






































































































































































































































































































































































































































































































































































































































































































































































































































































































































PAL20X10

P7089 (10)

MC68000 TO ZILOG PERIPHERAL INTERFACE
MMI, SUNNYVALE, CA

CLK /CS NC TEST /AS RW

FC2 FC1 FCO /RESET NC GND

/OE /C3 /C2 /C1 /CO /CYC

NC /DTK /RD /WR /ACK VCC

Co := /CO*/TEST

C1 == /RESET*AS*C1
1 /RESET*AS*CO
€2 := /RESET*AS*C2
42 /RESET*AS*CO*C1
C3 ;= /RESET*AS*C3

42 /RESET*AS*CO*C1*C2

DTK :

CYC : /RESET*AS*/CYC*CO

+ /RESET*AS* CYC
t+: /RESET*CYC*DTK
RD : /RESET*CYC*/ACK*RW* C3*/C2*CS

/RESET*CYC* ACK*RW* C3

.
¥
.

= /RESET*/ACK*CYC*C3*/C2%/C1* CO*CS
+ /RESET* ACK*CYC*C3*/C2% C1*/C0

+ /RESET*CYC*/ACK*RW*/C3*C2*C1*CO*CS

PAL DESIGN SPECIFICATION

COUNT/HOLD (LSB)

HOLD
DECREMENT

e we

HOLD
DECREMENT

.o e

HOLD
DECREMENT

e we

DTACK FOR RD/WR CYCLE
DTACK FOR INTERRUPT
OPERATION

we we we

NEW CYCLE STARTED
PROCESSING OF CYCLE
END OF CYCLE

e we o

NORMAL READ OPERATION
NORMAL READ OPERATION
READ DURING OPERATION

o we we

+ RESET
WR = /RESET*CYC*/ACK*/RW* C3%/C2*CS s WRITE
+ /RESET*CYC*/ACK*/RW*/C3*% C2*C1*CO*CS s WRITE
e RESET
ACK := /RESET*FCO*FC1*FC2*AS* CYC*/CO INTERRUPT ACKNOWLEDGE

/RESET*FCO*F C1*FC2*CYC

+

.o we

INTERRUPT ACKNOWLEDGE

Figure 10. PAL Equations

Hardware Diagram

The hardware diagram of the PAL interface is shown
in Figure 11. The 68000 signals CLK, CS, AS, R/W,
FCq, FCq, and FC, are used to generate the 28500
control signals. The control signals are syn-
chronous with the rising edge of the 68000's CLK.
TEST and OE must be grounded. CS is used to

enable DTACK, RD, and WR as shown in the equa-
tions. The 28500 INT is connected to ifﬁn, which
generates a 68000 level 1 interrupt. The periph-
erals are memory-mapped into the highest 64K byte
block of memory, where Aq7-Az3 equals "FFy".
Addresses A,-Ag are used to select the peripheral;
Aq-As select the internal registers. Table 2
shows the peripheral's memory map.
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Table 2. Peripheral Memory Map

Peripheral Register Hex Address
SCC (28530)
Channel B Control FF0020
Channel B Data FF0O022
Channel A Control FFO024
Channel B Data FF0026

CIO (Z8536)

Port C's Data Register FF0010

Port B's Data Register FF0012

Port A's Data Register FF0014

Control Register FF0016
FIO0 (z8038)

Data Registers FFO000

Control Registers FF0002

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 28500 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 FIO or CI0O Control register should yield a
01y.

The SCC's Read cycle can be verified by reading
the bits in RRO. Bits D; and Dg are set to 1 and
bits Dg, D1, and Dy are 0. Bits D3-Dg reflect the
input pins DCD, SYNC, and CTS, respectively.

Write Cycle Verification

The Write cycle can be checked by writing to a
register and reading back the results. Both the
CIO and FIO must have their reset bits cleared by
writing 00y 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 example, the Time Constant register
(WR12 or WR13).

Interrupt Acknowledge Cycle Verification

Verifying an Interrupt Acknowledge (INTACK) cycle
consists of several steps. First, the peripheral
makes an Interrupt Request (INT) to the CPU. When
the processor is ready to service the interrupt,
it initiates an Interrupt Acknowledge (INTACK)
cycle. The peripheral then puts an 8-bit vector
on the bus, and the 68000 uses that vector to get
to the correct service 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, IEI = 1).
Disabling VIS quarantees that only one vector is
put on the bus. The address of the service rou-
tine corresponding to the 8-bit vector number must
be loaded into the 68000's vector table.

Initiating an interrupt sequence in the FIO and
CI0 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 beginning 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
accessible to the user. An interrupt can be
generated indirectly via the CTS pin by enabling
the following: CTS IE (WR15 20), EXT INT EN
(WR1 01), and MIE (WR9 08). Any transition on the
CTS pin can initiate the interrupt sequence. The
interrupt can be re-enabled by RESET EXT/STATUS
INT (WRO 10) and RESET HIGHEST IUS (WRO 38).

CONCLUSION

Zilog's 28500 family of nonmultiplexed
Address/Data bus peripherals can interface easily
with the 68000 and provide all the support
required in a high-performance microprocessor sys-
tem. The many features offered by the SCC, FIO,
and CIO solve many system design problems by mak-
ing interfacing to the external world easy. These
intelligent peripherals also greatly enhance the
system performance by relieving the CPU of many
burdensome overhead tasks. Additionally, the
powerful interrupt structure allows the 68000 to
use vectors and reduce interrupt response time.
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Interfacing
the 2-BUS® Peripherals
to the 8086/8088

Zilog

Application
Note

July 1982

INTRODUCTION
Microcomputer systems based on Intel's 8086 and +5V
8088 CPUs can take advantage of the advanced 005‘55’0"0_:;' % E&:
features of Zilog's 78000 series of microprocessor z:"':
peripherals with a minimal amount of external MNIFX
logic. These devices are easily integrated and oTIR .l> RV
can satisfy many of the peripheral support N —
requirements in a typical 8086/8088-based system. ALE ¥V hs
This Application Note discusses a general design RD sV [
that enables the 8086/8088 to interface with
Zilog's Serial Communications Controller (Z8030 % oo | T UL | e
Z-SCC), Counter/Timer - Parallel I/0 Unit (28036 e sounce (NOTE 2)
2-Ci0), and FIFO 1/0 Controller (Z8038 Z-FIO). wR [ ey
Discussions of the 28500 peripherals ST
(non-multiplexed address and data bus versions) svs ~ s
can be found in other Zilog documents. cLK > a ] csy

CLR (NOTE 2)

INTACK
BUS INTERFACE
e o

The 28000 peripherals (also called Z-BUS peri-
pherals) lend themselves conveniently to 8086/8088 Ao Buhis ) o Ess _
- based designs because of the multiplexed ad- _ pecooer [P %0
dress/data bus architecture. There is no need for mo",'é'?,
an external address latch because the 28000 ___J
peripherals latch addresses internally at the o
beginning of each bus cycle. Furthermore, the Note.
peripherals allow the CPU direct access to all of 1. The source of PCLK can, but need not, be derived from the
their data and control registers. Figure 1 shows System CLK.

the interface logic that translates the signals
generated by the 8086/8088 into the necessary
2-BUS signals, and Table 1 gives a description of
each signal.

2. Does not apply to Z-FIO
3. ADg-AD7 and Ag-A]g5 on 8088.
4. IO/M on 8088.

Figure 1. Interface Logic

2255-001
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Table 1. Signal Descriptions

8086/8088 Signals

DI/R

ALE

Minimum/Maximum. This input is pulled high so that the CPU will operate in the "Minimum Mode."
Data Transmit/Receive. DT/R is high on write operations and low on read operations.

Address Latch Enable. ALE is used to latch addresses during the first T state of each bus
cycle so that the bus can then be free to transfer data.

Read. RD strobes data into the CPU on read operations.
Write. WR strobes data out of the CPU on write operations.

This is the 16-bit, multiplexed address/data bus on the 8086. The 8088 has a low order
address/data bus, ADg-AD7, and a high order address bus, Ag-A¢s.

Memory/Input-Output. This output distinguishes between memory and I/0 accesses. On the 8086
it is high on memory accesses and low on I/0 accesses. On the 8088, the polarity is reversed
(10/M).

Z-BUS Signals

PCLK

Read/Write. This input tells the peripheral whether the present access is a read or write. It
is generated by inverting DT/R of the 8086/8088.

Address Strobe. AS is the main clock signal for the Z-BUS peripherals. It is used to initiate
bus cycles by latching the address along with CSy and INTACK. It is generated by inverting ALE
of the 8086/8088.

Data Strobe. When the Z-BUS peripheral is selected, DS gates data onto or from the bus,
depending on the state of R/W. It is generated from the 8086/8088 signals RD and WR as shown
in Figure 1.

Interrupt Acknowledge. When low, this signal tells the peripheral that the present cycle is an
Interrupt Acknowledge cycle.

Address/Data Bus. This bus is connected directly to ADg~AD7 of the 8086/8088. It is possible
to connect it to ADg-AD45 of the 8086 as long as the 8086 doesn't expect to read an interrupt
vector from the peripheral during interrupt acknowledge transactions.

Chip selects. E§0 is active low and is latched with the rising edge of AS. CSq is active high
and is unlatched. In this interface, CSq is pulled high while CSy is generated from the
address decode logic.

Peripheral Clock. This signal does not apply to the Z-FIO. It can also be omitted from the
Z-CI0 interface if the chip is not used as a timer, its REQUEST/WAIT logic is disabled, and it
does not employ deskew timers in its handshake operations. The maximum frequency of PCLK is 4
or 6 MHz, depending on the grade of the component, and it can be asynchronous to the system
clock.

*A hardware reset of a Z-BUS peripheral is performed by driving AS and DS low simultaneously.
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BUS TIMING

Each 8086/8088 bus cycle begins with an ALE pulse,
which is inverted to become Address Strobe (AS).
The trailing edge of this strobe latches the reg-
ister address, as well as the states of CSy and
INTACK within the peripheral. DS is then used to
gate data into (write) or from (read) the selected
register, provided that an active CSp has been
latched. To assure proper timing, the AC
Characteristics of both the 8086/8088 and the
Z-BUS peripherals, must be examined. The para-
graphs that follow discuss all of the significant
timing considerations that pertain to Read/Write
operations in this interface.

ADDRESS AND CHIP SELECT (CSp) SETUP TIMES. The 4
MHz Z-BUS peripherals require that the stable
address setup time prior to AS be at least 30 ns.
Since the 5 MHz 8086/8088 is guaranteed to provide
valid addresses at least 60 ns before Address
Latch Enable (ALE) goes low, this requirement is
easily satisfied. The CSp setup time is of no
concern because the 78000 peripherals require no
CSg setup time prior to AS.

200
| (NOTE 1)—>]
T T2 Ts Tw Ta
SYS CLK
(5 MHz)
100
= omN [
ALE

e
AD15-ADo
NOTED ){ Ars-Ao }( DATA OUT r
%0 %0
N > N

=T\ ——

1000
;:: MIN_h (NOTE 3)
I e
o X

410
MIN

Note.

1. All timing 1n ns.

2. A)5-Ag and AD7-ADg on 8088

3 6 PCLK cycles + 200 ns for Z-SCC. This parameter only
applies to consecutive accesses to the same device

Figure 2. Write Cycle Timing

ADDRESS AND CHIP SELECT (_CSU) HOLD TIMES. The
Z-BUS specifications require that the address and
EO remain valid a certain period of time after
the rising edge of AS. These minimum values are
50 and 60 ns respectively for the 4 MHz devices.
At 5 MHz, the 8086/8088 will hold its addresses at
least 60 ns after ALE goes inactive. Although
this is equal to the minimum CSy hold time, a safe
margin will be maintained if the propogation delay
between the address going invalid to C_SU rising,
exceeds the propogation delay between ALE falling
and AS rising.

ADDRESS STROBE (AS) TO DATA STROBE (DS) DELAY.
The 4 MHz peripherals need a 60 ns delay between
AS rising and DS falling. This parameter is of no
concern on write cycles because the D-flop will
delay DS until the beginning of T3 (See Figure
2). On read cycles, DS follows RD, so the delay
between AS and DS is approximately equal to the
delay between ALE and RD. If ALE falls at its
latest possible point in time and RD falls at its
earliest point, the time between these two edges
would be about 60 ns. This result is unrealistic,
however, because a delay in the termination of ALE

200
(NOTE 1)’ | l I |
T T2 Ta Tw Ta
(5 MHz)
100
I
ALE -

60
MN [
Y3 20
As N 4 > [
60 160
> omn [ MmN

AD{5-ADo ) Ars-Ao DATA IN
(NoTE2) FLOAT FLOAT

k
& |\ [

—

| 08— Y (NOTE 3)
DS

160
MIN

525
MIN

Note:

1. All iming 1n ns

2 A)5-Agand AD7-ADg on 8088.

3. 6 PCLK cycles + 200 ns for Z-SCC This parameter only
applies to consecutive accesses to the same device.

Figure 3. Read Cycle Timing
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will always lead to a delay in the activation of
RD. The actual time between the two edges is well
over 100 ns.

ADDRESS SETUP TIME TO DATA STROBE (DS). The 4
MHz Z-CI0 and Z-FI0O require that the stable
address setup time to DS be at least 130 ns.
Since the delay between AS rising and DS falling
is well over 100 ns, and since the address setup
time to AS is at least 60 ns, this requirement is
easily satisfied.

DATA STROBE (DS) LOW WIDTH. The minimum Data
Strobe Low Width of the 4 MHz Z-BUS peripherals is
390 ns. On read cycles, DS will have the same
width as RD, which is at least 325 + 200N, ns,
where N, is the number of wait states in the bus
cycle. On write cycles, the D-flop will shorten
this minimum width to 210 + N, 200 ns. One wait
state (T,) in the bus cycle will ensure a
sufficiently wide Data Strobe for both types of
bus cycles. A discussion of wait state generation
is presented in the next section.

WRITE DATA SETUP AND HOLD TIMES. On write cycles,
the Z-BUS peripherals require the CPU to put valid
data on the bus at least 30 ns before DS goes
active, and to hold it there at least 30 ns after
DS terminates. D-flip-flop in Figure 2 guarantees
the setup time by delaying the falling edge of WR
until the next falling edge of SYS CLK (Figure
2.). The Hold Time is also guaranteed because the
8086/8088 will hold valid data at least 90 ns
after the termination of WR.

READ DATA SETUP AND HOLD TIMES. When the 8086/
8088 reads from memory or peripherals, it requires
them to put valid data on the bus at least 30 ns
before the falling edge of SYS CLK at the begin-
ning of T4. It also requires them to hold the
valid data at least 10 ns after this edge. Since
the Z-BUS peripherals will provide valid data
early in T, and will hold it until after DS termi-
nates, these parameters are well within the speci-
fications.

VALID ACCESS RECOVERY TIME. This parameter refers
to the time between consecutive accesses to a
given peripheral. If the 4 MHz Z-SCC is accessed
twice, then the time between DS rising in the
first access and DS falling in the second access,
must be at least 6 PCLK cycles plus 200 ns (i.e.
1700 ns for a 4 MHz PCLK). The Valid Access
Recovery Time for the 4 MHz Z-CI0O and Z-FIO is
1000 ns, and this can't possibly be violated with
a 5 MHz 8086/8088 since there will always be at

least one instruction fetch cycle in between 1/0
accesses, and 1000 ns translates into only 5 clock
cycles at 5 MHz.

WALT STATE GENERATION

The previous section explained why the 4 MHz Z8000
peripherals need to place a wait state in 1/0 bus
cycles when interfaced to the 5 MHz 8086/8088.
The following two examples illustrate how wait
state generation can be implemented. Since
8086/8088 - based systems typically use an 8284
Clock Chip, which synchronizes the CPU's READY
input with the system clock, the task reduces to
designing a circuit that will control the RDY1
input of the 8284 (RDY2 is assumed to be
grounded).

SINGLE WAIT STATE GENERATION. For the processor
to enter a wait state after T3, the RDY1 input
must be low during the falling edge of SYS CLK at
the end of T,. Then, for the processor to enter
T, after the wait state, RDY1 must be high during
the next falling edge of SYS CLK. To make sure
that these levels are well-established during
their sampling windows, the single wait state
generator should toggle RDY1, using the clock
edges that precede the sampling edges (Figure 4).
The circuit in Figure 5 performs this function and
generates a single wait state when one of the 50
inputs is active.

SYS
CLK

RDY1
8284

Figure 4. RDY1 Timing for Single Wait State

CSo(1) +5V

LS74 LS73A

T
S

CLK
= TO RDY 1
Q>
CLK K 8284

CLR

SYs
CLK

Figure 5. Single Wait State Generator
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MULTIPLE WAIT STATE GENERATION. Though Read/Write
operations require only one wait state, Interrupt
Acknowledge transactions need multiple wait states

to allow for daisy-chain settling, which is
explained in the next section. The following
discussion introduces a multiple wait state

generator and serves as a basis for understanding
the subsequent Interrupt Acknowledge Circuit.

In the preceeding discussion of the single wait
state generator, we established that RDY1 must be
high at the end of T3 for the processor to enter
Ty, after the wait state. In general, the
8086/8088 will continue to insert wait states
until RDY1 is driven high. In fact, the number of
wait states will be equal to the number of clock
cycles that RDY1 is held low after the rising
clock edge in Tj.

A convenient way to implement a multiple wait
state generator is to use a serial shift register
such as a 74L5164. Figure 6 shows a wait state
generator that requests one wait state on Read/
Write cycles, and up to seven wait states on
Interrupt Acknowledge cycles. When RD, WR, or
INTA goes active, the 74L5164 is taken out of the
clear state and logic "ones" are allowed to shift
sequentially from Q4 to Qy. On Read/Write
cycles, RDY1 is held low until the leading "one"

RD
WR
INTA LS164
CLR o, |0
+5V
QG O-—-——-0
t e
A
ap o
B [
(-1 =)
svs ag o
K
ck =Pk o
TO m;;lal }— INTACK

Figure 6. Multiple Wait State Generator

appears at Qg, and on Interrupt Acknowledge
cycles, RDY1 is held low until the leading "one"
appears at Qy. The next section shows how
INTACK can be generated and discusses the complete
interrupt interface.

INTERRUPTS
In Figure 1 the INTACK input to the Z-BUS
peripherals is pulled high. This does not mean

that the peripheral can't interrupt the CPU; it
just means that it won't respond to the CPU's
interrupt acknowledge. The designer can, however,
implement a circuit that will drive INTACK, and
allow the 8086/8088 to properly acknowledge the
interrupts of the Z-BUS peripherals. This section
examines the interrupt acknowledge protocols of
the 2Z-BUS peripherals and the 8086/8088, then
proceeds to show how they can be made compatible.

Z-BUS INTERRUPT ACKNOWLEDGE PROTOCOL. The Z-BUS
peripherals typically use the daisy-chain tech-
nique of priority interrupt control. In this
scheme the peripherals are connected together via
an interrupt daisy chain formed with their IEI
(Interrupt Enable Input) and IEO (Interrupt Enable
Output) pins (Figure 7). The interrupt sources
within a device are similarly chained together,
with the overall effect being a daisy chain con-
necting all of the interrupt sources. The daisy
chain allows higher priority interrupt sources to
preempt lower priority sources and, in the case of
simultaneous interrupt requests, determines which
request will be acknowledged.

In each bus cycle the Z-BUS peripherals use the
rising edge of AS to latch the state of INTACK.
If a low INTACK is latched, then the present cycle
is an Interrupt Acknowledge cycle and the daisy
chain determines which interrupt source is being
acknowledged in the following way. Any interrupt
source that has an interrupt pending and is not
masked from the chain will hold its IEQ low.

HIGHEST LOWEST
PRIORITY PRIORITY
+5V
z.BUS z.BUS z.BUS
' pemipnerar SO >|'®  pepipwerar SO/ S>|"®  peripHERAL
ADg-AD; AS DS INT INTACK ADp-AD; AS DS INT INTACK AD)-AD; AS DS INT INTACK
I A 1 o O O O ﬁr
ADo-AD7 l | 1 £
o I ] 7~
bs 7
iNT S F
INTACK 1 £

Figure 7.

A Z-BUS Interrupt Daisy Chain
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Similarly, sources that are currently under
service (i.e. have their IUS bit set) will also
hold their IEQO lines low. All other interrupt
sources make IE0 follow IEI. The result is that
only the highest priority, unmasked source with an
interrupt pending will have a high IEI input; only
this peripheral will be allowed to transfer its
vector to the system bus when the Data Strobe is
issued during the Interrupt Acknowledge cycle.

To make sure that the daisy chain has settled by
the time DS gates the vector onto the bus, the
2-BUS peripherals require a sufficient delay be-
tween the rising edge of AS and the falling edge
of DS in INTACK cycles. The amount of delay
required can be calculated using Table 2. For a
particular daisy chain, the minimum delay is:
Thigh for the highest priority device, plus Ty,
for the lowest priority device, plus T4 for each
device in between.

Table 2. Daisy Chain Settling Times for the Z-BUS
Peripherals (in ns)

Thigh Tmid Tlow

4MHz | 6MHz | 4MHz | 6MHz | 4MHz | 6MHz

Z-SCC 250 250 120 100 120 100
Z-CI0 350 250 150 100 100 70
Z-FI0 350 250 150 100 100 70

8086/8088 INTERRUPT ACKNOWLEDGE PROTOCOL. If the
8086/8088 receives an interrupt request (via its
INTR pin) while its Interrupt Flag is set, then it

will execute an Interrupt Acknowledge sequence.
The sequence consists of two identical INTA bus
cycles with two idle clock cycles in between
(Figure 8). In both bus cycles, RD and WR remain
inactive while an INTA strobe is issued with the
same timing as a WR strobe. The 8086/8088
requires an interrupt vector to appear on ADg -
ADy at least 30 ns before the beginning of T4 in
the second INTA cycle. This protocol is normally
used to read vectors from the 8259A Interrupt
Controller but it can easily be adapted to the
Z-BUS Interrupt Acknowledge Protocol, as
illustrated in the following paragraphs.

INTERRUPT ACKNOWLEDGE COMPATIBILITY. The first
function of the Interrupt Acknowledge circuit,
shown in figure 9, is to generate the Z-BUS INTACK
signal using INTA from the 8086/8088. Since INTA
goes active after ALE has terminated, the
peripherals will not latch an active INTACK during
the first INTA cycle. However, if the rising edge
of INTA is used to toggle INTACK, then an active
INTACK latches with the rising edge of AS in the
second INTA cycle. Thus a rising-edge triggered
toggle flip-flop, as configured in Figure 9, can
be used to generate INTACK. Figure 10 shows the
timing relationship between INTA and INTACK.

The next function of the Interrupt Acknowledge
circuit can be broken down into three operations:
first, it must cause the CPU to enter a series of
wait states after T3 in the second INTA cycle;
then, it must activate DS after a sufficient daisy
chain settling time; lastly, it must bring the CPU
out of the wait state condition when the vector is
available on the bus.

ADo-AD7 :I\

FLOAT

VECTOR

Figure 8. 8086/8088 INTA Sequence
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Figure 9 shows how the multiple wait state
generator, discussed in the previous section, can
be used to perform each of these operations.

+5V
8086/8088 z.scC
(5 MHz) z.cl10
Z.Fi0
WR b PR
sYs £ [
OLK CLR
RD DS
+5V
Ls164 3
o CLR g,}-o _o
=y
* a6 o
acl-o o
A Q-0 O—¢
8 Qo0 04 +5V
sys . lewk Qg —D
CLK
Qu
1EI
RESET ——-Do]—
e PR
INTA > af—y INTACK
+5V
TO RDY 1
8284
CLOCK CHIP
INTR INT
Figure 9. Interrupt Acknowledge Circuit
I I P N
T T2 Ts Tw* Ta T T Ty
SYS
cLK

While INTACK is high the circuit operates
normally; the number of wait states it requests is
determined by the positioning of the jumper on the
Q outputs. When INTACK goes low, it operates as
follows: the next activation of INTA brings the
shift register out of the clear state, and logic
"ones" shift into Qp until they fill the entire
register. When the leading "one" appears at Qg,
DS is driven low; when it appears at Qy, the CPU
is taken out of the wait state condition.

This arrangement takes advantage of the full
length of the shift register
daisy-chain settling time of more than 1300 ns,
which allows the implementation of a chain with as
many as seven Z-BUS devices. Figure 10 shows the
timing of the important signals in the Interrupt
Acknowledge transaction.

and provides a

HARDWARE RESET

The designer may want to incorporate a hardware
reset in the interface design. This can be
accomplished with two NOR gates as shown in Figure
11. The NOR gates allow the system RESET signal
to pull AS and DS low simultaneously, and hence
put the peripheral in a reset state. A hardware
reset is not necessary, however, because all of
the peripherals are equipped with software reset
commands.

S

DS
RDY 1
8284

U L
‘\ﬁl_g \
Ly

VECTOR

ADo-AD7 FLOAT

Note
* This assumes that Qg 1s the selected output

Figure 10.

- >1300 ns

SETTLE TIME

_—

Interrupt Acknowledge Timing

2255-009, 010
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SUMMARY

The Z-SCC, 2Z-CIO, and Z-FIO can easily be designed

“L‘—_) Do—— &8 into 8086/8088 - based systems. Their data and

control registers can be mapped directly into the

- 5% I/0 address space, and the Z-BUS control signals
?:>ka can be generated with a minimal amount of external
a logic. The user can also take advantage of the

FROM D-FLIP-FLOP — devices' interrupt control capabilities because a
simple interface circuit makes their interrupt
Figure 11. Hardware Reset structure compatible with that of the 8086/8088.
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28016 Z8000™ DTC DMA
Transfer Controller

Zilog

Application
Note

February 1983

INTRODUCTION

Direct Memory Access (DMA) is a data transfer
method that uses special hardware to transfer data
between system memory and the outside world (e.g.,
a peripheral I/0 device) without the intervention
of a Central Processing Unit (CPU).

A transfer controller usually handles all aspects
of a data transfer: it provides read or write
control signals and addresses to the system,
updates the addresses, counts the number of words
or bytes in the transfer, and signals the end of
an operation. The advantage of DMA is speed.
Transfers can proceed at the memory's maximum
speed rather than waiting for the CPU to fetch and
decode the instructions, move the data, update the
addresses, and count the words or bytes. The DMA
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controller performs these tasks at hardware speed
and reduces CPU overhead costs.

The Z8016 DMA Transfer Controller (DTC) is a high-
performance 16-bit peripheral interface device
designed for 28000 processor systems. Each of the
DTC's two channels can perform the following kinds
of transfer: memory-to-peripheral, memory-to-
memory, peripheral-to-memory, and peripheral-to-
peripheral. For all DMA operations (i.e.,
Transfer, Search, and Transfer-and-Search), the
DTC operates with either word or byte data sizes
and provides a packing/unpacking capability. To
eliminate the overhead needed to load the internal
registers, the DTC provides an auto-chaining
operation to load and reload the 13 channel
registers (Figure 1b). The CPU need only load the
address of the control parameter table into the
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Chain Address register and issue a Start Chain
command to load the control parameters from memory
into the channel's control registers.

The DTC is Z-BUS compatible and operates within
the 78000 daisy-chain, vectored-priority interrupt
scheme. Additionally, a demand interleave
operation is supported, which allows the DTC to
surrender the system bus to the external system or
to alternate between internal channels. This
capability allows for parallel operations between
the two channels or between a DTC channel and the

INTERFACING

A block diagram of the 28016 DTC (Figure 1) shows
the internal configuration. The internal
registers are defined in Figures 2 and 3 and
listed in Table 1. Figure 4 shows the interface
signals. A1l of the input and output signals
(except the clock input) are directly TTL
compatible. All outputs source at least 250 pA at
2.4 V and sink up to 3.2 mA at 0.4 V.
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Table 1. 78016 DIC Internal Registers
Chain
Control Port Address(Hex)
Register Bit Channel 1 Channel 2
DEVICE REGISTERS
Master Mode register 38
Command register 2C

Chain Control register
Temporary register

CHANNEL REGISTERS
Address registers, chainable

Current Address - A
Current Address - B
Base Address - A
Base Address - B
Chain Address

Control registers, chainable

Current Op-Count
Base Op-Count
Channel Mode* - High
Channel Mode* - Low
Pattern*

Mask*

Interrupt Vector*

Status/Save registers, Non-chainable

Status register
Interrupt Save register

[= IV, I N I ]

N WWa =

Segment/Tag Of fset

1A 0A
12 02
1E OE
16 06
26 22

32

36

56

52

4A

4E

SA

2E

2A

Segment/Tag Offset

18 08
10 00
c oc
14 04
24 20

30
30
54
50
48
4c
58

2C
28

*Slow-readable registers.
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Figure 4. 78016 DTC Pin Functions
The interface signals and pin assignments are which 1is tne 2Z4th address bit in the 1linear

listed in Table 2. Some of the signals are
three-state, i.e., they are high-impedance when
not under bus control. The open-drain pins
require a pullup resistor of 3.3K ohms or more.
The DTC decodes the status lines (STy-ST3) for the
Interrupt Acknowledge signal and generates status
for data transactions. The multiplexed input
CS/WAIT serves as an active Low Chip Select (CS)
signal when the DTC is a bus slave, and serves as
an active Low Wait (WAIT) signal when the DTC is
bus master and the control bit in the Master Mode
register is enabled. The multiplexed output
SN7/MMUSYNC is driven Low when the DTC is not in
control of the system bus and the MM1 bit of the
Master Mode register is set. SN7/MMUSYNC floats
to a high-impedance state when the DTC is not in
control of the system bus and the MM1 bit is
cleared. When the DTC is in control of the system
bus and is operating in logical address space,
this line outputs an active High MMUSYNC pulse
prior to each memory transaction cycle. In
physical address space, this line outputs SNy,

address space.

If a peripheral device requires DMA service, it
issues a request to the DTC by asserting DREQ. If
the channel receiving the request is enabled and
the BUSREQ and BAI lines are High, the DTC issues
a bus request to the CPU by driving the BUSREQ
line Low. When the CPU relinquishes bus control,
a Bus Acknowledge signal is output to the DTC by
driving the BAI line Low, indicating that the
request for bus control has been granted. Upon
receipt of the Bus Acknowledge signal, the DTC
issues a DMA Acknowledge signal £o the peripheral
by lowering the DACK output; it then issues the
control signals and addresses necessary to effect
the transfer. When the transfer is completed or
terminated, DACK is driven High and the DTC begins
the termination procedure. The DACK output can be
programmed as level or pulsed for Flyby transac-
tions and as level or inactive for Flowthrough
transactions via the CMjg bit of the Channel Mode
register.
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Table 2.

78016 DIC Interface Signals

Interface Signal Pin Number Input/Output Three-State Open-Drain
ADg-AD45 5-20 In/0Out Yes No
AS 44 In/0ut Yes No
BAI 1 In No No
BAD 3 Out No No
BUSREQ 2 In/0ut No Yes
B/W 35 Out Yes No
CS/WATT 42 In No No
DACK ; ,DACK 39,40 out No No
DREQ1,DRE02 36,37 In No No
DS 43 In/0ut Yes No
EOP 38 In/0ut No Yes
IEI 46 In No No
1IEO 48 Out No No
T 47 Out No Yes
N/S 30 Out Yes No
R/W 41 In/0ut Yes No
SNO—SN6 21-25,28,29 Out Yes No
SN7/MMUSYNC 27 Out Yes No
STg-ST3 31-34 In/0ut No No
CLK 45
GND 26
+5V 4

To establish DMA operation, the internal registers
can be loaded under software by the CPU. The
registers are addressed via the low byte of the
Address/Data bus (AD7-ADg). The high byte of the
Address/Data bus (ADq5-ADg) is decoded with the
user's chip select logic. Chip Select (CS) must
be valid prior to the rising edge of AS to allow
the CPU to write to, or read from, the DTC's
registers. During a DMA transfer, the DTC
generates control signals (R/W, B/W, N/S, and
STO-ST}) to indicate the transfer direction, the
data size, and the type of space and transaction.
It also generates AS, DS, DACK, and MMUSYNC
signals to synchronize timing and to demultiplex
the Address/Data Additionally, it
generates addresses (SN7—SNU and ADy5-ADg for
physical addressing space or SN6-SNU and AD;5-ADg
for logical addressing space) of the source and
destination of the transfer; samples the ﬁﬁfﬁ,
WAIT, and EOP lines; stores the data for the Flow-
through transaction; and issues an EOP Low signal
when the transfer is terminated. Upon termina-
tion, the DTC performs either an interrupt,
base-to-current reloading, chaining, or does
nothing, under the control of Channel Mode
register (i.e., bits CM;-CM;5).

lines.

To relinquish bus control, the DTC drives its
BUSREQ line High and allows BAO to follow BAI.

The CPU regains bus control upon sampling its
BUSREQ input; if inactive, the CPU drives its
BUSACK output inactive. Whenever both BAI and
BUSREQ are High and no DMA requests are pending,
the DTC passes the High signal through BAD to the
lower-priority device, enabling it to request bus
control. This procedure allows the CPU to regain
bus control whenever an interrupting device
releases bus control.
Book* for more details on the Zileg Z-BUS.

INITIALIZATION

After a hardware reset (i.e., AS and DS are
simultaneously Low) or a software reset (i.e., a
reset command is issued to the Command register),

take the following steps to initialize the system:

e Clear the Master Mode (MM) register to disable
the DTC.

e Set the Chain Abort (CA) and Non-Auto Chaining
(NAC) bits in each channel's Status register.

e Load each channel's Chain Address register.
@ Issue Start Chain command.

*(document number 00-2034-02)
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to minimize interaction with the host CPU, the DTC
loads its own control parameters from memory into
each channel (i.e., performs chaining). The CPU
need to only program the Master Mode register and
each channel's Chain Address register (Figure 5).
All other registers are loaded by the channels
themselves from a reload table located in system
memory and pointed to by the Chain Address
register. During chaining, the N/S and B/W lines
are driven Low and the ST3-STy outputs are set to
1000 (i.e., Memory Transaction for Data).

The first word in the reload table, the reload
word, specifies which registers in the channel are
to be reloaded. Bits 0 through 9 in the reload
word relate to either one or two registers in the
channel (Table 3). When a reload word bit is 1,
the register or registers corresponding to that
bit are reloaded. The data 1loaded into the
selected registers follow the reload word in
memory at successively larger addresses.

The reload table is of variable length. For
example, when the contents of the segment and
offset fields of Channel 1's Chain Address
register are 0000y and 1020y, the reload table
is started at location 10204. Thus, the data
stored at location 1020, is the reload word. If
the reload word is 03FFH, all of Channel 1's
registers are loaded with the data in locations

1022 through 1042H (a total of 17 words). If

the reload word is 0203y, only Current Address
register A (Current ARA), Channel Mode register,
and Chain Address register are reloaded with the
data in locations 1022, through 102C, (a total
of six words), and the remaining registers are not
changed. When loading the address registers, the
segment and tag word must precede the offset word
(e.g., the segment and tag word of Current Address
register A is located at 1022y, while the offset
word is located at 1024y).

After the Master Mode bit MMy is set, a Start
Chain command causes the selected channel to clear
the NAC bit in its Status register and to start
chaining. The control parameters of the channel
are reloaded and the channel is ready to perform
the DMA operation. DMA operation can be initiated
in one of the following three ways:
e By software request--issue a Set Software
Request command.

e By hardware request--apply a Low signal on the
channel's DREQ input; the Hardware Request Mask
bit (CMqg) in the Channel Mode register must be
cleared.

e By chaining--load a Software Request bit
(CMZD = 1) into the Channel Mode register
during chaining.

sRESET

;LOAD SEGMENT/TAG OF CHANNEL 1'S
sCHAIN ADDRESS REGISTER

sLOAD OFFSET OF CHANNEL 1'S
sCHAIN ADDRESS REGISTER

;LOAD MASTER MODE REGISTER TO
$sENABLE DTC

sLOAD START CHAIN COMMAND

’

Initialization of the 78016 DIC

0100 2101 0000 LD R1,4#0000
0104 3B16 002C ouT %002C,R1
0108 8D07 NOP
010A 2101 0000 LD R1,#0000
010E 3816 0026 ouT %0026,R1
0112 8D07 NOP
0114 2101 1020 LD R1,#1020
0118 3816 0022 ouT %0022,R1
011C 8D07 NOP
011E 2101 0001 LD R1,#0001
0122 3816 0038 out %0038,R1
0126 8D07 NOP
0128 2101  00AC LD R1,%00A0
012C 3816 002C ouT %002C, R1
0130 8D07 NOP

Figure 5.
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Table 3.

Example of Chain Control Tables

Memory Data Register

1020 03FF  Chain Control register

1022 0000 Segment/Tag of Current Address Register A
1024 1F00  Offset of Current Address Register A

1026 0074  Segment/Tag of Current Address Register B
1028 FFO1  Offset of Current Address Register B

102A 00A0  Current Op-Count

102C 0000 Segment/Tag of Base Address Register A
102E 2F00 Offset of Base Address Register A

1030 0074  Segment/Tag of Base Address Register B
1032 FFO1 Offset of Base Address Register B

1034 0100 Base Op-Count Register

1036 1234  Pattern register

1038 FOO0  Mask register

103A 0002 Interrupt Vector register

103C 0004 Channel Mode High

103E 3042 Channel Mode Low

1040 0000 Segment/Tag of Chain Address

1042 1080 Offset of Chain Address

1080 0182  Chain Control register

1082 0076  Segment/Tag of Current Address Register B
1084 FFO02 Offset of Current Address Register B

1086 0050 Current Op-Count

1088 0010  Channel Mode High

108A 0240 Channel Mode Low

Remarks

Chaining all registers

System data mem, increment, 0 waits
Starting address

1/0, hold, 2 waits

Peripheral address

160 transfers

System data, increment, 0 waits
Starting address

1/0, hold, 2 waits

Peripheral address

256 transfers

0001001000110100 as pattern
1111000000000000 as mask

Vector = 02

Pulsed DACK

Chain at EOP, Base to Current at
TC, Address Register A to Address
Register B Demand/Bus release,
word-to-word flyby

Address of next chain control word

Chaining three registers

1/0, hold, 4 waits

Peripheral address

80 transfers

Software request during chaining
Interrupt at TC, Address Register A
to Address Register B, word flow-
through

When DMA operation is initiated by either software
or hardware request, the DTC drives the BUSREQ
line Low and performs the DMA operation after it
receives an active Low BAI signal. When DMA
operation is initiated by chaining, the DTC
performs the DMA operation as soon as chaining
ends if the MM, bit (CPU Interleave Enable bit) is
clear. If the MM, bit is set, the channel gives
up bus control after chaining and before DMA
operation.

DMA OPERATIONS

There are three types of DMA operation: transfer,
transfer-and-search, and search, each of which can
occur in either a Flowthrough or Flyby
transaction. They are controlled by programming

bits 0 through 3 of the Channel Mode register.
The Flip bit (CM,) is used to control the transfer
direction. Figure 6 shows state diagrams for the
various types of operations. Table 4 lists the
operation codes.

Flowthrough Transfer and Flowthrough Transfer-
and-Search operations consist of both read and
write transactions. When bit CM, is clear, the
DTC reads data from the location specified by The

Current Address Register A (ARA) (i.e., the
source), stores the data in the Temporary
register, compares the data with the unmasked
pattern, and then writes the data into the

location specified by the Current Address Register
B (ARB) (i.e., the destination). When bit CM, is
set, the source location is specified by the




TS
INTERRUPT AND/OR
B-TO-C RELOAD
AND/OR CHAIN

i

AS =1,D8 =0

PLACE DATA FROM

SOURCE ONTO BUS:
SAMPLE WAIT T22

SAMPLE DREQ AND BAI,

DRIVE BUSREQ.

A ON BUS
B ON BUS

T

SEND DATA TO DESTINATION:
DS =1
UPDATE ADDRESS/COUNT

AS=1;DS =0
BUS RESERVED FOR DATA:
SAMPLE WAIT T2

T

WAIT

PLACE DATA FROM
SOURCE INTO TEMPORARY
REGISTERS:

DS =1 T13
(CM4 = 0): C-ARB ON BUS
(CM4 = 1): C-ARA ON BUS
RW =

AS = T21

THID
SAMPLE DREQ & EOP

Figure 6a.

Flowthrough Transfer and Flowthrough Transfer-and-Search Operations




s
INTERRUPT AND/OR
1 B-TO-C RELOAD
AND/OR CHAIN

SAMPLING DREQ
DRIVING BUSREQ
SAMPLING BAI

DACK INACTIVE T

AS=1:D5=0

BUS RESERVED FOR DATA
SAMPLING WAIT

PULSED DACK ACTIVE T2

|

DATA INTO TEMPORARY REGISTER
COMPARING WITH

UNMASKED PATTERN:

DS = 0, PULSED DACK INACTIVE
UPDATE ADDRESS AND

COUNT CHECKING TC, MC,

EOP: SAMPLING DREQ T3

BUS NO BUS NO
RELEASE HOLD
M M
YES YES

@ SAMPLING DREQ

SAMPLING EOP
THLD

Figure 6b. Flyby Transfer and Flyby Transfer-and-Search Operations

Current ARB, and the destination is specified by
the Current ARA.

Flyby Transfer and Transfer-And-Search operations
consist of a single Read cycle or a single Write
cycle. When CM, is clear, the DTC reads the data

from the location specified by the Current ARA and
the DACK signal strobes the data to the flyby
peripheral. In Transfer-and-Search operations,
the data is also stored in the Temporary register
and compared with the unmasked pattern.
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‘ START ’

TS
INTERRUPT AND/OR
B-TO-C RELOAD
AND/OR CHAIN

IUS

SAMPLING DREQ
DRIVING BUSREQ
SAMPLING BAI

DACK = 1 T

(CM4 = 0): C-ARA ON BUS:
(CM4 = 1): C-ARB ON BUS:
RW =1,AS =0

DACK =0

™

AS=1:D5=0

BUS RESERVED FOR DATA
SAMPLING WAIT

PULSED DACK ACTIVE T2

= 0 (CHANNEL REQUESTED)

!

(CM4 = 0): DATA INTO FLYBY PERIPHERAL
(CM4 = 1): DATA FROM FLYBY PERIPHERAL

DS PULSED, DACK = 1,
UPDATE ADDRESS AND COUNT,
CHECKING TC, MC, EOP
SAMPLING DREQ

LK

us NO
HOLD

YES | g

SAMPLING DREG
SAMPLING EOP

THLD

Search Operation
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Table 4. Operation Codes And Programming Suggestions

Operation Operation Code Size Suggestions

CM5-CMy*
Flowthrough 0 W-W If CMy = O then ARA to ARB; if CMy = 1 then ARB to ARA
Transfer 1 B-B If CMyg = O then level DACK; if CMyg = 1 then DACK inactive
Flyby 2 W-W If CMg = O then ARA to ARB; if CM, = 1 then ARB to ARA
Transfer 3 B-8 If CMyg = 0 then level DACK; if CMjg = 1 then pulsed DACK
Flowthrough 4 W-W CMy, CMig same as flowthrough transfer
Transfer & 5 B-B If CMy7 = O then stop on no match; if CMy; = 1 then stop on
Search match
Flyby 6 W-W CMy, CMig same as flyby transfer
Transfer & 7 B-8B If CMyy7 = O then stop on no match; if CMy7 = 1 then stop on
Search match
Flowthrough 8 B-W Byte at ARA, word at ARB
Funneling 9 If CMy = O then byte-to-word; if CMy = 1 then word-to-byte
If CMyg same as transfer
Operation count = number of words
Flyby c B-W
Funneling D
Search E W-W If CM, = O then source at ARA; if CM, = 1 then at ARB
F B-B If CMy7 = O then stop on no match; if CMy7 = 1 then stop on
match
Operation Operation Code Suggestions
CM¢ CMs,
Single 0 0 Each Software Rec. command causes one operation;
Operation Each DREQ falling edge causes one operation**
Demand with 0 1 Each Software Req. command causes block operation***;
Bus Hold Operating when DREQ Low; Hold bus when DREQ High
Demand with 1 0 Each software Req. command causes block operation*x*;
Bus Release Operating when DREQ Low; Release bus when High
Demand 1 1 Each Software Req. command causes block operation***;
Interleave Operating when DREQ Low; Release bus to other

channel or CPU after each operation

*CM (Channel Mode) register's bit.

**The DREQ falling edge must meet the timing requirement.

***]f MM2 (Master Mode) bit is set (CPU interleave is enabled), the DTC releases the bus after each
operation when the channel is not in Bus Hold mode.
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When Flip bit CM, is set, the DTC activates DACK
to the flyby peripheral, which enables the data
onto the A/D bus, writes the data into the
location specified by the Current ARB, stores it
in the Temporary register, and compares it with
the unmasked pattern.

The Search operation consists of a Read cycle
only. The DTC reads data from the source location
(specified by the Current ARA when CM, = 0 and by
Current ARB when CM, = 1), stores the data in the
Temporary register, and compares it with the
unmasked pattern. No data is written into any
location or peripheral. Channel Mode register
bits CMy7_CMy¢ are the match control field for
programming the Stop condition.

Channel Mode bits CMg-CMs select the channel's
response to the request to start a DMA operation.
There are four types of response: single
operation, demand dedicated with bus hold, demand
dedicated with bus release, and demand inter-
leave. These responses are detailed below.
Figure 7 shows flow charts for each of these
responses. Interleave operations between the CPU
and the DTC, and between DTC channels, are shown
in Figure 8.

The setting of bits CMg and CMg are described as
follows:

a) Single operation (CMg = 0, CMg = 0). In
response to a software request or active DREQ
High-to-Low transition, the channel performs a
singie DMA iteration. The DTC relinquishes bus

control after each transaction unless a second

High-to-Low DREQ transition meets the timing

requirement.

b) Demand Dedicated with Bus Hold (CMg = 0, CMg =
1). In response to a software request, the
channel acquires bus control, performs a DMA
operation until termination occurs (i.e., TC,
MC or EOP occurs), and then relinquishes bus
control.

In response to an active Low DREQ, the channel
acquires bus control, performs DMA operations
while DREQ is active Low, retains bus control
when DREQ is High but does nothing, resumes DMA
operation when DREQ is Llow again and only
relinquishes bus control when the operation
terminates (i.e., TC, MC, or EOP occurs). If
the DACK signal is programmed as level (CMyg =
0), it will be active Low from the time the
channel acquires bus control to when it
relinquishes control.

c) Demand Dedicated with Bus Release (CMg = 1,
CMg = 0). In response to a software request
the channel performs DMA iterations until TC,
MC, or EOP occurs. In response to a hardware
request, the channel performs DMA iterations
until DREQ goes inactive. The contents of the
Current Address registers and the Current
Operation Count register will not be reloaded
until TC, MC, or EOP occurs.

d) Demand Interleave (CMg = 1, CMg = 1). Demand
Interleave varies, depending on the setting of
Master Mode register bit MM,. If MM, is set
(CPU  interleave is  enabled), the DIC
relinquishes bus control after each DMA
iteration and then re-requests it. This
permits the CPU and other devices to gain bus
control during DMA operations. If MM, is clear
(CPU interleave is disabled), control can pass
from one channel to the other without releasing
bus control. If only one channel is programmed
in Demand Interleave mode, the other channel
will retain control until termination or until
DREQ goes inactive, at which time control is
returned to the other channel.

Channel Mode register bit CM;g selects the wave-
form of DACK. The pulsed DACK (CMqg = 1) is used
only in Flyby transactions. It is inactive during
Non-F1lyby transactions when CMjg is set.

Byte-word funneling allows packing and unpacking
of byte data to facilitate high-speed transfers
between byte-oriented peripherals and word-
organized memory. The funneling option can be
used only in Flowthrough transactions. For
transfers from a byte source to a word destina-
tion, two consecutive byte reads are performed to
move data from the source location. These bytes
are assembled in the Temporary register. The
Temporary register data is then written into the
destination location as a word. For word-to-byte
funneling, word data is read from the source
location into the Temporary register. This word
is then written to the destination in two
consecutive byte writes. The byte address must be
programmed in the Current ARA and the word address
must be in the Current ARB. Bit CMg in the
Channel Mode register is used to specify the
transfer direction. It is set to 0 to specify
byte-to-word funneling and to 1 for word-to-byte

funneling. To access the high byte of the word
first, bit TGz of the Current ARB must be
cleared. Bit TGz of the Current ARB is set when

accessing the low byte of the word first, after
which the ARB address increments. Figure 9 shows
two examples of data funneling.
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A) Byte-to-Word Funneling: Data is moved from the byte source addressed at FA70 to the word
destination addressed from 1600.

Current ARA: 0010-FA70 (Segment = 00, Offset = FA70, Address hold)
Current ARB: 00xx-1604 (Segment = 00, Offset = 1604, Address hold/change)
Current Op-Count: 0003 (Three words)

Flip bit (CMy): O (Data from "ARA" to "ARB")

Destination Data Distribution

TGy TGy
ADDRESS 00 01 10 1
Source Data String
AA 00-1600 * FFEE * *
BB 00-1602 * pDCC * *
cc 00-1604 AABB | BBAA | EEFF | FFEE
DD 00-1606 [§{sh») * * *
EE 00-1608 EEFF * * *
FF 00-160A * * * *
ARB INC., | DEC. | HOLD | HOLD
NOTES | WRITE FIRST| HIGH | LOW HIGH | LOW

B) Word-to-Byte Funneling: Data is moved from the word source addressed from 1800 to the byte
destination addressed from 1A00.

Current ARA: 0000-1A00 (Segment = 00, Offset = 1A00, Address increment)
Current ARB: 00xx-1800 (Segment = 00, Offset = 1800, Address hold/change)
Current Op-Count: 003 (three words)

Flip bit (CMA): 1 (Data from "ARB" to "ARA")

Destination Data Distribution

TGy, TG3
ADDRESS 00 01 10 1"
Source Data Distribution

00-1A00 AA BB AA BB
Address Word Data 00-1A01 BB AA BB AA

00-1A02 cc 99 AA BB
00-17FA 00-1A03 DD 88 BB AA
00-17FC 6677 00-1A04 EE 77 AA BB
00-17FE 8899 00-1A05 FF 66 BB AA
00-1800 AABB 00-1A06 * * * *
00-1802 CCoD 00-1A07 * * * *
00-1804 EEFF 00-1A08 * * *
00-1806

ARB INC. DEC. HOLD | HOLD
NOTES | READ FIRST | HIGH | LOW HIGH | LOW

*Data unchanged

Figure 9. Examples of Byte/Word Funneling
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78016 DTC-T0-Z8000 CPU INTERFACE
CPU and DTC On Same Board

The Address/Data bus and control signals of the
28000 CPU and those of the Z8016 DTC are directly
connected. The AS, DS, and BUSACK signals of the
CPU are connected through the reset logic to the
AS, DS, and BAI signals of the DTC. CS/WAIT
demultiplexing logic is required for the CS/WAIT
input of the DTC if hardware waits are necessary.
The DREQ 1lines are connected to the request
outputs of peripheral devices. The DACK lines are
connected to the corresponding enable inputs of
the peripheral devices.

When programming for Flyby transactions, the R/W
input of the flyby peripheral should be inverted
internally by the peripheral or externally by
special logic. R/W High indicates that the flyby
peripheral should accept data, and R/W Low
indicates that the flyby peripheral should drive
data onto the bus. The memory or non-flyby
peripheral uses the R/W High signal to indicate
that it should drive data onto the A/D bus, and it
uses the R/W Low signal to indicate that it should
accept the data from A/D bus.

When reading a slow-readable register (e.g., the
Channel Mode register), external logic for
inserting hardware Wait states is required. The
worst-case DS low width for the slow-readable
registers is approximately 2000 ns for a 4 MHz
28016 DTC. The interrupt vector is supplied by
the Interrupt Save register (a fast-readable
register), therefore, the DS Low width for
Interrupt Acknowledge does not require hardware
Wait states.

Figure 10 shows the interface of the Z8000 CPU and
the 78016 DTC when located on the same board. No
buffer is required for BUSREQ. The pins of
BUSREQ, EOP and INT require 3.3k or larger pullup
resistors. When more than one DTC or other
peripherals are used, the BAI-BAO and IEI-IEO
daisy chains are used to determine priorities for
bus control and the interrupt service.

CPU and DTC on Different Boards

When the DTC and CPU are located on different
boards, the address/data and control signals pass
through the system bus. The system bus must
provide:

e Multiplexed Address/Data lines (ADg-AD4s5)

e Bus timing lines [Address Strobe (AS),
Data Strobe (DS)]

e Read/Write (R/W) status signal

e Bus control lines [Bus Request (BUSREQ) and Bus
Acknowledge (BUSACK)]

e Interrupt Request lines

e Status lines (STg-STs3)

e Ready (RDY) line

The BUSREQ pin of the DTC requires special
bidirectional buffer logic to prevent competition
between buses. The other connections are the same
as those made when the CPU and DTC are located on
the same board.

Figure 11 shows the interface configuration for a

Z-BUS system used with the 78016 DTC.
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28016 DTC-T0-8086 CPU INTERFACE

To control data transactions the 8086 CPU provides
RD and WR signals and the 28016 DTC provides DS
and R/W signals. The R/W signal is valid and
stable at the T1 state, whereas RD and WR are
valid at the T2 state. Therefore, the use of RD
or WR to generate a R/W signal violates the
R/W-valid-to-DS falling edge setup time
requirement. To avoid this, the DT/R signal of
the 8086 CPU can be used to generate the R/W
signal for programming the DTC. This interface
configuration between the 78016 DTC and the 8086
CPU is shown in Figure 12.

External logic provides and controls the status
signals STy-ST3. See the Interface Support Logic
section of this application note for details.

78016 DTC-T0-Z8030 Z-SCC INTERFACE

The 28030 Serial Communications Controller (Z-SCC)
functions as a serial-to-parallel, parallel-to-
serial converter/controller. Address and data
transactions through the Z-SCC are activated by
controlling the E§0 and CSqy inputs. The CSq must
remain active High throughout the data transac-
tion. The TSy Low allows the address of the
internal register to be accessed. Figure 13 shows
the DTC-to-Z-SCC interface configuration.

When interfacing with the Z-SCC, the DTC should be
programmed for:

e Single operation or Demand operation

e Byte-to-byte flowthrough transfer, transfer-
and-search, or search. An FIO is necessary in
Flyby mode due to recovery time parameters.

e One wait state insertion for accessing the
Z-SCC and three wait states for the memory
cycle. This is to meet the SCC recovery time.

For example, to transfer data from the Z-SCC
(addressed as 00-FFBx) to memory (e.g., 00-2000 to
00-20FE), the ARA, ARB, Op-Count and Channel Mode
registers are:

ARA: 0000 - 2000
ARB: 0072 - FFBO
Op-Count: 0100

Channel Mode: 0000 - 1001

Because of the write to DS falling edge setup time
requirement, Flyby transactions are not
recommended unless the memory access time is fast
enough to meet this requirement. The Z-SCC
requests a DMA transfer by pulling the DTR/REQ
output Low.

28016 DTC-T0-Z8038 Z-FIO INTERFACE

The 128038 FIFO I1/0 Port (Z-FI0) provides an
asynchronous, 128-byte FIFO buffer. This buffer
is expandable in both width and depth. The data
transfer logic of the Z-FIO0 is especially designed
to work with DMA controllers in high-speed
transfers. Figure 14 shows the DTC-to-Z-FIO
interface configuration. The DACK output of the
DIC is connected to the DMASTB input of the
Z-F10. When DACK is active Low, it masks the CS
for Flyby DMA operations. The following rules
apply when programming the DTC to transfer data
between the A/D bus and the Z-FIO.

(1) The time between the rising edge of DS and
the next falling edge of DS in the DTC must
meet the valid access recovery time of the
Z-F10.  In Demand Block transfer opera-
tions, the delay of two DS signals equals
approximately two DMA clock cycles.
Therefore, Demand Interleave transfer or
Single transfer operations are suggested.

(2) The pulsed DACK bit (CM;g) of the Channel
Mode register must be set.

(3) For Flowthrough operations, CS of the Z-FIO
must be activated.

(4) For word-to-word transfers, two FIOs must
be used.
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78016 DYC-T0-7Z8010 MMUJ INTERFACE

The 78010 Memory Management Unit (MMU) contains a
table of access attributes that are individually
programmable for each segment. The attributes
provided are read-only, System-mode-only,
DMA-only, execute-only, and CPU-only. If the MMU
detects a memory access that violates one of the
attributes of a segment, the MMU interrupts the
CPU or DMA to inhibit an illegal memory access.

Figure 15 shows the DTC-to-MMU interface configur-
ation. The MMUSYNC output of the DTC ORed with
the BUSACK signal of the CPU is connected to the
DMASYNC input of the MMU. The MMUSYNC pin of the

DTC is multiplexed with SN;. If bit MM; of the
Master Mode register is set (Logical Addressing
mode), this pin outputs an MMUSYNC active High
pulse prior to each DMA cycle when the DTC is in
control of the system bus; when the DTC is not in
control of the system bus it outputs a Low level.
If the MMy is clear (Physical Addressing mode),
this pin outputs the SNy when the DTC is a bus
master and is driven with high-impedance off when
the DTC is not in control of the system bus.

The SUP output of the MMU is connected to the EOP
pin of the DIC so that DMA operation will be
terminated whenever a violation is detected.
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INTERFACE SUPPORT LOGIC shown assumes a timeout feature such as on the
AMZ8127 clock chip. Figure 17 shows the logic for

Figure 16 shows the external logic for decoding the status lines to generate the MREQ,

multiplexing CS and WAIT (or RDY) signals for the I0RQ, and M/I0 signals.

CS/WAIT input of the 28016 DIC. The slow circuit

WA
Bal CSIWATT
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cs - oc
ADg D Q@ SLOW
RIW
cP
s tr
(A) WAIT, CS Multiplexing Logic
cs »e
BAO CSIWATT
BAI
cLocK »
RDY
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Figure 16. Multiplexing Logic For CS/WAIT Input
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Figure 17. Status Lines Decoding Logic

4-138 00-2271-02



Initializing
The CIO

Zilog

Application
Note

October 1982

INTRODUCTION

Zilog's 28536 Counter/Timer and Parallel I/0 Unit
(C10) and 78036 (Z-CI0) can provide convenient
solutions to many microprocessor-based design
problems. Their handshake control, bit manipu-
lation, pattern recognition, and interrupt control
capabilities extend the range of applications far
beyond that of traditional counter/timer and
parallel I/0 circuits. This application note
gives a generalized procedure for initializing the
CI0, as well as an initialization example for one
particular application. All comments in this
document referring to "the CIO" apply to both the
28036 and 28536. References to the Z-CI0 refer
only to the Z8036.

ACCESSING THE REGISTERS

From the programmer's point of view, the only dif-
ference between the 78036 and the 78536 is the way
the registers are accessed. In the 78036, they
are mapped directly into the CPU's 1/0 address
space, and the Right Justified Address (RJA) bit
in the Master Interrupt Control register deter-
mines which address bits are used to select them.
When RJA = 0, bits ADg-AD; are decoded, and when
RJA = 1, bits AD5-ADg are decoded.

The 28536 uses only Ag and Ay to select the regis-
ters and thus occupies only four bytes of I/0
address space. The Data registers for each port
are accessed directly using Ag and A4. The Con-
trol registers (as well as the Data registers) can
be accessed using the following two-step sequence
with Ag = A = 1: first, write the address of the
target register to an internal 6-bit pointer reg-
ister; then read from or write to the target reg-
ister. An internal state machine determines

whether a given access refers to the pointer or
the target register.

SOF TWARE RESET

A software reset is performed by writing a 1 to
the Reset bit in the Master Interrupt Control reg-
ister. This causes all control bits to be reset
to 0, all port I/0 lines to be at high impedance,
the Interrupt pin to be inactive, and the Inter-
rupt Enable Output (IED) pin to follow the Inter-
rupt Enable Input (IEI) pin. A reset disables all
functions except a read or write to the Reset bit;
therefore the Reset bit must be cleared before any
other control bits can be programmed.

INITIALIZATION

Once the CIO has been reset and, in the Z-CIO, the
RJA bit has been programmed, it can easily be ini-
tialized for a given application by using the pro-
cedures outlined in the flowcharts of Figures 1
through 7. These flowcharts are intended to serve
more as a logical guide than as a sequential algo-
rithm. The actual sequence of initialization is
unimportant, except that a few basic rules must be
observed:

e The ports and counter/timers should be enabled
only after their functions have been completely
specified.

e When Ports A and B are linked, Port B should be
enabled before, or simultaneously with, the
enabling of Port A. Also, the Port Link Con-
trol (PLC) bit in the Master Configuration
Control register should be set before either
port is enabled.
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The counter/timers should be triggered only
after they have been enabled.

When Counter/Timers 1 and 2 are linked, the
functions of both must be specified and the
Counter/Timer Link Control (LC) bits (in the
Master Configuration Control register) must be
programmed before either counter/timer is
enabled.

The Master Interrupt Enable (MIE) bit in the
Master Interrupt Control register should be set
only after the functions of the CIO's interrupt
sources have been completely specified.

PORTAORB
INITIALIZATION

SPECIFY PORT
TYPE IN PORT'S
MODE SPECIFICATION

BIT PORT HANDSHAKE PORT

PERFORM BIT PORT
INITIALIZATION
(FIGURE 2)

PERFORM
HANDSHAKE PORT
INITIALIZATION
(FIGURE 3)

!

SET MASTER
INTERRUPT ENABLE BIT
IN MASTER INTERRUPT
CONTROL REGISTER IF

APPROPRIATE

Figure 1. Port A or B Initialization

Table 1. 78036/28536 CIO Register Summary

Internal
Address Read/Write Register Name
(Binary)
As...Ag Main Control Registers
000000 R/W Master Interrupt Control
000001 R/W Master Configuration Control
000010 R/W Port A Interrupt Vector
000011 R/M Port B Interrupt Vector
000100 R/W Counter/Timer Interrupt Vector
000101 R/W Port C Data Path Polarity
000110 R/W Port C Data Direction
000111 R/W Port C Special 1/0 Control
Most Often Accessed Registers
001000 * Port A Command and Status
001001 * Port B Command and Status
001010 * Counter/Timer 1 Command and Status
001011 * Counter/Timer 2 Command and Status
001100 * Counter/Timer 3 Command and Status
001101 R/W Port A Data**
001110 R/W Port B Data**
001111 R/W Port C Data**
Counter/Timer Related Registers
010000 R Counter/Timer 1 Current Count (MS Byte)
010001 R Counter/Timer 1 Current Count (LS Byte)
010010 R Counter/Timer 2 Current Count (MS Byte)

* All bits can be read and some bits can be written.
** Also directly addressable in 28536 using pins Ag and Aq.
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Table 1. 78036/18536 CIO Register Summary--Continued
Internal
Address Read/Write Register Name
(Binary)

Counter/Timer Related Registers (continued)

010011 R Counter/Timer 2 Current Count (LS Byte)
010100 R Counter/Timer 3 Current Count (MS Byte)
010101 R Counter/Timer 3 Current Count (LS Byte)
010110 R/W Counter/Timer 1 Time Constant (MS Byte)
010111 R/W Counter/Timer 1 Time Constant (LS Byte)
011000 R/W Counter/Timer 2 Time Constant (MS Byte)
011001 R/W Counter/Timer 2 Time Constant (LS Byte)
011010 R/W Counter/Timer 3 Time Constant (MS Byte)
011011 R/W Counter/Timer 3 Time Constant (LS Byte)
011100 R/W Counter/Timer 1 Mode Specification
011101 R/W Counter/Timer 2 Mode Specification
011110 R/W Counter/Timer 3 Mode Specification
011N R Current Vector

Port A Specification Registers
100000 R/W Port A Mode Specification
100001 R/W Port A Handshake Specification
100010 R/W Port A Data Path Polarity
100011 R/W Port A Data Direction
100100 R/W Port A Special I/0 Control
100101 R/W Port A Pattern Polarity
100110 R/W Port A Pattern Transition
100111 R/W Port A Pattern Mask

Port B Specification Registers
101000 R/MW Port B Mode Specification
101001 R/W Port B Handshake Specification
101010 R/W Port B Data Path Polarity
101011 R/W Port B Data Direction
101100 R/W Port B Special I/0 Control
101101 R/W Port B Pattern Polarity
101110 R/W Port B Pattern Transition
101111 R/W Port B Pattern Mask
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Figure 2.

Bit Port Initialization
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PULSED
HANDSHAKE?

INITIALIZE
COUNTERITIMER 3

*Deskew Timers Are Used Only For Output Ports

Figure 3. Handshake Port Initialization
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NEED
ANY INVERTING
DATA PATHS?

PROGRAM PORT'S
DATA PATH POLARITY
EGISTEI

PROGRAM PORT’S
SPECIAL 10
CONTROL REGISTER

NEED
INTERRUPTS?

PERFORM
INTERRUPT
INITIALIZATION
(FIGURE 6)

NEED
PORTS A AND
B LINKED?

SPECIFY PORT B
AS A BIT PORT
IN PORT B MODE
SPEC REGISTER

SET PORT LINK
OL ! T

GURAYION
CONTROL REGISTER

WRITE INITIAL
DATA TO PORT
DATA REGISTER(S)
IF NECESSARY

!

INITIALIZE PORT C
FIGURE

'

ENABLE PORT A AND/OR
PORT B IN MASTER
CONFIGURATION CON-
TROL REGISTER

RETURN

~———

Figure 3.

(continued)

Handshake Port Initialization

PORTC
INITIALIZATION

SPECIFY DATA DIREC-

TIO OF EACH BIT IN

PORT C DATA DIREC
TION REGISTER

NEED
ANY INVERTING PR o ©

DATA PATHS POLARITY REGISTER

ANV OPEN
G St o ves| emogmameonte |

's

cATCH CONTROL REGISTER
NO

WRITE INITIAL DATA
OR HANDSHAKE
LEVELS TO PORT C
DATA REGISTER IF
NECESSARY

!

ENABLE PORT CIN

Figure 4.

Port C Initialization
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COUNTERITIMER
INITIALIZATION

NEED
RETRIGGERABLE
COUNTER/TIMER?

SET RETRIGGER
ENABLE BIT IN
COUNTER/TIMER'S
MODE SPEC REGISTER

MODE SPEC REGISTER

!

NEED
EXTERNAL
ACCESS?

SET APPROPRIATE

EXTERNAL ENABLE

BITS IN C/T'S MODE
SPEC REGISTER

CIT10R2
EXTERNAL
ACCESS?

CIT3
EXTERNAL
ACCESS?

NO

INITIALIZE PORT B
AS A BIT PORT WITH
CORRECT DATA
DIRECTION ON
ACCESS BITS

INITIALIZE PORT C
AS A BIT PORT WITH
CORRECT DATA
DIRECTION ON
ACCESS BITS

1]

L |

LOAD APPROPRIATE
Al CIT'S

TIME CONSTANT REG
ISTERS (LSBs AND
MSBs)

i

NEED
INTERRUPTS?

PERFORM
INTERRUPT
INITIALIZATION
(FIGURE 6)

NEED
CITs 1 AND 2
LINKED?

PROGRAM THE CIT LINK
CONTROL BITS IN MAS-
TER CONFIGURATION
CONTROL REGISTER

:

ENABLE CIT IN MAS-
TER CONFIGURATION
CONTROL REGISTER

ENABLE C/Ts 1
AND 2 IN MASTER
CONFIGURATION

CONTROL REGISTER*

!

[}

GATE AND/OR
TRIGGER CIT IN
CIT's COMMAND AND
STATUS REGISTER

GATE AND/OR
TRIGGER CIT 2 IN
CIT 2 COMMAND AND
STATUS REGISTER

!

GATE AND/OR
TRIGGER C/T 1IN
CIT 1 COMMAND AND
STATUS REGISTER

SET MASTER INTER-
E BIT IN
MASTER INTERRUPT
CONTROL REGISTER IF
APPROPRIATE

E]
=
kl
3
m
z
>
]

*For linked operation C/Ts 1 and 2

L ]

must

both be initialized before they are enabled

Figure 5.

Counter/Timer Initialization
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SET THE NO VECTOR
BIT IN MASTER
INTERRUPT CON-
TROL REGISTER

INTERRUPT
INITIALIZATION

NEED
INTERNALLY
GENERATED

VEC‘;ORS

SET THE APPROPRIATE
VECTOR INCLUDES
STATUS BIT IN MASTER
INTERRUPT CONTROL.

PROGRAM APPRO
PRIATE INTERRUPT
VECTOR REGISTER

Figure 6.

BIT PORT

NEED
LATCH ON
PATTERN MATCH
FEATURE?

SET LATCH ON
PATTERN MATCH
BIT IN PORT’S MODE
SPEC REGISTER

!

SET APPROPRIATE |E
BIT IN COMMAND
D STAEI.’;S

RETURN

Interrupt Initialization

PATTERN
RECOGNITION
INITIALIZATION

SPECIFY PATTERN
MATCH MODE IN
PORT’S MODE SPEC.
REGISTER

HANDSHAKE PORT

EE|
INTERRUPT
ON MATCH ONLY
FEATURE?

SET INTERRUPT ON

MATCH ONLY BIT IN

PORT’S MODE SPEC
REGISTER

R}

i

PROGRAM PORT’S
PATTERN POLARITY
REGISTER

!

PROGRAM PORT’S
PATTERN TRANSITION
REGISTER

!

PROGRAM PORT'S
PATTERN MASK
REGISTER

RETURN

Figure 7. Pattern Recognition Initialization
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APPLICATION EXAMPLE

Figure 8 shows the 78036 configured to function
as:

An input handshake port

A priority interrupt controller
A squarewave generator

A watchdog timer

A general-purpose timer

In addition, there are two bits left over to
function as bit-addressable output lines. The
following sections discuss the specific initiali-
zation procedures used to program each of the
functions.

Z8036 2-Cl0
PAg-PA7 2-WIRE
INTERLOCKED
pC. RFD HANDSHAKE
CIT 1 AS A 10ms ° INPUT PORT
'WATCHDOG PC; j=+=—ACKIN.

TIMER

PCy BIT-ADDRESSABLE
PCo OUTPUT LINES

CIT2 PBg |~ WATCHDOG TRIGGER INPUT
P TERRACE AS AadokHz | o pBy | LI 100 KHz SQUARE
0 1z
SQUAREWAVE WAVE OUTPUT
P8y
pBs |e—r
6-INPUT PRIORITY
PB4y INTERRUPT
CIT3 PB3 |<¢—————— [ CONTROLLER
AS A GENERAL-
PURPOSE TIMER PB; |e—
PBy
Figure 8. Z-CIO Application Example

Port A as an Input Handshake Port

In Figure 8, Port A is an input port with 2-Wire
Interlocked Handshake. (The CIO also supports
Strobed Handshake, Pulsed Handshake, and [EEE
3-Wire Handshake.) Port C provides the handshake
control signals, with PC, as ACKIN (Acknowledge
Input) and PC3 as the RFD (Ready For Data) output.

Port A is specified as an input handshake port by
writing a 0 to bit Dy and a 1 to bit Dg of the
Port A Mode Specification register. Writing a 1
to bit Dg and a 0 to bit D, of the same register
specifies the double-buffered mode and allows the
port to interrupt the CPU when both the Buffer
register and Input Data register are full. Since
the ports reset to Interlocked Handshake, the Port
A Handshake Specification register need not be
programmed in this example.

If Port A is to place an interrupt vector on the
system bus during Interrupt Acknowledge transac-
tions, then the Port A Interrupt Vector register
should be programmed with the appropriate value.
The Port A interrupt logic is enabled by writing
1s to bits Dy and Dg, and a 0 to bit Dg of the
Port A Command and Status register. This encoded
command sets the Port A Interrupt Enable (IE)
bit.

The programmer should specify the correct data
direction for the handshake bits, as well as the
initial state of RFD. Writing F4 (hexidecimal) to
the Port C Data Direction register programs PC3
(RFD) as an output bit, PC, (ACKIN) as an input
bit, and allows PCq; and PCy to function as bit-
addressable output lines. PCqg, PC4, and PC3 can
be programmed with their initial values by writing
to the Port C Data register. In this example, PC3
(RFD) is initially High, signaling that Port A is
ready for data.

Port B as a Priority Interrupt Controller

The priority interrupt controller is implemented
using the OR-Priority Encoded Vector (OR-PEV) mode
of pattern recognition. When any of the six
inputs (PB4-PBg and PB7;) are High, Port B's Pat-
tern Match Flag and Interrupt Pending (IP) bits
are set. If no higher priority interrupt sources
(e.g., Port A) are under service, and if Port B's
interrupts are enabled, the CIO interrupts the
CPU. If no higher priority interrupts are pending
at the time of the next Interrupt Acknowledge
cycle, then Port B places its interrupt vector on
the bus. Encoded within this vector is the value
of the highest priority interrupt request at Port
B (with PBy as the highest priority input). The
CPU can then automatically branch to the appro-
priate service routine.

To function as a priority interrupt controller,
Port B must be specified as a bit port with OR-PEV
pattern match; hence a 06y must be loaded into
the Port B Mode Specification register. PB-PBg
and PB; must be programmed as input bits by writ-
ing 1s to bits D¢-D5 and D; of the Port B Data
Direction register. The polarity of the interrupt
request signals can be specified independently in
the Port B Pattern Polarity register and the
sources can be individually masked using the Port
B Pattern Mask register. In this example, all of
the interrupts are active High and bits PBy and
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PBg are masked off; FFy is therefore loaded into
the Port B Pattern Polarity register, and BEy is
loaded into the Port B Pattern Mask register.
Transition pattern specifications should not be
used in the OR-PEV pattern match mode, so the Port
B Pattern Transition register should not be pro-
grammed.

The base interrupt vector should be loaded into
the Port B Interrupt Vector register, and the Port
B interrupt logic is enabled by writing 1s to bits
Dy and Dg, and a 0 to bit Dg of the Port B Command
and Status register. Also, the Port B Vector
Includes Status (VIS) bit should be set so that
unique vectors can be generated for each of the
interrupt sources (this can be done at the same
time the MIE bit is set).

Counter/Timer 1 as a Watchdog Timer

In this example, Counter/Timer 1 acts as a watch-
dog timer, interrupting the CPU whenever a 10 ms
interval elapses without the occurrence of a ris-
ing edge on its trigger input (PBg). Each time
the timer is triggered (i.e., with each rising
edge on PBé), it reloads its time constant and
begins counting down toward the terminal count.
Since the Counter/Timer 1 Time Constant is pro-
grammed to provide a timeout interval of 10 ms, a
terminal count condition always indicates that at
least 10 ms has elapsed since the last rising edge
on PBg.

The programmer must set bits Dy and Dy of the
Counter/Timer 1 Mode Specification register. Bit
Dy is the Retrigger Enable (REB) bit, and D4 is
the External Trigger Enable (ETE) bit. All other
bits in this register can remain reset to 0.
Since PBg is the designated external trigger input
whenever Counter/Timer 1's ETE bit is set, Port B
must be programmed as a bit port and PBg must be
programmed as an input bit.

Since Counter/Timer 1 is in the Timer mode (i.e.,
it does not have an external count input), it
counts the pulses of the internal clock signal
(PCLK/2). Assuming a 4 MHz PCLK, the Time
Constant should be 20,000¢g for a 10 ms timeout
interval. This can be achieved by loading 4Ey
to the most-significant byte of Counter/Timer 1's
Time Constant,' and 20y to the least-significant
byte of Counter/Timer 1's Time Constant.

The base interrupt vector should be loaded into
the Counter/Timer Interrupt Vector register, and
the Counter/Timer 1 interrupt logic is enabled by
writing 1s to bits Dy and Dg, and a 0 to bit Dg of
the Counter/Timer 1 Command and Status register.
Also, the Counter/Timer VIS bit should be set so
that Counter/Timers 1 and 2 can generate unique
vectors. (This can be done at the same time the
MIE bit is set.)

Counter/Timer 2 as a Squarewave Generator

While Counter/Timer 1 uses PBg as its trigger
input, Counter/Timer 2 can use PBg as its output.
The squarewave duty cycle is selected by writing a
1 to bit Dq and a 0 to bit Dy of the Counter/Timer
2 Mode Specification register. Setting bits Dy
and Dg of the same register specifies the Con-
tinuous mode with an external output. Since PBg
is the designated Counter/Timer 2 output whenever
Counter/Timer 2's External Output Enable (EOE) bit
is set, Port B must be programmed as a bit port
and PBg must be programmed as an output bit.

In the Squarewave mode, the timeout interval
should be equal to half the period of the desired
squarewave (see the CIO0 Technical Manual, section
4.2.5, document number 00-2091-01). A frequency
of 100 KHz corresponds to a period of 10 Ms and,
therefore, a timeout interval of 5 pus. With a
4MHz PCLK, the period of the input clock signal
(PCLK/2) is 0.5 ps, and therefore the necessary
Time Constant is 1045 or 000A,. This wvalue
should be loaded into the Counter/Timer 2 Time
Constant registers. Since the squarewave genera-
tor does not interrupt the CPU, there is no need
to enable Counter/Timer 2's interrupt logic.

Counter Timer 3 as a General-Purpose Timer

For Counter/Timer 3 to interrupt the CPU period-
ically, the user must specify the Continuous mode
by setting bit Dy of the Counter/Timer 3 Mode
Specification register. All other bits in this
register can remain reset to 0. Loading 4E20y
to the Counter/Timer 3 Time Constant registers
specifies a 10 ms timeout interval. Writing 1s to
bits Dy and Dg, and a 0 to bit Dg of the Counter/
Timer 3 Command and Status register enables the
Counter/Timer 3 interrupt logic.
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When all of their Ffunctions have been completely
specified, the ports and counter/timers can be
enabled simultaneously by writing F4y to the
Master Configuration Control register. At this
point, the counter/timers can be started by set-
ting the Gate Command (GCB) and Trigger Command

(TCB) bits in each of their Command and Status
registers. Finally, setting the MIE bit, along
with the appropriate VIS bits, completes the ini-
tialization. Table 2 summarizes the initializa-
tion sequence for this application example.




Table 2.

Initialization Sequence for Application Example

Register Address Hex Value

Step Programmed AD7-ADg Loaded Comments

1. Master Interrupt X0000000* 01 Reset Z-CIO.
Control

2. Master Interrupt X000000X 00 Clear Reset.
Control

3. Port A Mode Spec- X100000X 60 Double-buffered input port,
ification interrupt on two bytes.

4. Port A Interrupt X000010X v Interrupt vector depends on
Vector user's system.

5. Port A Command X001000X co Port A Interrupt Enable.
and Status

6. Port C Data X000110X F4 PC, is imput PCy, PCy and PC3
Direction are output.

7. Port C Data X001111X 48 RFD is initially High. PCq

and PCq are initially Low.

8. Port B Mode X101000X 06 Bit port, OR-PEV pattern
Specification match.

9. Port B Data X101011X FE PBgy is output. PB4-PB; are
Direction input.

10. Port B Pattern X101101X FF Interrupt inputs are active
Polarity High.

1. Port B Pattern X101111X BE PBg and PBg are masked off.
Mask

12. Port B Interrupt X000011X v Interrupt vector depends on
Vector user's system.

13. Port B Command and X001001X co Port B Interrupt Enable.
Status

14, Counter/Timer 1 X011100X 14 Single cycle, External
Mode Specification Trigger Enable, Retrigger

Enable.

15. Counter/Timer 1's X010110X 4E Time Constant = (20,000) g
Time Constant-MSBs for a 10 ms timeout.

16. Counter/Timer 1's X010111X 20

Time Constant-LSBs

* If the initial state of the RJA bit is unknown, then the first access to the Master

Interrupt Control register must be performed with ADg = O.
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Table 2. Initialization Sequence for Application Example--Continued
Register Address Hex Value
Step Programmed AD7-ADg Loaded Comments
17. Counter/Timer X000100X \A) Interrupt vector depends on
Interrupt Vector user's system.
18. Counter/Timer 1 X001010X co Counter/Timer 1 Interrupt
Command and Status Enable.
19. Counter/Timer 2's X011101X c2 Continuous, External Output
Mode Specification Enable, Squarewave duty
cycle.
20. Counter/Timer 2's X011000X 00
Time Constant MSBs
21. Counter/Timer 2's X011001X 0A Time Constant = (10)4q for
Time Constant LSBs 5 us timeout.
22. Counter/Timer 3 X011110X 80 Continuous, no external
Mode Specification enable.
23. Counter/Timer 3 X011010X 4E Time Constant = (20,000)4q
Time Constant MSBs for a 10 ms timeout.
24, Counter/Timer 3's X011011X 20
Time Constant LSBs
25. Counter/Timer 3 X001100X co Counter/Timer 3 Interrupt
Command and Status Enable.
26. Master Configuration  X000001X F4 Enable all ports and counter/
Control timers.
27. Counter/Timer 1 X001010X 06 Trigger and Gate commands.
Command and Status
28. Counter/Timer 2 X001011X 06 Trigger and Gate commands.
Command and Status
29. Counter/Timer 3 X001100X 06 Trigger and Gate commands.
Command and Status
30. Master Interrupt X000000X 8C Master Interrupt Enable,
Control Port B Vector Includes
Status, Counter/Timer Vector
Includes Status.
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Using SCC With Z8000
In SDLC Protocol

Zilog

October 1982

This application note describes the use of the
78030 Serial Communications Controller (Z-SCC)
with the z8000™ CPU to implement a communica-
tions controller in a Synchronous Data Link
Control (SDLC) mode of operation. In this
application, the 28002 CPU acts as a controller
for the Z-SCC. This application note also applies
to the non-multiplexed Z8530.

One channel of the Z-SCC communicates with the
remote station in Half Duplex mode at 9600
bits/second. To test this application, two Z8000
Development Modules are used. Both are loaded with
the same software routines for initialization and
for transmitting and receiving messages. The main
program of one module requests the transmit
routine to send a message of the length indicated
by the 'COUNT' parameter. The other system
receives the incoming data stream, storing the
message in its resident memory.

DATA TRANSFER MODES

The Z-SCC system interface supports the following
data transfer modes:

o Polled Mode. The CPU periodically polls the
Z-SCC status registers to determine if a
received character is available, if a character
is needed for transmission, and if any errors
have been detected.

o Interrupt Mode. The Z-SCC interrupts the CPU
when certain previously defined conditions are
met.

o Block/DMA Mode. Using the Wait/Request (W/REQ)

signal, the Z-SCC introduces extra wait cycles
in order to synchronize the data transfer
between a controller or DMA and the Z-SCC.

The example given here uses the block mode of data
transfer in its transmit and receive routines.

SDLC PROTOCOL

Data communications today require a communications
protocol that can transfer data quickly and
reliably. One such protocol, Synchronous Data
Link Control (SDLC), is the link control used by
the IBM Systems Network Architecture (SNA)
communications package. SDLC is a subset of the
International Standards Organization (ISO0) 1link
control called High-Level Data Link Control
(HDLC), which is used for international data
communications.

SDLC is a bit-oriented protocol (BOP). It
differs from byte-control protocols (BCPs), such
as Bisync, in that it uses only a few bit
patterns for control functions instead of several
special character sequences. The attributes of
the SDLC protocol are position dependent rather
than character dependent, so the data link control
is determined by the position of the byte as well
as by the bit pattern.

A character in SDLC is sent as an octet, a group
of eight bits. Several octets combine to form a
message frame, in which each octet belongs to a
particular field. Each message contains: opening
flag, address, control, information, Frame Check
Sequence (FCS), and closing flag (figure 1).




l<— ZERO INSERTION/DELETION —>|

|<— CRC ACCUMULATION —>|

ONE ONE ZERO OR MORE 16-BIT
01111110 8-BIT 8-BIT - CRC- 01111110
CHARACTER | CHARACTER CHARACTERS ceIrT
FLAG ADDRESS CONTROL INFORMATION FCs FLAG
(BEGINNING (END OF
OF MESSAGE MESSAGE
FRAME) FRAME)
Figure 1. Fields of the SDLC Transmission Frame

Both flag fields contain a unique binary pattern,
01111110, which indicates the beginning or the end
of the message frame. This pattern simplifies the
hardware interface in receiving devices so that
multiple devices connected to a common link do not
conflict with one another. The receiving devices
respond only after a valid flag character has been
detected. Once communication is established with
a particular device, the other devices ignore the
message until the next flag character is detected.

The address field contains one or more octets,
which are used to select a particular station on
the data link. An address of eight 1s is a global
address code that selects all the devices on the
data link. When a primary station sends a frame,
the address field is used to select one of several
secondary stations. When a secondary station
sends a message to the primary station, the
address field contains the secondary station
address, i.e., the source of the message.

The control field follows the address field and
contains information about the type of frame
being sent. The control field consists of one
octet that is always present.

The information
transferred data.

field contains any actual
This field may be empty or it

may contain an unlimited number of octets.
However, because of the limitations of the
A. ZERO INSERTION
FLAG ADDRESS

CONTROL

error-checking algorithm used in the frame-check
sequence, however, the maximum recommended block
size is approximately 4096 octets.

The frame check sequence field follows the
information or control field. The FCS is a 16-bit
Cyclic Redundancy Check (CRC) of the bits in the
address, control, and information fields. The FCS
is based on the CRC-CCITT code, which uses the
polynomial (x16 + x12 4+ x5 4+ 1). The 28030 z-scC
contains the circuitry necessary to generate and
check the FCS field.

Zero insertion and deletion is a feature of SDLC
that allows any data pattern to be sent. Zero
insertion occurs when five consecutive 1s in the
data pattern are transmitted. After the fifth 1, a
0 is inserted before the next bit is sent. The
extra 0 does not affect the data in any way and is
deleted by the receiver, thus restoring the
original data pattern.

Zero insertion and deletion insures that the data
stream will not contain a flag character or abort
sequence. Six 1s preceded and followed by Os

indicate a flag sequence character. Seven to
fourteen 1s signify an abort; 15 or more 1s
indicate an idle (inactive) 1line. Under these

three conditions, zero insertion and deletion are
inhibited. Figure 2 illustrates the various line
conditions.

FLAG

rk
i ACTUAL

I 01111110 L10101011 | 0111110114 l L. l 01111110J DATA STREAM
77

ZERO INSERTION

ADDRESS = 10101011
CONTROL = 01111111

B. ABORT CONDITION

xxxx111111101111110........
~————
ABORT FLAG
C. IDLE CONDITION

xxxxit 111111111

Figure 2.

Bit Patterns for Various Line Conditions
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The SDLC protocol differs from other synchronous
protocols with respect to frame timing. In Bisync
mode, for example, a host computer might
temporarily interrupt transmission by sending sync
characters instead of data. This suspended
condition continues as long as the receiver does
not time out. With SDLC, however, it is invalid to
send flags in the middle of a frame to idle the
line. Such action causes an error condition and
disrupts orderly operation. Thus, the trans-
mitting device must send a complete frame without
interruption. If a message cannot be transmitted
completely, the primary station sends an abort
sequence and restarts the message transmission at
a later time.

SYSTEM INTERFACE

The Z8002 Development Module consists of a 28002
CPU, 16k words of dynamic RAM, 2k words of EPROM
monitor, a Z80A SIO providing dual serial ports, a
7801 CTC peripheral device providing four
counter/timer channels, two Z80A PIO0 devices
providing 32 programmable I/0 lines, and wire wrap
area for prototyping. The block diagram is
depicted in Figure 3. Each of the peripherals in
the development module is connected in a
prioritized daisy chain configuration. The Z-SCC
is included in this configuration by tying its IEI
line to the IEQ0 1line of another device, thus
making it one step lower in interrupt priority
compared to the other device.

RS-202C
ADDRESS/ SERIAL
ADDRESS DATA WIRE WRAP AREA OUTPUT gm‘ahﬂs
RESET - DATA BUFFER BUFFERS @
SWITCH RESET
NMI NON MASKABLE II II ﬁ
switch [ INTERRUPT
seament ——\] SEGMENT 280 PIO"
ADDRESS s
N e ) @ Z80A CTC sio2
< ~ N -
STATUS ——N] status r
——/] pecoven
BUS |
28000
CONTROL 10
out CONTROL V0 BUS
2]
2
= EPROM
CONTROL 2 EPROM —
BUFFER 2 EPROM CONTROL BUS MEMORY
o
(3]
- DYNAMIC
e RAM CONTROL BUS RAM MEMORY
% CONTROL ¥/| (32K WORDS MAX)
cLock
cLock {
INIOUT \[ %

CLOCK

Figure 3. Block Diagram of Z8000 DM
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Two 78000 Development Modules containing Z-SCCs
are connected as shown in Figure 4 and Figure 5.
The Transmit Data pin of one is connected to the
Receive Data pin of the other and vice versa. The
78002 is used as a host CPU for loading the
modules' memories with software routines.

28002 28002
2-SCC 2-SCC
LOCAL REMOTE

Figure 4. Block Diagram of Two Z8000 CPUs

The 78002 CPU can address either of the two bytes
contained in 16-bit words. The CPU uses an even
address (16 bits) to access the most significant
byte of a word and an odd address for the least
significant byte of a word.

When the 28002 CPU uses the lower half of the
Address/Data bus (ADy-AD; the least significant
byte) for byte read and write transactions during
I/0 operations, these transactions are performed
between the CPU and I/0 ports located at odd I/0
addresses. Since the Z-SCC is attached to the CPU
on the lower half of the A/D bus, its registers
must appear to the CPU at odd I/0 addresses. To
achieve this, the Z-SCC can be programmed to
select its internal registers using lines
AD1-AD5. This is done either automatically with
the Force Hardware Reset command in WR9 or by
sending a Select Shift Left Mode command to WROB
in channel B of the Z-SCC. For this application,
the Z-SCC registers are located at 1I/0 port
address 'FExx'. The Chip Select signal (CS0) is
derived by decoding I/0 address 'FE' hex from
lines ADg-AD4s5 of the controller.

To select the read/write registers automatically,
the Z-SCC decodes lines ADq-ADg in Shift Left
mode. The register map for the Z-SCC is depicted
in Table 1.

Table 1. Register Map

Address

(hex) Write Register Read Register

FEO1 WROB RROB

FEO3 WR1B RR1B

FEOS WR2 RR2B

FEQ7 WR3B8 RR3B

FEO9 WR4B

FEOB WRSB

FEOD WRéB

FEOF WR78B

FENM B DATA B DATA

FE13 WR9

FE15 WR10B RR108B

FE17 WR11B

FE19 WR12B RR128B

FE1B WR13B RR138

FE1D WR148

FE1F WR15B RR15B

FE21 WROA RROA

FE23 WR1A RR1A

FE25 WR2 RR2A

FE27 WR3A RR3A

FE29 WR4A

FE2B WR5A

FE2D WR6A

FE2F WR7A

FE31 A DATA A DATA

FE33 WR9

FE35 WR10A RR10A

FE37 WR11A

FE39 WR12A RR12A

FE3B WR13A RR13A

FE3D WR14A

FE3F WR15A RR15A
INITIALIZATION

The Z-SCC can be initialized for use in different
modes by setting various bits in its write
registers. First, a hardware reset must be
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performed by setting bits 7 and 6 of WR9 to one;
the rest of the bits are disabled by writing a
logic zero.

SDLC protocol is established by selecting a SDLC
mode, sync mode enable, and a x1 clock in WR4. A
data rate of 9600 baud, NRZ encoding, and a
character length of eight bits are among the other
options that are selected in this example (Table
2).

Note that WR9 is accessed twice, first to perform
a hardware reset and again at the end of the
initialization sequence to enable interrupts. The
programming sequence depicted in Table 2
establishes the necessary parameters for the
receiver and transmitter so that they are ready to
perform communication tasks when enabled.

Table 2. Programming Sequence
for Initialization

Enable (VIE) bits set. The Program Status Area
Pointer (PSAP) is loaded with the address %4400
using the Load Control instruction (LDCTL). If the
28000 Development Module is intended to be used,
the PSAP need not be loaded by the programmer
because the development module's monitor loads it
automatically after the NMI button is pressed.

Since VIS and Status Low are selected in WR9, the
vectors listed in Table 3 will be returned during
the Interrupt Acknowledge cycle. 0f the four
interrupts listed, only two, Ch A Receive
Character Available and Ch A Special Receive
Condition, are used in the example given here.

Table 3. Interrupt Vectors

PS
Vector Address*

(hex) (hex) Interrupt

Value
Register (hex) Effect

WR9 co Hardware reset

WR4 20 x1 clock, SDLC mode, sync mode
enable

WR10 80 NRZ, CRC preset to one

WR6 AB Any station address e.g. "AB"

WR7 7E SDLC flag (01111110) = "7E"

WR2 20 Interrupt vector "20"

WR11 16 Tx clock from BRG output, TRxC
pin = BRG out

WR12 CE Lower byte of time constant =
"CE" for 9600 baud

WR13 0 Upper byte = 0

WR14 03 BRG source bit = 1 for PCLK as
input, BRG enable

WR15 00 External Interrupt Disable

WR5 60 Transmit 8 bits/character SDLC
CRC

WR3 C1 Rx 8 bits/character, Rx enable
(Automatic Hunt mode)

WR1 08 RxInt on 1st char & sp. cond.,
ext int. disable

WR9 09 MIE, VIS, status Low

28 446E Ch A Transmit Buffer Empty

2A 4472 Ch A External Status Change

2c 4476 Ch A Receive Char. Available
2E 447A Ch A Special Receive Condition

The 78002 CPU must be operated in System mode to
execute privileged I/0 instructions. So the Flag
and Control Word (FCW) should be 1loaded with
system normal (S/N), and the Vectored Interrupt

*Assuming that PSAP has been set to 4400 hex, "PS
Address" refers to the location in the Program
Status Area where the service routine address is
stored for that particular interrupt.

TRANSMIT OPERATION

To transmit a block of data, the main program
calls up the transmit data routine. With this
routine, each message block to be transmitted is
stored in memory, beginning with location 'TBUF'.
The number of characters contained in each block
is determined by the value assigned to the 'COUNT'
parameter in the main module.

To prepare for transmission, the routine enables
the transmitter and selects the Wait On Transmit
function; it then enables the wait function. The
Wait On Transmit function indicates to the CPU
whether or not the Z-SCC is ready to accept data
from the CPU. If the CPU attempts to send data to
the Z-SCC when the transmit buffer is full, the
Z-SCC asserts its Wait line and keeps it Low until
the buffer is empty. In response, the CPU extends
its I/0 cycles until the Wait line goes inactive,
indicating that the Z-SCC is ready to receive
data.
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The CRC generator is reset and the Transmit CRC
bit is enabled before the first character is sent,
thus including all the characters sent to the
Z-SCC in the CRC calculation.

The 2Z-SCC's transmit underrun/EOM latch must be
reset sometime after the first character is
transmitted by writing a Reset Tx Underrun/EOM
command to WRO. When this latch is reset, the
Z-SCC automatically appends the CRC characters to
the end of the message in the case of an underrun
condition.

Finally, a three-character delay is introduced at
the end of the transmission, which allows the
Z-SCC sufficient time to transmit the last data
byte and two CRC characters before disabling the
transmitter.

RECEIVE OPERATION

Once the Z-SCC is initialized, it can be prepared
to receive the message. First, the receiver is
enabled, placing the Z-SCC in Hunt mode and thus
setting the Sync/Hunt bit in status register RRO
to 1. In Hunt mode, the receiver searches the
incoming data stream for flag characters.
Ordinarily, the receiver transfers all the data
received between flags to the receive data FIFO.
If the receiver is in Hunt mode, however, no data
transfer takes place until an opening flag is
received. If an abort sequence is received, the
receiver automatically re-enters Hunt mode. The
Hunt status of the receiver is reported by the
Sync/Hunt bit in RRO.

The second byte of an SDLC frame is assumed by the
Z-SCC to be the address of the secondary stations
for which the frame is intended. The Z-SCC
provides several options for handling this
address. If the Address Search Mode bit D2 in WR3
is set to zero, the address recognition logic is
disabled and all the received data bytes are
transferred to the receive data FIFO. In this
mode, software must perform any address recogni-
tion. If the Address Search Mode bit is set to
one, only those frames with addresses that match
the address programmed in WR6 or the global
address (all 1s) will be transferred to the
receive data FIFO, If the Sync Character Load
Inhibit bit (D1) in WR3 is set to zero, the
address comparison is made across all eight bits
of WR6. The comparison can be modified so that

only the four most significant bits of WRé need
match the received address. This alteration is
made by setting the Sync Character Load Inhibit
bit to one. In this mode, the address Ffield is
still eight bits wide and is transferred to the
FIF0O in the same manner as the data. In this
application, the address search is performed.

When the address match 1is accomplished, the
receiver leaves the Hunt mode and establishes the
Receive Interrupt on First Character mode. Upon
detection of the receive interrupt, the CPU
generates an Interrupt Acknowledge Cycle. The
Z-SCC returns the programmed vector %2C. This
vector points to the location %4472 in the Program
Status Area which contains the receive interrupt
service routine address.

The receive data routine is called from within the
receive interrupt service routine. While
expecting a block of data, the Wait On Receive
function is enabled. Receive read buffer RR8 is
read and the characters are stored in memory
location RBUF. The Z-SCC in SDLC mode auto-
matically enables the CRC checker for all data
between opening and closing flags and ignores the
Receive CRC Enable bit (D3) in WR3. The result of
the CRC calculation for the entire frame in RR1
becomes valid only when the End Of Frame bit is
set in RR1. The processor does not use the CRC
bytes, because the last two bits of the CRC are
never transferred to the receive data FIFO and are
not recoverable.

When the Z-SCC recognizes the closing flag, the
contents of the Receive Shift register are
transferred to the receive data FIFO, the Residue
Code (not applicable in this application) is
latched, the CRC error bit is latched in the sta-
tus FIFO0, and the End Of Frame bit is set in the
receive status FIFO. When the End Of Frame bit
reaches the top of the FIF0, a special receive
condition interrupt occurs. The special receive
condition register RR1 is read to determine the
result of the CRC calculation. If the CRC error
bit is zero, the frame received is assumed to be
correct; if the bit is 1, an error in the
transmission is indicated.

Before leaving the interrupt service routine,
Reset Highest IUS (Interrupt Under Service),
Enable Interrupt on Next Receive Character, and
Enter Hunt Mode commands are issued to the Z-SCC.
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If receive overrun error is made, a special
condition interrupt occurs. The Z-SCC presents
vector %2E to the CPU, and the service routine
located at address %447A is executed. Register RR1
is read to determine which error occurred.
Appropriate action to correct the error should be
taken by the user at this point. Error Reset and
Reset Highest IUS commands are given to the Z-SCC
before returning to the main program so that the
other lower-priority interrupts can occur.

In addition to searching the data stream for
flags, the receiver also scans for seven
consecutive 1s, which indicates an abort
condition. This condition is reported in the
Break/Abort bit (D7) in RRO. This is one of many
possible external status conditions. As a result

transitions of this bit can be programmed to cause
an external status interrupt. The abort condition
is terminated when a zero is received, either by
itself or as the leading zero of a flag. The
receiver leaves Hunt mode only when a flag is
found.

SOF TWARE

Software routines are presented in the following
pages. These routines can be modified to include
various other options (e.g., SDLC Loop, Digital
Phase Locked Loop etc.). By modifying the WR10
register, different encoding methods (e.g., NRZI,
FMO, FM1) other than NRZ can be used.
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Appendix

Software Routines

plzasm 1.3
LOC 0BJ CODE STMT SOURCE STATEMENT
1
2
3 SDLC MODULE
$LISTON $TTY
CONSTANT
WROA 1= $FE21
RROA 1=  $FE2l
RBUF 3= $5400
PSAREA := $4400
COUNT 3= 12
0000 GLOBAL MAIN PROCEDURE
ENTRY
0000 7601 LDA R1,PSAREA
0002 4400
0004 7D1D LDCTL  PSAPOFF,Rl
0006 2100 LD RO, #35000
0008 5000
000A 3310 LD R1(#81C),RO
000C 001C
000E 7600 LDA RO,REC
0010 00D6'
0012 33%0 LD R1(#876) ,RO
0014 0076
0016 7600 LDA RO, SPCOND
0018 OOFA*
001A 3310 LD R1(#%7A) ,RO
001C 007A
001E 5F00 CALL INIT
0020 0034*
0022 5F00 CALL TRANSMIT
0024 008C'
0026 EBFF JR $
0028 AB TBUF:  BVAL $AB
0029 48 BVAL 'HY
002A 45 BVAL 'E'
002B 4C BVAL A
002C 4C BVAL 'L
002D 4F BVAL 0!
002E 20 BVAL ‘v
002F 54 BVAL e
0030 48 BVAL 'H!
0031 45 BVAL 'E*
0032 52 BVAL 'R!
0033 45 BVAL 'E'
0034 END MAIN

IBASE ADDRESS FOR WRO CHANNEL Al
IBASE ADDRESS FOR RRO CHANNEL Al
IBUFFER AREA FOR RECEIVE CHARACTER!
ISTART ADDRESS FOR PROGRAM STAT AREA!
INO. OF CHAR. FOR TRANSMIT ROUTINE!

ILOAD PSAP!

IFCW VALUE($5000) AT %441C FOR VECTORED!
| INTERRUPTS!

IEXT, STATUS SERVICE ADDR. AT %4476 IN!

1PSAl

1SP.COND,SERVICE ADDR AT $447A IN PSAl

ISTATION ADDRESS!
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[*RRRRARRRRARRRRAR® INTTIALIZATION ROUTINE FOR Z—-SCC NN #ARkAhwad kANt dhkahh |

GLOBAL INIT PROCEDURE

RO, #15
R2,S8CCTAB
R1,#WROA
RL1,@R2

R2
€R1,€@RrR2,R0

RO
NZ , ALOOP

2*9
2Co
2*4
%20
2*10
280

2*6
$AB
2*7
$7E
2%2
%20
2*11
316
2*12
$CE
2*13

0
2*14
$03
2*15
800
2*5
60
2*3
$C5
2*]
208

2*9
209

INO.OF PORTS TO WRITE TO!
IADDRESS OF DATA FOR PORTS!

IPOINT TO WROA,WR1A ETC THRO LOOP!
1END OF LOOP?!

INO,KEEP LOOPING!

IWR9=HARDWARE RESET!

IWR4=X1 CLK,SDLC,SYNC MODE!

IWR10=CRC PRESET ONE,NRZ,FLAG ON IDLE,!|

IFLAG ON UNDERRUN!
IWR6= ANY ADDRESS FOR SDLC STATION!
IWR7=SDLC FLAG CHAR!
IWR2=INT VECTOR $20!
IWR11=Tx CLOCK & TRxC OUT=BRG OUT!
IWR12= LOWER TC=CEl
IWR13= UPPER TC=01
IWR14=BRG ON,BRG SRC=PCLK!
IWR15=EXT INT. DISABLE!
IWR5=Tx 8 BITS/CHAR, SDLC CRC!
IWR3=ADDR SRCH,REC ENABLEI!

IWR1=RX INT ON 1ST & SP COND,!
1EXT INT DISABLE!

IWR9= MIE,VIS,STATUS LOW!

JRRRRAARREARNRAAR®S RECEIVE ROUTINE **# A S ddhaddhaddhhdbd b dh A dd ke bk dddn |

! RECEIVE A BLOCK OF MESSAGE 1

GLOBAL RECEIVE PROCEDURE

ENTRY
2100 LD
000F
7602 LDA
004E*
2101 ALOOP: LD
FE21
0029 ADDB
A920 INC
3A22 OUTIB
0018
8D04 TEST
EEF8 JR
9E08 RET
12 SCCTAB: BVAL
co BVAL
08 BVAL
20 BVAL
14 BVAL
80 BVAL
0c BVAL
AB BVAL
OE BVAL
7E BVAL
04 BVAL
20 BVAL
16 BVAL
16 BVAL
18 BVAL
CE BVAL
1A BVAL
00 BVAL
1C BVAL
03 BVAL
1E BVAL
00 BVAL
0A BVAL
60 BVAL
06 BVAL
C5 BVAL
02 BVAL
08 BVAL
12 BVAL
09 BVAL
END INIT
ENTRY
Cc828 LDB
3A86 ouTB
PE23
6008 LDB
00A8
3A86 OUTB
FE23
2101 LD
FE31
2102 LD
000E
2103 LD
5400
3A18 INDRB
0230
9E08 RET
END RECEIVE

RLO,#%28
WROA+2,RLO

RLO,%A8
WROA+2,RL0O

R1,#RROA+16
R2, #COUNT+2

R3, #RBUF
€R3,€@RrR1,R2

IWAIT ON RECV.!

1ENABLE WAIT FNC. SP. COND. INT!

1COUNT+2 CHARACTERS TO READ!
IRECEIVE BUFFER IN MEMORY!
IREAD THE ENTIRE MESSAGE!
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008C

008C
008E
0090
0092

0096
0098

00D6

00D6
00D8
00DA
00DC
00DE
00E0
00E2
00E4
00E6
00E8
00EA
00EC
00EE
00F0
00F2
O00F4
00F6
00F8
O00FA

liﬁtt*.'i"ﬁﬁttit

TRANSMIT ROUTINE ittittﬁt‘t'ti.i*iii*t.itt"titttﬁﬂitl

) SEND A BLOCK OF EIGHT DATA CHARACTERS 1
1 THE BLOCK STARTS AT LOCATION TBUF !
GLOBAL TRANSMIT PROCEDURE
ENTRY
2102 LD R2, #TBUF IPTR TO START OF BUFFER!
0028°*
Cc868 LDB RLO,#368
3A86 OUTB WROA+10,RLO I|ENABLE TRANSMITTER!
FE2B
Cc800 LDB RLO, #3800 IWAIT ON TRANSMIT!
3A86 OUTB WROA+2,RL0O
FE23
«:1:1:] LDB RLO, #388
3A86 OUTB WROA+2,RL0O IWAIT ENABLE!
FE23
Cc880 LDB RLO, #380
3A86 OUTB WROA,RLO IRESET TxCRC GENERATOR!
FE21
2101 LD R1,#WROA+16 IWR8BA SELECTED!
FE31
2100 LD RO, #1
0001
C869 LDB RLO,#%69 1SDLC CRC!
3A86 OUTB WROA+10,RLO IWR5A=TxCRC ENABLE!
FE2B
3A22 OTIRB €R1,@RrR2,R0 ISEND ADDRESS!
0010
C8Co LDB RLO, #3CO
3A86 OuTB WROA, RLO IRESET TxUND/EOM LATCH!
FE21
2100 LD RO, #COUNT-1
000B
3A22 OTIRB @R1,@RrR2,R0 ISEND MESSAGE!
0010
2100 LD RO, #926 ICREATE DELAY BEFORE DISABLING!
039E
F081 DEL: DJNZ RO,DEL ITRANSMITTER SO THAT CRC CAN BE!
Cc800 LDB RLO,#0 I1SENT!
3A86 OUTB WROA+10,RLO IDISABLE TRANSMITTERI
FE2B
9E08 RET
END TRANSMIT
J*RkARRSAdkA*% RECEIVE INT. SERVICE ROUTINE **#dRdadadhddhhbhdhhhhsds]
GLOBAL REC PROCEDURE
ENTRY
93F3 PUSH €R15,R3
93F2 PUSH €R15,R2
93F1 PUSH €R15,R1
93F0 PUSH €R15,R0
3a94 INB RL1,RROA IREAD STATUS REG RROA!
FE21
A690 BITB RL1,#0 ITEST IF Rx CHAR SET!
E602 JR Z,RESET IYES CALL RECEIVE ROUTINE!
SF00 CALL RECEIVE
006C*
Cc838 RESET: LDB RLO,#%38
3A86 OUTB WROA, RLO IRESET HIGHEST IUS!
FE21
97F0 POP RO,€R1S
97F1 POP R1,@R15
97F2 POP R2,€R15
97F3 POP R3,€R15
7800 IRET
END REC
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93F0
3A84
FE23
A687

E603
Cc820
3A86
FE21
C830
3A86
FE21
Cc808
3A86
FE23
C838

FE21
97F0
7B00

Jx*kkkkddkdd% SPECIAL CONDITION INTERRUPT SERVICE ROUTINE **dkakkkhkakss]|

IREAD ERRORS!
1END OF FRAME 2!

+FRAMING ERRORS IF ANY!

GLOBAL SPCOND PROCEDURE

ENTRY
PUSH @R15,R0
INB RLO,RROA+2
BITB RLO, #7

IPROCESS OVERRUN
JR Z,RESE
LDB RLO,#%20
OUTB WROA, RLO

RESE: LDB RLO,#330
OUTB WROA, RLO
LDB RLO, #208
OUTB WROA+2,RLO
LDB RLO, #338
OUTB WROA, RLO
POP RO, @R15
IRET

END SPCOND

END SDLC

| YES,ENABLE INT ON NEXT REC CHAR!

1ERROR RESET!

IWAIT DISABLE,RxINT ON 1ST OR SP COND.!

IRESET HIGHEST IUSI
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SCC In Binary
Synchronous Communication

Zilog

Application
Note

October 1982

Z1log's 28030 Z-SCC Serial Communications Control-
ler 1s one of a family of components that are
Z-BUS™ compatible with the ZB8000™ CPU. Combined
with a Z8000 CPU (or other existing 8- or 16-bit
CPUs with nonmultiplexed buses when using the
78530 SCC), the Z-SCC forms an 1integrated data
communications controller that is more cost effec-
tive and more compact than systems incorporating
UARTs, baud rate generators, and phase-locked
loops as separate entities.

The approach examined here implements a communica-
tions controller in a Binary Synchronous mode of
operation, with a 78002 CPU acting as controller
for the Z-SCC.

One channel of the Z-5CC 1s used to communicate
with the remote station in Half Duplex mode at
9600 bits/second. To test this application, two
78000 Development Modules are used. Both are
loaded with the same software routines for 1ini-
tialization and for transmitting and receiving
messages. The main program of one module requests
the transmit routine to send a message of the
length indicated 1n the 'COUNT' parameter. The
other system receives the 1ncoming data stream,
storing the message in 1ts resident memory.

DATA TRANSFER MODES

The Z-SCC system interface supports the following
data transfer modes:

e Polled Mode. The CPU periodically polls the
Z-SCC status registers to determine the avail-
abilaity of a received character, if a character
is needed for transmission, and if any errors
have been detected.

o Interrupt Mode. The Z-SCC 1interrupts the CPU
when certain previously defined conditions are
met.

o Block/DMA Mode. Using the Wait/Request (W/REQ)
signal, the Z-SCC 1introduces extra wait cycles
to synchronize data transfer between a
CPU or DMA controller and the Z-SCC.

The example given here uses the block mode of data
transfer in its transmit and receive routines.

SYNCHRONOUS MODES

Three variations of character-oriented synchronous
communications are supported by the Z-SCC: Mono-
sync, Bisync, and External Sync (Figure 1). In
Monosync mode, a single sync character 1s trans-
mitted, which 1s then compared to an 1identical
sync character in the receiver. When the receiver
recognizes this sync character, synchronization is
complete; the receiver then transfers subsequent
characters into the receiver FIFO in the Z-SCC.

7k
~7/
I SYNC DATA ., DATA CRC1 CRCZJ

o

a. MONOSYNC MODE
ry3

7/
I SYNC SYNC DATA ., DATA CRC1 CRCZ]

7y
b. BISYNC MODE
EXTERNAL
SYNC SIGNAL

7/
DATA ., DATA CRC1 CRC2 l
7/

c. EXTERNAL SYNC MODE

Figure 1. Synchronous Modes of Communication

Bisync mode uses a 16-bit or 12-bit sync character
in the same way to obtain synchronization. Exter-
nal Sync mode uses an external signal to mark the
beginning of the data field; i.e., an external
input pin (SYNC) indicates the start of the infor-
mation field.

2278-001
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In all synchronous modes, two Cyclic Redundancy
Check (CRC) bytes can be concatenated to the mes-
sage to detect data transmission errors. The CRC
bytes i1nserted in the transmitted message are com-
pared to the CRC bytes computed to the receiver.
Any differences found are held in the receive
error FIFO.

SYSTEM INTERFACE

The 78002 Development Module consists of a Z8002
CPU, 16K words of dynamic RAM, 2K words of EPROM

Two 78000 Development Modules containing Z-SCCs
are connected as shown in Figure 3 and Figure 4.
The Transmit Data pin of one is connected to the
Receive Data pin of the other and vice versa. The
78002 is used as a host CPU for loading the
modules' memories with software routines.

The Z8000 CPU can address either of the two bytes
contained in 16-bit words. The CPU uses an even
address (16 bits) to access the most-significant
byte of a word and an odd address for the least-
significant byte of a word.

RS-232C
ADDRESS/ SERIAL
ADDRESS DATA WIRE WRAP AREA ouTPUT SEANNELS
DATA BUFFER BUFFERS
RESET RESET @
SWITCH
NMI »] NON MASKABLE ﬂ ﬂ II
SWITCH INTERRUPT
g
zs08 10 280A CTC s102

LAt 10

seament —N oy
'ADDRESS
—/| ‘surren

STATUS N starus
DECODER
4 ADDRESS/DATA BUS |
28000
cPU <N >
CONTROL N )
RO 110 BUS
13
H
EPROM —
CONTROL 3 EPROM
BUFFER ] EPROM CONTROL BUS MEMORY
INPUTS j j ; CONTROL (8K WORDS MAX)
A
RAM RAM CONTROL BUS RAM MEMORY
K WORDS MAX) [N\—————
cLock V'] G2 wo %
EXTERNAL A
cLOCK
INOUT \p

CLOCK

Figure 2. Block Diagram of Z8000 DM

monitor, a ZBOA SIO providing dual serial ports, a
Z80A CTC peripheral device providing four counter/
timer channels, two Z80A PIO devices providing 32
programmable I/0 lines, and wire wrap area for
prototyping. The block diagram is depicted in
Figure 2. Each of the peripherals in the develop-
ment module is connected in a prioritized daisy-c-
hain configuration. The Z-SCC is included 1in this
configuration by tying its IEI line to the IEO
line of another device, thus making it one step
lower in interrupt priority compared to the other
device.

TxD RxD
—————— -
28002 | oo — =]  2g002
2.8CC |<PXC_ _ TRXC | z.scc
RxD TxD
PP __Tx0 |
LOCAL REMOTE

Figure 3. Block Diagram of Two Z800O
Development Modules
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When the Z8002 CPU uses the lower half of the
Address/Data bus (ADg-AD; the least significant
byte) for byte read and write transactions during
I1/0 operations, these transactions are performed
between the CPU and I/0 ports located at odd 1/0
addresses. Since the Z-SCC is attached to the CPU
on the lower half of the A/D bus, 1its registers
must appear to the CPU at odd I/0 addresses. To
achieve this, the Z-SCC can be programmed to
select its internal registers wusing lines
AD1-AD5. This 1s done either automatically with
the Force Hardware Reset command in WR9 or by
sending a Select Shift Left Mode command to WROB
in channel B of the Z-SCC. For this application,
the Z-SCC registers are located at I/0 port
address 'FExx'. The Chip Select signal (CS0) 1s
derived by decoding I/0 address 'FE' hex from
lines ADg-ADqy5 of the controller. The Read/Write
registers are automatically selected by the Z-SCC
when 1nternally decoding lines AD¢-ADs5 1in Shift
Left mode. To select the Read/Write registers
automatically, the Z-SCC decodes lines AD4-ADg in
Shift Left mode. The register map for the Z-SCC
1s depicted in Table 1.

INITIALIZATION

The Z-SCC can be initialized for use in different
modes by setting various bits in its Write regis-
ters. First, a hardware reset must be performed
by setting bits 7 and 6 of WR9 to one; the rest of
the bits are disabled by writing a logic zero.

Bisync mode is established by selecting a 16-bit
sync character, Sync Mode Enable, and a X1 clock
in WR4. A data rate of 9600 baud, NRZ encoding,
and a data character length of eight bits are
among the other options that are selected in this
example (Table 2).

Note that WR9 is accessed twice, first to perform
a hardware reset and again at the end of the ini-
tialization sequence to enable the interrupts.
The programming sequence depicted in Table 2
establishes the necessary parameters for the
receiver and the transmitter so that, when
enabled, they are ready to perform communication
tasks. To avoid internal race and false interrupt
conditions, 1t is important to initialize the reg-
isters in the sequence depicted in this applica-
tion note.

Table 1. Register Map

Address

(hex) Write Register Read Register
FEO1 WROB RROB
FEO3 WR1B RR1B
FEDS WR2 RR2B
FEO7 WR38B RR3B
FEO9 WR4B
FEOB WR58
FEOD WRé6B
FEOF WR7B
FEN B DATA B DATA
FE13 WR9
FE15 WR10B RR10B
FE17 WR11B
FE19 WR128 RR12B
FE1B WR138 RR13B
FE1ID WR148
FE1F WR15B RR15B
FE21 WROA RROA
FE23 WR1A RR1A
FE25 WR2 RR2A
FE27 WR3A RR3A
FE29 WR4A
FE28 WR5A
FE2D WR6A
FE2F WR7A
FE31 A DATA A DATA
FE33 WR9
FE35 WR10A RR10A
FE37 WR11A
FE39 WR12A RR12A
FE3B WR13A RR13A
FE3D WR14A
FE3F WR15A RR15A

The 28002 CPU must be operated in System mode in
order to execute privileged I/0 instructions, so
the Flag Control Word (FCW) should be loaded with
System/Normal (S/N), and the Vectored Interrupt
Enable (VIE) bits set. The Program Status Area
Pointer (PSAP) is loaded with address %4400 using
the Load Control instruction (LDCTL). If the Z8000
Development Module is 1intended to be used, the
PSAP need not be loaded by the programmer as the
development modules monitor loads it automatically
after the NMI button is pressed.
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Table 2. Programming Sequence
for Initialization

Value

Register (hex) Effect

WR9 co Hardware reset

WR4 10 x1 clock, 16-bit sync, sync mode
enable

WR10 0 NRZ, CRC preset to zero

WRé6 AB Any sync character "AB"

WR7 cD Any sync character "CD"

WR2 20 Interrupt vector "20"

WR11 16 Tx clock from BRG output, TRxC
pin = BRG out

WR12 CE Lower byte of time constant =
"CE" for 9600 baud

WR13 0 Upper byte = O

WR14 03 BRG source bit = 1 for PCLK as
wnput, BRG enable

WR15 00 External interrupt disable

WRS5 64 Tx 8 bits/character, CRC-16

WR3 Cc1 Rx 8 bits/character, Rx enable
(Automatic Hunt mode)

WR1 08 RxInt on 1st char & sp. cond.,
ext. int. disable)

WR9 09 MIE, VIS, Status Low

Since VIS and Status Low are selected in WR9, the
vectors listed in Table 3 will be returned during
the Interrupt Acknowledge cycle. 0f the four
interrupts listed, only two, Ch A Receive Charac-
ter Available and Ch A Special Receive Condition,
are used in the example given here.

Table 3. Interrupt Vectors

PS
Vector Address*
(hex) (hex) Interrupt
28 446E Ch A Transmit Buffer Empty
2A 4472 Ch A External Status Change
2c 4476 Ch A Receive Char. Available
2€ 447A Ch A Special Receive Condition

* "PS Address" refers to the location in the Pro-
gram Status Area where the service routine
address is stored for that particular interrupt,
assuming that PSAP has been set to 4400 hex.

TRANSMIT OPERATION

To transmt a block of data, the main program
calls up the transmit data routine. With this
routine, each message block to be transmitted 1is
stored i1n memory, beginning with location 'TBUF'.
The number of characters contained 1n each block
is determined by the value assigned to the 'COUNT'
parameter in the main module.

To prepare for transmission, the routine enables
the transmitter and selects the Wait On Transmit
function; 1t then enables the wait function. The
Wait On Transmit function 1indicates to the CPU
whether or not the Z-SCC 1s ready to accept data
from the CPU. If the CPU attempts to send data to
the Z-SCC when the transmit buffer is full, the
Z-SCC asserts its Wait line and keeps 1t Low until
the buffer is empty. In response, the CPU extends
its I/0 cycles until the Wait line goes 1nactive,
indicating that the Z-SCC is ready to receive
data.

The CRC generator 1s reset and the Transmit CRC
bit is enabled before the first character is
sent, thus including all the characters sent to
the Z-SCC in the CRC calculation, until the Trans-
mit CRC bit is disabled. CRC generation can be
disabled for a particular character by resetting
the TxCRC bit within the transmit routine. In
this application, however, the Transmit CRC bit is
not disabled, so that all characters sent to the
Z-SCC are included in the CRC calculation.

The Z-SCC's transmit underrun/EOM latch must be
reset sometime after the first character 1s trans-
mitted by writing a Reset Tx Underrun/EOM command
to WRO. When this latch 1s reset, the Z-SCC auto-
matically appends the CRC characters to the end of
the message in the case of an underrun condition.

Finally, a five-character delay is introduced at
the end of the transmission, which allows the
Z-SCC sufficient time to transmit the last data
byte, two CRC characters, and two sync characters
before disabling the transmitter.

RECEIVE OPERATION

Once the Z-SCC is ainitialized, 1t can be pre-
pared to receive data. First, the receiver is
enabled, placing the Z-SCC in Hunt mode and thus
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setting the Sync/Hunt bit in status register RRO
to 1. In Hunt mode, the receiver 1s idle except
that it searches the incoming data stream for a
sync character match. When a match is discovered
between the incoming data stream and the sync
characters stored in WR6 and WR7, the receiver
exits the Hunt mode, resetting the Sync/Hunt bit
in status register RRO and establishing the
Receive Interrupt On First Character mode. Upon
detection of the receive interrupt, the CPU gener-
ates an Interrupt Acknowledge cycle. The Z-SCC
sends to the CPU vector %2C, which points to the
location in the Program Status Area from which the
receive interrupt service routine is accessed.

The receive data routine is called from within
the receive interrupt service routine. While
expecting a block of data, the Wait On Receive
function is enabled. Receive data buffer RR8 1s
read, and the characters are stored in memory
locations starting at RBUF. The Start of Text
(%02) character is discarded. After the End of
Transmission character (%04) is received, the two
CRC bytes are read. The result of the CRC check
becomes valid two characters later, at which time,
RR1 is read and the CRC error bit is checked. If
the bit is =zero, the message received can be
assumed correct; if the bit is 1, an error in the
transmission is indicated.

Before leaving the interrupt service routine,
Reset Highest IUS (Interrupt Under Service),
Enable Interrupt on Next Recieve Character, and
Enter Hunt Mode commands are issued to the Z-SCC.

If a receive overrun error is made, a special con-
dition interrupt occurs. The Z-SCC presents the
vector %2E to the CPU, and the service routine
located at address %447A is executed. The Special
Receive Condition register RR1 is read to deter-
mine which error occurred. Appropriate action to
correct the error should be taken by the user at
this point. Error Reset and Reset Highest IUS
commands are given to the Z-SCC before returning
to the main program so that the other lower prior-
ity interrupts can occur.

SOF TWARE

Software routines are presented in the following
pages. These routines can be modified to include
various versions of Bisync protocol, such as
Transparent and Nontransparent modes. Encoding
methods other than NRZ (e.g., NRZI, FMO, FM1) can
also be used by modifying WR10.
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Software Routines
plzasm
Loc

1.3
OBJ CODE

Appendix

STMT SOURCE STATEMENT

1

BISYNC MODULE

SLISTON S$TTY

CONSTANT
WROA 3= $FE21
RROA 1= $FE21
RBUF 1= $5400
PSAREA 1= %4400
COUNT t= 12
GLOBAL MAIN PROCEDURE
ENTRY
LDA R1,PSAREA
LDCTL  PSAPOFF,Rl
LD RO, #35000
LD R1(#%1C),RO
LDA RO,REC
LD R1(#3%76) ,RO
LDA RO, SPCOND
LD R1(#%7A) ,RO
CALL INIT
CALL TRANSMIT
JR $
TBUF: BVAL 202
BVAL 1’
BVAL '2!
BVAL 30
BVAL '4’
BVAL '5¢
BVAL ‘6
BVAL T
BVAL '8’
BVAL '9!
BVAL 0’
BVAL 1
END MAIN

IBASE ADDRESS FOR WR0O CHANNEL Al
IBASE ADDRESS FOR RRO CHANNEL Al
IBUFFER AREA FOR RECEIVE CHARACTER!
ISTART ADDRESS FOR PROGRAM STAT AREA!
INO. OF CHAR. FOR TRANSMIT ROUTINE!

ILOAD PSAP!

IPCW VALUE(%5000) AT $441C FOR VECTORED!
1INTERRUPTS!

1EXT. STATUS SERVICE ADDR, AT %4476 IN!
IPSAl

1SP,COND. SERVICE ADDR AT $447A IN PSAl

ISTART OF TEXT!
IBVAL MEANS BYTE VALUE. MESSAGE CHAR.!
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|#RRRERRARRRIRR®R*% INITIALIZATION ROUTINE FOR Z-SCC ***Rahhukhdtkuhhhhasss|

GLOBAL INIT
ENTRY
LD

LDA
ALOOP: LD

ADDB
INC
TEST
JR
RET
SCCTAB: BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL

BVAL
BVAL
END INIT

PROCEDURE
RO, #15
R2,SCCTAB
Rl, #WR0A
RL1,@R2

R
OUTIB  @R1,@R2,R0

RO
NZ,ALOOP

2*9
$CO
2%4
210
2*10

0
2*6
fAB
2%7
*CD
2*%2
220
2*11
$16
2*12
$CE
2*13

0
2*14
%03
2*15
%00
2*%5
$64
2%3
$Cl
2*1
%08

2*9
209

INO.OF PORTS TO WRITE TO!
IADDRESS OF DATA FOR PORTS!

IPOINT TO WROA,WR1A ETC THRO LOOP!
1END OF LOOP?1!

INO,KEEP LOOPING!

IWR9=HARDWARE RESET!

IWR4=X1 CLK,16 BIT SYNC MODE!
IWR10=CRC PRESET ZERO,NRZ,16 BIT SYNC!
IWR6=ANY SYNC CHAR $AB!

IWR7=ANY SYNC CHARR %CD!

IWR2=INT VECTOR %201

IWR11=TxCLOCK & TRxC OUT=BRG OUT!
IWR12= LOWER TC=$CE!

IWR13= UPPER TC=01!

IWR14=BRG ON, ITS SRC=PCLK!
IWR15=NO EXT INT EN.!

IWR5= TX 8 BITS/CHAR, CRC-16!
IWR3=RX 8 BITS/CHAR, REC ENABLE!

IWR1=RxINT ON 1ST OR SP COND!
1 EXT INT DISABLE!

IWR9= MIE,VIS,STATUS LOW!

| *RRRRRANNRR AR k& *%% RECEIVE ROUTINE ***RANKRARddhhARARRhAAARRRRANRRRR RIS |

1
1

Cc828
3A86
FE23
6008
00A8
3A86
FE23
2101
FE31
3C18
C8C9
3A86
FE27
2103
5400
3Cl8
2E38
AB30
0A08
0404
EEFA
3Cls
3C18
3A84
FE23

€800
3A86
FE27
9E08

GLOBAL RECE
ENTRY
LDB
OoUTB

LDB
OUTB
LD

INB
LDB
OUTB

LD

READ: INB
LDB
DEC
CPB

JR

INB
INB
INB

PROCESS CRC
LDB

RECEIVE A BLOCK OF MESSAGE 1
THE LAST CHARACTER SHOULD BE EOT(%04) !
IVE PROCEDURE

RLO,#%28 IWAIT ON RECV,!

WROA+2,RL0

RLO, $A8

WROA+2,RL0O 1ENABLE WAIT 1ST CHAR,SP.COND. INT!

R1,#RROA+16

RLO, @Rl IREAD STX CHARACTER!

RLO, #3C9

WROA+6 ,RLO IRx CRC ENABLE!

R3, #RBUF

RLO, €R1 IREAD MESSAGE!

€R3,RLO 1STORE CHARACTER IN RBUF|

R3,#1

RLO, #304 1IS IT END OF TRANSMISSION 2!

NZ,READ

RLO,€R1 IREAD PAD1!

RLO, €R1 IREAD PAD2!

RLO,RROA+2 IREAD CRC STATUS!
ERROR IF ANY, AND GIVE ERROR RESET COMMAND IN WROA !

RLO, #0

WROA+6 ,RLO IDISABLE RECEIVER!

OUTB

RET
END RECEIVE
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00A6

00A6
00A8

00AC
O0AE
00BO
00B2
00B4
00B6
00B8
00BA
00BC
00BE
00CO
00C2
00C4
00Cé6
00C8
00CA
0o0cc
00CE
00D0
00D2
00D4
00D6
00D8
00DA
00DC
OODE
00EQ
00E2
00E4
00E6
O00E8
O00EA
00EC
OOEE
00F0
00F2
00F4

93F0
3a84
FE21
A684
EE02
5F00
006C*
Cc808
3A86
FE23
C8Dnl
3A86
FE27
€820
3A86
FE21
Cc838
3a86
FE21
97F0
7B00

JRRRRR AR AR RNR AR

TRANSMIT ROUTINE *itﬁitt.'ikii*t't.'tttl*'**t*t"ii.ﬁl

SEND A BLOCK OF DATA CHARACTERS 1
THE BLOCK STARTS AT LOCATION TBUF 1

GLOBAL TRANSMIT PROCEDURE

ENTRY

DELs

LD

LDB
ouTB

LDB
OUTB

LDB
OUTB

LDB
OuUTB

LD

LDB
ouTB

LD
OTIRB

LDB
OUTB

LD
OTIRB
LDB
OUTB
LD
DJINZ
LDB
OUTB

RET

END TRANSMIT

| *kkkkkkkkkk*kx RECEIVE INT.

R2, #TBUF

RLO, #%6C
WROA+10,RLO

RLO, #3800
WROA+2,RL0O

RLO,#3%88
WROA+2,RL0

RLO, #380
WROA, RLO

R1l, #WROA+16

RLO, #36D
WROA+10,RLO

RO, #1
€R1,@R2,R0

RLO, #3C0
WROA, RLO

RO, #COUNT-1
€Rr1, @R2,R0
RLO, #304

€R1,RL0O
RO, #1670

WROA+10,RLO

GLOBAL REC PROCEDURE

ENTRY

RESET:

END REC

PUSH
INB

BITB
JR
CALL

LDB
OUTB

LDB
OUTB

LDB
ouTB

LDB
OUTB

POP
IRET

@R15,R0
RLO,RROA

RLO, #4
NZ,RESET
RECEIVE

RLO, #308
WROA+2,RLO

RLO, #3D1
WROA+6 ,RLO

RLO, #%20
WROA, RLO

RLO, #338
WROA,RLO

RO,@R15

IPTR TO START OF BUFFER!

1ENABLE TRANSMITTER}

IWAIT ON TRANSMIT!

IWAIT ENABLE,INT ON 1ST & SP COND!

IRESET TxCRC GENERATOR!
IWR8A SELECTED!

1Tx CRC ENABLE!

ISEND START OF TEXT!

IRESET TxUND/EOM LATCH!
ISEND MESSAGE!
1SEND END OF TRANSMISSION CHARACTERI!

ICREATE DELAY BEFORE DISABLING!

IDISABLE TRANSMITTER!

SERVICE ROUTINE **#®ktkakdthththdhhihns]

IREAD STATUS FROM RROA!

ITEST IF SYNC HUNT RESET!
IYES CALL RECEIVE ROUTINE!

IWAIT DISABLE!

1ENTER HUNT MODE!

1ENABLE INT ON NEXT CHAR!

IRESET HIGHEST IUS!
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|*#a%sureanss SPECIAL CONDITION INTERRUPT SERVICE ROUTINE *#*ke#wswuswns|

0l1E GLOBAL SPCOND PROCEDURE
ENTRY

011E 93F0 PUSH @R15,R0
0120 3A84 INB RLO,RROA+2
0122 FE23

IPROCESS ERRORS!
0124 €830 LDB RLO, #%30
0126 3A86 OouTB WROA, RLO
0128 FE21
012A C808 LDB RLO, #3808
012C 3A86 OUTB WROA+2,RLO
012E FE23
0130 C8D1 LDB RLO, #$D1
0132 3A86 OUTB WROA+6 ,RLO
0134 FE27
0136 C838 LDB RLO, #%38
0138 3A86 OUTB WROA, RLO
013A FE21
013C 97F0 POP RO, €R15
013E 7B0O IRET
0140 END SPCOND

END BISYNC
0 errors

Assembly complete

IREAD ERRORS!

1ERROR RESET!

IWAIT DISABLE,RXINT ON 1ST OR SP COND.!

IHUNT MODE,REC. ENABLE!

IRESET HIGHEST IUSI
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Z8530 and Z8030
SCC Initialization:
A Worksheet and an Example

Zilog

Application
Note

September 1982

INTRODUCT ION

This application note describes the software
initialization procedure for the Zilog Serial
Communications Controller; the procedure applies
to both the Z-SCC (Z8030) and the SCC (Z8530).
Although the Z8030 and 28530 have different bus
interfaces, their registers are programmed in the
same order.

A worksheet is provided in this application note
to assist with the initialization process. A
program example of how the Z8000 initializes the
SCC for asynchronous operation is shown in
Appendix A. Other operation modes are initialized
in a similar manner and are described in the SCC
Technical Manual (document number 00-2057-01).

REGISTER OVERVIEW

Each of the SCC's two channels has its own
separate Write registers that are programmed to
initialize the different operating modes. There
are two types of bits in the Write registers:
Mode bits and Command bits. Write Register 14,

shown in Figure 1, is an example of a register
that contains both types of bits.

BR GENERATOR ENABLE
BR GENERATOR SOURCE
DTR/REQUEST FUNCTION
AUTO ECHO

LOCAL LOOPBACK

=

MODES

oJo]o] nuLLcommano

ojo|1 ENTER SEARCH MODE

o]1[o] Resermissina cLock

of1 |1 DISABLE DPLL

1{0]0 SET SOURTE = BR GENERATOR
1] 0] 1] SETSOURCE = ATxC

1]1]0 SET FM MODE

1[1]1] sernNrzimobE

Figure 1. Command and Mode Bits

Bits D4-Dg are Mode bits that can be enabled or
disabled by being set to 1 or reset to 0. Each
bit has one function. For example, bit Dy enables
and disables the BR generator.

2266-001
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Bits Dy-Ds are Command bits, which require the
decoding of several bits to enable the function.
(Command bits are usually denoted by having boxes
drawn around them--see Figure 1.) Functions
controlled by the Command bits can only be
enabled; they cannot be toggled like the Mode
bits. For example, the Search .mode is entered by
setting bits Dy-Dg to 001. Each command requires
a separate write 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 stages. The first stage consists of
programming the operation modes (e.g., bits per
character, parity) and 1loading the constants
(e.g., interrupt vector, time constants). The
second stage entails enabling the hardware func-
tions (e.g., transmitter, receiver, baud rate
generator). It is important that the operating
modes are programmed before the hardware functions
are enabled. The third stage, if required, con-
sists of enabling the different interrupts.

Table 1 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 previously
programmed value. For example, in stage 2, Write
Register 3 bits Dq-D; are shown with an "S"
because they have been programmed in stage 1 and
must remain set to the same value.

INITIALIZATION TABLE

Figure 2 provides a worksheet that can be used as
an aid when initializing the SCC. The bits that
must be programmed as either a 0 or a 1 are filled
in; the remaining bits are 1left blank to be
programmed by the user according to the desired
mode of operation. The binary value can then be
converted to a hexadecimal number and placed in
the table after the Write register notation in the
column labeled "HEX." When completed, the
worksheet in Figure 2 can be used to produce a
program initialization table.

RESET CONDITIONS

The SCC should be reset by either hardware or
software before initialization. A hardware reset
can be accomplished by simultaneously grounding RD
and WR on the 28530 or AS and DS on the Z8030. A
software reset can be executed by writing a COy
to Write Register 9. The states of the SCC
registers after reset are shown in Figure 3.
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Table 1. SCC Initialization Order

Register Data Comments
Stage 1. Modes and Constants

WR9 171000000 Hardware reset.

WRO 000000XX Select Shift mode (Z8030 only).

WR4 XXXXXXXX Transmit/Receive control. Selects Async or Sync mode.

WR1 0XX00X00 Select W/REQ (optional).

WR2 XXXXXXXX Program interrupt vector (optional).

WR3 XXXXXXXD0 Selects receiver control. Bit Dg (Rx enable) must be
set to 0 at this time.

WR5 XXXX0XXX Selects transmit control. Bit D3 (Tx enable) must be
set to 0 at this time.

WR6 XXXXXXXX Program sync characters.

WR7 XXXXXXXX Program sync characters.

WR9 00X0XXX Select interrupt control. Bit D3 (Master interrupt
enable) must be set to O

WR10 XXXXXXXX Miscellaneous control (optional).

WR11 XXXXXXXX Clock control,

WR12 XXXXXXXX Time constant lower byte (optional).

WR13 XXX XXXXX Time constant upper byte (optional).

WR14 XXXXXXXO0 Miscellaneous control. Bit Dy (BR Generator enable)
must be set to 0 at this time.

WR14 XXXSSSSS This register may require multiple writes if more than
one command is used.
Stage 2. Enables

WR3 $5SSSSSS1 Set Dg (Rx Enable).

WR5 $S55SS1SSS Set D3 (Tx Enable).

WRO 10000000 Reset TxCRC.

WR14 000SSSS1 BR Generator enable. Set bit Dy (BR Generator
Enable). Enable DPLL.

WR1 X$SS00S00 Set Dy, (DMA enable) if required.
Stage 3. Interrupt Enables

WR15 XXXXXXXX Enable external interrupts.

WRO 00010000 Reset EXT/STATUS twice.

WRO 00010000 Reset EXT/STATUS twice.

WR1 SSSXXSXX Enable receive, transmit, and external interrupt
master.

WR9 000SXSSS Enable Master Interrupt bit D3.

1 (Set to one)
0 (Set to zero)
X (User choice)

S (Same as previously programmed)




Label of SCC Table:

SCC Base Address:

Description:
Register Hex Binary Comments
Modes . .
WR9 C o [1i1]ofofolofolo] Software reset
WRO 0 Lol 1]
WR4 _ (T TTT1T
WR1 L OEEDDEDD
WR2 —_— LTIl
WR3 — LT P TTT [of
WRS o LI T T el T T]
WR6 o HEEEEEEN
WR7 I
WR9 - Lofofol Jo[ T 1]
WR10 I LT T TTTT]
WR11 o N O B A
WR12 - LTI TTTT]
WR13 - LTI PTT
WR14 - LLI T T T [ [o]
WR14 _— LL T TP T] o]
Enables
WR3 _ OOQOQooomm
WRS  [IIrorrm
WRO 8 0 [1]ofofofofofo]o] Reset TxCRC
WR14 - [efolo[ TT T I4]
WR1 . [OIrrormm
Interrupt
WR15 - [(TITTTT1T1]
WRO a1 o [olofol1To]o]o]o] Reset Ext/Status
WRO 1 o [oTolo [ ]o]o]0]0] Reset Ext/Status
WR1 - [IIIIrrIT
WR9 — — [ERRTTTT
Figure 2. SCC Initialization Worksheet
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HARDWARE RESET CHANNEL RESET INITIALIZATION EXAMPLE

7 6 5 43 2 10 7 6 5 4 3 2 1 0

The program example in Appendix A shows how the

[0 0o 000 01 0] [o 000000 of wr
78000 initializes the Z-SCC for asynchronous

oo .00  o00] [oo 00 . 0o] wm communication.  The initialization sequence is

. . . . .. .1 L | we2 stored in a table beginning with the program label

- ] [ 0] wss SCCTABLE and is wused by a subroutine called

T B PP T wm ZINIT, The same subroutine can use different
initialization tables. The table in the program

L cooo ] [ - so00 ] w example requires two bytes for each register; the

L. 1 L . ] wee first byte is the register address and the second

.- 1 C T ] ww byte is the data. The ZINIT subroutine takes the

EREECRCRON 1 1 = 7w data in this table and writes it to the SCC.
Three arguments must be set before calling the

[o 000000 o0] [o. - 0000 0] wao subroutine:

[o 000 1 00 of L. | wen

[ T =1 e o The peripheral base address (in R1).

(I 1 L ] wens o The address of the beginning of the

[ 10000 0] [ 1000 1 wris initialization routine (in R2).

Lo ooo] Lot to0o] wme o The number of entries in the table (in R3).

[o 1 1 0o |o 1+ . .10 0] nmo

[o 000 0o 1+ 1 1] [0 0000 1 1 1] e For the 78000 to use vectored interrupts, the

peripherals must be connected to ADy-AD; of the
CPU's Address/Data bus.

[0 0o 000 000] [o o000 00 o] nam

[ 0o 00 000 0] [0 00000 o0 o] rao

Dots () are indeterminate, and may be a 1 ora 0.

Figure 3. Register Values After Reset
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Appendix A.

plzasm
LoC

28000 Program Example

1.3
OBJ CODE

STMT SOURCE STATEMENT

1 SCC_INIT MODULE
Sliston $tty
CONSTANT

!*******************************************************!
! SCC BASE ADDRESS

1

! The SCC is I/O mapped at address location

IFEOC. This is accomplished in hardware by decoding
Ichip enable (CE) from addresses AD8-AD15 and the status!
!lines ST0-ST3. The SCC address is assigned to the !

!label SCCBASE in the following equate statement. !
Jhkkhhkhkhhhdhhhhkhhhhkhdhkhhhdhhhhhhhhkhhhkhkhhhhhhhkhhhk]

!
!
!
!

SCCBASE := $FEQOO 1Z-SCC base address !

khkkhkhkhhhhhkhhkhkhkhhhkhhhhhkhkhhkhkhhhkhhkkhkhkkhkhkkkhkhkkk

1 ]
! SCC REGISTERS !
! !
! For clarity, the address of the internal registers !
!is assigned a label as shown below in the equate !
Istatements. The peripheral's ADO-AD7 pins must be !
tconnected to the CPU's ADO-AD7 pins because the !
!CPU reads the interrupt vector from the low-order byte !
! (AD0-AD7) during an Interrupt Acknowledge cycle. !
{To access the peripheral's internal registers, the !
!least significant address bit (A0) in the register !
laddresses must be set to 1, and the Shift Left mode !

!

!

!must be selected.
!*******************************************************

WROB := %01; WROA 1= %21
WR1B = %03; WR1A = %23
WR2B = %05; WR2A := %25
WR3B 1= %07; WR3A = $27
WR4B 1= %09; WR4A = %29
WR5B = %0B; WR5A = %2B
WR6B = $0D; WR6A i = %2D
WR7B 1= %0F; WR7A = % 2F
WR8B 1= %$11; WR8A := %31
WR9B = $13; WR9A = %33
WR10B = %15; WR10A := %35
WR11B := %17; WR11A = %37
WR12B = $19; WR12A = %39
WR13B 1= $1B; WR13A = %$3B
WR14B = %1D; WR14A := $3D
WR15B = $1F; WR15A = $3F
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78000 Program Example (Continued)

0000

0000
0002
0004
0006
0008
000A
000C
000E

0010

0010

0010
0012
0014
0016
0018

001A

2101
FEO0O
7602
0o01C'
6103
0046
5F00
0010°"

2029
A920
3A22
0318
ECFB

9EO08

GLOBAL MAIN PROCEDURE

Phkkk kR hhhk ko hhhhkkhh kA kR Ak hhhhkhhhhhhhhhkkhkhhkhk |
! MAIN PROGRAM FLOW
!

!
!
! To initialize the SCC, the following four instruct- !
tions must be included in the main program. The first !
!three instructions load arguments into registers !
IR1-R3 for use by the initialization subroutine !
1ZINIT, The fourth instruction calls the ZINIT !

!

!

t{subroutine.
]*******************************************************

ENTRY
LD R1, #SCCBASE 1I/0 address of Z-SCC !
LDA R2,SCCTABLE !Beginning of data table!
LD R3,SCCCOUNT 1Size of data table !
CALL ZINIT 1Call subroutine !
END MAIN

GLOBAL ZINIT PROCEDURE

R L T2 T T L]
! INITIALIZATION SUBROUTINE
!
!

!
!

This routine is called from the main program !
fto initialize a Z-BUS peripheral in a Z8000 system. !
IThe following arguments must be set: !
! Rl Base address of peripheral !
! R2 Pointer to data table !
! R3 Number of iterations !
! !

khkkkkkkkkkkhhhkhhkkkhhkhhkhhkhhhhhhhhhkkhhkhhhhkdhkhhkhhkkd

ENTRY
LDB RL1,@R2 lLoad register address !
Ifrom table !
INC R2 !Increment the table !
Ipointer !
OUTIB @R1,@R2,R3 IWrite data to the SCC !
JR NOV, ZINIT {Repeat if not at the !
lend of the table !
RET {Return to main program !




78000 Program Example (Continued)

001C
001D
001lE
001F

0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
002A
002B
002C
002D
002E
002F
0030
0031
0032
0033
0034
0035

0036
0037
0038
0039
003A
003B

003C
003D
003E
003F
0040
0041
0042
0043
0044
0045

0046
0048

3D
03
27
Cl
2B

3F
00
21
10
21
10
33
09
23
10

0015

Thhhkkhkhhkhhhkhhkhkhkhhkhhkhhkhhkdhhhhhhhhhkhhkhkhhkhkhkhhkhhhhkhkhkhhkk

r—— s

SCC INITIALIZATION TABLE

! This table is used to initialize the SCC for

!Asynchronous operation, 8 bits/character, 2 stop bits,

!no parity, x16 clock, and 9600 baud.

Thkhkkhhhhhhhhkhkhhhkhkhhhhhdhhhhhhhhhhhhkhhhhkhhhkkhkdhkhhhkk

!Force hardware reset

!x16 clock,2 stop bits/character

!no parity

!Interrupt vector = %10

IRx 8 bits/char;Rx disabled
ITx 8 bits/char;DTR;RTS;Tx off
'null (no sync char)

tnull (no sync char)

IVIS; Status low

INRZ

!
!
!
!
!
!
!

!Tx & Rx clk = BRG;TRxC=BRG out !

!Time const = 6 (default=9600)
ITime const (high) = 0

I!BRG source = PCLK;BRG off

IBRG enable
IRx enable

ITx enable

1All ext/status rupts off
IReset Ext/Status interrupts
IReset Ext/Status interrupts
IMIE;VIS;Status low

IRx int on all rx chars or
Ispecial condition

(($=-SCCTABLE) /2) -1

SCCTABLE:

!MODES AND CONSTANTS!
BVAL WROA
BVAL %$CO
BVAL WR4A
BVAL $4C
BVAL WR2A
BVAL %10
BVAL WR3A
BVAL $CO
BVAL WR5A
BVAL $E2
BVAL WR6A
BVAL %0
BVAL WR7A
BVAL %0
BVAL WROA
BVAL %01
BVAL WR10A
BVAL %0
BVAL WR11A
BVAL %56
BVAL WR12A
BVAL %06
BVAL WR13A
BVAL %0
BVAL WR14A
BVAL %02

1ENABLES!
BVAL WR14A
BVAL %03
BVAL WR3A
BVAL %$Cl
BVAL WR5A
BVAL $EA

{ENABLE INTERRUPTS!
BVAL WR15A
BVAL %0
BVAL WROA
BVAL %10
BVAL WROA
BVAL %10
BVAL WRIA
BVAL %09
BVAL WR1A
BVAL %10

SCCCOUNT:
WVAL

END ZINIT

END SCC_INIT
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The 2-FIO in a Data
Acquisition Application

Zilog

Application
Note

March 1983

INTRODUCTION

The 78038 Z-FI0 is an intelligent 128x8 FIFO
buffer that can link two CPUs or a CPU and a
peripheral device. The Z-FI0 manages data trans-
fers by assuming Z-BUS, non-Z-BUS (a generalized
microprocessor interface), 2-Wire Handshake, and
3-Wire Handshake operating modes. These modes
facilitate interfacing dissimilar CPUs, or CPUs
and peripherals running under differing speeds or
protocols, allowing asynchronous communication and
reducing 1/0 overhead. The width of the buffer
can be expanded by connecting multiple Z-FIOs in
parallel, and the depth can be expanded by using
78060 FIFO buffers.

This application note illustrates the use of the
Z-FI10 in a simple data acquisition application, in
which a peripheral device transfers data to a
78002-based system at a constant rate of one byte
every 100 pus. In this application, it is
desirable for the system to record each byte in
memory as well as dynamically keep track of the
frequency of a certain data pattern. The Z-FIO
facilitates this task by allowing the CPU to
handle the data in blocks rather than requiring it
to service an interrupt every 100 us.

For a more complete understanding, this
application note should be read in conjunction
with the Z-FI0 Technical Manual (Document
#00-2051-01) .

HARDWARE CONFIGURATION

In this application, the Port 1 side of the Z-FIO
is connected to the lower byte of the system bus.
The Z-BUS Low Byte mode is programmed by
connecting My and Mq to ground. The Port 2 side
receives data from the peripheral device using the
Interlocked 2-Wire Handshake mode. Figure 1 shows

the 178038 hardware configuration, and Table 1
gives a description of each signal used in the
application.

INITIALIZING THE Z-FIO

Before writing the initialization software, the
user should keep in mind that the Z-FIO is con-
nected to the lower byte of the system bus, so all
of its registers have odd addresses. Since the
least significant address bit, Ag, must always
equal 1 when performing byte-oriented accesses to
the Z-FIO, this bit cannot be used to select
registers. It is for this reason that the Right
Justified Address (RJA) bit in Control Register O
(CRO) must be reset to 0, requiring the address to
be left-shifted by one bit (i.e bits Ay - Aq
are used to select the registers).

The first step in initializing the Z-FIO is the
software reset, performed by writing a 1 to the
Reset bit in CRO. Since no hardware reset circuit
is employed, it must be assumed that the RJA bit
is in an unknown state upon power-up. The first
access must be performed with A4 - Ag = 00000 so
that CRO is addressed regardless of the state of
the RJA bit. A word-oriented output instruction
(0UT) is executed, with the Z-FIO's even base
address as the destination. This procedure is
detailed in the program listing in the Appendix.

The ZINIT procedure completes initialization. It
is called with the Z-FI0's base address in R1, and
it uses the information in the table TAB to load
the Z-FI0's registers. TAB is a string of byte
value pairs, each pair consisting of a target
register address offset and a value to be loaded
into the corresponding target register. For
example, the first two byte values are 01 and 00.
ZINIT loads the value 00 to the target register
with address offset 01.
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Table 1. Signal Descriptions

ADg - AD7 (Address/Data)
DMASTB (Direct Memory

Access Straobe)

DS (Data Strobe)

R/W (Read/Mrite)

CS (Chip Select)

AS (Address Strobe)

INTACK (Interrupt Acknowledge)
IE0  (Interrupt Enable Out)

IEI (Interrupt Enable In)

INT (Interrupt)

Dg - D7 (Data)

RFD/DAV  (Ready for Data/
Data Available)

ACKIN (Acknowledge Input)

FULL

EMPTY

Z-BUS Low Byte: Port 1 Side

Multiplexed, bidirectional Address/Data lines, Z-BUS
compatible.

Input, active Low, tied High in this example.
Input, active Low; provides timing for data transfer to or
from Z-FIO.

Input, active High signals CPU read from Z-F10; active Low
signals write to Z-FIO.

Input, active Low. Enables Z-FIO; latched on the rising
edge of AS.

Input, active Low. Addresses, CS and INTACK sampled while
AS Low.

Input, active Low. Acknowledges an interrupt. Latched on
the rising edge of AS.

Output, active High. Sends interrupt enable to lower
priority device IEI pin.

Input, active High. Receives interrupt enable from higher
priority device IEQ pain.

Output, open drain, active Low. Signals Z-FIO interrupt
request to CPU.

2-Wire Handshake: Port 2 Side
Bidirectional data bus. Input in this example.

Output, RFD active High. While port is input, signals that
Z-F10 is ready to receive data.

Input, active Low. Signals that input data is valid.
Pull-up resistor ensures that ACKIN is High when handshake
is enabled.

Output, input, open drain, active High. Must be pulled
High in this example since the conditions for setting the
Full Interrupt Pending (IP) bit are: Buffer is full, and
FULL input is High.

Output, input, open drain, active High. Must be pulled High
in this example since the conditions for setting the Empty
IP  bit are: Buffer is empty, and EMPTY input
is High.




INTERRUPT CONSIDERATIONS

Essential to this application are the powerful
vectored interrupt capabilities inherent in Z-BUS
architecture. When the 28002 VI input is pulled
Low, a vectored interrupt is requested. If the
Vectored Interrupt Enable (VIE) bit in the Flag
Control Word (FCW) is set to 1, the 28002 executes
an Interrupt Acknowledge cycle during which it
reads a vector from the 1lower byte of the
Address/Data bus. The 28002 then loads the Program
Status registers (which include the FCW and the
PC) from the vector table in the Program Status
Area.

The Z-FI0 interrupts the CPU each time the buffer
is full. In servicing the Buffer Full interrupt,
the CPU performs the necessary overhead operations
and then executes an Input Increment and Repeat
Byte (INIRB) instruction to move the data from the
Z-F10 to memory.

In order to dynamically count the occurrences of a
certain data pattern, the Z-FIO0 must interrupt the
INIRB instruction each time the pattern appears in
the Data Buffer register. (INIRB is an iterative
instruction and can be interrupted after each
execution of the basic operation.) Finally, when
the buffer is empty, the Z-FIO interrupts the
INIRB instruction again so that a 1 can be loaded
into the iteration counter (in this case RO) and
the block move can be terminated. This method of
inputting data until the Z-FIO is empty is more
efficient than inputting a fixed number of bytes,
because the block size varies according to the
amount of time spent servicing Pattern Match
interrupts.

Initializing the Vector Table

The vector table in the Program Status Area
consists of an FCW, which is used for all vectored
interrupts, and up to 256 word values that can be
loaded into the CPU's PC during a Vectored Inter-
rupt Acknowledge cycle. These values correspond to
the 256 possible values of the Interrupt Vector
that is read on the lower byte of the Address/Data
bus. The vector value 0 selects the first PC
value, the vector value 1 selects the second PC
value, and so on up to the vector value 255.

Though Port 1 has only one Interrupt Vector
register, the three interrupt conditions used in
this application (Buffer Empty, Buffer Full, and
Pattern Match) can generate unique vectors via the
Vector Includes Status feature. This feature
encodes the interrupt status intec bits Dy - D3 of
the vector according to the convention shown in

Figure 2. Assuming a base vector value of 00,
Table 2 gives the vectors that the interrupt
conditions generate, their corresponding PC
values, and the byte offsets that address these
values in the Program Status Area.

e

l II|T

( NO INTERRUPTS PENDING 0
BUFFEREMPTY] 0 | 0 | 1
BUFFERFULLJ 0 | 1 | O
VECTOR OVER/UNDERFLOW ERROR| 0 | 1 1
STATUS BYTECOUNTMATCH| 1 | 0 | O
PATTERN MATCH | 1 0|1
DATA DIRECTION CHANGE | 1 1 [}
\ MAILBOX MESSAGE | 1 1 1
Figure 2. Interrupt Vector Register
Table 2. Interrupt Vectors
Interrupt Interrupt PC Byte
Condition Vector Value Of fset
(hex) (decimal)
Buffer Empty 02 PCs 34
Buffer Full 04 PCs, 38
Pattern Match 0A PCq1q 50

The software routines show how these byte offsets
(in conjunction with the PSAP) form  indexed
addresses to initialize the vector table.

Buffer Full Interrupt

Buffer Full is the only interrupt that interrupts
the background task. Since one byte of data
is moved to the buffer every 100 ps, it takes
128 x 100 = 12.8 us from the time the buffer is
empty until the Buffer Full condition requires
service. The primary task of the FULL service
routine is to execute the INIRB instruction,
which moves the data from the Z-FIO to a memory
buffer starting at location BUF (6000y). Before
INIRB is executed, the Pattern Match interrupt is
enabled, the Full interrupt is disabled, and the
Disable Lower Chain command is issued so that no
interrupt sources of lower priority than the Z-FIO
can interrupt the FULL routine.
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After execution of the INIRB instruction, the
destination pointer (R1) is decremented to
compensate for the extra iteration that takes
place after the buffer goes empty. The Clear Full
Interrupt Pending command is issued in case the
Full IP bit has been set since the most recent
Clear Full IP command (e.g. the peripheral device
transferred a byte to the buffer just after the
first iteration of the INIRB instruction, thus
causing the buffer to go full and the Full IP bit
to be set). The Full IE bit is then set so the
Z-FI0 can cause an interrupt the next time it is
full, and the Pattern Match IE bit is cleared to
prevent a Pattern Match condition from inter-
rupting the background task. Finally, the lower
daisy chain is enabled and control is returned to
the background task.

Buffer Empty Interrupt

The Buffer Empty IP bit is set whenever the Z-FIO
makes a transition from a "not-empty" state to an
empty state. In this application, it is set when
the INIRB instruction reads the last byte from the
Z-FI0 buffer. Since the Buffer Empty interrupt
has lower priority than the Buffer Full interrupt,
the Full Interrupt Under Service (IUS) bit must be
cleared if the Buffer Empty condition is to
preempt the FULL service routine. (Z-BUS inter-
rupt sources hold their Interrupt Enable Output
(IEQ) line Low whenever their IUS bit is set.) The
EMPTY service routine loads a 1 into the itera-
tion counter (RO), causing the INIRB instruction
to be terminated after the next iteration. The
service routine then clears the Empty IP and IUS
bits and returns control to the FULL routine.

Pattern Match Interrupt

The Pattern Match interrupt is a higher priority
interrupt than the Buffer Full interrupt, and it
can preempt the FULL routine if the Pattern Match
IE bit is set. The Pattern Match IP bit is set
whenever the Data Buffer register contains the
pattern (specified as 554 by the initialization
sequence). The PAT service routine simply
increments the pattern counter (RL3), clears the
Pattern Match IP and IUS bits, and returns control
to the FULL routine. The IP and IUS bits are
cleared in separate commands to prevent a spurious
interrupt caused by IUS being cleared before IP is
cleared. The background task can interpret the
value in RL3 as the number of times the pattern
55y appears in the most recently transferred
block of data.

APPENDIX

Following is a listing of the software used in
this application. It is assumed that the PSAP has
been initialized and that the Z8002 is in System
mode when it enters the MAIN procedure. The
background task is simulated by the "JR $"
instruction.

Under ZINIT, each address offset shown is keyed to
the name of the corresponding register, and each
loaded value is keyed to the effect of the load.
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Loc 08J CODE

0000

0000

0002
0004

0oos

oooc

0010

0012

0016
0018

001C

0020

0024

0028

002C

0030

0034
0036

0038

0038

7C01

BDO1
3B06

2101

5F00

D15

4D15

4000
7602

6F12

7602

6F12

7602

6F12

2101

7C05
EBFF

FDOO

FDOO
0000*

001C

0038’

0026

0084

0032

007A"

0022

6000

STMT

1
2
3

o v s

o

"
12
13
14

15
16

18
19
21
22
23

24

25

26

27

28

29

30

31

32

33

34

35

37
38
39
40

SOURCE STATEMENT

RECEIVE MODULE
EXTERNAL ZINIT PROCEDURE
INTERNAL CONSTANT

BUF := %6000 !MEMORY BUFFER!
FIOBASL := %FDOO {FI0 BASE ADDR!
FDATA  := %FDIF 'FI0 DATA REG!
CRO := %FDO1 'CONTROL REG O!
ISR1 := %FDO7 TINTR STATUS REG 1!
ISR3 := %FDOB VINTR STATUS REG 3!
GLOBAL MAIN PROCEDURE
ENTRY
DI VI !DISABLE VECTORED
INTR!
VINITIALIZE FIO!
LDK RO,#1
out FIOBASE,RO  !RESET FIO WITH
EVEN ADDR!
LD R1,#F IOBASE
CALL ZINIT

VINITIALIZE VECTOR TABLE!

LDCTL  R1,PSAP 'LOAD PROG STATUS
AREA PTR!

LD 28(R1),#%4000 'LOAD FCW FOR

VECTORED INTR!

LDA R2,FULL 'LOAD ADDR OF FULL

PROCEDURE!

LD 38(R1),R2 YENTER ADDR IN

VECTOR TABLE!

'ENTER ADDR OF

PAT PROCEDURL!

LDA R2,PAT

LD 50(R1),R2 'ENTER ADDR IN
VECTOR TABLE!

LDA R2,EMPTY 'LOAD ADDR OF
EMPTY PROCEDURE!

LD 34(R1),R2 'ENTER ADDR IN

VECTOR TABLE!

LD R1,#BUF 'LOAD ADDR OF MEMORY
BUFFER!
EI VI 'ENABLE VECTORED INTR!
R $ 'BACKGROUND TASK!
END MAIN

INTERNAL FULL PROCEDURE
ENTRY
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Loc 0BJ CODE

0038
003C
0040

0044
0048
004C
0050
0052
0056

0058

005C
005E
0060
0064
0068
006C
0070
0074

0078
007A

007A

007A
007¢C
007€E
0082
0084

0084
0084
0086
008A
008E

0092
0094

0000

2100
3A06
3AB6

2100
3A06
3A86
8cB8
2102
7C05

3A20

7€01
AB10
2100
3A06
3A86
2100
3A06
3A86

7800

BDO1
C302
3A36
7800

A8BO
2104
3A46
3AC6

7800

ocnc
FDO7
FDO1

20E0
FDOB
FDOB

FD1F

0010

Aoco
FDOB
FDOB
0E9C
FDO7
FDO1

FDOB

0AD6
FDO7
FDO7

STMT

41
42
43

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

61
62
63
64
65
66
67
68
69
70
7
72
73
74
75
76
77

78
79
80

O O NNV S WN -

SOURCE STATEMENT

LD RO, #%0CDC

ouTe ISR1,RHO ISET PATTERN MATCH IE!

ouTB CRO,RLO !DISABLE LOWER DAISY
CHAIN!

LD RO, #%20E0

ouTB ISR3,RHO ICLEAR FULL IP & IUS!

ouTs ISR3,RLO ICLEAR FULL IE!

CLRB RL3 'INITIALIZE COUNT!

LD R2,{#fFDATA

EI Vi 'ENABLE VECTORED INTR!

INIRB  @R1,@R2,RO  !READ DATA FROM FIO!

DI VI IDISABLE VECTORED INTR!
DEC R1
LD RO, #%A0CO
ouTsB ISR3,RHO {CLEAR FULL IP!
ouTs ISR3,RLO 'SET FULL IE!
LD RO, #%0E9C
ouTB ISR1,RHO ICLEAR PATTERN MATCH IE!
ouTB CRO, RLO 'ENABLE LOWER
DAISY CHAIN!
IRET
END FULL

INTERNAL EMPTY PROCEDURE

ENTRY
LDK RO,#1 ! TERMINATE BLOCK MOVE!
LDB RH3,#%02
ouTB ISR3,RH3 !CLEAR EMPTY IP AND IUS!
IRET

END EMPTY

INTERNAL PAT PROCEDURE

ENTRY
INCB RL3 ! INCREMENT COUNT!
LD R4, {#%0A06
ouTB ISR1,RH4 ICLEAR PATTERN MATCH IP!
ouTB ISR1,RL4 ICLEAR PATTERN MATCH IUS!
IRET

END PAT

END RECIEVE

ZIN MODULE

GLOBAL ZINIT PROCEDURE

! THIS IS A GENERAL ROUTINE USED !
! TO INITIALIZE A Z-BUS PERIPHERAL !
! IN THIS EXAMPLE [T INITIALIZES !
! THE Z-FIO. !

!

4-189




Loc 0BJ CODE

0000
0004

0oos8
000A
ooac

0010
0012

0014
0015
0016
0017
0018
0019
001A
0018
001C
001D
001E
001F
0020
0021

0022
0024

7602
6103

2029
A920
3A22

ECFB
9E08

01
00
01
oc
15
50
13
03
1B
55
08
cc
01
9C

0008

0014
0024'

0318

STMT SOURCE STATEMENT

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

' R1
! R2

PERIPHERAL BASE ADDR !
ADDR OF TABLE !

! R3 = NO. OF BYTES TO BE QUIPUT !

1

ENTRY
LDA
LD
LOOP:
LDB
INC
ouTIB

JR
RET

TAB:
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL
BVAL

COUNT:
WVAL

END ZINIT

END ZIN

R2,TAB

R3,COUNT

RL1,@R2

R2

@R1,8R2,R3

NOV,LOOP

%01 ICONTROL REGISTER 0!

%00 ICLEAR RESET!

%01 ICONTROL REGISTER 0!

%0C VINTERLOCKED HS PORT!
%15 ICONTROL REGISIER 3!

%50 1INPUT TO CPU!

%13 'CONTROL REGISTER 2!

%03 1ENABLE PORT 2!

%18 IPATTERN MATCH REGISTER!
%55 IPATTERN IS 55!

%08 VINTERRUPT STATUS REGISTER 3!
%CC 1SET FULL AND EMPTY IE!
%01 ICONTROL REGISTER 0!
%9C I1SET MIE BIT!

(($-7AB)/2 -1)
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