interrupts are disabled. 

The Receive Interrupt on First Character or Special 
Condition mode can be re-enabled by the Enable 
Rx Interrupt on Next Character command in WRO. 

Interrupt On All Receive Characters Or Special 
Condition (10). This mode allows an interrupt for 
every character received (or character in the receive 
FIFO) and provides a unique vector when a special 
condition exists. The receiver Overrun bit and the 
Parity Error bit in RR 1 are two special conditions that 
are latched. These two bits must be reset by the Er­
ror Reset command. Receiver overrun is always a 
special receive condi-tion, and parity can be pro­
grammed to be a special condition. 

Data characters with special receive conditions are 
not held in the receive FIFO in the Interrupt On All 
Receive Characters or Special Conditions Mode as 
they are in the other receive interrupt modes. 

Receive Interrupt On Special Condition (11). This 
mode allows the receiver to interrupt only on cha-

Figure 45 : Write Register 2. 

I~I~I~I~I~I~I~I~I 

~~ INTERRUPT VECTOR 

V. 

V. 

Vl 
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racters with a special receive condition. When an in­
terrupt occurs, the data containing the error is held 
in the receive FIFO until an Error Reset command 
is issued. When using this mode in conjunction with 
a DMA, the DMA can be initialized and enabled be­
fore any characters have been received by the SCC. 
This eliminates the time critical section of code re­
quired in the Receive Interrupt on First Character or 
Special condition mode; i.e., all data can be trans­
ferred via the DMA so that the CPU need not han­
dle the first received character as a special case. 

Bit 2 : Parity Is Special Condition 

If this bit is set to "1", any received characters with 
parity not matching the sense programmed in WR4 
give rise to a Special Receive Condition. If parity is 
disabled (WR4), this bit is ignored. A special condi­
tion modifies the status of the interrupt vector sto­
red in WR2. During an interrupt acknowledge cycle, 
this vector can be placed on the data bus. 

Bit 1 : Transmitter Interrupt Enable 

If this bit is set to "1 ", the transmitter requests an in­
terrupt whenever the transmit buffer becomes emp­
ty. 

Bit 0 : External/Status Master Interrupt 
Enable 

This bit is the master enable for External/Status in­
terrupts including DCD, CTS, SYNC pins, break, 
abort, the beginning of CRC transmission when the 
TransmitlUnderrun/EOM latch is set, or when the 
counter in the baud rate generator reaches "0". 
Write Register 15 contains the individual enable bits 
for each of these sources of External/Status inter­
rupts. This bit is reset by a channel or hardware re-
set. ' 

Figure 46 : Write Register 3. 

L SYNC CHAAACTt;A LOAD INHIBIT 

ADDRESS SEARCH MODE (SOle) 

Rx CAe €NABLE 
~~

I LA.ENABLE 

,.!..."!' Rx 5 BITs/CHARACTER 

o 1 R. 7 BITS/CHARACTER 

f-;- f-o Rx 8 BITs/CHARACTER 

~ ~ Rx. BITS/CHARACTER 
'-'-

ENTER HUNT MODE 

AUTO ENABl.ES 
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REGISTERS DESCRIPTION (cont'd) 

Write Register 2 (interrupt vector). WR2 is the in­
terrupt vector register. Only one vector register 
exists in the SCC, but it can be accessed through 
either channel. The interrupt vector can be modified 
by status information. This is controlled by the Vec­
tor Includes Status (VIS) and the Status High/Sta­
tus Low bits in WR9. The bit positions for WR2 are 
shown in Figure 45. 
Write Register 3 (receive parameters and 
control). This register contains the control bits and 
parameters for the receiver logic as illustrated in Fi­
gure 46. 

Bits 7 and 6 : Receiver Bits/Character 
The state of these two bits determines the number 
of bits to be assembled as a character in the recei­
ved serial data stream. The number of bits per cha­
racter can be changed while a character is being as­
sembled but only before the number of bits current­
ly programmed is reached. Unused bits in the Re­
ceived Oata Register (RR8) are set to "1" in asyn­
chronous modes and SOLC modes, the SCC mere­
ly transfers an 8-bit section of the serial data stream 
to the receive FIFO at the appropriate time. Table 9 
lists the number of bits per character in the assem­
bled character format. 
Table 9 : Receive Bits/Character 

B7 B6 

0 0 5 Bits 1 Character 
0 1 7 Bits 1 Character 
1 0 6 Bits 1 Character 
1 1 8 Bits 1 Character 

Bit 5 : Auto Enables 
This bit programs the function for both the OCO and 
CTS pins. CTS becomes the transmitter enable and 
OCD becomes the receiver enable when this bit is 
setto "1 ". However, the Receiver Enable and T rans­
mit Enable bits must be set before the OCO and CTS 
pins can be used in this manner. When the Auto En­
ables bit is set to "0", the DCD and CTS pins are 
merely inputs to the corresponding status bits in 
Read Register O. The state of OCO is ignored in the 
Local Loopback mode. The state of CTS is ignored 
in both Auto Echo and Local Loopback modes. 

Bit 4 : Enter Hunt Mode 
This command forces the comparison of sync cha­
racters or flags to assembled receive characters for 
the purpose of synchronization. After reset, the SCC 
automatically enters the Hunt mode (except asyn­
chronous). Whenever a flag or sync character is 
matched, the Sync/Hunt bit in Read Register 0 is re-
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set and, if External/Status Interrupt Enable is set, 
an interrupt sequence is initiated. The SCC auto­
matically enters the Hunt mode when an abort 
condition is received or when the receiver is disa­
bled. 

Bit 3 : Receiver CRC Enable 
This bit is used to initiate CRC calculation at the be­
ginning of the last byte transferred from the Recei­
ver Shift register to the receive FIFO. This opera­
tion occurs independently of the number of bytes in 
the receive FIFO. When a particular byte is to be 
excluded from CRC calculation, this bit should be 
reset before the next byte is transferred to the re­
ceive FIFO. If this feature is used, care must be ta­
ken to ensure that eight bits per character is selec­
ted in the receiver because of an inherent delay 
from the Receive Shift register to the CRC checker. 

This bit is internally set to "1" in SDLC mode and the 
SCC calculates CRC on all bits except inserted ze­
ros between the opening and closing character 
flags. This bit is ignored in asynchronous mode. 

Bits 2 : Adress Search Mode (SOLC) 
Setting this bit in SOLC mode causes messages 
with addresses not matching the address program­
med in WR6 to be rejected. No receiver interrupts 
can occur in this mode unless there is an address 
match. The address thatthe SCC attempts to match 
can be unique (1 in 256) or multiple (16 in 256), de­
pending on the state of Sync Character Load Inhi­
bit bit. The Address Search mode bit is ignored in 
all modes except SDLC. 

Bit 1 : SYNC Character Load Inhibit 
If this bit is set to "1" in any synchronous mode ex­
cept SDLC, the SCC compares the byte in WR6with 
the byte about to be stored in the FIFO, and it inhi­
bits this load if the bytes are equal, The sec does 
not calculate the CRC on bytes stripped from the 
Oata stream in the manner. If the 6-bit sync option 
is selected while in Monosync mode, the compare 
is still across eight bits, so WR6 must be program­
med for proper operation. 

If the 6-bit sync option is selected with this bit set to 
"1 ", all sync characters except the one immediate­
ly preceding the data are stripped from the mes­
sage. If the 6-bit sync option is selected while in the 
Bisync mode, this bit is ignored. 

The address recognition logic of the receiver is mo­
dified in SOLC mode if this bit is set to "1 ", i.e., on­
ly the four most significant bits of WR6 must match 
the receiver address. This procedure allows the 
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SCC to receive frames from up to 16 separate 
sources without programming WR6 for each source 
(if each station address has the four most significant 
bits in common). The address field in the frame is 
still eight bits long. 

This bit is ignored in SOLC mode if Address Search 
mode has not been selected. 

Bit 0 : Receiver Enable 

When this bit is set to "1 ", receiver operation begins. 
This bit should be set only after all other receiver pa­
rameters are established and the receiver is com­
pletely initialized. This bit is reset by a channel or 
hardware reset command, and it disables the recei­
ver. 

Write Register 4 (transmit/receiver miscella­
neous parameters and modes). WR4 contains the 
control bits for both the receiver and the transmitter. 
These bits should be set in the transmit and recei­
ver initialization routine before issuing the contents 
of WR1, WR3, WR6, and WR7. Bit positions for 
WR4 are shown in Figure 47. 

Bits 7 and 6 : Clock Rate 1 And 0 

These bits specify the multiplier between the clock 
and data rates. In synchronous modes, the 1S mode 
is forced internally and these bits are ignored unless 
External Sync mode has been selected. 

1 X Mode (00). The clock rate and data rate are the 
same. In External Sync mode, this bit combination 
specifies that only the SYNC pin can be used to 
achieve character synchronization. 

16X Mode (01). The clock rate is 16 times the data 
rate. In External Sync mode, this bit combin-ation 
specifies that only the SYNC pin can be used to 
achieve character synchronization. 

32X Mode (10). The clock rate is 32 times the data 
rate. In External Sync mode, this bit combination 
specifies that either the SYNC pin or a match with 
the character stored in WR7 will signal character 
synchronization. The sync ch.~racter can be .eith~r 
six or eight bits long as speCified by the 6-bIVS-blt 
Sync bit in WR10. 

64X Mode (11). The clock rate is 64 times the data 
rate. With this bit combination in External Sync 
mode, both the receiver and transmitter are placed 
in SOLC mode. The only variation from normal 
SOLC operation is that the SYNC pin can be used 
to start or stop the reception of a frame by forcin~ 
the receiver to act as though a flag had been recei­
ved. 
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Bits 5 and 4 : SYNC Modes 1 And 0 

These two bits select the various options for charac­
ter synchronization. They are ignored unless syn­
chronous modes are selected in the stop bits field 
of this register. 

Monosync (00). In this mode, the receiver achieves 
character synchronization by matching the charac­
ter stored in WR7 with an identical character in the 
received data stream. The transmitter uses the cha­
racter stored in WR6 as a time fill. The sync charac­
ter can be either six or eight bits, depending on the 
state of the 6-bit/S-bit Sync bit in WR1 O. If the Sync 
Character Load Inhibit bit is set, the receiver strips 
the contents of WR6 from the data stream if recei­
ved within character boundaries. 

Bisync (01). The concatenation of WR7 with WR6 
is used for receiver synchronization and as a time 
fill by the transmitter. The sync character can be 12 
or 16 bits in the receiver, depending on the state of 
the 6-bit/S-bit Sync bit in WR10. The transmitted 
character is always 16 bits. 

SDLC Mode (10). In this mode, SOLC is selected 

Figure 47 : Write Register 4. 

SYNC MODES ENABLE 

1 STOP BIT/cHARACTER 

1 V. STOP BITSICHARACTER 

1 1 2 STOP BITs/CHARACTER 

o 0 8 lilT SYNC CHARACTER 

o 1 18 lilT SYNC CHARACTER 

1 0 SDLC MODE (01111110 FLAGI 

1 1 EXTERNAL SYNC MODE 

o 0 X 1 CLOCK MODE 

o 1 XI. CLOCK MODE 

1 0 xu CLOCK MODE 

1 1 X84 CLOCK MODE 
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REGISTERS DESCRIPTION (cont'd) 

and requires a Flag (01111110) to be written to 
WR7. The receiver address field should be written 
to WR6. The SOLC CRC polynomial must also be 
selected (WRS) in SOLC mode. 
External Sync Mode (11). In this mode, the SCC 
expects external logic to signal character synchro­
nization via the SYNC pin. If the crystal oscillator op­
tion is selected (in WRil), the internal SYNC signal 
is forced to "0". In this mode, bits B7-B6 of this re­
gister select special version of External Sync. mode. 
In this mode, the transmitter is in Monosync mode 
using the contents of WR6 as the time fill with the 
sync character length specified by the 6-bit/8-bit 
Sync bit in WR10. 
Bits 3 and 2 : Stop Bits 1 and 0 
These bits determine the number of stop bits added 
to each asynchronous character that is transmitted. 
The receiver always checks for one stop bit in Asyn­
chronous mode. A Special mode specifies that a 
Synchronous mode is to be selected. B2 is always 
set to "1 ~ channel or hardware reset to ensure 
that the SYNC pin is in a known state after a reset. 
Synchronous Modes Enable (00). This bit combi­
nation selects one of the synchronous modes spe­
cified by bits B4, BS, B6, and B7 of this register and 
forces the 1 X Clock mode internally. 
1 Stop BIt/Character (01). This bit selects Asyn­
chronous mode with one stop bit per character. 
1 1/2 Stop Bits/Character (10). These bits select 
Asynchronous mode with 1-1/2 stop bits per charac­
ter. This mode can not be used with the 1X clock 
mode. 

Figure 48 : Write Register 5. 

~I L: ::RCENAILE 

~ SDJ:CicRC·" 
. T. ENABLE 

SEND BREAK 

t-!-~ T. 5 BITS lOR LESSJ/CHARACTER 
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L.!. a.!. Ta. BITS/CHARACTER 
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2 Stop Bits/Character (11). These bits select Asyn­
chronous mode with two stop bits per transmitted 
character and check for one received stop bit. 
Bit 1 : Parity Even/Odd 

This bit determines whether parity is checked as 
even or odd. A "1" programmed here selects even 
parity, and a "0" selects odd parity. This bit is igno­
red if the Parity Enable bit is not set. 

Bit 0 : Parity Enable 
When this bit is set, an additional bit position beyond 
those specified in the bits/character control is added 
to the transmitted data and is expected in the re­
ceive data. The Received Parity bit is transferred to 
the CPU as part of the data unless eight bits percha­
racter is selected in the receiver. 
Write Register 5 (transmit parameter and 
controls). WRS contains control bits that affect the 
operation of the transmitter. B2 affects both the 
transmitter and the receiver. Bit pOSitions for WRS 
are shown in Figure 48. 

Bit 7 : Data Terminal Ready 
This is the control bit for the OTRlREQ pin while the 
pin is in the OTR mode (selected in WR14). When 
set, OTR is Low ; when reset, OTR is High. This bit 
is ignored when OTRlREQ is programmed to act as 
a REQUEST pin. This bit is reset by a channel or 
hardware reset. 

Bits 6 and 5 : TXBitslCharacter 1 and 0 

These bits control the number of bits in each byte 
transferred to the transmit buffer. Bits sent must be 
right justified with lease significant bits first. 
The Five Or Less mode allows transmission of one 
to five bits per character; however, the CPU should 
form at the data character as shown below in Ta­
ble 10. In the Six or Seven Bits/Character modes, 
unused data bits are ignored. 
Table 10 : Tx Bits/Character 1 and O. 

Tx BITS / Tx BITS / 
CHAR 1 CHAR 0 

0 0 5 or less bits / character 
0 1 7 bits / character 
1 0 6 bits / character 
1 1 8 bits / character 

D7 D6 D5 D4 D3 D2 D1 Do 
1 1 1 1 o 0 o 0 Sends one data bit 
1 1 1 o 0 000 Sends two data bits 
1 1 o 0 o 0 o 0 Sends three data bits 
1 o 0 o 0 000 Sends four data bits 
o 0 o 0 o 0 o 0 Sends five data bits 
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Bit 4 : Send Break 

When set, this bit forces the TxO output to send 
continuous "Os" beginning with the following trans­
mit clock, regardless of any data being transmitted 
at the time. This bit functions whether or not the 
transmitter is enabled. When reset, TxO continues 
to send the contents of the Transmit Shift register, 
which might be syncs, data or all "1s". If this bit is 
set while in the X21 mode (Monosync and Loop 
mode selected) and character synchronization is 
achieved in the receiver, this bit is automatically re­
set and the transmitt~r begins sending syncs or da­
ta. This bit can also be reset by a channel or hard­
ware reset. 

Bit 3 : Transmit Enable 

Oata is not transmitted until this bit is set, and the 
TxO output sends continuous "1 s" unless Auto Echo 
mode or SOLC Loop mode is selected. If this bit is 
reset after transmission started, the transmission of 
data or sync characters is completed. If the trans­
mitter is disabled during the transmission of a CRC 
character, sync or flag characters are sent instead 
of CRC. This bit is reset by a channel or hardware 
reset. 

Bit 2 : SDLCICRC-16 

This bit selects the CRC polynomial used by both 
the transmitter and receiver. When set, the CRC-16 
polynomial is used; when reset, the SOLC polyno­
mial is used. The SOLC/CRC polynomial must be 
selected when SOLC mode is selected. The CRC 
generator and checker can be preset to all "Os" or 
all "1s", depending on the state of the Preset 1/ Pre­
set 0 bit in WR10. 

Bit 1 : Request To Send 

This is the control bitforthe RTS pin. When the RTS 
bit is set, the RST pin goes Low ; when reset, RTS 

Figure 49 : Write Register 6. 
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goes High. In the Asynchronous mode with the Auto 
Enables bit set, RST goes High only after all bits of 
the character have been sent and the transmit buf­
fer is empty. In synchronous modes of the Asyn­
chronous mode with auto enables off, the pin direct­
ly follows the state of this bit. This bit is reset by a 
channel or hardware reset. 

Bit 0 : Transmit CRC Enable 

This bit determines whether or not CRC is calcula­
ted on a transmit character. If this bit is set at the 
time the character is loaded from the transmit buf­
fer to the Transmit Shift register, CRC is calculated 
on that character. CRC is not automatically sent un­
less this bit is set when the transmit underrun exists. 

Write Register 6 (sync characters or SOLC ad­
dress field). WR6 is programmed to contain the 
transmit sync character in the Monosync mode, the 
first byte of a 16-bit sync character in the External 
Sync mode. WR6 is not used in asynchronous 
modes. In the SOLC modes, it is programmed to 
contain the secondary address field used to com­
pare against the address field of the SOLC Frame. 
In SOLC mode, the SCC does not automatically 
transmit the station address at the beginning of the 
response frame. Bit positions for WR6 are shown in 
Figure 49. 

Write Register 7 (sync character or SOLe flag). 
WR7 is programmed to contain the receive sync 
character in the Monosync mode, a second byte (the 
last eight bits) of a 16-bit sync character in the Bi­
sync mode, or a Flag character (01111110) in the 
SOLC modes. WR7 may hold the receive sync cha­
racter or a flag if one of the special versions of the 
External Sync mode is selected. WR7 is not used in 
Asynchronous mode. Bit positions for WR7 are 
shown in Figure 50. 

1~1~1~1~1~1~1~1~1 

lF7~l~~ 
SYNC, SYNC. SYNC. SYNC, SYNC, SYNC. SYNC, SYNC 
SYNC. SYNC, SYNC. SYNC. SYNC, SYNC. • • • 
SYNC,s SYNC,. SYNC,. SYNC,. SYNC" SYNC,. SYNC. SYNC. 
SYNC" SYNC,. SYNC. SYNC. SYNC7 SYNC. SYNC. SYNC. 

o 1 1 1 1 1 1 0 

MONOSYNC.8 BITS 
MONOSYNC, 6 BITS 
BISYNC. 16 BITS 
BISYNC. 12 BITS 
SDle 
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REGISTERS DESCRIPTION (cont'd) 

Figure 50 : Write Register 7. 

SYNC, SYNCe SYNC. SYNC. 
SYNC, SYNCo SYNC. SYNC. 
SYNC, SYNCe SYNC. SYNC. 
SYNC. SYNC. SYNC. SYNC. 
ADR, ADRa ADR, ADR. 
ADR, ADRa ADR. ADR. 

Figure 51 : Write Register 9 . 

SYNC, 
SYNC. 
SYNC. 

1 
ADR. 

x 

NO RESET 

SYNC. SYNC. SYNC. MONOSYNC, 8 BITS 
SYNC. SYNC, SYNC. MONOSYNC. 6 BITS 
SYNC. SYNC, SYNC. BISYNC. 16 BITS 

1 1 1 BISYNC. 12 BITS 
ADR. ADR, ADR. SDLC 

x x • SDLC (ADDRESS RANGEl 

CHANNEL RESET B 

CHANNEL RESET A 

FORCE HARDWARE R.ESET 

Write Register 8 (transmit buffer). WR8 is the 
transmit bufffer register. 

Write Register 9 (master interrupt control). WR9 
is the Master Interrupt Control register and contains 
the Reset command bits. Only one WR9 exists in 
the SCC and can be accessed from either channel. 
The interrupt control bits can be programmed at the 
same time as the Reset command because these 
bits are only reset by a hardware reset. Bit positions 
for WR9 are shown in Figure 51. 

Bits 7 and 6 : Reset Command Bits 

Together, these bits select one of the reset com-
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mands for the SCC. Setting either of these bits to 
"1" disables both the receiver and the transmitter in 
the corresponding channel, forces TxD for that 
channel marking, forces the modem control signals 
High in that channel, resets all IPs and IUSs and di­
sables all interrupts in that channel. Four extra 
PCLK cycles must be allowed beyond the usual cy­
cle time after any of the active reset commands is 
issued before any additional commands or controls 
are written to the channel affected. Four extra PCLK 
cycles must be allowed beyond the usual cycle time 
before any additional command or controls are writ­
ten to the SCC. 
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No Reset (00). This command has no effect. It is 
used when a write to WR9 is necessary for some 
reason other than an SCC Reset command. 

Channel Reset B (01). Issuing this command 
causes a channel reset to be performed on Chan­
nel B. 

Channel Reset A (10). Issuing this command 
causes a channel reset to be performed on Chan­
nel A. 

Force Hardware Reset (11). The effects of this 
command are identical to those of a hardware re­
set, except that the Shift Right/Shift Left bit is not 
changed and the MIE, Status High/Status Low and 
DLC bits take the programmed values that accom­
pany this command. 

Bit 5 : Not Used 

Must be "0". 

Bit 4 : Status HighlStatus Low 

This bit controls which vector bits the SCC will mo­
dify to indicate status. When set to"1", the SCC mo­
difies bits V6, V5, and V4 according to Table 11. 
When set to "0", the SCC modifies bits V1, V2, and 
V3 according to Table 11. This bit controls status in 
both the vector returned during an interrupt acknow­
ledge cycle and the status in RR2B. This bit is reset 
a hardware reset. 

Table 11 : Interrupt Vector Modification. 

V3 V2 V1 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 Transrnit 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 

Bit 3 : Master Interrupt Enable 

This bit is set to 1 to globally enable interrupts, and 
cleared to zero to disable interrupts. Clearing this bit 
to zero forces the lEO pin to follow the state of the 
lEI pin unless there is an IUS bit set in the SCC. 

No IUS bit can be set after the MIE bit is cleared to 
zero. This bit is reset by a hardware reset. 

Bit 2 : Disable Lower Chain 

The Disable Lower Chain bit can be used by the 
CPU to control the interrupt daisy chain. Setting this 
bit to "1" forces the lEO pin Low,preventing lower-
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priority devices on the daisy chain from requesting 
interrupts. This bit is reset by a hardware reset. 

Bit 1 : No Vl:lctor 

The No Vector bit controls whether or not the SCC 
will respond to an interrupt acknowledge cycle by 
placing a vector on the data bus if the SCC is the hi­
ghest-priority device requesting an interrupt. If this 
bit is set, no vector is returned; i.e., ADO-AD? re­
main three-stated during an interrupt acknowledge 
cycle, even if the SCC is the highest-priority device 
requesting an interrupt. 

Bit 0 : Vector Includes Status 

The Vector Includes Status Bit controls whether or 
not then SCC will include status information in the 
vector it places on the bus in response to an inter­
rupt acknowledge cycle. If this bit is set, the vector 
returned is variable, with the variable field depen­
ding on the highest-priority IP that is set. Table 11 
shows the encoding of the status information. This 
bit is ignored if the No Vector (NV) bit is set. 

Figure 52 : Write Register 10. 

~~L 6 Bmem SYNC 

L LOOP MODE 

ABORT/FIAIl ON UNOERRUN 

MARKIITAG IDLE 

GO ACTIVE ON POLL 

o 0 NAl 

for,­
f-;-fo 
'1'1 
'--'--

NRZI 

FMI (TRANSITION = I) 

FMO (TRANSITION = 0) 

L--_______ CRC PRESET 110 

Write Register 10 (miscellaneous transmitter/re­
ceiver control bits). WR 10 contains miscellaneous 
control bits for both the receiver and the transmitter. 
Bit positions for WR1 0 are shown in Figure 52. 

Bit 7 : CRC Preset liD 

This bit specifies the initialized condition of the re­
ceive CRC checker and the transmit CRC gener­
ator. If this bit is set to "1 ", the CRC generator and 
checker are preset to "1". If this bit is set to "0", the 
CRC generator and checker are preset to "O".Either 
option can be selected with either CRC polynomial. 

~ SCiS-THOMSON .. ., I [lj]U©IlI@~~rna:1rIll@IlIU©$ 
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In SDLC mode, the transmitted CRC is inverted be­
fore transmission and the received CRC is checked 
against the bit pattern "0001110100001111 ". This 
bit is reset by a channel or hardware reset. This bit 
is ignored in Asynchronous mode. 

Bit 6 and 5 : Data Encoding 1 and 2 

These bits control the coding method used for both 
the transmitter and the receiver, as illustrated in Ta­
ble 12. All of the clocking options are available for 
all coding methods. The DPLL in the SCC is useful 
for recovering clocking information in NRZI and FM 
modes. A hardware reset forces NRZ mode. Timing 
for the various modes in shown in Figure 53. 

Table 12 : Data Encoding 

Data Data Encoding Encoding 

0 0 NRZ 
0 1 NRZI 
1 0 FM 1 (transition = 1 ) 
1 1 FMO (transition = 1) 

Bit 4 : Go Active On Poll 

When Loop mode is first selected during SDLC ope­
ration, the SCC connects RxD to TxD with only gate 
delays in the path. The SCC does not go on-loop 
and insert the 1-bit delay between RxD and TxD un­
til this bit has been set and an EOP received. When 
the SCC is on-loop, the transmitter cannot go active 
unless this bit is set at the time an EOP is received. 
The SCC examines this bit whenever the transmit­
ter is active in SDLC Loop mode and is sending a 
flag. If this bit is set at the time the flag is leaving the 
Transmit Shift register, another flag or data byte (if 
the transmit buffer is full) is transmitted. If the Go Ac­
tive on Poll bit is not set at this time, the transmitter 
finishes sending the flag and reverts to the 1-Bit De­
lay mode. Thus, to transmit only one response 
frame, this bit should be reset after the first data byte 
is sent to the SCC but before CRC has been trans­
mitted. If the bit is not reset before CRC is transmit­
ted, extra flags are sent, slowing down response 
time on the loop. If this bit is reset before the first da­
ta is written, the SCC completes the transmission of 
the present flag and reverts to the 1-Bit Delay mode. 
Atter gaining control of the loop, the SCC is not able 
to transmit again until a flag and another EOP have 
been received. Though not strictly necessary, it is 
good practice to set this bit only upon receipt of a 
poll frame to ensure that the SCC does not go on 
loop without the CPU noticing it. 

In synchronous modes other than SDLC with the 
Loop Mode bit set, this bit must be set before the 
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transmitter can go active in response to a received 
sync character. 

This bit is always ignored in Asynchronous mode 
and Synchronous modes unless the Loop Mode bit 
is set. This bit is reset by a channel or hardware re­
set. 

Bit 3 : Mark/ Flag Idle 
This bit affects only SDLC operation and is used to 
control the idle line condition. If this bit is set to "0", 
the transmitter sends flags an idle line. If this bit is 
set to "1", the transmitter sends continuous "1 s" af­
ter the closing flag of a frame. The idle line condi­
tion is selected byte by byte; i.e., either a flag or 
eight "1 s" are transmitted. The primary station in ali 
SDLC loop should be programmed for Mark Idle to 
create the EOP sequence. Mark Idle must be de­
selected at the beginning of a frame before the first 
data is written to the SCC, so that an opening flag 
can be transmitted. This bit is ignored in Loop mode, 
but the programmed value takes effect upon exiting 
the Loop mode. This bit is reset by a channel or hard­
ware reset. 

Bit 2 : Abort/Flag On Underrun 

This bit affects only SDLC operation and is used to 
control how the SCC responds to a transmit under­
run condition. If this bit is set to "1" and a transmit 
underrun occurs, the SCC sends an abort and a flag 
instead of CRC. If this bit is reset, the SCC sends 
CRC on a transmit underrun. At the beginning of this 
16-bit transmission, the Transmit Underrun/EOM bit 
is set, causing an External/Status interrupt. The 
CPU uses this status, along with the byte count from 
memory or the DMA, to determine whether the 
frame must be retransmitted. A transmit buffer Emp­
ty interrupt occurs at the end of this 16-bit transmis­
sion to start the next frame. If both this bit and the 
Mark/Flag Idle bit are set to "1 ", all "1 s" are trans­
mitted after the transmit underrun. This bit should 
be set after the first byte of data is sent to the SCC 
and reset immediately after the last byte of data so 
that the frame will be terminated properly with CRC 
and a flag. This bit is ignored in Loop mode, but the 
programmed value is active upon exiting Loop 
mode. This bit is reset by a channel or hardware re­
set. 

Bit 1 : Loop Mode 

In SDLC mode, the initial set condition of this bit 
forces the SCC to connect TxD to TxD and to be­
gin searching the incoming data stream so that it 
can go on loop. All bits pertinent to SDLC mode ope­
ration in other registers must be set before this mode 
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Figure 53: NRZ(NRZI)FM1 (FMO) Timing. 
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is selected. The transmitter and receiver should not 
be enabled until after this mode has been selected. 
As soon as the Go Active Onn Poll bit is set and an 
EOP is received the SCC goes on loop. If this bit is 
reset after the SCC is on loop, the SCC waits for the 
next EOP to go off loop. 

In synchronous modes, the SCC uses this bit, along 
with the Go Active On Poll bit, to synchronize the 
transmitter to the receiver. The receiver should not 
be enabled until after this mode is selected. The TxO 
pin is held marking when this mode is selected un­
less a break condition is programmed. The receiver 
waits for a sync character to be received and then 
enables the transmitter on a character boundary. 
The break condition, if programmed, is removed. 
This mode works properly with sync characters of 
6,8, or 16 bits. This bit is ignored in Asynchronous 
mode and is reset by a channel or hardware reset. 

Bit 0 : 6 Bit/a Bit SYNC 

This bit is used to select a special case of synchro­
nous modes. If this bit is set to "1" in Monosync 
mode, the receiver and transmitter sync characters 
are six bits long instead of the usual eight. If this bit 
is set to "1" in Bisync mode, the received sync will 
be 12 bits and the transmitter sync character will re­
main 16 bits long. This bit is ignored in SOLC and 
Asynchronous modes but still has effect in the spe­
cial external sync modes. This bit is reset by a chan­
nel or hardware reset. 

Write Register 11 (clock mode control). WR11 is 
the Clock Mode Control register. The bits in this re­
gister control the sources of the both the receive and 
transmit clocks, the type of signal on the SYNC and 
RTxC pins, and the direction of the TRxC pin. Bit po­
sitions for WR11 are shown in Figure 54. 

Bit 7 : RTxC-XTALINO XTAL 

This bit controls the ~f input signal the SCC ex­
pects to see on the RTxC pin. If this bit is set to "0", 
the SCC expects a TTL-compatible signal as an in­
put to this pin. If this bit is set to "1 ", the SCC 
connects a high-gain amplifier between the RTxC 
and SYNC pins in expectation of a quartz crystal 
being placed across the pins. 

The output of this oscillator is available for use as a 
clocking source. In this mode of operation, the 
SYNC pin is unavailable for other use. The SYNC­
signal is forced to "0" internally. A hardware reset 
forces NO XTAL. (At least 20 ms should be allowed 
after this bit is set to allow the oscillator to stabilize.) 
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Bits 6 and 5 : Receiver Clock 1 And 0 

These bits determine the source of the receive clock 
as shown in Table 13. They do not interfere with any 
of the modes of operation in the SCC but simply 
control a multiplexer just before the internal receive 
clock input. A hardware reset forces the receive 
clock to come from the TRxC pin. 

Table 13 : Receive Clock Source. 

Receive Receive 
Clock 1 Clock 0 

0 0 Receive Clock = RTxC Pin 
0 1 Receive Clock = TRxC Pin 
1 0 Receive Clock = BR Output 
1 1 Receive Clock = DPLL Output 

Bits 4 and 3 : Transmit Clock 1 and 0 

These bits determine the source of the transmit 
clock as shown in Table 14. They do not interfere 
with any of the modes of operation of the SCC but 
simply control a multiplexer just before the internal 
transmit clock input. The OPLL output that may be 
used to feed the transmitter in FM modes lags by 90 
the output of the OPLL used by the receiver. This 
makes the received and transmitted bit cells occur 
simultaneously~ecting delays. A hardware re­
set selects the TRxC pin as the source of the trans­
mit clocks. 

Table 14 : Transmit Clock Source. 

Transmit Transmit 
Clock 1 Clock 0 

0 0 Transmit Clock = RTxC Pin 
0 1 Transmit Clock = TRxC Pin 
1 0 Transmit Clock = BR Output 
1 1 Transmit Clock = DPLL Output 

Bit 2 : TRxC Oil 

This bit determines the direction of the TRxC pin. If 
this bit is set to "1", the TRxC pin is an output and 
carries the signal selected by 01 and DO of this re­
gister. However, if either the receive or the transmit 
clock is programmed to come from the TRxC pin, 
TRxC will be an input, regardless of the slate of this 
bit. The TRxC pin is also an input if this bit is set to 
"0". A hardware reset forces this bit to "0". 

Bits 1 and 0 : TRxC Output Source 1 And 0 

These bits determine the signal to be echoed out of 
the SCC via the TRxC pin. No signal is produced if 
TRxC has been programmed as the source of either 
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Figure 54 : Write Register 11 . 
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the receive or the transmit clock. If TRxC Oil (bit 2) 
is set to "0", these bits are ignored. 

Write Register 12 (lower byte of baud rate gene­
rator time constant). WR12 contains the lower 
byte of the time constant for the baud rate gener­
ator. The time constant can be changed at any time, 
but the new value does not take effect until the next 
time the time constant is loaded into the down coun­
ter. No attempt is made to synchronize the loading 
of the time constant into WR 12 and WR 13 with the 
clock driving the down counter. For this reason, it 
is advisable to disable the baud rate generatorwhile 
the new time constant is loaded into WR12 and 
WR13. Ordinarily, this is done anyway to prevent a 
load of the down counter between the writing of the 
upper and lower bytes of the time constant. 

If the XTAL oscillator output is programmed to be 
echoed, and the Xtal oscillator has not been en­
abled, the TRxC pin goes High. The DPLL signal 
that is echoed is the DPLL signal used by the recei­
ver. Hardware reset selects the XTAL oscillator as 
the output source. 

Table 15 : Transmit External Control Selec­
tion. 

Output Output 
Signal Signal 

0 0 TRxC = XTAL Oscillator Output 
0 1 TRxC = Transmit Clock 
1 0 TRxC = B R Output 
1 1 TRxC = DPLL Output (Receive) 

The formula for determining the appropriate time 
constant for a given baud is shown below with the 
desired rate in bits per second and the BR clock pe-
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riod in seconds. This formula is derived because the 
counter decrements from N down to "0"- plus-one­
cycle for reloading the time constant and is then fed 
to a toggle flip-flop to make the output a square 
wave. Bit positions for WR12 are shown in Figu­
re 55. 

Time constant = [1/2 desired rate· BR clock pe­
riodj- 2 

Figure 55 : Write Register 12. 

'-------- TCI 
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LOWER BYTE OF 
TIME CONSTANT 

Write Register 13 (upper byte of baud rate gene­
rator time constant). WR13 contains the upper 
byte of the time constant for the baud rate gener­
ator. Bit positions for WR13 are shown in Figure 56. 

Write Register 14 (miscellaneous control bits). 
WR14 contains some miscellaneous control bits. Bit 
positions for WR14 are shown in Figure 57. 

Bits 7 and 5 : Digital Phase-Locked Loop 
Command Bits 

These three bits encode the eight commands forthe 
Digital Phase-Locked Loop. A channel or hardware 
reset disables the DPLL, resets the mission clock 
latches, sets the source to the RTxC pin and selects 
NRZI mode. The Enter Search Mode command en­
ables the DPLL after a reset. 

Null Command (000). This command has no effect 
on the DPLL. 

Enter Search Mode (001). Issuing this command 
causes the DPLL to enter the Search mode, where 
the DPLL searches for a locking edge in the inco­
ming data stream. The action taken by the DPLL 
upon receipt of this command depends on the ope­
rating mode of the DPLL. 
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Figure 56 : Write Register 13. 
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Figure 57 : Write Register 14. 
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In NRZI mode, the output of the DPLL is High while 
the DPLL is waiting for an edge in the incoming da­
ta stream. After the Search mode is entered, the first 
edge the DPLL sees is assumed to be a valid data 
edge, and the DPLL begins the clock recovery ope­
ration from that point. The DPLL clock rate must be 
32 times the data rate in NRZI mode. Upon leaving 
the Search mode, the first sampling edge of the 
DPLL occurs 16 of these 32X clocks after the first 
data edge and the second sampling edge occurs 48 
of these 32X clocks after the first data edge. Beyond 
this point, the DPLL begins normal operation, adjus­
ting the output to remain in sync with the incoming 
data. 

In FM mode, the output of the DPLL is Low while 
the DPLL is waiting for an edge in the incoming da­
ta stream. The first edge the DPLL detects is assu­
med to be a valid clock edge. For this to be the case, 
the line must contain only clock edges; i.e., with 
FM1 encoding, the line must be continuous "Os". 
With FMO encoding the line must be continuous 
"1 s", whereas Manchester encoding requires alter­
nating "1 s" and "Os" on the line. The DPLL clock rate 
must be 16 times the data rate in FM mode. The 
DPLL output causes the receiver to sample the da­
ta stream in the nominal center of the two halves of 
the bit cell to decide whether the data was a "1" or 
a "0". After this command is issued, as in NRZI 
mode, the DPLL starts sampling immediately after 
the first edge is detected. (In FM mode, the DPLL 
examines the cl0ck edge of every other bit cell to 
decide what correction must be made to remain in 
sync). If the DPLL does not see an edge during the 
expected window, the one clock mission bit in RR1 0 
is set. If the DPLL does not see an edge after two 
successive attempts, the two clocks missing bit in 
RR10 is set and the DPLL automatically enters the 
Search mode. This command resets both clock mis­
sing latches. 

Reset Clock Missing (010). Issuing this command 
disables the DPLL, resets the clock missing latches 
in RR10, and forces a continuous Search mode 
state. 

Disable DPLL (001). Issuing this command disa­
bles the DPLL, resets the clock missing latches in 
RR1 0, and forces a continuous Search mode state. 

Set Source = BR Gen (100). Issuing this command 
forces the clock for the DPLL to come from the out­
put of the baud rate generator. 

Set Source = RTxC (101). Issuing the command 
forces the clock for the DPII to come from the RTxC 
pin or the crystal oscillator, de-pending on the state 
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of the XTAUno XTAL bit in WR11. This mode is se­
lected by a channel or hardware reset. 

Set FM Mode (110). This command forces the 
DPLL to operate in the FM mode and is used to re­
cover the clock from FM or Manchester-encoded 
data. (Manchester is decoded by placing the recei­
ver in NRZ mode while the DPLL is in FM mode.) 

Set NRZI Mode (111). Issuing this command forces 
the DPLL to operate in the NRZI mode. This mode 
is also selected by a hardware or channel reset. 

Bit 4 : Local Loopback 

Setting this bit to "1" selects the local Loopback 
mode of operation. In this mode, the internal trans­
mitted data is routed back to the receiver, as well as 
to the TxD pin. The CTS ans DCD inputs are igno­
red as enables in Local Loopback mode, even if auto 
enables is selected. (If so programmed, transitions 
on these inputs still cause interrupts.) This mode 
works with any Transmit/Receive mode ex-cept 
Loop mode. For meaning-ful results, the frequency 
ofthe transmit and receive clocks must be the same. 
This bit is reset by a channel or hardware reset. 

Bit 3 : Auto Enable 

Setting this bit to "1" selects the Auto Enable mode 
of operation. In this mode, the TxD pin is connected 
to RxD, as in Local Loopback mode, but the recei­
ver still listens to the RxD input. Transmitted data is 
never seen inside or outside the SCC in this mode, 
and CTS is ignored as a transmit enable. This bit is 
reset by a channel or hardware reset. 

Bit 2 : DTRIRequest Function 

This bit selects the function of the DTRlREQ pin fol­
lows the state of the DTR bit in WR5. If this bit is set 
to "1 ", the DTR/REQ pin follows the state of the DTR 
bit in WR5. If this bit is set to "1 ", the DTR/REQ pin 
goes Low whenever the transmit buffer becomes 
empty and in any of the synchronous mode when 
CRC has been sent at the end of a message. The 
request function on the DTR/REQ pin differs some­
what from the transmit request function available on 
the ViI/REQ pin in that REQUEST does not go inac­
tive until the internal operation satisfying the request 
is complete, which occurs four to five PCLK cycles 
after the rising edge of DS, READ or WRITE. If the 
DMA used is edge-triggered, this difference is unim­
portant. This bit is reset by a channel or hardware 
reset. 

Bit 1 : Baud Rate Generator Source 

This bit selects the source of the clock for the baud 
rate generator. If this bit is set to "0", the baud rate 
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generator clock comes from either the RTxC pin or 
the XTAL oscillator (depending on the state of the 
XTALlno XTAL bit). If this bit is set to "1", the clock 
for the baud rate generator is the SCC's PCLK in­
put. Hardware reset sets this bit to "0", selecting the 
RTxC pin as the clock source for the baud rate ge­
nerator. 

Bit 0 : Baud Rate Generator Enable 

This bit controls the operation of the baud rate ge­
nerator. The counter in the baud rate generator is 
enabled for counting when this bit is set to "1 ", and 
counting is inhibited when this bit is set to "0". When 
this bit is set to "1 ", change in the state of this bit is 
not reflected by the output of the baud rate gener­
ator for two counts of the counter. This allows the 
command to be synchronized. However, when set 
to "0", disabling is immediate. This bit is reset by a 
hardware reset. 

Write Register 15 (external/status interrupt 
control). WR15 is the External/Status Source 
Control register. If the External/Status interrupts are 
enabled as a group via WR1, bits in this register 
control which External/Status conditions can cause 
an interrupt. Only the External/Status conditions that 
occur after the controlling bit are sent to "1" will 
cause an interrupt. This is true even if an Exter­
nal/Status condition is pending at the time the bit is 
set. Bit pOSitions for WR15 are shown in Figure 58. 

Bit 7 : Break/Abort IE 

If this bit is set to "1", a change in the Break/Abort 
status of the receiver causes an External/Status in­
terrupt. This bit is sElt by a channel or hardware re-
set. . 

Bit 6 : Tx Underrun/EOM 

If this bit is set to "1 ", a change of state by the Tx 
Underrun/EOM latch in the transmitter causes an 
External/Status interrupt. This bit is setto "1" a chan­
nel or hardware reset. 

Bit 5: CTS IE 

If this bit is set to "1 ", a change of state on the CTS 
pin causes an External/Status interrupt. This bit is 
set by a channel or hardware reset. 

Bit 4 : SYNC/Hunt IE 

If this bit is set to "1", a change of state on the SYNC 
pin causes an External/Status interrupt in Asyn­
chronous mode, and a change of state in the Hunt 
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bit in the receiver causes and Extemal/Status inter­
rupt in synchronous modes. This bit is set by a chan­
nel or hardware reset. 

Bit 3: DCD IE 

If this bit is set to "1 ", a change of state on the OCO 
pin causes an External/Status interrupt. This bit is 
set by a channel or hardware reset. 

Bit 2 : Not Used 

Must be "0". 

Bit 1 : Zero Count IE 

If this bit is set to "1", an External/Status interrupt is 
generated whenever the counter in the baud rate 
generator reaches "0". This bit issetto "0" by a chan­
nel or hardware reset. 

Bit 0 : Not Used 

Must be "0". 

READ REGISTERS 

The Z8530 SCC contains seven read registers in 
each channel. In addition there are two registers 
which are shared by both channels. The status of 
these registers is continually changing and depends 
on the mode of communication, received and trans­
mitted data, and the manner in which this data is 
transferred to and from the CPU. The following des­
cription details the bit aSSignments for each regis­
ter. 

Read Register 0 (transmit! receiver buffer status 
and external status). Read Register 0 contains the 
status of the receive and transmit buffers. RRO also 
contains the status bits for the six sources of Exter­
nal/Status interrupts. The bit configuration is illustra­
ted in Figure 59. 

Bit 7 : Break/Abort 

In the Asynchronous mode, this bit is set when a 
Break sequence (null character plus framing error) 
is detected in the receive data stream. This bit is re­
set when the sequence is terminated, leaving a sin­
gle null character in the receive FIFO. This charac­
ter should be read and discarded. In SOLC mode, 
this bit is set by the detection of an Abort sequence 
(seven or more "1 s"), then reset automatically atthe 
termination of the Abort sequence. In either case, if 
the Break/Abort IE bit is set, an External/Status in­
terrupt is initiated. Unlike the remainder of the Ex­
ternal/Status bits, both transitions are guaranteed to 
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cause an External/Status interrupt, even if another 
External/Status interrupt is pending at the time these 
transitions occur. This procedure is necessary be­
cause Abort or Break conditions rnay not persist. 

Bit 6 : TX Underrun/EOM 

This bit is set by a channel or hardware reset and 
when the transmitter is disabled or a Send Abort 
command is issued. This bit can only be reset by the 
reset Tx Underrrun/EOM Latch command in WRO. 
When the Transmit Underrun occurs, this bit is set 
and causes an External/Status interrupt (if the Tx 
Underrun/EOM IE bit is set). 

Only the 0-to-1 transition of this bit causes an inter­
rupt. This bit is always "1" in Asynchronous mode, 
unless a reset Tx Underrun/EOM Latch command 
has been erroneously issued. In this case, the Send 
Abort command can be used to set the bit to one 
and at the same time cause an External/Status in­
terrupt. 

Bit 5 : Clear to Send 

If the CTS IE bit in WR15 is set, this bit indicates the 
state of the CTS pin the last time any of the enabled 
External/Status bits changed. Any transition on the 
CTS pin while no interrupt is pending latches the 
state of the CTS pin and generates an External/Sta­
tus interrupt. Any odd number of transitions on the 
CTS pin while another External/Status interrupt is 
pending also causes an External/Status interrupts 
condition. If the CTS IE bit is reset, it merely reports 
the current unlatched state of the CTS pin. 

Bit 4 : SYNC/Hunt 

The operation of this bit is similar to that of the CTS 

Figure 58 : Write Register 15. 
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bit, except that the condition monitored by the bit va­
ries depending on the mode in which the SCC is 
operating. 

When the XTAL oscillator option is selected in asyn­
chronous modes, this bit is forced to "0" (no Exter­
nal/Status interrupt is generated). Selecting the 
XT AL oscillator in synchronous or SDLC modes had 
no effect on the operation of this bit. 

The XTAL oscillator should not be selected in Exter­
nal Sync mode. 

In Asynchronous mode, the operation of this bit is 
identical to that of the CTS status bit, except that this 
bit reports the state of the SYNC pin. 

In External sync mode the SYNC pin is used by ex­
ternal logic to signal character synchronization. 
When the Enter Hunt Mode command is issued in 
External Sync mode, the SYNC pin must be held 
High by the external sync logic until character syn­
chronization is achieved. A High on the SYNC pin 
holds the Sync/Hunt bit in the reset condition. 

When external synchronization is achieved, SYNC 
must be driven Low on the second rising edge ofthe 
Receive Clock after the last rising edge of the Re­
ceive Clock on which the last bit of the receive cha­
racter was received. Only SYNC is forced Low, it is 
good practice to keep it Low until the CPU informs 
the external sync logic that synchronization has 
been lost or that a new message is about to start. 
Both transitions on the SYNC pin cause Exter­
nal/Status interrupts if the Sync/Hunt IE bit is set to 
"1 ". 

The Enter Hunt Mode command should be issued 

Figure 59 : Read Register O. 
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whenever character synchronization is lost At the 
same time, the CPU should inform the external lo­
gic that character synchronization has been lost and 
that the SCC is waiting for SYNC to become active. 

In the Monosync and Bisync Receive modes, the 
Sync/Hunt status bit is initially set to "1" by the En­
ter Hunt Mode command. The Sync/Hunt bit is re­
set when the SCC established character synchroni­
zation. Both transitions cause External/Status inter­
rupts if the Sync/Hunt IE bit is set. When the CPU 
detects the end of message or the loss of character 
synchronization, the Enter Hunt Mode command 
should be issued to set the Sync/Hunt bit and cause 
an External/Status interrupt-In this mode, the SYNC 
pin is an output, which goes Low every time a sync 
pattern is detected in the data stream. 

In the SOLC modes, the Sync/Hunt bit is initially set 
by the Enter Hunt Mode command or when the re­
ceiver is disabled. It is reset when the opening flag 
of the first frame is detected by the SCC. An Exter­
nal/Status interrupt is also generated if the 
Sync/Hunt IE bit is set. Unlike the Monosync and Bi­
sync modes, once the Sync/Hunt bit is reset in SOLC 
mode, it does not need to be set when the end of 
the frame is detected. The SCC automatically main­
tains synchronization. The only way the Sync/Hunt 
bit can be set again is by the Enter Hunt Mode com­
mand or by disabling the receiver. 

Bit 3 : Data Carrier Detect 

If the OCO bit in WR15 is set, this bit indicates the 
state of the OCO pin the last time the Enabled Ex­
ternal/Status bits changed. Any transition on the 
OCO pin while no interrupt is pending latches the 
state of the OCO pin, and generates an Exter­
nal/Status interrupt. Any odd number of transitions 
on the OCO pin while another External/Status inter­
rupt is pending also causes an External/Status in­
terrupt condition. If the OCO IE is reset, this bit me­
rely reports the current, unlatched state of the OCO 
pin. 

Bit 2 : TX Buffer Empty 

This bit is set to "1" when the transmit buffer is emp­
ty. It is reset while CRC is sent in a synchronous or 
SOLC mode and while the transmit buffer is full. The 
bit is reset when a character is loaded into the trans­
mit buffer. This bit is always in the set condition af­
ter a hardware or channel reset. 

Bit 1 : Zero Count 

If the Zero Count Interrupt Enable bit is set in WR15, 
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this bit is set to one while the counter in the baud 
rate generator is at the count of zero. If there is no 
other External/Status interrupt condition pending 
at the time this bit is set, an External/Status interrupt 
is generated. However, if there is another Exter­
nal/Status interrupt pending at this time, no interrupt 
is initiated until interrupt service is complete. If the 
Zero Count condition does not persit beyond the end 
of the interrupt service routine, no interrupt will be 
generated. This bit is not latched High, even thought 
the other External/Status latches close as a resu It 
of the Low-to-High transition on ZC. The interrupt 
service routine should check the other External / 
Status conditions for changes. If none changed, ZC 
was the source. In polled applications, check the IP 
bit in RR3A for a status change and then proceed 
as in the interrupt service routine. 

Bit 0 : RX Character Available 

This bit is set to "1" when at least one character is 
available in the receive FIFO and is reset when the 
receive FIFO is complety empty. A channel or hard­
ware reset empties the receive FIFO. 

Read Register 1. RR1 contains the Special Re­
ceive Condition status bits and the residue codes 
for the I-field in SOLC mode. Figure 60 shows the 
bit positions for RR1. 

Bit 7 : End of Frame (SOL C) 

This bit is used only in SOLC mode and indicates 
that a valid closing flag has been received and that 
the CRC Error bit and residue codes are valid. This 
bit can be reset by issuing the Error Reset com­
mand. It is also updated by the first character of the 
following frame. This bit is reset in any mode other 
than SOLC. 

Bit 6 : CRC/Framing Error 

If a framing error occurs (in Asynchronous mode), 
this bit is set (and not latched) for the receive cha­
racter in which the framing error occurred. Detection 
of a framing error adds an additional one-half bit to 
the character time so that the framing error is not in­
terpreted as a new Start bit. In Synchronous and 
SOLC modes, this bit indicates the result of compa­
ring the CRC checker to the apppropriate check va­
lue. This bit is reset by issuing an Error Reset com­
mand, but the bit is never latched. Therefore, it is al­
ways updated when the next character is received. 
When used for CRC error status in Synchronous or 
SOLC modes, this bit is usually set since most bit 
combination, except for a correctly completed mes­
sage, result in a non-zero CRC. 



REGISTERS DESCRIPTION (cont'd) 

Figure 60 : Read Register 1. 
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L-______ END OF FRAMEISDLCI 

Bit 5 : Receiver Overrun Error 

This bit indicates that the receive FIFO has overflo­
wed. Only the character that has been written over 
is flagged with this error, and when the character is 
read, the Error condition is latched until reset by the 
Error Reset command. The overrun character and 
all subsequent characters received until the Error 
Reset command is issued causes a Special Receive 
Condition vector to be returned. 

Bit 4 : Parity Error 
When parity is enabled, this bit is set for the charac­
ters whose parity does not match the programmed 
sense (even/odd). This bit is latched so that once an 
error occurs, it remains set until the Error Reset 
command is issued. If the parity in Special Condi­
tion bit is set, a parity error causes a Special Re­
ceive Condition vector to be returned on the charac­
ter containing the error and on all subsequent cha­
racters until the Error Reset command is issued. 

Bit 3,2, and 1 : Residue Codes 2,1, And 0 

In those cases in SOLC mode where the received 1-
Field is not an integral multiple of the character 
length, these three bits indicate the length of the 1-
Field and are meaningful only for the transfer in 
which the end of frame bit is set. This field is set to 
"011" by a channel or hardware reset and is forced 
to this state in Asynchronous mode. These three bits 
can leave this state only if SOLC is selected and a 
character is received. The codes signify the follo­
wing (Reference Table 16 when a receive charac­
ter length is eight bits per character). 
I-Field bits are right-justified in all cases. If a receive 
character length other than eight bits is used for the 
I-Field, a table similar to Table 16 can be construc­
ted for each different character length. Table 17 

Z8530· 

shows the residue codes for no residue (The I-Field 
boundary lies on a character boundary). 

Table 16 : I-Field Bit Selection (8 Bits 
only). 

Residue Residue Residue I·Field Bits I·Field Bits in 
In Last Byte Previous Byte 

1 0 0 0 3 
0 1 0 0 4 
1 1 0 0 5 
0 0 1 0 6 
1 0 1 0 7 
0 1 1 0 8 
1 1 1 1 8 
0 0 0 2 8 

Bit 0 : All Sent 

In Asynchronous mode, this bit is set when all cha­
racters have completely cleared the transmitter 
pins. Most modems contain additional delays in the 
data path, which requ ires the modem control signals 
to remain active until after the data has cleared both 
the transmitter and the modem. This bit is always 
set in synchronous and SOLC modes. 

Table 17 : Residue Bits/Character. 

Bits 1 Char Residue Residue Residue 

8 0 1 1 
7 0 0 0 
6 0 1 0 
5 0 0 1 

Read Register 2. RR2 contains the interrupt vector 
written into WR2. When the register is accessed in 
Channel A, the vector returned is the vector actual­
ly stored in WR2. When this register is accessed in 
Channel B, the vector returned includes status in­
formation in bits 1, 2, and 3, or in bits 6, 5, and 4, 
depending on the state of the Status High/Status 
Low bit in WR9 and independent of the state of the 
VIS bit in WR9. The vector is modified according to 
Table 11 shown in the explanation of the VIS bit in 
WR9. If no interrupts are pending, the status is V3, 
V2, V1 = 011, or V6, V5, V4 = 110. Figure 61 shows 
the bit positions for RR2. 
Read Register 3. RR3 is the Interrupts Pending re­
gister. The status of each of the Interrupt Pending 
bits in the SCC is reported in this register. This re­
gister exists only in Channel A. If this register is ac­
cessed in Channel B, all "Os" are returned. The two 
unused bits are always returned as "0". Figure 62 
shows the bit pOSitions for RR3. 
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REGISTERS DESCRIPTION (cont'd) 

Read Register 8. RRB is the Receive Oata register. 

Read Register 10. RR10 contains some miscella­
neous status bits. Unused bits are always "0". Bit 
positions for RR1 0 are shown in Figure 63. 
Bit 7 : One Clock Missing 

While operating in the FM mode, the OPLL sets this 
bit to "1" when it does not see a clock edge on the 
incoming lines in the window where it expects one. 
This bit is latched until reset by a Reset Missing 
Clock or Enter Search Mode command in WR14. In 
the NAZI mode of operation and while the OPLL is 
disabled, this bit is always "0". 

Bit 6 : Two Clocks Missing 

While operating in the FM mode, the OPLL sets this 
bit to "1" when it does not see a clock edge in two 
successive tries. At the same time the OPLL enters 
the Search mode. This bit is latched until reset by a 
Reset Missing Clock or Enter Search Mode com­
mand in WR1 O. In the NAZI mode of operation and 
while the OPLL is disabled, this bit is always "0". 

Bit 4 : Loop Sending 
This bit is set to "1" in SOLC Loop mode while the 
transmitter is in control of the Loop, that is, while the 

Figure 61 : Write Register 2. 
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SCC is actively transmitting on the loop. This bit is 
reset at all other times. 
This bit can be polled in SOLC mode to determin 
when the closing flag has been sent. 

Bit 1 : On Loop 
This bit is set to "1" while the SCC is actually onloop 
in SOLC Loop mode. This bit is set to "1" in the X.21 
mode (Loop mode selected while in monosync) 
when the transmitter goes active. This bit is "0" at 
all other times. This bit can also be pulled in SOLC 
mode to determine when the closing flag hass been 
sent. 
Read Register 12. RR12 retums the value stored 
in WR12, the lower byte of the time constant for the 
baud rate generator. Figure 64 shows the bit posi­
tions for RR12 
Read Register 13. RR13 retums the value stored 
in WR13, the upper byte of the time constant for the 
baud rate generator. Figure 65 shows the bit posi­
tions for RR13. 
Read Register 15. RR15 reflects the value stored 
in WR15, the ExternaVStatus IE bits. The two unu­
sed bits are always returned as "Os". Figure 66 
shows the bits positions for RR15. 

Figure 62 : Write Register 3. 
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REGISTERS DESCRIPTION (cont'd) 

Figure 63 : Write Register 10. 
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Figure 64 : Write Register 12. 
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Figure 65 . Write Register 13. 

1~I'l~~' 
UPPER BYTE OF 

IC" TIME CONSTANT 

TC,. 

-- let4 

TC15 

Figure 66 : Write Register 15. 
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see INITIALIZATION WORKSHEET 
This section describes the software initialization pro­
cedure for the Serial Communications Controller 
(SCC). 

Figure 68 provides a worksheet that can be used as 
an aid when initializing the SCC. Since all SCC ope­
ration modes are initialized in a similar manner, the 
worksheet can be used to tailor the SCC device to 
the user's individual need. Specific examples are gi­
ven in the following sections. 

Register Overview 

Each of the SCC's two channels has its own sepa­
rate Write registers that are programmed to initialize 
different operating modes. There are two types of 
bits in the Write registers: Command bits and Mode 
bits. An example of a register that contains both 
types of bits is Write Register9 (WR9), and is shown 
in figure 67. 

Figure 67 : Write Register 2. 

-. . ., 
.--ro 
.--r.-
-'-
0513A 8·2 

NO RESET 

CHANNEL RESET • 

CHANNEL RESET A 

FORCE HARDWARE 
RESET 

WR9 is the Master Interrupt Control register and 
contains the Reset command bits. Command bits 
are denoted by having boxes drawn around them in 
register diagrams. Bit 05 in this register is not used 
in this register and must be 0 at all times. 

The Command bits, 07 and 06, select one of the 
reset commands for the SCC. Setting either of these 
bits to 1 disables both the receiver and the transmit­
ter in the corresponding channel, forces TxO for the 
channel marking, forces the modem control signals 
High in that channel, resets all IPs and IUSs, and di-
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sables all interrupts in that channel. Functions con­
trolled by the Command bits can only be enabled or 
disabled, they cannot be toggled. 

Bits 04-00 are Mode bits that can be enabled or di­
sabled either by being set to "1" or reset to "0". Each 
Mode bit affects only one function. For example, Bit 
01 is the No Vector mode bit, it controls whether or 
not the SCC will respond to an interrupt acknow­
ledge cycle by placing a vector on the data bus. If 
this bit is set, no vector is returned. In command bits 
entry, each new command requires a separate 
rewrite of the entire register. Care must be taken 
when issuing a command, so that the Mode bits are 
not changed accidentally. 

Initialization Procedure 

The SCC initialization procedure is divided into three 
parts. The first part consists of programming the 
operation modes (e.g. bits-per-character, parity) 
and loading the constants (e.g., interrupt vector, 
time constants). The second part enables the hard­
ware functions (e.g., transmitter, receiver, baud-rate 
generator). It is important that the operating modes 
are programmed before the hardware functions are 
enabled. The third part, if required, consists of 
enabling the different interrupts. 

Table 18 shows the order (from top to bottom) in 
which the SCC registers are to be programmed. 
Those registers that need not be programmed are 
listed as optional in the comments column. The bits 
in the registers that are marked with an "X" are to 
be programmed by the user. The bits marked with 
an "s" are to be set to their previous programmed 
value. For example, in part 2, Write Register 3, bits 
01-07 are shown with an "s" because they have 
been programmed in part 1 and must remain set to 
the same value. 

Initialization Table Generation 

Figure 68 is a worksheet for the initialization of the 
SCC. All the bits that must be programmed as ei­
ther a "0" or a "1" are already filled in ; the remaining 
bits are left blank and are to be programmed by the 
user according to the desired mode of operation. 
The binary value can then be converted to a hexa­
decimal number and placed in the table, following 
the Write register notation in the column labeled 
"HEX". A Program Initialization Table is produced 
when this worksheet is completed. 



SCC INITIALIZATION WORKSHEET (cont'd) 

Figure 68 : SCC Initialization Worksheet. 
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COMMENTS 

SOFTWARE RESET 

AESET TxCRC 

RESET ExtJSTATUS 

RESET ExtlSTATUS 
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SCC INITIALIZATION WORKSHEET (cont'd) 

Table 18: SCC Initialization Order. 

Part 1. Modes and Constants 

WR9 1100000 Hardware Reset 
WRO OOOOOOXX Select Shift Mode (8030 only) 
WR4 XXXXXXXX TxlRx Con, Async or Sync Mode 
WR1 OXXOOXOO Select W/REQ (opt) 
WR2 XXXXXXXX Program Interrupt Vector (opt) 
WR3 XXXXXXXO Select Rx Control 
WR5 XXXXOXXX Selects Tx Control 
WR6 XXXXXXXX Program Sync Character (opt) 
WR7 XXXXXXXX Program Sync Character (opt) 
WR9 OOOXOXXX Select Interrupt Control 
WR10 XXXXXXXX Miscellaneous Control (opt) 
WR11 XXXXXXXX Clock Control 
WR12 XXXXXXXX Time Constant Lower Byte (opt) 
WR13 XXXXXXXX Time Constant Upper Byte (opt) 
WR14 XXXXXXXO Miscellaneous Control 
WR14 XXXSSSSS Commands (opt) 

Reset Conditions 
Prior the initialization, the SCC should be reset by 
either hardware or software. A hardware reset can 

POLLED ASYNCHRONOUS MODE 

This section describes the use of the SCC in polled 
Asynchronous Mode. The device can be set with 5 
to 8 bits per character, 1, 1.5, or 2 stop bits, and a 
wide range of baud rates. In this particular example, 
8 bits per character, 2 stop bits and 9600 baud rate 
are used. An externaI2.4576MHz, crystal oscillator 
is used for baud-rate generation. The SCC can be 
programmed for localloopback for on-board diagno­
stics. The user can make use of this feature to test­
program the part without additional hardware to si­
miulate an actual transmit and receive environment. 
sec Interface 
Figure 69 shows the SCC to CPU interface required 
for this application. The 8-bit data bus and control 
lines all come from the user's CPU. The 8530 control 
lines are RD, WR, AiB, Die and CEo PCLK comes 
from the system clock, or an external crystal, up to 
the maximum rate of the SCC (ex. 6MHz for the 
Z8530A). The lEI and the INTACK pins should be 
pulled up. The baud-rate generator clock is connec­
ted to the RTxC pin. 

SCC Initialization 
Initialization of the SCC for polled asynchronous 
communication is divided into two parts; part one 
programs the operating modes of the SCC and part 
two enables them. Care must be taken when writing 
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Part 2. Enables 

WR14 000SSSS1 Baud Rate Enable 
WR3 SSSSSSS1 Rx Enable 
WR5 SSSS1SSS Tx Enable 
WRO 10000000 Reset Tx CRG (opt) 
WR1 XSSOOSOO DMA Enable (opt) 

Part 3. Interrupt Status 

WR15 XXXXXXXX Enable External/status 
WRO 00010000 Reset External Status 
WRO 00010000 Reset External Status Twice 
WR1 SSSXXSXX Enable Rx, Tx and ExVstatus 
WR9 OOOSXSSS Enable Master Interrupt Enable 

1 = Set to one X = User defined 
o = Reset to zero S = Same as previously prog. 

be accomplished by simultaneously grounding. A 
software reset can be executed by writing a OH to 
Write Register 9. 

the software to meet the SCC's Cycle and Reset Re­
covery times. The Cycle Recovery time, 6 PCLK cy­
cles, applies to the period between any Read or 
Write cycles affecting the SCC. The Reset Recove­
ry time is the period after a hardware reset caused 
either by hardware or software; this recovery time 
extends the Cycle Recovery time to 11 PCLK cy­
cles. For more details about these recovery times, 
see the section Interfacing the SCC. 

Table 19: Polled Asynchronous Initialization Pro­
cedure. 

Register Value Comments 

WR9 COH Force Hardware Reset 
WR4 4CH x16 Clock, 2 Stop Bits, no Parity 
WR3 COH Rx8 Bits, Rx Disabled 
WR5 60H Tx8 Bits, DTR, RTS, Tx off 
WR9 OOH In!. Disabled 

WR10 OOH NRZ 
WR11 56H Tx & Rx = BRG out, TRxC = BRG ou 
WR12 06H Time Constant = 6 
WR13 OOH Time Constant High = 0 
WR14 10H BRG in = RTxC, BRG off, Loopback 

Enables 

WR14 11H BRG Enable 
WR3 C1H Rx Enable· 
WR5 68H Tx Enable 



POLLED ASYNCHRONOUS MODE (cont'd) 

Figure 69. 
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SCC Operating Mode Programming 
WR9 resets the SCC to a known state by writing a 
CO hex. The command, Force Hardware Reset, is 
identical to a hardware reset. 
WR4 selects the asynchronous, x 16 mode, with 
2 stop bits and no parity. The x 16 mode means that 
clock rate is 16 times the data rate. 
WR3 selects 8 bits per character and does not 
enable the receiver. The 8 bits per character allows 
8 bits to be assembled from the data stream. The 
receiver is not enabled at this time because the SCC 
has not been initialized. 

WR5 selects 8 bits per character and does not 
enable the transmitter. The 8 bits per character al­
lows 8 bits to be sent, as data, with the least signi­
ficant bit first. The transmitter is not enabled at this 
time because the SCC has not been initialized. 
WR9 selects that there are no interrupts enabled. 
This inhibits the SCC from requesting an interrupt 
from the CPU. 
WR10 selects NRZ encoding. This NRZ coding is 
used on the transmitter as well as the receiver. 
WR11 selects the RTxC pin to TTL clock; the baud­
rate generator is the transmit and receive clocks 
source, and the TRxC pin as a baud-rate generator 
output. 
WR12 & WR13 and select the baud-rate generator's 
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sec 

PIN 12 FOR CHANNEL A 
PI! 28 FOR CHANNEL B 

2.457& latz 
osc 

time constant. The WR13 time constant is determi­
ned by the equation: 

Time Constant 
Clock Frequency 

-2 
2 x Baud Rate x clock mode 

In this example, the clock frequency is 2.4576MHz, 
the baud rate is 9600, and the clock mode is 16, the 
time constant is, therefore, 6 ; expressed as a 16-
bit, hexadecimal number, it is 0006H. The time 
constant LOW (WR12) is, therefore, 06H and the 
time constant HIGH (WR13) is DOH. The baud rate 
for this example can be varied, as long as the data 
rate is less than 1/4 of the PCLK rate. 
Table 20 shows the time constants for other com­
mon baud rates. 

Table 20 : Time Constants for Common Baud 
Rates. 

Baud Rate Divide.r 

Decimal Hex 

38400 0 OOOOH 
19200 2 0002H 

9600 6 0006H 
4800 14 OOOEH 
2400 30 001EH 
1200 62 003EH 

600 126 007EH 
300 254 OOFEH 
150 510 01FEH 

For 2.4576 MHz Clock, X 16 Mode 

~ SGS·THOMSON 
... ." IiilUi:IIB@I!II.EIJ1li@D!UCS 
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POLLED ASYNCHRONOUS MODE (cont'd) 

WR14 selects the baud-rate generator as the RTxC 
pin, baud-rate generator disabled, and internal loop­
back. The baud-rate generator uses the RTxC pin 
as the clock source and is not enabled at this time 
because the SCC initialization is not complete. 

SCC Operating Mode Enables 

WR14 enables the baud-rate generator. Bit 0 (LSB) 
is changed to a 1 to enable the baud-rate generator; 
all other bits must maintain the value selected du­
ring initialization. 

WR3 enables the receiver. Bit 0 (LSB) is changed 
to a 1 to enable the receiver, all other bits must main­
tain the value selected during initialization. 

WRS enables the transmitter. Bit 3 is changed to a 
1 to enable the transmitter, all other bits must main­
tain the value selected during initialization. 

Transmit and Receive Routines 

After initialization, and after all enables have been 
selected, the SCC is ready for communication. 

The transmitter buffer and the receive FIFO are 
empty. The example shown below is coded to trans­
mit and receive characters. 

Figure 71. 

SYSTEM 
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Figure 70 : Transmit and Receive Routine. 

; Transmit a character 

TXCHAR: INPUT RRO 
Test Bit 2 

JZ TXCHAR 

OUTPUT CHAR 

RET 

; Receive a character 
RXCHAR: INPUT RRO 

sec 

TEST BITO 

JZ RXCHAR 

INPUT CHAR 

RET 

INTERRUPT 
CONTROLLER 

2A576 MHz 
OSC 

;Read RRO 
;Test transmit 
buffer empty 
;Loop if not 
empty 
;Output chara 
cter to data port 
Return 

;Read RRO 
;Test Receive 
buffer 
;Loop if not 
full 
;Input charac 
ter from data 
port 
; Return 
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INTERRUPT WITHOUT INTACK ASYNCHRONOUS MODE 
This section describes the use of the SCC for inter­
rupt-driven Asynchronous Mode. As with the exam­
ple in the previous chapter, the SCC is set with 
a bits per character, 2 stop bits, at 9600 baud rate. 
An externaI2.4576MHz, crystal oscillator is used for 
baud-rate generation. Interrupt acknowledge is not 
generated because of the extra hardware required 
to produce this signal. In this chapter, the SCC is al­
so programmed for localloopback so that no exter­
nal loop between the transmit and the receive data 
lines is needed for on-board diagnostics. This fea­
ture allows the user to test-program the part without 
additional hardware to simiulate an actual transmit 
and receive environment. 

SCC Interface 

Figure 71 shows the SCC to CPU interface required 
for this application. The a-bit data bus and control 
lines all come from the user's CPU. For the 8530, 
the control lines are RD, WR, AlB, DIG and CEo The 
INT signal goes to an interrupt controller which must 
produce the interrupt vector to the CPU. The PCLK 
comes from the system clock, or an external crystal 
oscillator, up to the maximum rate of the SCC (ex. 
6MHz for the Za530A). The lEI and the INTACK pins 
should be pulled up. The baud-rate generator clock 
is connected to the RTxC pin. 

SCC Initialization 

The initialization of the SCC for interrupt-driven 
asynchronous communication is divided into three 
parts. Part one programs the operating modes of the 
SCC, part two and three enable them. Care must be 
taken when writing the code to meet the SCC's Cy­
cle and Reset Recovery times. The Cycle Recove­
ry time applies to the period between any Read or 
Write cycles to the SCC, and is 6PCLK cycles. The 
Reset Recovery time applies to a hardware reset 
caused either by hardware or software; this reco­
very time extends the Cycle Recovery time to 
11 PCLK cycles. More details about these recovery 
times can be found in the section Interfacing the 
SCC. 

Table 21. 

Register Value Comments 

WR9 COH Force Hardware Reset 
WR4 4CH x16 Clock, 2 Stop Bits, no Parity 
WR2 OOH Interrupt Vector OOWR3 

COH Rx8 Bits, Rx Disabled 
WR5 60H Tx8 Bits, DTR, RTS, Tx off 
WR9 OOH Int. Disabled WR10 

OOH NRZ 
WR11 56H Tx & Rx = BRG out, TRxC = BRG ou 
WR12 06H Time Constant = 6 
WR13 OOH Time Constant High = 0 
WR14 10H BRG in = RTxC, BRG off, Loopback 

Enables 

WR14 11 H BRG Enable 
WR3 C1H Rx Enable 
WR5 68H Tx Enable 

Enable Interrupts 

WR1· 12H Rx In! on All Char and Tx In! Enables 
WR9 08H MIE 

SCC Operating Modes Programming 

WR9 resets the SCC to a known state by writing a 
CO hex. This command, Force Hardware Reset, is 
identical to a hardware reset. 

WR4 selects asynchronous mode, x16 mode, 2 stop 
bits and no parity. The x16 mode means that the 
clock rate is 16 times the data rate. 

WR2 is the interrupt vector of the SCC. Even though 
a vector is not placed on the bus in this mode the 
vector including status in read from RR2. By writing 
OOH to this register the status read will be the only 
bits set in RR2. 

WR3 selects a bits per character and does not en­
able the receiver. The a bits per character allows a 
bits to be assembled from the data stream. The re­
ceiver is not enabled at this time because the SCC 
is not completely initialized. 

WRS selects a bits per character and does not 
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INTERRUPT WITHOUT INTACK ASYNCHRONOUS MODE (cont'd) 

enable the transmitter. The 8 bits per character al­
lows 8 bits to be sent as data with the least signifi­
cant bit first. The transmitter is not enabled at this 
time because the SCC is not completely initialized. 

WR9 selects that there are no interrupts enabled. 
This will inhibitthe SCC from requesting an interrupt 
from the CPU. 

WR10 selects NRZ encoding. This selects NRZ co­
ding is to be used on the transmitter and the recei­
ver. 

WR11 selects the RTxC pin to TTL clock, the trans­
mit and receive clocks source as the baud-rate ge­
nerator and the TRxC pin as a baud-rate generator 
output. 

WR12 & WR13 select the baud-rate generators time 
constant. The time constant is determined by the 
equation: 

Clock Frequency 
Time Constant = - 2 

2 x Baud Rate x clock mode 
In this example, the clock frequency is 2.4576MHz, 
the baud rate is 9600, and the clock mode is 16 ; the 
time constant is 6. Converting this time constant to 
a i6-bit hexadecimal number, it becomes 0006H. 
The time constant LOW (WR12) is 06H and the time 
constant HIGH (WR13) is OOH. The baud rate for 
this example can be varied for as long as the data 
rate is less than 1/40fthe PCLK rate. Table 22 gives 
the time constants for other common baud rates. 

Table 22 : Time Constants for Common 
Baud Rates. 

Baud Rate Divider 

Decimal Hex 

38400 0 OOOOH 
19200 2 0002H 

9600 6 0006H 
4800 14 OOOEH 
2400 30 001EH 
1200 62 003EH 

600 126 007EH 
300 254 OOFEH 
150 510 01FEH 

For 2.4576 MHz Clock, X 16 Mode 

WR14 selects the baud rate source as the RTxC pin, 
baud rate generator disabled, and internal loop­
back. The baud-rate generator will use the RTxC pin 
as the clock sou rce for the baud-rate generator. The 
baud-rate generator is not enabled at this time be­
cause the SCC initialization is not complete. 
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SCC Operating Mode Enables 

WR14 enables the baud-rate generator. Bit 0 (LSB) 
is changed to a 1 to enable the baud-rate generator 
; all other bits must maintain the value selected du­
ring initialization. 

WR3 enables the receiver. Bit 0 (LSB) is changed 
to a 1 to enable the receiver ; all other bits must 
maintain the value selected during initialization. 

WR5 enables the transmitter. Bit 3 is changed to a 
1 to enable the transmitter; all other bits must main­
tain the value selected during initialization. 

SCC Operating Mode Interrupts 

WR1 enables the Tx and the Rx interrupts. The Rx 
interrupt is programmed to generate an interrupt an 
all received characters or special conditions. This 
provides an interrupt on every character received by 
the sce. The external/status interrupts are not en­
abled in this application. 

WR9 sets the master interrupt enable (MIE) bit 3. 
Seting this bit enables the interrupts pending to ge­
nerate and interupt on the INT pin. 

Interrupt Routine 

When the sec has been initialized and enabled, it 
is ready for communication. The transmitter buffer 
and the receive FIFO are both empty. An interrupt 
will not be generated until the software writes the 
first character to the transmit buffer. Once the first 
character is in the sec shift register, the first trans­
mit interrupt will occur. The sec will then keep set­
ting transmit and receive interrupts to the interrupt 
controller until the end of the message. At the end 
of the message, a Reset Transmitter Interrupt Pen­
ding (WRO) is issued to clear the transmit interrupt. 
After the last character is read into the sec. the in­
terrupts will cease until another message is written 
into the transmitter. 

Once an interrupt is received and the interrupt con­
troller vectors to the interrupt routine, RR2 is read 
from channel B. The value read from RR2 is the vec­
tor, including status. This vector shows the status of 
the highest priority interrupt pending (IP) at the time 
it is read. Once the highest priority interrupt condi­
tion is cleared. RR2 will show the status of the next 
highest interrupt pending, if one is present. This al­
lows multiple interrupts to be serviced without the 
overhead of the interrupt acknowledge cycle of the 
interrupt controller. 

The following example shows how the interrupt rou­
tine should be coded. 
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HARDWARE INFORMATION 

Absolute Maximum Ratings 

Parameter 

Operating Temperature Z8530 B1/D1/C1 
B6/D6/C6 

Storage Temperature 

Voltages on any Pin with Respect to GND 

Total Power Dissipation 

Oscillator Frequency Z8530 
Z8530A 
Z8530B 

Z8530 

Test Conditions Unit 

o to + 70 °C 
- 40 to + 85 °C 

-65to+150 °C 

- 0.3 to + 7 V 

700 mW 

o to 4 MHz 
o to 6 
o to 8 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of these specifications is 
not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

Test Conditions Standard conditions are as follows: 
_ +4.75V$Vcc $+5.25V 
_ GND = 0 V 
_ 0 °C $ TA $ + 70°C 

The characteristics below apply for the following 
standard test conditions, unless otherwise noted. All 
voltages are referenced to GND. Positive current 
flows into the reference pin. All ac parameters assume a load capacitance of 

50 pf max. 

Figure 73 : Standard Test Load. 

DC Characteristics 

Symbol Parameter 

VIH Input High Voltage 

VIL Input Low Voltage 

VOH Output High Voltage . 

VOL Output Low Voltage 

IlL Input Leakage 

IOL Output Leakage 

Icc V cc Supply Current 

Figure 74 : Open-Drain Test Load. 

FROM OUTPUT 
UNDER TEST 

Test Conditions 

10H =- 250 ~ 

IOL = + 2.0 mA 

0.4 " VIN " + 2.4 V 

0.4" VOUT " + 2.4 V 

..v 

~2.2K 

rOPF 

Min. Max. 

2.0 Vcc+0.3 

- 0.3 0.8 

2.4 

0.4 

± 10.0 

± 10.0 

250 

Vee = 5 V ± 5 % unless otherwise specified, over specified temperature range. 

Unit 

V 

V 

V 

V 

~ 

~ 
mA 
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Z8530 

HARDWARE INFORMATION (cont'd) 

Capacitance 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

CliO Bidirectional Capacitance 

f = 1 MHz. over specified temperature range. 
Unmeasured pins returned to ground. 

AC Timing Characteristics 

Figure 75 : Read and Write Timing. 

Test Conditions Min. Max. 
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HARDWARE INFORMATION (cont'd) 

Table 23 : AC Timing Characteristics. 

N° Symbol Parameter 

1 TwPCI PCLK Low Width 

2 TwPCh PCLK High Width 

3 TIPC PCLK Fall Time 

4 TrPC PCLK Rise Time 

5 TcPC PCLK Cycle Time 

6 .TsA(WR) Address to WR J, Setup Time 

7 ThA(WR) Address to WR t Hold Time 

8 TsA(RD) Address to RD J, Setup Time 

9 ThA(RD) Address to RD t Hold Time 

10 TsIA(PC) INTACK to PCLK t Setup Time 

11 TsIAi(WR) INTACK to WR J, Setup Time 

12 ThIA(WR) INTACK to WR t Hold Time 

13 TsIAi(RD) INTACK to RD J, Setup Time 

14 ThIA(RD) INTACK to RD t Hold Time 

15 ThIA(PC) INTACK to PCLK t Hold Time 

16 TsCEI(WR) CE Low to WR J, Setup Time 

17 ThCE(WR) CE to WR t Hold Time 

18 TsCEh(WR) CE High to WR J, Setup Time 

19 TsCEI(RD) CE Low to RD J, Setup Time 

20 ThCE(RD) CE to RD t Hold Time 

21 TsCEh(RD) CE High to RD J, Setup Time 

22 TwRDI RD Low Width 

23 TdRD(DRA) RD J, to Read Data Active Delay 

24 TdRDr(DR) RD t to Read Data Not Valid 
Delay 

25 TdRDf(DR) RD J, to Read Data Valid Delay 

26 TdRD(DRz) RD t to Read Data Float Delay 

Z8530 

Min. Max. 
(ns) (ns) 

105 2000 

105 2000 

20 

20 

250 4000 

80 

0 

80 

0 

10 

200 

0 

200 

0 

100 

0 

0 

100 

0 

0 

100 

240 

0 

0 

250 

70 

Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions. 

Z8530 

Z8530A Z8530B 

Min. Max. Min. Max. Notes' 

(ns) (ns) (ns) (ns) 

70 1000 50 1000 

70 1000 50 1000 

10 10 

15 10 

165 2000 125 2000 

80 70 

0 0 

80 70 

0 0 

10 10 

160 145 1 

0 0 

160 145 1 

0 0 

100 85 

0 0 

0 0 

70 60 

0 0 1 

0 0 1 

70 60 1 

200 150 1 

0 0 

0 0 

180 140 

45 40 2 

2. Float delay is defined as the time required for a ± 0.5 V change in the output with a maximum dc load and minimum ac load. 
• Timings are preliminary and subiect to change. 

Gi SCiS·nlOMSON 
~ I il'llO©I!@~~[;©1f1lil@1ll0©$ 
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Z8530 

HARDWARE INFORMATION (cont'd) 

Figure 76 : Interrupt Acknowledge Timing. 

Figure 77 : Reset Timing. 

Figure 78 : Cycle Timing. 
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HARDWARE INFORMATION (cont'd) 

Table 24 : AC Timing Characteristics. 

N° Symbol Parameter 

27 TdA(DR) Address Required Valid to 
Read Data Valid Delay 

28 TwWR1 WR Low Width 

29 TsDW(WR) Write Data to WR 1 Setup Time 

30 ThDW(WR) Write Data WR t Hold Time 

31 TdWR(W) WR 1 to Wait Valid Delay 

32 TdRD(W) RD 1 to Wait Valid Delay 

33 TdWRf(REQ) WR 1 to W / REO Not Valid 
Delay 

34 TdRDf(REQ) RD 1 to W / REO Not Valid 
Delay 

35 TdWRr(REQ) WR t to DTR / REO Not Valid 
Delay 

36 TdRDr(REQ) RD t to DTR / REO Not Valid 
Delay 

37 TdPC(INT) PCLK 1 to INT Valid Delay 

38 TdIAi(RD) INTACK to RD 1 (Acknowledge) 
Delay 

39 TwRDA RD (Acknowledge) Width 

40 TdRDA(DR) RD 1 (Acknowledge) to Read 
Data Valid Delay 

41 TsIEI(RDA) lEI to RD 1 (Acknowledge) 
Setup Time 

42 ThIEI(RDA) lEI to RD t (Acknowledge) Hold 
Time 

43 TdIEI(IEO) . lEI to !EO Delay Time 

44 TdPC(IEO) PCLK t to lEO Delay 

45 TdRDA(INT) RD 1to INT Inactive Delay 

46 TdRD(WRQ) RD t WR 1 Delay for No Reset 

47 TdWRQ(RD) WR t to RD 1 Delay for No 
Reset 

48 TwRES WR and RD Coincident Low for 
Reset 

49 Trc Valid Access Recovery Time 

Z8530 

Min. Max. 
(ns) (ns) 

300 

240 

10 

0 

240 

240 

240 

240 

4TcPC 

4TcPC 

500 

250 

250 

250 

120 

0 

120 

250 

500 

30 

30 

250 

4TcPC 

Notes: 3. Parameter applies only between transactions involving the SCC. 
4. Open-drain output, measured with open-drain test load. 

Z8530 

Z8530A Z8530B 

Min. Max. Min. Max. Notes' 

(ns) (ns) (ns) (ns) 

280 220 

200 150 

10 10 

0 0 

200 170 4 

200 170 4 

200 170 

200 170 

4TcPC 4TcPC 

4TcPC 4TcPC 

500 500 4 

200 150 5 

200 150 

180 140 

100 95 

0 0 

100 95 

250 200 

500 450 4 

15 15 

30 20 

200 150 

4TcPC 4TcPC 3 

5. Parameter is system dependent. For any SCC in the daisy chain. TdIAi(RD) must be greater than the num of TdPC(IEO) for the 
highest priority device in the daisy chain, TsIEI(RDA) for the SCC, and TdIElf(IEO) for each device separating them in the daisy 
chain. 

• Timings are preliminary and subject to change. 
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Z8530 

HARDWARE INFORMATION (cont'd) 

Figure 79 : General Timing. 
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Z8530 

HARDWARE INFORMATION (cont'd) 

Table 25 : General Timing Characteristics (cont'd). 

Z8530 Z8530A Z8530B 
N° Symbol Parameter Min. Max. Min. Max. Min. Max. Notes· 

(ns) (ns) (ns) (ns) (ns) (ns) 

1 TdPC(REO) PCLK 1 to W / REO Valid Delay 250 250 250 

2 TdPC(W) PCLK 1 to Wait Inactive Delay 350 350 350 

3 TsRXC(PC) RxC i to PCLK i Setup Time 80 TwPCL 70 TwPCL 60 TwPCL 1.4 
(PCLK + 4 case only) 

4 TsRXD(RXCr) RxD to RxC i Setup Time 0 0 0 1 
(X1 Mode) 

5 ThRXD(RXCr) RxD to RxC i Hold Time 150 150 150 1 
(X1 Mode) 

6 TsRXD(RXCf) RxD to RxC 1 Setup Time 0 0 0 1.5 
(X1 Mode) 

7 ThRXD(RXCf) RxD to RxC 1 Hold Time 150 150 150 1.5 
(X1 Mode) 

8 TsSY(RXC) SYNC to RxC i Setup Time - 200 - 200 - 200 1 

9 ThSY(RXC) SYNC to RxC i Hold Time 3TcPC 3TcPC 3TcPC 1 
+ 400 + 320 + 250 

10 TsTXC(PC) TxC 1 to PCLK i Setup Time 0 0 0 2.4 

11 TdTXCf(TXD) TxC 1 to TxD Delay (X1 Mode) 300 230 200 2 

12 TdTXCr(TXD) TxC i to TxD Delay (X1 Mode) 300 230 200 2.5 

13 TdTXD(TRX) TxD to TRxC Delay 200 200 200 
(Send Clock Echo) 

14 TwRTXh RTxC High Width 180 180 150 6 

15 TwRTX1 RTxC Low Width 180 180 150 6 

16 TcRTX RTxC Cycle Time 1000 640 500 6.7 

17 TcRTXX Crystal Oscillator Period 250 1000 165 1000 125 1000 3 

18 TwTRXh TRxC High Width 180 180 150 6 

19 TwTRX1 TRxC Low Width 180 180 150 6 

20 TcTRX TRxC Cycle Time 1000 640 500 6.7 

21 TwEXT DCD or CTS Pulse Width 200 200 200 

22 TwSY SYNC Pulse Width 200 200 200 

Notes: 1. RxC is RTxC or TRxC, whichever is supplying the receive clock. 
2. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
3. Both RTxC and SYNC have 30 pF capacitors to ground connected to them. ~ 
4. Paramet~plies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC and 

PCLK or TxC and PCLK is required. 
5. Parameter applies only to FM encoding/decoding. 
6. Parameter applies only for transmitter and receiver; DPLL and baud rate generator timing requirements are identical to chip 

PCLK requirements. 
7. The maximum receive on transmit data is 1/4PLCK. 
• Timings are preliminary and subject to change. 
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Z8530 

HARDWARE INFORMATION (cont'd) 

Figure 80 : System Timing. 
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HARDWARE INFORMATION (cont'd) 

Table 26 : System Timing Characteristics (cont'd). 

N° Symbol Parameter 
Z8530 

Min. 

1 TdRXC(REO) RxC l' to W / REO Valid Delay 8 

2 TdRXC(W) RxC l' to Wait Inactive Delay 8 

3 TdRXC(SY) RxC l' to SYNC Valid Delay 4 

4 TdRXC(INT) RxC l' to INT Valid Delay 10 

5 TdTXC(REO) TxC t to W / REO Valid Delay 5 

6 TdTXC(W) TxC t to Wait Inactive Delay 5 

7 TdTXC(DRO) TxC t to DTR / REO Valid 4 
Delay 

8 TdTXC(INT) TxC t to INT Valid Delay 6 

9 TdSY(INT) SYNC Transition to INT Valid 2 
Delay 

10 TdEXT(INT) DCD or CTS Transition to INT 2 
Valid Delay 

Notes: 1. ~n·drain output, measured with open-drain test load. 
2. RxC is RTxC or TRxC, whichever is supplying the receive clock. 
3. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
• Timings are preliminary and subject to change. 
l' Units equal to TcPC. 

PACKAGES MECHANICAL DATA 

Figure 81: Z8530 40-Pin Dual in Line Plastic 

Max. 

12 

12 

7 

16 

8 

8 

7 

10 

6 

6 

Z8530 

Z8530A Z8530B Notes' 
Min. Max. Min. Max. t 

8 12 8 12 2 

8 12 8 14 1.2 

4 7 4 7 2 

10 16 10 16 1.2 

5 8 5 8 3 

5 8 5 11 1.3 

4 7 4 7 3 

6 10 6 10 1.3 

2 6 2 6 1 

2 6 2 6 1 

mm Inches 
Dim. 

Min Typ Max Min Typ Max 

A 

01 0.63 .024 

b 0.45 .017 

b1 0.23 0.31 .009 .012 

b2 1.27 .050 

C 

D 52.58 2.07 

E 15.20 16.68 .598 .656 

e 2.54 .100 

e3 48.26 1.90 

e4 

F 14.10 .555 

I 4.45 .175 

l 3.30 .129 

K1 

K2 
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Z8530 

PACKAGE MECHANICAL DATA (cont'd) 

Figure 82: Z8530 40-Pin Dual in Line Ceramic Multilayer. 

mm inches 
Dim. 

Min Typ Max Min Typ Max 

A 

a1 1.27 .050 

a2 

B 1.27 .050 

b1 0.45 .017 

r-~-~-~~-'~---J 
I ' 

b2 0.25 .010 

C 2.33 .091 

D 51.30 2.01 

E 15.24 .600 

e 2.54 .100 

e3 46.26 1.90 

F 15.36 .604 

L 3.30 .129 

K 12.80 .503 

K1 12.80 .503 

Figure 83 : Z8530 44-Lead Plastic Leaded Chip Carrier. 

mm Inches 
Dim. 

Min Typ Max Min Typ Max 

A 17.40 17.65 0.685 0.694 

B 16.51 16.65 0.650 0.655 

C 3.65 3.70 0.143 0.145 

c1 

0 4.20 4.57 0.165 0.179 

d1 2.59 2.74 0.101 0.107 

d2 0.68 0.Q26 

E 14.99 16.00 0.590 0.629 

, 1.27 0.050 

,3 12.70 0.500 

,4 1.98 0.077 

F 0.46 0.018 

F1 0.71 0.027 

G 0.101 0.004 

M 1.16 0.045 

M1 1.14 0.044 

01 1.57 
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Z8530 

ORDERING INFORMATION 

Sales Type Frequency Supply Voltage Temp. Range Package 

Z8530B1V 4 MHz 5V±5% o to + 70°C PDIP-40 
Z8530B6V 4 MHz 5V±5% - 40 to + 85°C PDIP-40 
Z8530D1 N 4 MHz 5V±5% o to + 70°C CDIP-40 
Z8530D6N 4 MHz 5V±5% - 40 to + 85°C CDIP-40 
Z8530D2N 4 MHz 5V±5% - 55 to + 125°C CDIP-40 
Z8530C1V 4 MHz 5V±5% o to + 70°C PLCC44 
Z8530C6V 4 MHz 5V±5% - 40 to + 85°C PLCC44 
Z8530AB1V 6 MHz 5V±5% o to + 70°C PDIP-40 
Z8530AB6V 6 MHz 5V±5% - 40 to + 85°C PDIP-40 
Z8530AD1N 6 MHz 5V±5% o to + 70 cC CDIP-40 
Z8530AD6N 6 MHz 5V±5% -40to+85°C CDIP-40 
Z8530AD2N 6 MHz 5V±5% - 55 to + 1 25°C CDIP-40 
Z8530AC1V 6 MHz 5V±5% o to + 70°C ' PLCC44 
Z8530AC6V 6 MHz 5V±5% - 40 to + 85°C PLCC44 
Z8530BB1V 8 MHz 5V±5% I o to + 70°C PDIP-40 
Z8530BB6V 8 MHz 5V±5% - 40 to + 85°C PDIP-40 
Z8530BD1N 8 MHz 5V±5% o to + 70°C CDIP-40 
Z8530BD6N 8 MHz 5V±5% - 40 to + 85°C CDIP-40 
Z8530BC1V 8 MHz 5V±5% o to + 70°C PLCC44 
Z8530BC6V 8 MHz 5V±5% - 40 to + 85°C PLCC44 

Note: PDIP = Plastic DIP; CDIP = Ceramic Multilayer DIP; PLCC = Plastic Leaded Chip Carrier. 

", •• SGS·mOMSON 
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APPLICATION NOTE 

INTERFACING Z8500 UNIVERSAL PERIPHERALS 
TO THE TS68000 

INTRODUCTION 

This Application Note discusses interfacing the 
SGS-THOMSON l8500 family of peripherals to the 
TS68000 microprocessor. The l8500 peripheral fa­
mily includes the l8536 CounterlTimer and Parallel 
1/0 Unit (CIO), The l8038 FIFO Input/Output Inter­
face Unit (FlO), and the l8530 Serial Communica­
tions Controller (SCC). This document discusses 
the l8500/68000 interfaces and presents hardware 
examples, and verification techniques. One of the 
three hardware examples given in this paper shows 
how to implement the l8500/68000 interface using 
a single-chip programmable logic array (PAL). 

This Application Note about interfacing supple­
ments the following documents, which discuss the 
individual components of the interface. 
• l8038 FIOIFIFO Datasheet 
• l8530 SCC Datasheet 
• l8531 A-SCC Datasheet 
• l8536 CIO Datasheet 
• TS68000 Datasheet 

This Application Note is divided into four sections. 
The first section gives a general description of the 
l8500 family and discusses pin functions, interrupt 
structures, and the programming of operating 
modes. The second section discusses the l8500 in­
terface itself. It shows how the different l8500 
control signals are generated from the 68000 si­
gnals and summarizes the critical timings for the 
three types of bus cycles. The third section shows 
three examples of implementing the TS68000 to 
l8500 peripheral interface. The fourth section sug­
gests methods of verifying the interface design by 
checking the three different types of bus cycle : 
Read, Write, and Interrupt Acknowledge. 

GENERAL Z8500 FAMll V DESCRIPTION 

The l8500 family is made up of programmable pe­
ripherals that can interface easily to the bus of any 
nonmultiplexed CPU microprocessor, such as the 
TS68000. The three members of this family, the 
CIO, SCC, and FlO, can solve many deSign pro­
blems. The peripherals' operating modes can be 
programmed simply by writing to their internal regis­
ters. 

AN224/0289 

PROGRAMMING THE OPERATING MODES 

The CPU can access two types of register: Control 
and Data. Depending on the perip@ral, r~isters 
are selected with either the AQ, A1, NB, or D/Cfunc­
tion pins. 

Peripheral operating modes are initialized by pro­
gramming internal registers. Since these registers 
are not directly addressable by the CPU, a two-step 
procedure using the Control register is required : 
first, the address of the internal register is written to 
the Control register, then the data is written to the 
Control register. A state machine determines whe­
ther an address or data is being written to the Control 
register. Reading an internal register follows a simi­
lar two-step procedure: first, the address is written 
then the data is read. 

The Data registers that are most frequently acces­
sed, for example, the SCC's transmit and receive 
buffer, can be addressed directly by the CPU with a 
single read or write operation. This reduces over­
head in data transfers between the peripheral and 
CPU. 

GENERATING Z8500 CONTROL SIGNALS 

This section shows how to generate the l8500 
control signals. To simplify the discussion, the sec­
tion is divided into two parts. The first part takes each 
individual l8500 signal and shows how it is genera­
ted from the TS68000 signals. The second part dis­
cusses the l8500 timing that must be met when 
generating the control signals. 

l8500 SIGNAL GENERATION 

The right-hard side of table 1 lists the l8500 signals 
that must be generated. Each of these signals is dis­
cussed in a separate paragraph. 

AQ,A1, AlB, ole. These pins are used to select the 
peripheral's Control and Data registers that program 
the different operating modes. They can be connec­
ted to the TS68000 A1 and A2 Address bus lines. 

CEo Each peripheral has an active Low Chip Enable 
that can be derived by ANDing the selected address 
decode and the 68000's Address Strobe (AS). The 
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APPLICATION NOTE 

active Low AS guarantees that the TS68000 ad­
dresses are valid. 

00-07. The Z8S00 Data bus can be directly connec­
ted to the lowest byte (Do-D7) of the 68000 Data bus. 

lEI, lEO. The peripherals use these pins to decide 
the interrupt priority. The highest priority device 
should have its lEI tied High. Its lEO should be 
connected to the lEI pin of the next highest priority 
device. This pattern continues with the next highest 
priority peripheral, until the peripherals are all 
connected, as shown in Figure 1. 

INT. The interrupt request pins for each peripheral 
in the daisy chain can be wire-ORed and connected 
to the 68000's ILP n pins. The 68000 has seven in­
terrupt levels that can be encoded into the ILP 0, 
ILP 1, and ILP 2 pins. Multiple 68000 interrupt levels 
can be implemented by using a multiplexer like the 
74L8148. 

INTACK. The INTACK pin signals the peripheral 
that an Interrupt Acknowledge cycle is occurring. 
The following equation describes how INTACK is 
generated: 

INTACK = (FCo). (FC1). (FC2). (As) 

The 68000 FCo-FC2 are status pins that indicate an 
Interrupt Acknowledge when they are all High. They 
should be ANDed with inverted AS to guarantee 
their validity. The INTACK signals must be synchro­
nized with PCLK to guarantee set·up and hold 

Table 1 : Z8S00 and T868000 Pin Functions. 

TS68000 Signals 

Mnemonic Function 

fu..-A23 Address Bus 
AS Address Strobe 
ClK 68000 Clock (8M Hz) 
~ Data Bus 
DTACK Data Transfer Acknowledge 
FCo-Ba Processor Status 
IlE.o-llP 2 Interrupt Request 
R/W Read/write 
VMA Valid Memory Address 
VPA Valid Peripheral Address 

times. This can be accomplished by changing the 
state of INTACK on the falling edge of PCLK. If the 
INTACK pin is not used, it must be tied High. 

PCLK. The SCC and cia require a clock for inter­
nal synchronization. The clock can be generated by 
dividing down the 68000 CLK. 

RD. The Read strobe goes active Low under three 
conditions: hardware reset, normal Read cycle, and 
an Interrupt Acknowledge cycle. The following 
equation describes how RD is generated: 

RD = [(R/W) . (AS) + RESET)] 

The Read strobe timing must meet both the Read 
timing and Interrupt Acknowledge timing discussed 
in the following section. In addition to enabling the 
Data bus drivers, the falling edge of RD sets the In­
terrupt Under Service (IUS) bits during an Interrupt 
Acknowledge cycle. 

WR. This signal strobes data into the peripheral. A 
data to-write setup time requires that data be valid 
before WR goes active Low. The WR equation for 
generating the WR strobe is made up of two com­
ponents : an active reset and a normal Write cycle, 
as shown in the allowing equation: 

WR = [(R/W) . (AS) + RESET] 

Forcing RD and WR simultaneously Low resets the 
peripherals. 

Z8500 Signals 

Mnemonic Function 

~ A1 , AlB, D/C' Register Select 
CE Chip Enable 
0 0 -0 7 Data Bus 
!Q" lEO Inlerrupt Daisy Chain Control 
~ Interrupt Request 
INTACK Interrupt Acknowledge 
PClK Peripheral Clock 
RD Read Strobe 
WR Write Strobe 

Nole : • The register select pins on each peripheral have different names. 
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Z8500 TIMING CYCLES 

This section discusses the timing parameters that 
must be met when generating the control signals. 
The Z8500 family uses the control signals to com­
municate with the CPU via three types of bus cycle: 
Read, Write, and Interrupt Acknowledge. The dis­
cussion that follows pertains to the 4MHz periphe­
rals, but the 6MHz devices have similar timing 
considerations. 

Although the peripherals have a standard CPU in­
terface, some of their particular timing requirements 
vary. The worst -case parameters are shown below; 
the timing can be optimized if only one or two of the 
Z8500 family devices are used. 

READ CYCLE 

The Read cycle transfers data from the peripheral 
to the CPU. It begins by selecting the peripheral and 
appropriate register (Data or Control). The data is 
gated onto the bus with the RD line. A setup time Qf 
80ns from the time the register select i np.!!L (AlB, 
C/D, Ao, A1} are stable to the falling edge of RD gua­
rantees that the proper register is accessed. The ac-

Figure 1 : Peripheral Interrupt Daisy Chain. 

,EI lEO 

Z850a Z850a 

,FIRST) 'MIDDLE) 

HIGHEST 
PRIOftlTY 

PERIPHERAL 

PCLK 

APPLICATION NOTE 

cess time specification is usually measured from the 
falling edge of RD to valid data and varies between 
peripherals. The SCC specifies an additional regis­
ter select to valid data time. The Read cycle timing 
is shown in figure 2. 

WRITE CYCLE 

The Write cycle transfers data from the CPU to the 
peripheral. It begins by selecting the peripheral and 
addressing the desired register. A setup time of 
80!l§1rom register select stable to the falling edge 
of WR is required . ....Ib.e data must be valid prior to 
the falling edge 01 WR. The WR pulse width is spe­
cified at 400ns. Write cycle timing is shown in fi­
gure 2. 

INTERRUPT ACKNOWLEDGE CYCLE 

The Z8500 peripheral interrupt structure offers the 
designer many options. In the simplest case, the 
Z8500 peripherals can be polled with interrupts di­
sabled. II using interrupts, the timing shown in ligure 
2 should be observed. (Detailed discussions 01 the 
interrupt processing can be lound in the relevant da­
tasheet). 
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APPLICATION NOTE 

An interrupt sequence begins with an INT going ac­
tive because of an interrupt condition. The CPU ac­
knowledges the interrupt with an INTACK signal. 
A daisy-chain settle time (dependent upon the num­
ber of devices in the chain) ensures that the inter­
rupts are prioritized. The falling edge of RD causes 
the IUS bit to be set and enables a vector to go out 
on the bus. 
The table given figure 1 can be used to calculate the 
amount of settling time required by a daisy chain. 

Figure 2 : Z8S00 Interface Timing (4MHz). 
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WRITE I CYCLE 
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Even if there is only one peripheral in the chain, a 
minimum settling time is still required because ofthe 
internal daisy chain. The first column specifies the 
amount of settling time for only one peripheral. If 
there are two peripherals, the time is computed by 
adding together the times shown in the first and the 
last columns. For each additional peripheral in the 
chain, the time specified in the middle column is ad­
ded. 

_ <300 I-
BATAIN 

4112 

624 

( VALID DATA ) 

~ SGS·11I0MSCIN ""!I IiiIn~IlI@IlInl:$ 



RECOVERY TIME 

The read/write recovery time specifies a minimum 
amount of time between Read or Write cycles to the 
same peripheral. The recovery time differs among 
peripherals and is summarized in figure 3. In most 
cases, this parameter is met because ofthe time re­
quired for instruction fetches. The recovery time 
specification does not have to be met if CE is dese­
lected when Read or Write occurs. 

68000 INTERFACE EXAMPLES 

This section shows three examples, presented in in­
creasing order of complexity, for interfacing the 
4MHz Z8500 peripherals to an 8MHz TS68000. 
Faster CPUs or peripherals can be used by modi­
fying some of the timing. These examples suggest 
possible ways of implementing the interface but may 
require some modifications to operate properly. 
They were chosen because they give the user a va­
riety of interface design ideas. The first example 
uses a minimum amount of TTL logic to implement 
the interface because the Valid Peripheral Address 
(VPA) cycle meets the Z8500 timing requirements. 
In this mode the 68000 accepts only nonvectored 
interrupts. The second example uses the Data 
Transfer Acknowledge (DTACK) pin. This interface 
allows faster operation and makes use of the 

Figure 3 : Recovery Time. 

APPLICATION NOTE 

Z8500's 8-bit vectored interrupts. The third example, 
also uses a DTACK cycle and is similar to the se­
cond, except the external logic is integrated into a 
single chip, the PAL20X1 0 programmable array lo­
gic. 

EXAMPLE 1 : A TTL INTERFACE USING A VPA 
CYCLE 

The 68000 has a special input pin, Valid Peripheral 
Address (VPA), that can be activated by the Z8500 
chip select logic at the beginning of the cycle to in­
dicate to the 68000 that a peripheral is being acces­
sed. This generates a special Read/Write cycle that 
meets the peripheral timing requirements. This cy­
cle allows the Z8500 control signals to be genera­
ted easily. The 68000 responds to interrupts using 
an autovector and the Z8500 can be programmed 
not to return a vector. 

. Figure 4 shows how the hardware can be implemen­
ted. PClK i§...@nerated bv dividing down the 68000 
ClK. RD, WR, and INTACK are simply ANDed 
68000 singnals. The worst-case daisy-chain settle 
time is 450ns. Connecting INT to IPl 0 generates a 
level 1 internmt. The in.ternal registers are accessed 
by Ao, AI, D/C and AlB, which can be the 68000 lo­
west order addresses. The timing is shown in fi­
gure 5. 

CE \~ ____ ~I \~ ____ -J;----
____ ~I \ I \~ __ ~;----

~I·--------------~-'--------------~·I 

Peripheral 
(4MHz) 

CIO 
FlO 
SCC 

Recovery Time 

Greater than 3 PCLK cycles or 1000ns 
Greater than 1000ns 
Greater than 6 PCLK cycles + 200ns 

Note: the diagram shows that the recovery time is measured between consecutive reads and writes only if the peripheral is selected. 
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APPLICATION NOTE 

Figure 4: Interface Using the VPA Cycle. 
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FUNCTIONAL DESCRIPTION 

VPA is pulled Low at the beginning of the cycle and 
the CPU automatically inserts Wait states until E is 
synchronized. 

VPA = [(AS) . (CE)] 

RD = [(CE) . (VMA) . (RtW)] 

WR = [(CE) . (VMA) . (R/W)] 

INTACK = [(FCO) . (FC1) . (FC2) . (AS)] 

EXAMPLE 2: A TTL INTERFACE USING DTACK 
CYCLES 

Using at the 68000 Data Transfer Acknowledge 
(DTACK) cycle is a second way of interfacing to the 
Z8500 peripherals. The 68000 inserts Wait states 
until the DTACK input is strobed Low to complete 
the transfer. In addition to generating the control si­
~the interface logic must also generate 
DTACK. 

The timing shown in figure 6 can be generated by 
the hardware shown in figure 7. The 8-bit Shift re­
gister (74LS164) is used to generate the proper ti-

Figure 6 : Timing for DTACK Interface. 
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mingo At the beginning of each cycie. OA (figure 7) 
is set High for one PCLK cycle and then reset. This 
pulse is shifted thrQ.l!.9h the OA-O/:l outputs and is 
used to generate RD. WR. and DTACK signals. 
Some of the extra Wait states can be eliminated by 
tapping the Shift register sooner (e.g., Oc). 

EXAMPLE 3 : SINGLE-CHIP PAL INTERFACE 

This example illustrates how to interface the 4MHz 
Z8500 peripherals to the 8MHz 68000 using a 
PAL20X10 device to generate all the required 
control signals. The PAL reduces the required inter­
face logic to a single chip, thus minimizing board 
space. This interface offers flexibility' because the 
internal logic can be reprogrammed without chan­
ging the pin functions. The PAL uses 68000 signals 
to generate Read, Write, and Interrupt Acknowledge 
cycles. In addition to generating the Z8500 control 
signals, the PAL also generates a DTACK (Data 
Transfer Acknowledge) to inform the 68000 of a 
completed data transfer cycle. This allows the 
68000 to use the peripheral's vectored interrupts. 
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APPLICATION NOTE 

Figure 7: Hardware Diagram for DTACK Interface. 
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FUNCTIONAL DESCRIPTION 

Figure 8 shows the PAL's pin functions. The PAL 
@nerates five control signals, of which four (WR, 
~ and INTACK) go to the Z8500 and one 
(DTACK) goes to the 68000. The remaining signals 
are used intemally to generate these outputs. Ti­
ming diagrams for the Read, Write, and Interrupt 
Acknowledge cycles are shown in Figure 9. 

The PAL uses a 4-bit downcounter to generate the 
proper placement of the control signals where Co is 
the least-significant bit and C3 is the most-significant 
bit. All of the PAL is clocked with the rising edge of 
the 68000's ClK. The counter toggles between 
counts 14 and 15 and starts counting down when 
AS goes active. The counter goes back to toggling 
when AS goes inactive. CYC goes active low at the 
same time the counter starts counting down. The 
equations in Table 2 can be entered into a develop­
ment board to program the PAL. 
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Figure 9 : PAL Interface Timing. 
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APPLICATION NOTE 

Table 2: PAL Equations, 

PAL20X10 PAL DESIGN SPECIFICATION 
P7089 
MC68000 TO SGS-THOMSON PERIPHERAL INTERFACE 
MMI, SUNNYVALE, CA 
CLK I CS NC TEST I AS RW 
FC2 FC1 FCO I RESET NC GND 
I OE I C3 I C2 I C1 I CO I CYC 
NC I DTK I RD I WR lACK VCC 

CD ICO *!TEST ; COUNT/HOLD (LSB) 

C1 '- IRESET* AS*C1 ; HOLD 
:+: IRESET*AS*CO ; DECREMENT 

C2 IRESET* AS*C2 ; HOLD 
:+: IRESET*AS*CO*C1 ; DECREMENT 

C3 IRESET* AS*C3 ; HOLD 
:+: IRESET* AS*CO*C 1 *C2 ; DECREMENT 

DTK ,- IRESET* IACK*CYC*C3*/C2*/C1 *CO*CS ; DT ACK FOR RDIWR CYCLE 
+ IRESET* ACK*CYC*C3* IC2*C1 * ICO ; DTACK FOR INTERRUPT 

; OPERATION 

CYC IRESET* AS* ICYC*CO ; NEW CYCLE STARTED 
+ IRESET* AS*CYC ; PROCESSING OF CYCLE 
:+: IRESET*CYC*DTK ; END OF CYCLE 

RD IRESET*CYC*/ACK*RW*C3*/C2*CS ; NORMAL READ OPERATION 
+ IRESET*CYC*/ACK*RW*/C3*C2*C1 *CO*CS ; NORMAL READ OPERATION 
:+: IRESET*CYC* ACK*RW*C3 ; READ DURING OPERATION 

WR IRESET*CYC*I ACK*/RW*C3* IC2*CS ; WRITE 
+ IRESET*CYC*/ACK*/RW*/C3*C2*C1 *CO*CS ; WRITE 
:+: RESET 

ACK ,- IRESET*FCO*FC1 *FC2*AS*CYC*/CD ; INTERRUPT ACKNOWLEDGE 
+ IRESET*FCO*FC1 *FC2*CYC ; INTERRUPT ACKNOWLEDGE 
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APPLICATION NOTE 

HARDWARE DIAGRAM 

The hardware diagram of the PAL interface is shown 
in figure 10. The 68000 signals ClK, CS, AS, R/IN, 
FCo, FC1 and FC2 are used to generate the Z8500 
control signals. The control signals are synchronous 
with the rising edge of the 68000's ClK. TEST and 
OE musL.Qe grounded. CS is used to enable 
DTACK, RD........and WR as showQJn the equations. 
The Z8500 INT is connected to IlP 0, which gene­
rates a 68000 level 1 interrupt. The peripherals are 
memory-mapped into the highest 64K byte block of 
memory, where A17 - A23 equals "FFH". Addresses 
A4 - As are used to select the peripheral; A1 - A3 se­
lect the internal registers. Table 3 shows the peri­
pheral's memory map. 

Table 3 : Peripheral Memory Map. 

Peripheral Register Hex Address 

SCC (Z8530) Channel B Control FF0020 
Channel B Data FF0022 
Channel A Control FF0024 
Channel B Data FF0026 

cia (Z8536) Port C's Data Register FF0010 
Port B's Data Register FF0012 
Port A's Data Register FF0014 
Control Register FF0016 

FlO (Z8038) Data Register FFOOOO 
Control Register FFOO02 

INTERFACE VERIFICATION TECHNIQUES 

This section suggests possible ways of verifying the 
Read, Write, and Interrupt Acknowledge cycles. 

READ CYCLE VERIFICATION 

The Read cycle should be checked first because it 
is the simplest operation. The Z8500 should be 
hardware reset by simultaneously pulling RD and 
WR low. When the peripheral is in the reset state, 
the Control register containing the reset bit can be 
read without writing the pointer. Reading back the 
FlO and CIO Control register should yield a 01 H. 

The SCC's Read cycle can be verified by reading 
the bits in RRO. Bits D2 and D6 are set to 1 and bits 
Do, D1, and D7 are O. Bits D3 - Ds reflect the input 
pins DCD, SYNC, and CTS, respectively. 

WRITE CYCLE VERIFICATION 

This Write cycle can be checked by writing to a re­
gister and reading back the results. Both the CIO 
and FlO must have their reset bits cleared by wri-

ting OOH to their Control registers and reading back 
the result. The SCC can be checked by writing and 
reading to an arbitrary read/write register, for exam­
ple, the Time Constant register (WR12 or WR13). 

INTERRUPT ACKNOWLEDGE CYCLE VERIFI­
CATION 

Verifying an Interrupt Acknowledge (INTACK) cycle 
consists of several steps. ~st, the peripheral 
makes an Interrupt Request (INT) to the CPU. When 
the processor is ready to service the interrupt, it ini­
tiate an Interrupt Acknowledge (INTACK) cycle. This 
peripheral then puts an 8-bit vector on the bus, and 
the 68000 uses that vector to get to the correct ser­
vice routine. This test checks the simplest case. 

First, load the Interrupt Vector register with a vector, 
disable the Vector Includes status (VIS); and enable 
interrupts (IE = 1, MIE = 1, lEI = 1). Disabling VIS 
guarantees that only one vector is put on the bus. 
The address of the service routine corresponding to 
the 8-bit vector number must be loaded into the 
68000's vector table. 

Initiating an interrupt sequence in the FlO and CIO 
can be accomplished by setting one of the interrupt 
pending (IP) bits and seeing if the 68000 jumps to 
the service routine (setting a breakpoint at the be­
ginning of the service routine is an easy way to 
check if this has happened). 

Initiating an interrupt sequence in the SCC is not 
quite as simple because the IP bits are not as ac­
cessible to the user. An interrupt can be generated 
indirectly via the CTS pin by enabling the following: 
CTS IE (WR1520), EXT INTEN (WR1 01), and MIE 
(WR9 08). Any transition on the CTS pin can initiate 
the interrupt sequence. The interrupt can be re-en­
abled by RESET EXT/STATUS INT (WRO 10) and 
RESET HIGHEST IUS (WRO 38). 

CONCLUSION 

SGS-THOMSON Z8500 family of nonmultiplexed 
Address/Data bus peripherals can interface easily 
with the SGS-THOMSON TS68000 and provide all 
the support required in a high-performance micro­
processor system. The many featu res offered by the 
SCC, FlO and CIO solve many system design pro­
blems by making interfaCing to the external world 
easy. These intelligent peripherals also greatly en­
hance the system performance by relieving the CPU 
of many burdensome overhead tasks. Additionally, 
the powerful interrupt structure allows the TS68000 
to use vectors and reduce interrupt response time. 
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Barakhamba Lane 
Tel. 3715191 
Telex: 031-66816 STMIIN 
Telelax: 3715192 

MALAYSIA 

PULAU PI NANG 10400 
4th Floor - Suite 4-03 
Bangunan FOP-123D Jalan Anson 
Tel. (04) 379735 
Telelax (04) 379816 

KOREA 

SEOUL 121 
8th Iloor Shinwon Building 
823-14, Yuksam-Dong 
Kang-Nam-Gu 
Tel. (82-2) 553-0399 
Telex: SGSKOR K29998 
Telelax: (82-2) 552-1051 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo Kio - Industrial Park 2 
Tel. (65) 4821411 
Telex: RS 55201 ESGIES 
Telelax: (65) 4820240 

TAIWAN 

TAIPEI 
12th Floor . 
571, Tun Hua South Road 
Tel. (886-2) 755-4111 
Telex: 10310 ESGIE TW 
Telelax: (886-2) 755-4008 

SALES OFFICES 

JAPAN 

TOKYO 108 
Nisseki - Takanawa Bid. 4F 
2-18-10 Takanawa 
Minato-Ku 
Tel. (81-3) 3280-4121 
Telelax: (81-3) 3280-4131 
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