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Overview

The features of Zilog’s Z80C30 and Z85C30 devices include:

Z85C30: optimized for nonmultiplexed bus microprocessors
Z80C30: optimized for multiplexed bus microprocessors
Pin-compatible to NMOS versions

Two independent 0 to 4.1 Mbps, full-duplex channels, each with separate crystal oscil-
lator, Baud Rate Generator (BRG), and Digital Phase-Locked Loop (DPLL) for clock
recovery

Multiprotocol operation under program control; programmable for NRZ, NRZI or FM
data encoding

Asynchronous Mode with Five to Eight Bits and One, One and One-Half, or Two Stop
Bits Per Character, Programmable Clock Factor, Break Detection and Generation; Par-
ity, Overrun, and Framing Error Detection

Synchronous Mode with Internal or External Character Synchronization on One or
Two Synchronous Characters and CRC Generation and Checking with CRC-16 or
CRC-CCITT Preset to either 1s or 0s

SDLC/HDLC Mode with Comprehensive Frame-Level Control, Automatic Zero Inser-
tion and Deletion, I-Field Residue Handling, Abort Generation and Detection, CRC
Generation and Checking, and SDLC Loop

Software Interrupt Acknowledge Feature (not available with NMOS)
Local Loopback and Auto Echo Modes
Supports T1 Digital Trunk2

Enhanced DMA Support (not available with NMOS) 10 x 19-Bit Status FIFO 14-Bit
Byte Counter

Speeds

— Z85C30: 8.5, 10, 16.384MHz

— Z80C30: 8, 10MHz

Other Features for Z85C30 Only

Some of the features listed below are available by default. Some of them (features with *)
are disabled on default to maintain compatibility with the existing Serial Communications
Controller (SCC) design, and “program to enable through WR7”:

PS011706-0511
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New programmable WR7 (Write register 7 prime) to enable new features

Improvements to support SDLC mode of synchronous communication:

Improve functionality to ease sending back-to-back frames
Automatic SDLC opening Flag transmission

Automatic Tx Underrun/EOM Latch reset in SDLC mode
Automatic RTS deactivation

TxD pin forced High in SDLC NRZI mode after closing flag
Complete CRC reception

Improved response to Abort sequence in status FIFO
Automatic Tx CRC generator preset/reset

Extended Read for Write registers

Write data set-up timing improvement

Improved AC timing:

310 3.6 PCLK access recovery time

Programmable DTR/REQ timing

Write data to falling edge of WR setup time requirement is now eliminated
Reduced INT timing

Other features include:

Extended Read function to read back the written value to the Write registers
Latching RRO during read
RRO, bit D7 and RR10, bit D6 now has reset default value

Overview
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General Description
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The Z80C30/285C30 Serial Communications Controller (SCC), is a pin and software
compatible CMOS member of the SCC family introduced by Zilog in 1981. It is a dual-
channel, multiprotocol data communications peripheral that easily interfaces with CPU’s
with either multiplexed or nonmultiplexed address/data buses.

The advanced CMOS process offers lower power consumption, higher performance, and
superior noise immunity. The programming flexibility of the internal registers allow the
SCC to be configured to various serial communications applications.

The many on-chip features such as Baud Rate Generators (BRG), Digital Phase Locked
Loops (DPLL), and crystal oscillators reduce the need for an external logic.

Additional features include a 10 x 19-bit status FIFO and 14-bit byte counter to support
high speed SDLC transfers using DMA controllers.

The SCC handles asynchronous formats, synchronous byte-oriented protocols such as
IBM Bisync, and synchronous bit-oriented protocols such as HDLC and IBM SDLC. This
device supports virtually any serial data transfer application (for example, cassette,
diskette, tape drives, etc.).

The device generates and checks CRC codes in any synchronous mode and can be
programmed to check data integrity in various modes. The SCC also contains facilities for
modem controls in both channels. In applications where these controls are not required,
the modem controls can be used for general-purpose 1/0. The daisy-chain interrupt hierar-
chy is also supported.

Figure 1 displays a block diagram of the SCC.

General Description
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Figure 1.SCC Block Diagram
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Pin Descriptions

The following links refer to descriptions of the pin functions common to the Z85C30 and
Z80C30 devices.

* CTSA,CTSB
e DCDA,DCDB
* DTR/REQA, DTR/REQB

* IEl

* IEOC

® INT

* INTACK
* PCLK

* RxDA, RxDB

* RTxCA,RTxCB

* RTSA,RTSB

* SYNCA, SYNCB

* TxDA,TxDB

* TRxCA, TRXCB

* W/REQA, W/REQB

CTSA, CTSB

Clear To Send (inputs, active Low) . If these pins are programmed for Auto Enable
functions, a Low on the inputs enables the respective transmitters. If not programmed as
Auto Enable, these pins can be used as general-purpose inputs. Both inputs are Schmitt-
trigger buffered to accommodate slow rise-time inputs. The SCC detects pulses on these
inputs and can interrupt the CPU on both logic level transitions.

DCDA, DCDB

Data Carrier Detect (inputs, active Low) . These pins function as receiver enables if
programmed for Auto Enable. Otherwise, these pins are used as general-purpose input

PS011706-0511 Pin Descriptions
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pins. Both pins are Schmitt-trigger buffered to accommodate slow rise-time signals. The
SCC detects pulses on these pins and can interrupt the CPU on both logic level transitions.

DTR/REQA, DTR/REQB

Data Terminal Ready/Request (outputs, active Low) . These outputs follow the state
programmed into the DTR bit. They can also be used as general-purpose outputs or as
Request lines for a DMA controller.

IEI

Interrupt Enable In (input, active High) . IEI is used with IEO to form an interrupt
daisy-chain when there is more than one interrupt driven device. A high IEI indicates that
no other higher priority device has an interrupt under service or is requesting an interrupt.

IEO

Interrupt Enable Out (output, active High) . 1EO is High only if IEI is High and the
CPU is not servicing the SCC interrupt or the SCC is not requesting an interrupt (interrupt
Acknowledge cycle only). IEO is connected to the next lower priority device’s IEI input
and thus inhibits interrupts from lower priority devices.

INT

Interrupt Request (output, open-drain, active Low) . This signal activates when the
SCC requests an interrupt.

INTACK

Interrupt Acknowledge (input, active Low) . This signal indicates an active Interrupt
Acknowledge cycle. During this cycle, the SCC interrupt daisy chain settles. When RD is
active, the SCC places an interrupt vector on the data bus (if IEI is High). INTACK is
latched by the rising edge of PCLK.

PCLK

Clock (input) . This is the master SCC clock used to synchronize internal signals. PCLK
isa TTL level signal. PCLK is not required to have any phase relationship with the master
system clock. The maximum transmit rate is 1/4 PCLK.

PS011706-0511 Pin Descriptions
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RxDA, RxDB

Receive Data (inputs, active High) . These signals receive serial data at standard TTL
levels.

RTxCA, RTxCB

Receive/Transmit Clocks (inputs, active Low) . These pins can be programmed in sev-
eral different operating modes. In each channel, RTxC can supply the receive clock, the
transmit clock, clock for the Baud Rate Generator, or the clock for the Digital Phase-
Locked Loop. These pins can also be programmed for use with the respective SYNC pins
as a crystal oscillator. The receive clock can be 1, 16, 32, or 64 times the data rate in Asyn-
chronous modes.

RTSA, RTSB

Request To Send (outputs, active Low) . When the Request To Send (RTS) bit in Write
Register 5 (see Figure 9 on page 22) is set, the RTS signal goes Low. When the RTS bit is
reset in the Asynchronous mode and Auto Enable is ON, the signal goes High after the
transmitter is empty. In Synchronous mode, it strictly follows the state of the RTS bit.
When Auto Enable is OFF, the RTS pins can be used as general-purpose outputs.

SYNCA, SYNCB

PS011706-0511

Synchronization (inputs or outputs, active Low) . These pins function as inputs,
outputs, or part of the crystal oscillator circuit. In the Asynchronous Receive mode (crystal
oscillator option not selected), these pins are inputs similar to CTS and DCD. In this
mode, transitions on these lines affect the state of the Synchronous/Hunt status bits in
Read Register 0 (see Figure 8 on page 19) but have no other function.

In External Synchronization mode with the crystal oscillator not selected, these lines also
act as inputs. In this mode, SYNC must be driven Low for two receive clock cycles after
the last bit in the synchronous character is received. Character assembly begins on the
rising edge of the receive clock immediately preceding the activation of SYNC.

In the Internal Synchronization mode (Monosync and Bisync) with the crystal oscillator
not selected, these pins act as outputs and are active only during the part of the receive
clock cycle in which synchronous characters are recognized. This synchronous condition
is not latched. These outputs are active each time a synchronization pattern is recognized
(regardless of character boundaries). In SDLC mode, these pins act as outputs and are
valid on receipt of a flag.

Pin Descriptions
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TxDA, TxDB

Transmit Data (outputs, active High) . These output signals transmit serial data at stan-
dard TTL levels.

TRXCA, TRxCB

Transmit/Receive Clocks (inputs or outputs, active Low) . These pins can be
programmed in several different operating modes. TRXC may supply the receive clock or
the transmit clock in the input mode or supply the output of the Digital Phase-locked loop,
the crystal oscillator, the Baud Rate Generator, or the transmit clock in the output mode.

W/REQA, W/REQB

Wait/Request (outputs, open-drain when programmed for a Wait function, driven
High or low when programmed for a Request function) . These dual-purpose outputs
can be programmed as Request lines for a DMA controller or as Wait lines to synchronize
the CPU to the SCC data rate. The reset state is Wait.

Z85C30

The following links refer to descriptions of the pin functions specific to the Z85C30
device.

A/B

A/B
CE
D7-D0
bD/C
RD
WR

Channel A/Channel B (input) . This signal selects the channel in which the Read or
Write operation occurs.

PS011706-0511
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CE
Chip Enable (input, active Low) . This signal selects the SCC for a Read or Write opera-
tion

D7-DO
Data Bus (bidirectional, tri-state) . These lines carry data and command to and from the
SCC.

D/IC
Data/Control Select (input) . This signal defines the type of information transferred to or
from the SCC. A High indicates a data transfer; a Low indicates a command.

RD
Read (input, active Low) . This signal indicates a Read operation and when the SCC is
selected, enables the SCC’s bus drivers. During the Interrupt Acknowledge cycle, this sig-
nal gates the interrupt vector onto the bus if the SCC is the highest priority device request-
ing an interrupt.

WR
Write (input, active Low) . When the SCC is selected, this signal indicates a Write oper-
ation. The coincidence of RD and WR is interpreted as a reset.

Z80C30

The following links refer to descriptions of the pin functions specific to the Z80C30
device.
e AD7-ADO
* AS
* CSO
e C3l
* DS
°* R/W

PS011706-0511
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AD7-ADO

CSO0

CS1

RIW

PS011706-0511

Address/Data Bus (bidirectional, active High, Tri-state) . These multiplexed lines
carry register addresses to the SCC as well as data or control information.

Address Strobe (input, active Low) . Addresses on AD7-ADOQ are latched by the rising
edge of this signal.

Chip Select 0 (input, active Low) . This signal is latched concurrently with the
addresses on AD7-ADO and must be active for the intended bus transaction to occur.

Chip Select 1 (input, active High) . This second select signal must also be active before
the intended bus transaction can occur. CS1 must remain active throughout the transaction.

Data strobe (input, active Low) . This signal provides timing for the transfer of data into
and out of the SCC. If AS and DS coincide, this confluence is interpreted as a reset.

Read/Write (input) . This signal specifies whether the operation to be performed is a
Read or a Write.

Pin Descriptions
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Figure 2 displays the pin assignments for the Z85C30 and Z80C30 DIP packages.
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Figure 2.Z85C30 and Z80C30 DIP Pin Assignments
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Figure 3 displays the pin assignments for the Z85C30 and Z80C30 PLCC packages.
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Figures 4 and 5 display the pin functions for the Z85C30 and Z80C30 devices, respec-
tively. Descriptions for each of these pins can be found in the Functional Descriptions
chapter on page 15.
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Figure 4.Z85C30 Pin Functions
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Functional Descriptions

The architecture of the SCC device functions as:
® A data communications device which transmits and receives data in various protocols

® A microprocessor peripheral in which the SCC offers valuable features such as vec-
tored interrupts and DMA support

The SCC’s peripheral and data communication features are described in the following sec-
tions.

Figure 1 on page 4 displays the SCC block diagram. Figures 6 and 7 display the details of
the communication between the receive and transmit logic to the system bus. The features
and data path for each of the SCC’s A and B channels are identical.
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Figure 6. SCC Transmit Data Path
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I/O Interface Capabilities

PS011706-0511

System communication to and from the SCC device is performed through the SCC’s regis-
ter set. There are sixteen Write registers and eight Read registers.

Throughout this document, Write and Read registers are referenced with the following
notation:

*  ‘WR’ for Write Register
®* ‘RR’ for Read Register

Functional Descriptions
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For example,
WR4A  Write Register 4 for channel A
RR3 Read Register 3 for either/both channels

Tables 1 and 2 list the SCC registers and provide a brief description of their functions.

Table 1. SCC Read Register Functions

Register Function
RRO Transmit/Receive buffer status and External status
RR1 Special Receive Condition status
RR2 Modified interrupt vector (Channel B only) Unmodified interrupt vector (Channel A only)
RR3 Interrupt Pending bits (Channel A only)
RR8 Receive Buffer
RR10 Miscellaneous status
RR12 Lower byte of Baud Rate Generator time constant
RR13 Upper byte of Baud Rate Generator time constant
RR15 External/Status interrupt information
Table 2. SCC Write Register Functions
Register Function
WRO CRC initialize, initialization commands for the various modes, register pointers
WR1 Transmit/Receive interrupt and data transfer mode definition
WR2 Interrupt vector (accessed through either channel)
WR3 Receive parameters and control
WR4 Transmit/Receive miscellaneous parameters and modes
WR5 Transmit parameters and controls
WR6 Sync characters or SDLC address field
WR7 Sync character or SDLC flag
WR7* Extended Feature and FIFO Control (WR7 Prime) 85C30 Only
WR8 Transmit buffer
WR9 Master interrupt control and reset (accessed through either channel)
WR10 Miscellaneous transmitter/receiver control bits
WR11 Clock mode control
WR12 Lower byte of Baud Rate Generator time constant

PS011706-0511 Functional Descriptions
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Table 2. SCC Write Register Functions (continued)

Register Function

WR13 Upper byte of Baud Rate Generator time constant

WR14 Miscellaneous control bits

WR15 External/Status interrupt control
The following three methods move data, status and control information in and out of the
SCC; each is described in this section.
¢ Polling
® Interrupts (vectored and nonvectored)
® _CPU/DMA Block Transfer, in which BLOCK TRANSFER mode can be implemented

under CPU or DMA control
Polling
When polling, all interrupts are disabled. Three status registers in the SCC are automati-
cally updated when any function is performed. For example, End-Of-Frame in SDLC
mode sets a bit in one of these status registers. The purpose of polling is for the CPU to
periodically read a status register until the register contents indicate the need for data to be
transferred. Only one register is read, and depending on its contents, the CPU either writes
data, reads data, or continues. Two bits in the register indicate the need for data transfer.
An alternative is a poll of the Interrupt Pending register to determine the source of an
interrupt. The status for both channels resides in one register.
Interrupts

PS011706-0511

The SCC’s interrupt structure supports vectored and nested interrupts. Nested interrupts
are supported with the interrupt acknowledge feature (INTACK pin) of the SCC.

This allows the CPU to recognize the occurrence of an interrupt, and reenable higher pri-
ority interrupts. Because an INTACK cycle releases the INT pin from the active state, a
higher priority SCC interrupt or another higher priority device can interrupt the CPU.

When an SCC responds to an Interrupt Acknowledge signal (INTACK) from the CPU, an
interrupt vector can be placed on the data bus. This vector is written in WR2 and can be
read in RR2A or RR2B. To speed interrupt response time, the SCC can modify three bits
in this vector to indicate status. If the vector is read in Channel A, status is never included.
If the vector is read in Channel B, status is always included.

Each of the six sources of interrupts in the SCC (Transmit, Receive, and External/Status
interrupts in both channels) has three bits associated with the interrupt source.

Functional Descriptions
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Interrupt Pending (IP), Interrupt Under Service (1US), and Interrupt Enable (IE). Opera-
tion of the | E bit is straight forward. If the | E bit is set for a given interrupt source, then
that source can request interrupts. The exception is when the MIE (Master Interrupt
Enable) bit in WR9 is reset and no interrupts can be requested. The IE bits are Write only.

The other two bits are related to the interrupt priority chain (see Figure 8 on page 19). Asa
microprocessor peripheral, the SCC can request an interrupt only when no higher priority
device is requesting one, that is, when IEI is High. If the device in question requests an
interrupt, it pulls down INT. The CPU responds with INTACK, and the interrupting device
places the vector on the data bus.

5V Peripheral Peripheral Peripheral
IEI D7-DO0 INT INTACK IEO IEl D7-DO INT INTACK IEO IEl D7-DO INT INTACK
* * A * * A f A =
D7-D0 >
INT < . \|
INTACK

Figure 8. SCC Interrupt Priority Schedule

The SCC can also execute an interrupt acknowledge cycle through software. In some CPU
environments, it is difficult to create the INTACK signal with the necessary timing to
acknowledge interrupts and allow the nesting of interrupts. In these cases, the INTACK
signal can be created with a software command to the SCC.

In the SCC, the Interrupt Pending (IP) bit signals a need for interrupt servicing. When an
IP bit is 1 and the IEI input is High, the INT output is pulled Low, requesting an interrupt.
In the SCC, if the I E bit is not set by enabling interrupts, then the IP for that source is
never set. The | P bits are readable in RR3A.

The 1US bits signal that an interrupt request is being serviced. If an IUS is set, all interrupt
sources of lower priority in the SCC and external to the SCC are prevented from request-
ing interrupts.

The internal interrupt sources are inhibited by the state of the internal daisy chain, while
lower priority devices are inhibited by the IEO output of the SCC being pulled Low and
propagated to subsequent peripherals. An 1 US bit is set during an Interrupt Acknowledge
cycle, if there are no higher priority devices requesting interrupts.

There are three types of interrupts:
® Transmit

® Receive

Functional Descriptions
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® External/Status

Each interrupt type is enabled under program control with Channel A having higher prior-
ity than Channel B, and with Receiver, Transmit, and External/Status interrupts prioritized
in that order within each channel.

When enabled, the receiver interrupts the CPU in one of three ways:
® Interrupt on First Receive Character or Special Receive Condition
® Interrupt on All Receive Characters or Special Receive Conditions

® Interrupt on Special Receive Conditions Only

Interrupt on First Character or Special Condition and Interrupt on Special Condition Only
are typically used with the Block Transfer mode. A special Receive Condition is one of the
following. receiver overrun, framing error in Asynchronous mode, end-of-frame in SDLC
mode and, optionally, a parity error. The Special Receive Condition interrupt is different
from an ordinary receive character available interrupt only by the status placed in the vec-
tor during the Interrupt Acknowledge cycle. In Interrupt on First Receive Character, an
interrupt occurs from Special Receive Conditions anytime after the first receive character
interrupt.

The main function of the External/Status interrupt is to monitor the signal transitions of
the CTS, DCD, and SYNC pins, however, an External/Status interrupt is also caused by a
Transmit Underrun condition; a zero count in the Baud Rate Generator; by the detection of
a Break (Asynchronous mode), Abort (SDLC mode) or EOP (SDLC Loop mode)
sequence in the data stream. The interrupt caused by the Abort or EOP has a special fea-
ture allowing the SCC to interrupt when the Abort or EOP sequence is detected or termi-
nated. This feature facilitates the proper termination of the current message, correct
initialization of the next message, and the accurate timing of the Abort condition in exter-
nal logic in SDLC mode. In SDLC Loop mode, this feature allows secondary stations to
recognize the primary station regaining control of the loop during a poll sequence.

Software Interrupt Acknowledge

On the CMOS version of the SCC, the SCC interrupt acknowledge cycle can be initiated

through software. If Write Register 9 (WR9) bit D5 is set, Read Register 2 (RR2) results in
an interrupt acknowledge cycle to be executed internally. Like a hardware INTACK cycle,
a software acknowledge causes the INT pin to return High, the 1EO pin to go low and set
the 1US latch for the highest priority interrupt pending.

Similar to using the hardware INTACK signal, a software acknowledge cycle requires that
a Reset Highest IUS command be issued in the interrupt service routine. Whenever an
interrupt acknowledge cycle is used, hardware or software, a reset highest IUS command
is required. If RR2 is read from channel A, the unmodified vector is returned. If RR2 is
read from channel B, then the vector is modified to indicate the source of the interrupt.
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The Vector Includes Status (VIS) and No Vector (NV) bits in WR9 are ignored when bit
05issetto 1.

When the INTACK and IEI pins are not being used, they should be pulled up to V¢
through a resistor (10 KQ typical).

CPU/DMA Block Transfer

PS011706-0511

The SCC provides a Block Transfer mode to accommodate CPU block transfer functions
and DMA controllers. The Block Transfer mode uses the WAIT/REOQUEST output in con-
junction with the Wai t / Request bits in WR1. The WAIT/REOUEST output can be
defined under software control as a WAIT line in the CPU Block Transfer mode or as a
REQUEST line in the DMA Block Transfer mode.

To a DMA controller, the SCC REQUEST output indicates that the SCC is ready to trans-
fer data to or from memory To the CPU, the WAIT line indicates that the ESCC is not
ready to transfer data, thereby requesting that the CPU extend the 1/0 cycle. The DTR/
REQUEST line allows full-duplex operation under DMA control.

Functional Descriptions
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The SCC provides two independent full-duplex programmable channels for use in any
common asynchronous or synchronous data communication protocols; see Figure 9. Each

data communication channel has identical feature and capabilities.
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Figure 9. SCC Protocols

Send and Receive is accomplished independently on each channel with five to eight bits
per character, plus optional even or odd parity. The transmitters can supply one, one-and-
a-half, or two stop bits per character and can provide a break output at any time. The

receiver break-detection logic interrupts the CPU both at the start and at the end of a
received break.

Reception is protected from spikes by a transient spike-rejection mechanism that checks
the signal one-half a bit time after a Low level is detected on the receive data input (RXDA

or RxDB pins). If the Low does not persist (a transient), the character assembly process
does not start.
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Framing errors and overrun errors are detected and buffered together with the partial char-
acter on which they occur. Vectored interrupts allow fast servicing or error conditions
using dedicated routines. A built-in checking process avoids the interpretation of a fram-
ing error as a new start bit. A framing error results in the addition of one-half a bit time to
the point at which the search for the next start bit begins.

The SCC does not require symmetric transmit and receive clock signals — a feature that
allows the use of a wide variety of clock sources. The transmitter and receiver handle data
at a rate supplied to the receive and transmit clock inputs. In Asynchronous modes, the
SYNC pin can be programmed as an input used for functions such as monitoring a ring
indicator.

Synchronous Modes

The SCC supports both byte and bit-oriented synchronous communication. Synchronous
byte-oriented protocols are handled in several modes. They allow character synchroniza-
tion with a 6-bit or 8-bit sync character (Monosync), and a 12-bit or 16-bit synchroniza-
tion pattern (Bisync), or with an external sync signal. Leading sync characters are
removed without interrupting the CPU.

5- or 7-bit synchronous characters are detected with 8- or 16-bit patterns in the SCC by
overlapping the larger pattern across multiple incoming synchronous characters, as shown
in Figure 10.

7 Bits

SYNC SYNC SYNC Data Data Data Data
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|
16

Figure 10. Detecting 5- or 7-Bit Synchronous Characters

CRC checking for Synchronous byte-oriented modes is delayed by one character time so
that the CPU can disable CRC checking on specific characters. This feature permits the
implementation of protocols such as IBM Bisync.

Both CRC-16 (X0 + X1° + 