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PRODUCT SPECIFICATION

286G40

CMOS Z8® 4K ROM CCP™
CONSUMER CONTROLLER PROCESSOR

FEATURES

W  8-Bit, CMOS MCU with 4 Kbytes of ROM and
256 Bytes of RAM (236 Bytes for General Purpose)

N Package Styles: 40-Pin DIP, 44-Pin PLCC, 44-Pin QFP
B Software Programmabie Low EMI Modes

B Programmable Open-Drain Mode on Port 0,
Port1, and Port 2

B Low-Power Consumption: 40 mW (Typical @ 5.0V)

® Fast Instruction Pointer: 750 ns @ 16 MHz

m  Two Standby Modes: STOP and HALT

B 32 Input/Output Lines (Three with Comparator Inputs)
m 25 Digital CMOS Level, Schmitt-Triggered Inputs

m Three Digital CMOS Level Inputs

B Three Expanded Register File Control Registers

B Two Programmable 8-Bit Counter/Timers,
Each with a 6-Bit Programmable Prescaler

B Six Vectored, Priority Interrupts from
Six Different Sources

B Ciock Speeds up to 12 MHz and 16 MHz

R Low Voltage Protection

B’ Watch-Dog/Power-On Reset Timers

m Permanently Enabled WDT Option

W Two Comparators with Programmable Interrupt Polarity

N On-Chip Oscillator that Accepts a Crystal, Ceramic
Resonator, LC, RC, or External Clock Drive

N RAM and ROM Protect
M Programmable Interrupt Polarity

M Auto Latches

GENERAL DESCRIPTION

The Z86C40 CCP™ (Consumer Controller Processor) is a
member of Zilog's Z8® single-chip microcontroller family
with enhanced wake-up circuitry, programmable watch-
dog timers and low noise/EMI options. These enhance-
ments result in a more efficient, cost-effective design and
provide the user with increased design flexibility over the
standard Z8 microcontroller core. With 4 Kbytes of ROM
and 236 bytes of general-purpose RAM, this low cost, low
power consumption CMOS microcontroller offers fast ex-
ecution, efficient use of memory, sophisticated interrupts,
input/foutput bit manipulation capabilities, and easy hard-
ware/software system expansion.

The Z86C40 architecture is characterized by Zilog's 8-bit
microcontroller core with an Expanded Register File (ERF)
to allow access to register mapped peripheral and /O
circuits. The Z86C40 offers a flexible /O scheme, an
efficient register and address space structure, and a
number of ancillary features that are useful in many indus-
trial, automotive, computer peripherals, and consumer
applications.

With ROM/ROMIess selectivity, the Z86C40 provides both
external memory and pre-programmed ROM, which en-
ables this Z8 microcontroller to be used in high-volume
applications, or where code flexibility is required.
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286C40 CMOS Z8°4K ROM CCP™
CONSUMER CONTROLLER PROCESSOR

GENERAL DESCRIPTION (Continued)

For applications demanding powerful I/O capabilities, the
Z86C40 provides 32 pins dedicated to input and output.
These lines are grouped into four ports with eight lines
each, and are configurable under software control to
provide timing, status signals, parallel }/O with or without
handshake, and address/data bus for interfacing external
memory (Figure 1).

Four basic address spaces are available to support this
wide range of configurations: Program Memory, Register
File, Data Memory, and Expanded Register File (ERF). The
Register File is composed of 236 bytes of general-purpose
registers, four |/O port registers, and 15 control and status

To unburden the system from coping with the real-time
tasks, such as counting/timing and data communication,
the Z86C40 offers two on-chip counter/timers with a large
number of user-selectable modes. Additionally, two on-
board comparators allow analog signals to be processed
using a common reference voltage.

Note: All Signals with a preceding front slash, /", are active
Low, e.g., B/W (WORD is active Low); /B/W (BYTE is
active Low, only).

Power connections follow conventional descriptions below:

. ' : ; Connection Circuit Device
registers. The Expanded Register File consists of two
control registers. Power Vee Voo
Ground GND Ves
Output  Input Vee GND XTAL /AS /DS R/W /RESET
f it
\
€ Machine Timin
Pot3 K, — > P
il [~—] Instruction Control
RESET
Counter’r | A
Timers (2) N ALV WDT POR
FLAGS
Interrupt A Prg. Memory
Control  N— 4096 Bytes
Register ﬂ
Two Analog P.omter -
Comparators Register File Program
256 x B-Bit Counter
ERF T
Port 2 Port 0 Port 1

——

w3

(Bit Programmable)

ﬁ
Address or /O
(Nibble Programmable)

Address/Data or /O
{Byte Programmable)

Figure 1. Functional Block Diagram
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Z85C40 CMOS Z8*4K ROM CCP™
@ 2“.(]5 CONSUMER CONTROLLER PROCESSOR

PIN DESCRIPTION

rw [] 1 ~ w [ oos
P26 [] 2 39 P24
P2t [] 3 38 P23
P2y [] 4 37 p22
po< [] 5 36 P21
por. [] 6 35 P20
pos []7 34 PO3
p1e [] 8 33 P13
Pie ]9 32 P12
PO [} 10 2833,40 31 GND
vee [ 1 30 P02
P1e [ 12 29 P11
Pt [ 13 28 P10
XTaLz [] 14 27 PO1
xtaL1 [] 15 26 POO
P3 [] 16 25 P30
p3: [] 17 24 P36
P3s [] 18 23 P37
P3: [] 19 22 P35
as [ 20 21 /RESET

Figure 2. 40-Pin DIP Pin Configuration

Table 1. 40-Pin DIP Pin Identification

Pin# Symbol Function Direction Pin# Symbol Function Direction
1 RIW Read/Write Output 22 Pas Port 3, Pin 5 Output
2-4 P25-P27 Port 2, Pins 6,6,7 In/Output 23 pa7 Port 3, Pin 7 Output
5-7 P04-P06 Port 0, Pins 4,5,6 In/Output 24 P36 Port 3, Pin 6 Output
8-9 P14-P15  Port 1, Pins 4,5 In/Output 25 P30 Port 3, Pin 0 Input

10 PO7 Port 0, Pin 7 In/Output 26-27  PO0O-PO1  Port 0, Pins 0,1 InfOutput
11 Vee Power Supply 28-29  P10-P11 Port 1, Pins 0,1 In/Output
12-13  P16-P17 Port 1, Pins 6,7 In/Output 30 po2 Port 0, Pin 2 In/Qutput
14 XTAL2 Crystal Oscillator Output 31 GND Ground

15 XTALA Crystal Oscillator Input 32-33 P12-P13  Port 1, Pins 2,3 In/Output
16-18 P31-P33 Port 3, Pins 1,2,3 Input 34 P0o3 Port 0, Pin 3 In/Output
19 P34 Port 3, Pin 4 OQutput 35-39 p20-P24  Port 2, Pins 0,1,2,3,4 In/Output
20 JAS Address Strobe Output 40 /08 Data. Strobe Output
21 /RESET  Reset Input
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PIN DESCRIPTION (Continued)

§82resfrfes
mEmininininisinisinlis]
4 6 5 4 3 2 1 44 43 42 4140

Pai ] 7 39 [ P30
P2 [] s L 38 [7 p3s
P23 [] 9 a7 O P37
P24 [] 10 36 [J P35
ms ] © 35 [] /RESET
Ne [} 12 zgfgg" a4 [0 RRL
rw [ 13 33 [ /as
P25 ] 14 32 [ P4
P26 [ 15 31 [J P33
rp27 ] 16 30 [ ra2
po4 [ 17 20 [ P31

1819 20 21 22 23 24 25 26 27 28 J

O [ S [ D N N

FEIEREREEZg

Figure 3. 44-Pin PLCC Pin Configuration

Table 2. 44-Pin PLCC Pin Identification

Pin # Symbol  Function Direction Pin# Symbol Function Direction
1 GND Ground 27 XTAL2 Crystal Oscillator Output

2 NC Not Connected 28 XTALA Crystal Oscillator Input

34 P12-P13  Port 1, Pins 2,3 In/Output 29-31 P31-P33 Port3,Pins 1,23 Input

5 PO3 Port 0, Pin 3 In/Output 32 P34 Port 3, Pin 4 Output
6-10 P20-P24  Port 2, Pins 0,1,2,3,4 In/Output 33 IAS Address Strobe Output
1 /DS Data Strobe Output 34 R/RL ROM/ROMless select  Input

12 NC Not Connected 35 /RESET Reset Input

13 R/W Read/Write Output 36 P35 Port 3, Pin 5 Output
14-16  P25-P27  Port 2, Pins 5,6,7 In/Output 37 P37 Port 3, Pin7 Output
17-19 P04-P06  Port 0, Pins 4,5,6 In/Output 38 P36 Port 3, Pin 6 Output
20-21 P14-P05 Port 1, Pins 4,5 In/Output 39 P30 Port 3, Pin O Input

22 PO7 Port 0, Pin 7 InfOutput 40-41 POO0-PO1  Port 0, Pins 0,1 In/Output
23 Vee Power Supply 42-43 P10-P11 Port 1, Pins 0,1 In/Output
24 NC Not Connected 44 P02 Port 0, Pin 2 In/Output
25-26 P16-P17  Port 1, Pins 6,7 In/Output
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/
33 32 31 30 20 28 27 26 25 24 23
PACTT ] a4 22 [ TT ] P30
P2 TT 1 35 21 IT P36
PBLTT ] 36 20 =TT P07
PaTT ] a7 19 [T P35
s TT—] 38 286E40 18 [—TT—1mRESsET
i QFP 17 [T ]RMAL
RWLTT ] 40 16 T 1/AS
Pes CTT 1 41 15 T P34
Pe[TT | 42 14 T P33
P27 [T1—] 48 O 18 [—TT Jra
POATTT ] 44 12 TT P31
1234586789101 J
< N QO QO 0~ -
S 8ireg2Ek % g
Figure 4. 44-Pin QFP Pin Configuration
Table 3. 44-Pin QFP Pin Identification
Pin # Symbol  Function Direction Pin # Symbol  Function Direction
1-2 P0O5-P06  Port 0, Pins 5,6 In/Output 21 P36 Port 3, Pin 6 Output
3-4 P14-PO5  Port 1, Pins 4,5 InfOutput 22 P30 Port 3, Pin 0 Input
5 P07 Port 0, Pin 7 In/Output 23-24 PO0O-PO1  Port O, Pin 0,1 In/Qutput
6 Vee Power Supply 25-26  P10-P11  Port 1, Pins 0,1 In/Output
7 NC Not Connected 27 P0O2 Port 0, Pin 2 InfOutput
8-9 P16-P17  Port 1, Pins 6,7 In/Qutput 28 GND Ground
10 XTAL2 Crystal Oscillator Output 29 NC Not Connected
11 XTALA Crystal Oscillator Input 30-31 P12-P13  Port 1,Pins 2,3 In/Qutput
12-14 P31-P33  Port 3, Pins 1,2,3 Input 32 P03 Port 0, Pin 3 InfOutput
15 P34 Port 3, Pin 4 Output 33-37 P20-24 Port 2, Pins 0,1,2,3,4  In/Output
16 [AS Address Strobe Output 38 /DS Data Strobe Qutput
17 R//RL ROM/ROMIess select  Input 39 NC Not Connected
18 [RESET Reset Input 40 R/W Read/Write Output
19 P35 Port 3, Pin 5 Output 41-43 pP25-P27  Port 2, Pins 5,6,7 In/Output
20 P37 Port 3, Pin 7 Output 44 P04 Port 0, Pin 4 In/Output
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286C40 CMOS Z8*4K ROM CCP™
CONSUMER CONTROLLER PROCESSOR

PIN FUNCTIONS

/ROMiless (input, active Low). This pin, when connected to
GND, disables the internal ROM and forces the device to
function as a Z86C90/C89 ROMIless Z8. (Note that, when
leftunconnected or pulled Highto V., the device functions
normally as a Z8 ROM version).

Note: When using in ROM Mode in High EMI (noisy)
environment, the ROMIess pins should be connected
directly to V.

/DS (output, active Low). Data Strobe is activated once for
each external memory transfer. For a READ operation,
data must be available prior to the trailing edge of /DS. For
WRITE operations, the falling edge of /DS indicates that
output data is valid.

/AS (output, active Low). Address Strobe is pulsed once at
the beginning of each machine cycle for external memory
transfer. Address output is from Port 0/Port 1 for all external
programs. Memory address transfers are valid at the
trailing edge of /AS. Under program control, /AS is placed
in the high-impedance state along with Ports O and 1, Data
Strobe, and Read/Write.

XTAL1 Crystal 1 (time-based input). This pin connects a
parallel-resonant crystal, ceramic resonator, LC, or RC
network, or an external single-phase clock to the on-chip
oscillator input.

XTAL2 Crystal 2 (time-based output). This pin connects a
parallel-resonant, crystal, ceramic resonant, LC, or RC
network to the on-chip oscillator output.

R/W {output, write Low). Read/Write, the R//W signal is
Low when the Z86C40 is writing to the external program or
data memory.

Port 0 (P00-P07). Port O is an 8-bit, bidirectional, CMOS
compatible port. These eight /O lines are configured
under software control as a nibble I/O port (PO3-P0O0 input/
outputand PO7-P0O4 input/output), or as an address port for
interfacing externalmemory. The inputbuffers are Schmitt-
triggered and nibble-programmed as outputs and can be
globally programmed as either push-pull or open-drain.
Low EMI output buffers can be globally programmed by
the software. Port 0 is placed under handshake control. In
this configuration, Port 3, lines P32 and P35 are used as the
handshake control /DAVQ and RDYQ. Handshake signal
direction is dictated by the 1/O direction (input or output) of
Port 0 of the upper nibble P04-P07. The lower nibble must
have the same direction as the upper nibble.

For external memory references, Port O provides address
bits A11-A8 (lower nibble) or A15-A8 (lower and upper
nibble) depending on the required address space. If the
address range requires 12 bits or less, the upper nibble of
Port 0 can be programmed independently as I/O while the
lower nibble is used for addressing. If one or both nibbles
are needed for I/O operation, they are configured by
writing to the Port 0 mode register.

In ROMIess mode, after a hardware reset, Port O is config-
ured as address lines A15-A8, and extended timing is set
to accommodate slow memory access. The initialization
routine can include reconfiguration to eliminate this ex-
tended timing mode. (In ROM mode, Port O is defined as
input after reset.)

Port Ois setin the high-impedance mode if selected as an
address output state along with Port 1 and the control
signals /AS, /DS, and R//W (Figure 5).
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Z86C40 CMOS Z8° 4K ROM CCP™
CONSUMER CONTROLLER PROCESSOR

Z86C40
MCU

Port 0
(/O orA15 - AB)

- Handshake Controls
/DAVO and RDYO
— (P32 and P35)

Open-Drain -
OEN Dc I——- ) 4:
PAD
Out
1.5 =P 2 3 Hysteresis @ VCC = 5.0V
In /ﬂl
N - N
Auto Latch

Figure 5. Port 0 Configuration
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786C40 CMOS Z6° 4K ROM CCP™
CONSUMER CONTROLLER PROCESSOR

PIN FUNCTIONS (Continued)

Port 1 (P10-P17). Port 1 is an 8-bit, bidirectional, CMOS
compatible port (Figure 6), with multiplexed Address
(A7-A0) and Data (D7-DO) ports. For the Z86C40 ROM
device, these eight I/O lines are programmed as inputs or
outputs, or can be configured under software control as an
Address/Data port for interfacing external memory. The
input buffers are Schmitt-triggered and byte-programmed
as outputs and can be globally programmed as either
push-pull or open-drain. Low EMI output buffers can be
globally programmed by the software.

Port 1 may be placed under handshake control. In this
configuration, Port 3, lines P33 and P34 are used as the
handshake controls RDY1 and /DAV1 (Ready and Data
Available). Memory locations greater than 4095 are refer-
enced through Port 1. To interface external memory, Port
1 must be programmed for the multiplexed Address/Data
mode. If more than 256 external locations are required,
Port O outputs the additional lines.

Port 1 can be placed in the high-impedance state along
with Port 0, /AS, /DS, and R//W, allowing the Z86C40 to
share common resources in multiprocessor and DMA
applications.

Z86C40
MCU

[gg— Handshake Controls
[ (P33 and P34)

Port 1
(/O or AD7 - ADO)

/DAV1 and RDY1

Open Drain

OEN

Out

1.5 €= 2.3 Hysteresis @ Vo = 5.0V.

' |
: | Auto Latch
I 'ﬁl '< I_ |
| R=500KQ |

Figure 6. Port 1 Configuration
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286C40 CMOS Z8° 4K ROM CCP™
CONSUMER CONTROLLER PROCESSOR

Port 2 (P20-P27). Port 2 is an 8-bit, bidirectional, CMOS
compatible I/O port. These eight I/O lines are configured
under software control as an input or output, indepen-
dently. Port 2 is always available for /O operation. The
input buffers are Schmitt-triggered. Bits programmed as
outputs may be globally programmed as either push-pull
or open-drain. Low EMI output buffers can be globally
programmed by the software.

Port 2 may be placed under handshake control. In this
Handshake Mode, Port 3 lines P31 and P36 are used as the
handshake controls lines /DAV2 and RDY2. The hand-
shake signal assignment for Port 3 lines P31 and P36 is
dictated by the direction (input or output) assigned to bit 7,
Port 2 (Figure 7).

Z86C40

MCU | g

Port2 (1/O)

Handshake Controls

/DAV2 and RDY2
(P31 and P36)

Open Drain

OEN

Out

1.5 2.3 Hysteresls @ Vo = 5.0V.

Auto Latch

Figure 7. Port 2 Configuration
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PIN FUNCTIONS (Continued)

Port 3 (P30-P37). Port 3 is an 8-bit, CMOS compatible, four
fixed inputs (P30-P33) and four fixed outputs (P34-P37),
and is configured under software control for Input/Output,
Counter/Timers, interrupt, port handshake, and Data
Memory functions. Port 3, pin 0 input is Schmitt-triggered,
and pins P31, P32, and P33 are standard CMOS inputs (no
Auto Latches). Pins P34, P35, P36, P37 are push-pull
output lines. Low EMI output buffers can be globally
programmed by the software.

Two on-board comparators can process analog signalson
P31 and P32 with reference to the voltage on P33. The
analog function is enabled by programming Port 3 Mode
Register (P3M bit 1). For Interrupt functions, Port 3, pin O
and pin 3 are falling edge interruptinputs. P31 and P32 are
programmable as rising, falling, or both edge triggered
interrupts (IRQ register bits 6 and bit 7). P33 is the com-

parator reference voltage input when in Analog Mode.
Access to Counter/Timers 1 is made through P31 (T, ) and
P36 (T,,,)- Handshake lines for Ports 0, 1, and 2 are
available on P31 through P36.

Port 3 also provides the following control functions: hand-
shake for Ports 0, 1, and 2 (/DAV and RDY); four external
interrupt request signals (IRQ3-IRQO); timer input and
output signals (T,, and T,,); Data Memory Select
(/DM, see Table 4, Figure 37).

P34 output can be software-programmed to function as a
Data Memory Select (DM). The Port 3 mode register (P3M)
bit D3, D4 selects this function. When accessing external
Data Memory, the P34 goes active Low; when accessing
external program memory, the P34 goes High.

Table 4. Port 3 Pin Assignments

Pin vo CcTC1 Analog PO HS P1HS P2 HS Ext
P30 IN IRQ3
P31 IN Ta AN1 IRQ2 DR
P32 IN AN2 IRQO D/R
P33 IN REF IRQ1 DR
P34 ouT AN1-OUT R/D /DM
P35 ouT R/D
P36 ouT Tour R/ID
P37 ouT AN2-OUT
Notes:
HS = Handshake Signals
D = /DAV
R=RDY

Auto Latch. The Auto-Latch instruction puts valid CMOS
levels on all CMOS inputs (except P33-P31) that are not
externally driven. Whether this level is 0 or 1, cannot be
determined. A valid CMOS level, rather than a floating
node, reduces excessive supply current flow in the input
buffer.

Note: Deletion of all Port Auto Latches is available as a
ROM Mask option. The Auto Latch Delete option is se-
lected by the customer when the ROM code is submitted.

Comparator Inputs. Port 3, Pins P31 and P32 each have
a comparator front end. The comparator reference volt-
age, pin P33, is common to both comparators. In analog
mode, the P31 and P32 are the positive inputs to the
comparators and P33 is the reference voltage supplied to
both comparators. In digital mode, pin P33 can be used as
a P33 register input or IRQ1 source. P34 and P37 outputs
the comparator outputs by software-programming the
PCON Reg. bit DO to 1.
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Z286C40 CMOS Z8* 4K ROM CCP™

/RESET (input, active Low). Initializes the MCU. Reset is
accomplished either through Power-On Reset, Watch-
Dog Timer reset, STOP-Mode Recovery, or external reset.
During Power-On Reset and Watch-Dog Reset, the inter-
nally generated reset is driving the reset pin Low for the
POR time. Any devices driving the reset line must be
open-drain to avoid damage from a possible confiict
during reset conditions. Pull-up is provided internally.

Afterthe PORtime, /RESET is a Schmitt-triggered input. To
avoid asynchronous and noisy reset prablems, the Z86C40
is equipped with a reset filter of four external clocks (4
TpC). If the external reset signal is less than 4 TpC in

duration, no reset occurs. On the fifth clock after the reset
is detected, an internal RST signal is latched and held for
an internal register count of 18 external clocks, or for the
duration of the external reset, whichever is longer. During
the reset cycle, /DS is held active Low while /AS cycles at
a rate of TpC/2. Program execution begins at location
000C (HEX), 5-10 TpC cycles after the RST isreleased. For
Power-On Reset, the reset output time is T, ms.

Once program execution begins, /AS and /DS toggles only
for externalmemory accesses. The ZB6C40 does notreset
WDTMR, SMR, P2M, PCON, and P3Mregisters ona STOP-
Mode Recovery operation.

| gg——————— P30
g P31
| et P32
286C40 [P \ porg
———p- P34 (/O or Control)
__> P35
————— P36
ey P37
Auto Latch
R = 500K Q
N P30 Data
P3c 2 T Latch IRG3
R247 = P3M
1 =Analog
l I X1 I e Digital
DIG. [
P31 (AN1) ) IRQ2, Ty, P31 Data Latch
4 + ]
AN. |
- i
[ | {
'
P32 (AN2) I_‘\__. IRQO, P32 Data Latch
7 + =
P33 (REF) :
’ ;

From Stop-Mode
Recovery Source

g |[RQH, P33 Data Latch

Figure 8a. Port 3 Configuration

CONSUMER CONTROLLER PROCESSOR
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PIN FUNCTIONS (Continued)

P34

P34 OUT —o\
o PAD
— 1+

REF (P33)

P31

—————— e i o e e e

P37

P37 OUT

—

REF (P33)

PAD

P32

i’

PCON Yozl
, |D° I 0 P34, P37 Standard Output
1 P34, P37 Comparator Output

Figure 8b. Port 3 Configuration
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286C40 CMOS 28* 4K ROM CCP™
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FUNCTIONAL DESCRIPTION

The Z86C40 MCU incorporates the following special func-
tions to enhance the standard Z8® architecture to provide
the user with increased design flexibility.

RESET. The device is reset in one of the following condi-
tions:

Power-On Reset

Watch-Dog Timer
Stop-Mode Recovery Source
External Reset

Low Voltage Recovery

Auto Power-On Reset circuitry is built into the Z86C40,
eliminating the need for an external reset circuit to reset
upon power-up. The internal pull-up resistor is on the Reset
pin, so a pull-up resistor is not required; however, in high
EMI (noisy) environment, it is recommended that a small
value pull-up resistor be used.

Program Memory. The Z86C40 addresses up to 4 Kbytes
of internal program memory and 60 Kbytes of external
memory (Figure 9). The first 12 bytes of program memory
are reserved for the interrupt vectors. These locations
contain six 16-bit vectors that correspond to the six avail-
able interrupts. For ROM mode, address 12 to address
4095 consists of on-chip mask-programmed ROM. At
addresses 4096 and greater, the Z86C40 executes exter-
nal program memory fetches through Port 0 and Port 1 in
Address/Data mode.

The 4 Kbyte program memory is mask programmable. A
ROM protect feature prevents “dumping” of the ROM
contents by Inhibiting execution of LDC, LDCI, LDE,
and LDE!Instructions to Program Memory in allmodes.
ROM look-up tables cannot be used with this feature.

The ROM Protect option is mask-programmable, to be
selected by the customer when the ROM code is submit-
ted.

65535 External
ROM and RAM
4096
4095
Location of On-Chip
First Byte of ROM
Instruction
Executed -
After RESET 12
1 IRQ5
10 IRQ5
9 IRQ4
8 iRQ4
|
interrupt RQ3
Vector ¢ IRQ3
(Lower Byte) \
5 I IRQ2
=
Interrupt A IRQ2
Vector IRQ1
(Upper Byte)
2 IRQ1
1 IRQO
0 IRQO

Figure 9. Program Memory Map
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Z86C40 CMOS 28*4K ROM CCP™
CONSUMER CONTROLLER PROCESSOR

FUNCTIONAL DESCRIPTION (Continued)

Data Memory (/DM). The Z86C40 ROM version can ad-
dress up to 60 Kbytes of external data memory beginning
at location 4096. External data memory may be included
with, or separated from, the external program memory
space. /DM, an optional IfO function that can be pro-
grammed to appear on pin P34, is used to distinguish
between data and program memory space (Figure 10).
The state of the /DM signal is controlled by the type of
instruction being executed. An LDC opcode references
PROGRAM (/DM inactive) memory, and an LDE instruction
references data (/DM active Low) memory. The user must
configure Port 3 Mode Register (P3M) bits D3 and D4 for
this mode.

Expanded Register File (ERF). The Z86C40 register file
has been expanded to allow for additional system control
registers, and for mapping of additional peripheral de-
vices along with I/O ports into the register address area.
The Z8 register address space RO through R15 has now
been implemented as 16 groups of 16 registers per group
(Figure 11). These register groups are known as the
Expanded Register File (ERF). Bits 7-4 of register RP select
the working register group. Bits 3-0 of register RP select
the expanded register group (Figure 12). Three system
configuration registers reside in the Expanded Register
File at Bank F (PCON, SMR, WDTMR). The rest of the
Expanded Register is not physically implemented, and is
open for future expansion.

66535
External
Data
Memory
4096
4095
Not Addressable
0

Figure 10. Data Memory Map
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Z86C40 CMOS Z8* 4K ROM CCP™

28® STANDARD CONTROL REGISTERS

RESET CONDITION

CONSUMER CONTROLLER PROCESSOR

]

REGISTER
% FF SPL vl v]uju]ufjufu]u
REGISTER POINTER % FE SPH ul ufu] vl u]u]u]u
L7lels]«ls]2]0] % FD AP ofofo]o]ofofo]e
Working Register Expanded Register %FC FLAGS Yjujujujujujuluy
Group Pointer I | Group Pointer % FB IMR olulululujululu
% FA IRQ ojojojojoejo]o]o
% F9 IPR ufujuju]u]u]u]u
t1 %Fs POIM ol1jojoli]1]o]n
*1 %e7 P3M olo]o]o]ojo]olo
*1 %rs P2M HRIEERRRREEERE
% FS5 PREO vjuluju]u]ujule
Z8 Reg. File % Fa4 T0 vl vJuju]ujufu]u
%FF % F3 PRE1 vl uJuju]ujulo]o
%FQ \ % F2 T4 ujujujujujulul]u
% F1 TMR ofoJojo]oJo]o]o
% FO Reserved
EXPANDED REG. GROUP (F)
REGISTER RESET CONDITION
J *| % (F)OF WDTMR vlufulo]sfi]o]n
% (F) OE Reserved
#TF %(F)OD  Reserved
% (F) 0C Reserved
*1 %@os SMR olol1]o]ojo]o]o
% (F) 0A Reserved
% (F) 09 Reserved
Reserved %00 Rosarved
% (F) 07 Reserved
% (F) 06 Reserved
%0F % (F) 05 Resarved
%00 % (F) 04 Resarved
% (F) 03 Reserved
% (F) 02 Reserved
% (F) 01 Resarved
% (F) 00 PCON IRER ER ER ERRR R L
Notes:
U = Unknown
e o e ot v EAPANDED A, GROUP (0
** Wil not be resat with a STOP-Moda Racovery, except bit DO. REGISTER RESET CONDITION
| %@oa P3 1111 ]ufu]u]u
*1 %w©o2 P2 ulujufuufululu
% (0) 01 P1 vjuJujulujujulu
% (0) 00 PO uluJulu]ulu]u]u

Figure 11. Expanded Register File Architecture
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FUNCTIONAL DESCRIPTION (Continued)

R253 RP

FEEFEEE]

Expanded Register Group

Working Register Group

Default setting after RESET = 00000000

Figure 12. Register Pointer Register

Register File. The register file consists of four I/O port
registers, 236 general-purpose registers and 15 control
and status registers (RO-R3, R4-239 and R240-R255, re-
spectively), plus three system configuration registers in
the expanded register group. The instructions access
registers directly or indirectly through an 8-bit address
field. This allows a short, 4-bit register address using the
Register Pointer (Figure 13). In the 4-bit mode, the register
file is divided into 16 working register groups, each occu-
pying 16 continuous locations. The Register Pointer ad-
dresses the starting location of the active working register

group.

R253
| 17 16 15 4 J r3 r2 1 10 | (Register Pointer)
The upper nibble of the register file address
provided by the register pointer speclfies
the active working-register group.
FF
FO
EF
80
7F
70
6F
60
SF
50
4F
= The lower nibble
40 of the register
3F ) file address
— Sgesci;‘l?drVéorking ~<g—— provided by the
30 gister Group instruction points
oF to the specified
— register,
20
1F
- 10 Register Group 1 R15 to RO
oF
Register Group 0 R15 to R4
00 1/O Ports R3 to RO*

* Expanded Register Grougi (0) is selected

in this figure by handiing

ts D3 to DO

as "0" In Register R253 (RP).

Figure 13. Register Pointer
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General-Purpose Registers (GPR). These registers are
undefined after the device is powered up. The registers
keep their last value after any reset, as long as the reset
occurs in the V, voltage-specified operating range. It will
notkeep its last state fromaV , reset it the V. drops below
1.8V.

Note: Register Bank EO-EF is only accessed through
working register and indirect addressing modes.

RAM Protect. The upper portion of the RAM's address
spaces %80F to %EF (excluding the control registers) are
protected from reading and writing. The RAM Protect bit
option is mask-programmable and is selected by the
customer whenthe ROM code is submitted. After the mask
option is selected, the user activates this feature from the
internal ROM code to turn offfon the RAM Protect by
loading either a 0 or 1 into the IMR register, bit D6. A 1 in
D6 enables RAM Protect.

Stack. The ZB6C40 external data memory or the internal
register file is used for the stack. The 16-hit Stack Pointer
(R254-R255) is used for the external stack which can
reside anywhere in the data memory for ROMiess mode,
but only from 4096 to 65535 in ROM mode. An 8-bit Stack
Pointer (R255) is used for the internal stack that resides
within the 236 general-purpose registers (R4-R238). SPH
is used as a general-purpose register when using internal
stack only.

Counter/Timers. There are two 8-bit programmable
counterftimers (TO-T1), each driven by its own 8-bit pro-
grammable prescaler. The T1 prescaler is driven by inter-
nal or external clock sources; however, the TO prescaler is
driven by the internal clock only (Figure 14).

The 6-bit prescalers can divide the input frequency of the
clock source by any integer number from 1 to 64. Each
prescaler drives its counter, which decrements the value
(1 to 256) that has been loaded into the counter. When the
counter reaches the end of the count, a timer interrupt
request, IRQ4 (TO) or IRQ5 (T1), is generated.

The counters can be programmed to start, stop, restart to
continue, or restart from the initial value. The counters can
also be programmed to stop upon reaching zero (single
pass mode) or to automatically reload the initial vaiue and
continue counting (modulo-n continuous mode).

The counters, but not the prescalers, are read atany time
without disturbing their value or count mode. The clock
source for T1 is user-definable and is either the internal
microprocessor clock divide-by-four, or an external signal
input through Port 3. The Timer Mode register configures
the external timer input (P31) as an external clock, atrigger
input that can be retriggerable or non-retriggerable, or as
a gate input for the internal clock. The counter/timers
can be cascaded by connecting the TO output to the
input of T1. T, Mode is enabled by setting R243 PRE1 Bit
D1to0.
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FUNCTIONAL DESCRIPTION (Continued)
0sC
p 0/
D1 (SMR) ‘{ Internal Data Bus
y Write ! L Write * l L Read * 1/ T
+2
PREO TO TO
Initial Vaius Initial Value Current Value
-0 Register Register Register
DO (SMR) l L u I
6 6-Bit 8-bit
1 -l 4 Down . Down
Counter Counter - IRQ4
¢— Internal ]
Clock
i 2 }——m TOUT
External Clock P36
A
Clock
Logic 1} 6-Bit 8-Bit -
IRQ5
o] 4 Down e Down
\ Counter Counter
Internal Clock ﬂ ﬁ 1
Gated Clock PRE1 T1 T1
Triggered Clock Initial Value Initial Value Current Value
Register Ragister Register

TIN P31

Write 4 T?

Write * ﬁ

ross? )

Intemal Data Bus

Figure 14. Counter/Timer Block Diagram
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Interrupts. The ZB6C40 has six differentinterruptsfromsix  in counterftimers (Table 5). The Interrupt Mask Register
different sources. These interrupts are maskable, priori-  globally or individually enables or disabies the six interrupt
tized (Figure 15)andthe sixsources are divided asfollows:  requests.

four sources are claimed by Port 3 lines P33-P30, and two

Giobal
Interrupt
Enable

IRQO0 IRQ2

IRQ1,3,4,5 J J

Interrupt
Edge fe——— |RQ (D6, D7)

Select

\

T
Tr—}

IMR

XO’

IPR

|

Interrupt
Request .

PRIORITY
LOGIC

J

Vector Select

Figure 15. interrupt Block Diagram

Table 5. Interrupt Types, Sources, and Vectors

Name Source Vector Location Comments

IRQO /DAVO, IRQO 0,1 External (P32), Rise Fall Edge Triggered
IRQ1, IRQ1 2,3 External (P33), Fall Edge Triggered
IRQ2 /DAV2,1RQ2, T, 4,5 External (P31), Rise Fall Edge Triggered
IRQ3 IRQ3 6,7 External (P30), Fall Edge Triggered
IRQ4 T0 8,9 Internal

IRQ5 T1 0, 11 Internal
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FUNCTIONAL DESCRIPTION (Continued)

When more than one interrupt is pending, priorities are
resolved by a programmable priority encoder that is con-
trolled by the Interrupt Priority register. An interrupt ma-
chine cycle is activated when an interrupt request is
granted. This action disables all subsequent interrupts,
saves the Program Counter and Status Flags, and then
branches to the program memory vector location reserved
for that interrupt.

All Z86C40interrupts are vectored through locations in the
program memory. This memory location and the next byte
contain the 16-bit address of the interrupt service routine
for that particular interrupt request. To accommodate
polled interrupt systems, interrupt inputs are masked and
the Interrupt Request register is polled to determine which
of the interrupt requests need service.

An interrupt resulting from AN1 is mapped into IRQ2, and
an interrupt from ANZ2 is mapped into IRQO. Interrupts
IRQ2 and IRQO may be rising, falling, or both edge trig-
gered, and are programmable by the user. The software
may poll to identify the state of the pin.

Programming bits for the interrupt Edge Select is located
in the IRQ Register (R250), bits D7 and D6 . The configu-
ration is shown in Table 6.

| XTAL1 XTAL1
C1 I
” VSS** = L
_L_-L XTAL2 XTAL2
2T 2T
VSS* = VSS§** =
Ceramic Resonator or LC
Crystal C1,C2=22pF
C1,C2=47pFTYP*
f=8MHz L=130uH*
f=3MHz"

* Preliminary value including pin parasitics
** Device ground pin

Table 6. IRQ Register

IRQ Interrupt Edge
D7 D6 P31 P32
0 0 F F
0 1 F R
1 0 R F
1 1 R/F R/F
Notes:
F = Falling Edge
R = Rising Edge

Clock. The Z86C40 on-chip oscillator has a high-gain,
parallel-resonant amplifier for connection to a crystal, LC,
RC, ceramic resonator, or any suitable external clock
source (XTAL1 = Input, XTAL2 = Qutput). The crystal
should be AT cut, 16 MHz max., with a series resistance
(RS) of less than or equal to 100 Ohms.

The crystal should be connected across XTAL1and XTAL2
using the vendor's recommended capacitor values from
each pin directly to the device Ground pin to reduce
Ground noise injection into the oscillator. The RC oscillator
option is mask-programmable on the Z86C40 and is se-
lected by the customer at the time when the ROM code is
submitted. (Note that the RC option is available up to 8
MHz.) The RC oscillator configuration must be an external
resistor connected from XTAL1 to XTAL2, with a fre-
quency-setting capacitor from XTAL1 to Ground {Figure
16).

Note: For better noise immunity, the capacitors should be
tied directly to the device Ground pin (V).

XTAL1 XTAL1
T
VSS*'* =
XTAL2 XTAL2
RC External Clock
@ 5V VCC (TYP)
C1=33pF*
R=1K*

f=6MHz"

Figure 16. Osclllator Configuration
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Power-On-Reset (POR). A timer circuit clocked by a
dedicated on-board RC oscillator is used for the Power-On
Reset (POR) timer function. The POR time allows V., and
the oscillator circuit to stabilize before instruction execu-
tion begins.

The POR timer circuit is a one-shot timer triggered by one
of three conditions:

1. Power fail to Power OK status.
2. STOP-Mode Recovery (if D5 of SMR=1).
3. WDT timeout.

ThePORtimeisaspecifiedas T, Bit5 of the STOP-Mode
Register determines whether the POR timer is bypassed
after STOP-Mode Recovery (typical for external clock, RC/
LC oscillators).

HALT. HALT turns off the internal CPU clock, but not the
XTAL oscillation. The counterftimers and external inter-
rupts 1RQQO, IRQ1, IRQ2Z, and IRQ3 remain active. The
devices are recovered by interrupts, either externally or
internally generated. Aninterruptrequest mustbe enabled
and executed to exit HALT mode. After the interrupt
service routine, the program continues from the instruction
after the HALT.

In order to enter STOP (or HALT) mode, it is necessary to
first flush the instruction pipeline to avoid suspending
execution in mid-instruction. To do this, the user must
execute a NOP (opcode=FFH) immediately before the
appropriate sleep instruction, i.e.:

FF NOP ; clear the pipeline

B6F STOP ; enter STOP mode
or

FF NOP ; clear the pipeline

7F HALT ; enter HALT mode

STOP. This instruction turns off the internal clock and
external crystal oscillation. It also reduces the standby
current to 10 pA or less. The STOP mode is terminated by
a reset only, either by WDT timeout, POR, SMR recovery,
or external reset. This causes the processor to restart the
application program at address 000C (HEX).

Port Configuration Register (PCON). The PCON register
configures the ports individually; comparator output on
Port 3, open-drain on Port 0 and Port 1, low EM!i on Ports O,
1, 2, and 3, and low EMI oscillator. The PCON register is
located in the expanded register file at Bank F, location 00
(Figure 17).

PCON (FH} 00H
[o7[ oef os] o¢] oaf o2 o1 oo

I—— Comparator Qutput Port 3
0 P34, P37 Standard Output*
1 P34, P37 Comparator Output

0 Port 1 Open Drain
1 Port 1 Push-pull Active®

0 Port 0 Open Drain
1 Port 0 Push-pull Active™

0 Port0 Low EMI
1 Port0 Standard*

0 Port 1 Low EMI
1 Port1 Standard*

0 Port2 Low EMI
1 Port2 Standard®

0 Port3 Low EMI
1 Port3 Standard”

Low EM) Oscillator
0 LowEMI
1 Standard*

* Default Setting After Resat

Figure 17. Port Configuration Register (PCON)
(Write Only)
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FUNCTIONAL DESCRIPTION (Continued)

Comparator Output Port 3 (DO). Bit O controls the com-
parator use in Port 3. A 1 in this location brings the
comparator outputs to P34 and P37, and a O releases the
Port to its standard I/O configuration. The default value is
0.

Port 1 Open-Drain (D1). Port 1 can be configured as an
open-drain by resetting this bit (D1=0) or configured as
push-pull active by setting this bit (D1=1). The default
value is 1.

Port 0 Open-Drain (D2). Port 0 can be configured as an
open-drain by resetting this bit (D2=0) or configured as
push-pull active by setting this bit (D2=1). The default
value is 1.

Low EMI Port 0 (D3). Port O can be configured as a Low
EMI Port by resetting this bit (D3=0) or configured as a
Standard Port by setting this bit (D3=1). The default value
is 1.

Low EMI Port 1 (D4). Port 1 can be configured as a Low
EMI Port by resetting this bit (D4=0) or configured as a
Standard Port by setting this bit (D4=1). The default value
is 1.

Low EMI Port 2 (D5). Port 2 can be configured as a Low
EMI Port by resetting this bit (D5=0) or configured as a
Standard Port by setting this bit (D5=1). The default value
is 1.

Low EMI Port 3 (D6). Port 3 can be configured as a Low
EMI Port by resetting this bit (D6=0) or configured as a
Standard Port by setting this bit (D6=1). The default value
is 1.

Low EMI OSC (D7). This bit of the PCON Register controls
the low EMI noise oscillator. A 1 in this location configures
the oscillator with standard drive, while a 0 configures the
oscillator with low noise drive. The low EMI mode will
reduce the drive of the oscillator (OSC). The default value
is 1. Note: Maximum external clock frequency of 4 MHz
when running in the low EMI oscillator mode.

Low EMI Emission. The Z86C40 can be programmed to
operate in a low EMI emission mode in the PCON register.
The oscillator and all IfO ports can be programmed as low
EMI emission mode independently. Use of this feature
results in:

W The pre-drivers slew rate reduced to 10 ns typical.

m Low EMI output drivers have resistance of 200 Ohms
(typical).

B Low EMI Oscillator

m Internal SCLK/TCLK= XTAL operation limited to a
maximum of 4 MHz - 250 ns cycle time, when Low EMI
Oscillatoris selected and system clock (SCLK = XTAL,
SMR Reg. Bit D1 =1).
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STOP-Mode Recovery Register (SMR). This register
selects the clock divide value and determines the mode of
STOP-Mode Recovery (Figure 18). All bits are Write Only,
except bit 7 which is Read Only. Bit 7 is a flag bit that is
hardware set on the condition of STOP recovery and reset
by a power-on cycle. Bit 6 controls whether a low level or

SMR (FH) 0B

a high level is required from the recovery source. Bit 5
controls the reset delay after recovery. Bits 2, 3, and 4, or
the SMR register, specify the source of the STOP-Mode
Recovery signal. Bits 0 and 1 determine the timeout pericd
of the WDT. The SMR is located in Bank F of the Expanded
Register Group at address 0BH.

|D7F)§Losfoflofloﬂ oo |

=

L— scuroLk pivide-by-16
0 OFF**
1 ON

External Clock Divide by 2
0 SCLK/TCLK =XTAL/2*
1 SCLK/TCLK =XTAL

STOP-Mode Recovery Source

000 POR Only and/or External Reset*
001 P30

010 P31

on P32

100 P33

101 P27

110 P2NOR 0-3

1M1 P2NORO-7

Stop Delay
0 OFF
1 ON*

Stop Recovery Level
0 Low"
1 High

* Default setting after RESET.

Stop Flag (Read only)
0 POR*
1 Stop Recovery

* * Detault setting after RESET and STOP-Mode Recovery.

Figure 18. STOP-Mode Recovery Register
(Write Only Except Bit D7, Which is Read Only)
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FUNCTIONAL DESCRIPTION (Continued)

SCLK/TCLK Divide-by-16 Select (D0). DO of the SMR
controls a divide-by-16 prescaler of SCLK/TCLK. The
purpose of this control is to selectively reduce device
power consumption during normal processor execution
(SCLK control) and/or HALT mode (where TCLK sources
counter/timers and interrupt logic). This bitis resetto D0 =
0 after a Stop-Mode Recovery.

External Clock Divide-by-Two (D1). This bit can elimi-

nate the oscillator divide-by-two circuitry. When this bit is
0. the System Clock (SCLK) and Timer Clock (TCLK) are

SMR D4 D3 D2

equal to the external clock frequency divided by two. The
SCLK/TCLK is equal to the external clock frequency when
this bit is set (D1=1). Using this bit together with D7 of
PCON further helps lower EMI (i.e., D7 (PCON) = 0, D1
(SMR) = 1). The default setting is zero. Maximum external
clock frequency is 4 MHz when SMR Bit D1 = 1 where
SCLK/TCLK = XTAL.

STOP-Mode Recovery Source (D2, D3, and D4). These
three bits of the SMR specify the wake-up source of the
STOP recovery (Figure 19 and Table 7).

000
VDD SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2
00 1 10 0 10 1 11 0 11 1
010 P20 P
P30 01 1 A
Pa1 P33 P27 '
P32
P23 P27
To POR
RESET
 —
Stop Mode Recovery Edge
Selsct (SMR)
To P33 Data
Latch and IRQ1
P33 From Pads MuX o

Digital/Analog Mode
Select (P3M)

Figure 19. STOP-Mode Recovery Source
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recovery sources wakes the Z86C40 from STOP mode. A
0 indicates low-level recovery. The default is 0 on POR

Cold or Warm Start (D7). This bitis set by the device upon
entering STOP mode. A Ointhis bit (cold) indicates that the
device resets by PORMWDT RESET. A 1 in this bit (warm)

Watch-Dog Timer Mode Register (WDTMR). The WDT is
a retriggerable one-shot timer that resets the Z8 if it
reaches its terminal count. The WDT is initially enabled by

N 20055
Table 7. STOP-Mode Recovery Source
SMR:432 Operation (Figure 19).
D4 D3 D2 Description of Action
o] 0] 0 POR andfor external reset recovery
0 9] 1 P30 transition
0 1 0 P31 transition (not in Analog Mode) o ;
Q 1 1 P32 transition (not in Analog Mode) indicates that the device awakens by a SMR source.
1 0 0 P33 transition (not in Analog Mode)
1 0 1 P27 transition
1 1 0 Logical NOR of P20 through P23
1 1 1 Logical NOR of P20 through P27

STOP-Mode Recovery Delay Select (D5). This bit, if High,
enables the T, /RESET delay after Stop-Mode Recovery.
The default configuration of this bit is 1. if the “fast” wake
up is selected, the Stop-Mode Recovery source is kept
active for at least 5 TpC.

STOP-Mode Recovery Edge Select (D6). A 1 in this bit

position indicates that a high level on any one of the

WDTMR (F) OF

CEERECEE

iy

* Default setting after RESET

executing the WDT instruction and refreshed on subse-
guent executions of the WDT instruction. The WDT circuit
is driven by an on-board RC oscillator or external oscillator
from the XTAL1 pin. The POR clock source is selected with
bit 4 of the WDT register (Figure 20).

WDT instruction affects the Z (Zero), S (Sign), and V
(Overflow) flags. The WDTMR must be written to within 64
internal system clocks. After that, the WDTMR is write
protected.

WDTTAP INTRC OSC External Clock

5ms 256 TpC

[ 15 ms 512TpC
10 25 ms 1024 TpC
1 100 ms 4086 TpC

WDT During HALT

0 OFF

1 ON*

WDT During STOP

0 OFF

1 ON*

XTAL1/INT RC Select for WDT

0 On-Board RC *

1 XTAL

Reserved (Must be 0)

Figure 20. Watch-Dog Timer Mode Register
{Write Only)

9-25

CONSUMER CONTROLLER PROCESSOR



286C40 CMOS 28* 4K ROM CCP™
CONSUMER CONTROLLER PROCESSOR

N 2iL05
L
FUNCTIONAL DESCRIPTION (Continued)
/RESET 4 Clock =
lear 18 Clock RESET
Filter
CLK Generator RESET
Intemal
RESET
WDT Select
(WOTMR) { WDT TAP SELECT I
CK Source
Select
(WDTMR)
XTAL 256 TpC 256 512 1024 4096
M POR TpC TpC TpC TpC
e g CK CLR  WDT/POR Counter Chain
O8C.
2.6V Operating
VDD Voltage Det.
2.6V REF X
LI
From Stop ]
Mode '
Recovery
Source 45 g Giitch Filter
WDT
Stop Delay
Select (SMR)

Figure 21. Resets and WDT
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WDT Time Select. (D0,D1). Selects the WDT time period
and is configured as shown in Table 8.

Table 8. WDT Time Select

Timeout of Timeout of
D1 DO internal RC OSC XTAL Clock
0 0 5 ms min 256 TpC
0 1 15 ms min 512 TpC
1 0 25 ms min 1024 TpC
1 1 100 ms min 4096 TpC
Notes:

TpC = XTAL clock cycle
The default on reset is 15 ms.
Values given are for V., = 5.0V.

WDTMR During HALT (D2). This bit determines whether
or not the WDT is active during HALT mode. A 1 indicates
active during HALT. The default is 1.

WDTMR During STOP (D3). This bit determines whether
or not the WDT is active during STOP mode. Since XTAL
clock is stopped during STOP mode, the on-board RC
must be selected as the clock source to the POR counter.
A 1indicates active during STOP. The default is 1.

Clock Source for WDT (D4). This bit determines which
oscillator source is used to clock the internal POR and WDT
counter chain. If the bit is a 1, the internal RC oscillator is
bypassed and the POR and WDT clock source is driven
from the external pin, XTAL1. The default configuration of
this bit is 0 which selects the Internal RC oscillator.

WDTMR Register Accessibility. The WDTMR register is
accessible only during the first 64 internal system clock
cycles from the execution of the first instruction after
Power-On Reset, watch dog reset or a Stop-Mode Recov-
ery. After this point, the register cannot be modified by any
means, intentional or otherwise. The WDTMR cannot be
read and is located in bank F of the Expanded Register
Group at address location OFH (Figure 20).

Note: The WDT can be permanently enabled through a
mask programming option. The option is selected by the
customer at the time of ROM code submittal. In this mode,
WDT is always activated when the device comes out of
reset. Execution of the WDT instruction serves to refresh
the WDT time-out period. WDT operation in the HALT and
STOP modesis controlled by WDTMR programming. If this
mask option is not selected at the time of ROM code
submission, the WDT must be activated by the user through
the WDT instruction and is always disabled by any reset to
the device.
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FUNCTIONAL DESCRIPTION (Continued)

Low Voltage Protection. An on-board Voltage Compara-
tor checksthat V. is at the required level to ensure correct
operation of the device. Reset is globally driven if V. is
below the specified voltage (Low Voltage Protection volt-
age). The minimum operating voltage is varying with the
temperature and operating frequency, while the Low Volt-
age Protection voltage (V) varies with temperature only.

The Low Voltage Protection trip voltage (V,, ) is less than 3V
and above 1.4V under the following conditions.

Maximum (V) Conditions:

Case 2: T, =-40°C, +85°C, Internal Clock
Frequency equal or less than 2 MHz

Note: The internal clock frequency is one-half the external
clock frequency (SMR D1 = 0).

The device functions normally at or above 3.0V under all
conditions. Below 3.0V, the device functions normally until
the Low Voltage Protection trip point (V) is reached, for
the temperatures and operating frequencies in Case 1and
Case 2, above. The device is guaranteed to function
normally at supply voltages above the Low Voltage Protec-
tion trip point. The actuat Low Voltage Protection trip point

Case 1: T, =-40°C, +105°C, Internal Clock is a function of temperature and process parameters
Freguency equal or less than 1 MHz (Figure 22).
V, 2. Device Functionality
(Vbl?s % (SCLK Frequency)
2 MHz 1 MHz
2.60
2.40
N
220
N
2.00

Vyy (Typical)

\\ )

1.60

1.40

- Sk --

60 80 100 120 140

Temperature (°C)

Figure 22. Typical 286C40 Low Voltage Protection Voltage vs Temperature

9-28



28%4K ROM CCP™
N 2iLa5 CononEA Eora s BroERAOR
ABSOLUTE MAXIMUM RATINGS
Parameter Min Max Units
Ambient Temperature under Bias ~40 +105 C
Storage Temperature ~65 +150 C
Voltage on any Pin with Respect to V,, [Note 1] -0.6 +7 \Y
Voltage on V., Pin with Respect to V -0.3 +7 \
Voltage on XTAL1 and /RESET Pins with Respect to V,, [Note 2] ~06 Voot 1 \
Total Power Dissipation 770 mw
Maximum Current out of Vg, 140 mA
Maximum Current into V,,, 125 mA
Maximum Current into an Input Pin [Note 3] -600 +600 HA
Maximum Current into an Open-Drain Pin [Note 4] ~600 +600 HA
Maximum Output Current Sinked by Any I/O Pin 25 mA
Maximum Output Current Sourced by Any /O Pin 25 mA

Notes:

[1] This applies to all pins except XTAL pins and where otherwise noted.
[2] There is no input protection diode from pin to V.

[3] This excludes XTAL pins.

[4] Device pin is not at an output Low state.

Notice:

Stresses greater than those listed under Absolute Maxi-
mum Ratings may cause permanent damage to the de-
vice. This is a stress rating only; functional operation of the
device at any condition above those indicated in the
operational sections of these specifications is not implied.
Exposure to absolute maximum rating conditions for an
extended period may affect device reliability.

Total power dissipation should not exceed 770 mW for the
package. Power dissipation is calculated as foilows:

Total Power Dissipation = Vi, x [ 1~ (sumof |, ]
+sum of [ (Vg = Vo) X ]
+sumof (V, x1,)

STANDARD TEST CONDITIONS

The characteristics listed below apply for standard test
conditions as noted. Allvoltages are referenced to Ground.
Positive current flows into the referenced pin (Figure 23).

From Qutput
Under Test

I* 150 pF

Figure 23. Test Load Diagram

CAPACITANCE
T,=26°C, V= GND = OV, f = 1.0 MHz; unmeasured pins returned to GND.
Parameter Min Max
Input capacitance 0] 12 pF
Output capacitance 0 12 pF
I/O capacitance 0 12 pF
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@ 25 CONSUMER CONTROLLER PROCESSOR
DC ELECTRICAL CHARACTERISTICS
7,=0°C T,=-40°C
Ve to +70°C to +105°C  Typical [13]
Sym Parameter Note [3] Min Max Min Max @ 25°C Units Conditions Notes
Vg,  Clock Input High Voltage 3.0V 0.7V, V.+03 07V, V403 13 Vv Driven by External Clock Generator
58V 07V, V403 07V, V03 25 V. Driven by External Clock Generator
V. Clock Input Low Voltage 3.0V GND-03 02V, GND-03 02V, 07 VvV Driven by External Clock Generator
55V GND-03 02V, GND-03 02V, 15 V- Driven by External Clock Generator
V., Input High Voltage 3V 07V V03 07V, V03 13 v
58V 07V, V03 07V, V03 25 v
V,  InputLow Voitage 30V GND-03 02V, GND-03 02V, 07 v
55V GND-03 02V, GND-03 02V, 15 v
Vi Output High Voltage 0V V04 Ve, 0.4 3.1 Voo, =-20mA 8]
55V V04 V04 48 Vo ly=-20mA 18]
V..  Output Low Voltage 3.0V 06 06 02 Vol =+40 mA 8]
5.5V 04 04 01 Vool =+40 mA 8
Vy, Output Low Voltage 3V 12 1203 Vol =+6mA (8]
5.5V 1.2 1203 Vol =+12mA 8]
V.,  Resetinput HighVoltage 3.0V 8V, V. 8V, Vg 1.5 v
&V BV, V, 8V, A v
V,  ResetinputlowVoltage 3.0V GND-03 02V, GND-03 02V, 11 v
58V GND-03 02V, GND-03 02V, 17 v
Vorser Comparator Input Offset 3.0V 25 25 10 mv (10]
Voltage 55V 25 25 10 mv [10]
I, Input Leakage 3.V -1 1 -1 2 <1 AV =0V, Y,
5.5V -1 1 -1 2 < BV =0V Y,
l  Output Leakage v -1 1 -1 2 <1 WAV, =0V IV,
5.5V -1 1 -1 2 <l WAV =0V V.
ls  ResetInput Current 3.V -130 130 -2 PA
5.5V -180 -180 40 A
lc  Supply Current 3.0V 20 20 7 mA @16MHz [4,5]
5.6V 25 25 12 mA @16 MH; [4,5]
3.ov 15 15 5 mA  @12MH: [45]
5.5V 20 20 15 mA  @12MHz [45]
leey  Standby Current v 45 45 20 mA HALTModeV, =0V,V @16 MHz [43]
5.5V 8 8 37 mA  HALTModeV, =QV,V, @16MHz [45]
3.qv 34 34 15  mA  Clock Divide-by-16 @ 16 MHz (45]
5.5V 7.0 7.0 2.9 mA  Clock Divide-by-16 @ 16 MHz [45]
l,  Standby Current 3.0V 8 15 1 pA  STOP ModeV, =0V, (6,11]
V.. WDT is not Running
5.5V 10 2 2 pA  STOPModeV, =0V, [6,11]
V., WDT is not Running
v 500 600 310 pA  STOPModeV, =0V, (6,11,14]
V.. WOTis Running
5.5V 800 1000 600  pA  STOP ModeV,, =0V, (6,11,14]

V.. WDT is Running
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. 286C40 CMOS Z8*4K ROM CCP™
A 205 CONSUMER CONTROLLER PROCESSOR

T,=0°C T,=-40°C
Ve to +70°C to +105°C Typical [13]
Sym Parameter Note[3] Min Max Min Max @ 25°C Units  Conditions Notes
Ve fnput Common Mode 3.0 0 V1OV 0 V18V v (10]
Voltage Range 55 0 Vv 0 V15V v (o
l,. Autolatch Low Current 3.0V 8 10 5 A VeV, <V, 9]
5.5V 15 20 1 HA V<V <V (9]
lys  Auto Latch High Current 3.0V 5 -7 -3 A OV<V, <V, 19]
5.5V -8 -10 -6 pA OV<V, <V, [9]
T.n  Power On Reset 3.0V 7 24 7 2 8.5 mS
5.5V 3 13 3 14 5.0 mS
Vy, Vg Low Voltage 1.7 2.95 17 33 26 v 2 MHz max int. CLK Freq. 7
Protection Voltage
Ve Output High Voltage 3V V04 V04 3.1 v l,=-0.5mA
(Low EMI Mode) 50V V04 V04 48 v o =-0.5mA
Vo Output Low Voltage 33V 06 0.6 0.2 v lo.=1.0mA
{Low EMI Mode) 5.0v 0.4 04 0.1 v lo.=1.0mA
Notes:
(11 ey Typ Max  Unit Freq
Clock-Driven 0.3mA 5 mA 8 MHz
Resonator or Crystal 3.0mA 5 mA 8 MHz
[21 GND =0V,

[8]1 The Vv, voltage specification of 3.0V guarantees 3.3V 0.3V, and
the V, voltage specification of 5.5V guarantees 5.0V £0.6V.
[4]  All outputs unioaded, I/O pins floating, inputs at rail,
[5] CL1=CL2 =100 pF.
[6] Same as note [4] except inputs at V..
{71 TheV,, increases as the temperature decreases.
(8] Standard Mode (not Low EMI).
[9] Auto Latch (Mask Option) selected.
[10] For analog comparator, inputs when
analog comparators are enabled.
[11] Clock must be forced Low, when XTAL 1
is clock-driven and XTALZ is floating.
[12] Excludes clock pins.
[13] Typicals are at V. = 5.0V and 3.3V.
[14] Internal RC selected.
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Z86C40 CNOS 284K ROM CCP"
@ aLCE CONSUMER CONTROLLER PROCESSOR

AC CHARACTERISTICS
External /O or Memory Read and Write Timing Diagram

<—@->
Port 0, /DM
®
® O
Port 1 7 A7-A0 N Z o7-00 N[
Vi X 7 K~
O [—@— —- =®
s |
/AS Z
@ [
/DS i
(Read) | K
|
Portt X A7 - AO D7-D0 OUT N
K
O
1 7\
\Lr
05 =) Zc—
(Write) ,

Figure 24. External /O or Memory Read/Write Timing
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Z86C40 CMOS Z8°4K ROM CCP™
@ |V CONSUMER CONTROLLER PROCESSOR

AC CHARACTERISTICS
External /O or Memory Read and Write Timing Table
(SCLK/TCLK = XTAL/2)

T,=0°Cto +70°C T, =-40°C to +105°C
Note [3] 12 MHz 16 MHz 12 MHz 16 MHz

No Symbol Parameter Min Max Min Max Min Max Min Max Units Notes

cC

1 TdA(AS) Address Valid to /AS Rise Delay 30 3B 25 35 25 ns [2]
55 35 25 35 25

2 TdAS(A) /AS Rise to Address Float Delay 30 & 35 45 35 ns 2]
55 45 35 45 35 ns

3 TdAS(DR)  /AS Rise to Read Data Req'd Valid 30 250 180 250 180 ns 1,2
55 250 180 250 180 ns

4 TwAS /AS Low Width 30 55 40 885 40 ns [2}
55 55 40 55 40 ns

5 Td Address Float to /DS Falil 30 0 0 0 0 ns
55 0 0 0 0 ns

6 TwDSR /DS (Read) Low Width 30 200 135 200 135 ns (1.2
55 200 135 200 135 ns

7 TwDSW /DS (Write) Low Width 30 110 80 110 80 ns 1.2
55 110 80 110 80 ns

8 TdDSR(DR) /DS Fallto Read Data Req'd Valid 30 150 75 150 75 ns 1.2}
5.5 150 75 150 75 ns

9 ThDR(DS)  Read Datato /DS Rise Hold Time 30 0 0 0 0 ns {21
55 0 0 0 0 ns

10 TdDS(A) /DS Rise to Address Active Delay 30 45 50 45 50 ns [2]
55 55 50 55 50 ns

11 TdDS(AS) /DS Rise to /AS Fail Delay 30 30 35 30 35 ns (2]
55 45 35 45 55 ns

12 TAR/W(AS)  R//W Valid to /AS Rise Delay 30 45 25 45 25 ns [2]
55 45 25 45 25 ns

13 TdDS(R/W) /DS Rise to R//W Not Valid 30 45 K] 45 35 ns i2l
55 45 35 45 35 ns

14 TdDW(DSW) Write Data Vaiid to /DS Fall (Write) Delay 3.0 55 25 55 25 ns f2]
55 55 25 55 25 ns

15 TdDS(OW) /DS Rise to Write Data Not Valid Delay 30 45 35 45 35 ns [2)
55 55 35 55 35 ns

16 TdA(DR) Address Valid to Read Data Req'd Valid 3.0 310 230 310 230 ns [12]
55 310 230 310 230 ns

17 TdAS(DS)  /ASRise to /DS Fall Delay 30 65 45 65 45 ns [2]
b5 65 45 65 45 ns

18 TdDI(DS) Data Input Setup to /DS Rise 00 115 60 15 60 ns (1,2
55 715 60 75 60 ns

19 TdDM(AS) /DM Valid to /AS Fall Delay 30 3% 30 35 30 ns (2
55 3% 30 35 30 ns

Notes:

{1] When using extended memory timing add 2 TpC. Standard Test Load

{2] Timing numbers given are for minimum TpC. Alt timing references use 0.7 V. for alogic 1 and 0.2V, tor a logic 0.

[3] The V,, voltage specification of 3.0V guarantees 3.3V +£0.3V, and
the V,; voltage specification of 5.5V guarantees 5.0V +£0.5V.
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Z86C40 COS 28°4K ROM CCP™
@ alm CONSUMER CONTROLLER PROCESSOR

AC ELECTRICAL CHARACTERISTICS
Additional Timing Diagram '

Clock

TIN

IRQN

Clock
Setup
(i)
Stop-Mode
Recovery
Source
]

Figure 25. Additional Timing

G

®
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. 286C40 CMOS 26° 4K ROM CCP™
@ 2iLan CONSUMER CONTROLLER PROCESSOR

AC ELECTRICAL CHARACTERISTICS
Additional Timing Table (SCLK/TCLK = XTAL/2)

T,=0°Cto +70°C T, =-40°C to +105°C

Ve 12 MHz 16 MHz 12 MHz 16 MHz

No Symbol Parameter Note[6] Min Max Min Max Min Max Min Max Units Notes

1 TpC Input Clock Period 0V 83 DC 625 DC 83 DC 625 DC ns (1]
55V 83 DC 625 DC 83 DC 625 DC ns (1]

2 TiC,TiC  Clock Input Rise & Fall Times 3.0V 15 15 15 15 ns 1)
5.5V 15 15 15 15 ns  [1]

3 TwC Input Clock Width 3.0V 4 31 4 A ns (1]
55V 4 K3 4 K]l ns (1]

4 TwTinL  Timer Input Low Width 3.0v 100 100 100 100 ns (1)
5.5V 70 70 70 70 ns (1}

5 TwTinH Timer Input High Width 30V 5TpC 5TpC 5TpC 5TpC gl
58V 5TpC 5TpC 5TpC 5TpC 1]

6 TpTin  Timer Input Period 30v  8TpC 8TpC 8TpC 8TpC M
55V 8TpC 8TpC 8TpC 8TpC [1]

7 TrTin,  Timer Input Rise & Fall Timer 3.0V 100 100 100 100 ns (1]

TfTin 55V 100 100 100 100 ns 1]

BA TwiL Int. Request Low Time 3.0v 100 100 100 100 ns (1.2
5.5V 70 70 70 70 ns (1.2

88 Twil Int. Request Low Time 30V aTpC 5TpC 5TpC 5TpC [1,3]
55V 5TpC 5TpC 5TpC 5TpC [1,31

9 TwiH  Int. Request Input High Time 30v 5TpC 5TpC 5TpC 5TpC 1,21
585V 5TpC 5TpC 5TpC 5TpC [1.2]

10 Twsm  STOP-Mode Recovery Width Spec 3.0V 12 12 12 12 ns
5.5V 12 12 12 12 ns

11 Tost Oscillator Startup Time v 5TpC 5TpC 5TpC 5TpC [4]
5.5V 5TpC 5TpC 5TpC 5TpC [4]

12 Twdt  Watch-Dog Timer Delay Time 3.0V 10 10 10 10 ms  DO=0{5]
5.5V 5 5 5 5 ms D1=0[5)
.oV 30 30 30 30 ms DO=1[5)
55V 15 15 15 15 ms D1=0[5]
3.0V 50 50 50 50 ms  DO=0(5]
5.5V 25 25 25 25 ms D1=1[5]
3oV 200 200 200 200 ms  DO=1[5)
5.5V 100 100 100 100 ms  D1=1[8]

Notes:

[1] Timing Reference uses 0.7 V. for alogic 1 and 0.2V, for alogic 0.

[2) interrupt request via Port 3 (P31-P33).

[3] Interrupt request via Port 3 (P30).

[4] SMR-D§ = 0.

[5] Reg. WDTMR.

[6] The V,, voltage specification of 3.0V guarantees 3.3V £0.3V, and
the V,,;, voltage specification of 5.5V guarantees 5.0V +0.5V.
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286C40 CMOS 268° 4K ROM CCP™
@ SiLan CONSUMER CONTROLLER PROCESSOR

AC ELECTRICAL CHARACTERISTICS
Additional Timing Table (Divide-By-One Mode, SCLK/TCLK = XTAL)

T,=0°Ct0470°C T, =-40°C to +105°C
\/ 4 MHz 4 MHz

No  Symbol Parameter Note [6] Min Max Min Max Units Notes
1 TpC Input Clock Period v 250 DC 250 DC ns 1,781
55V 250 0C 250 DC ns [1,7.8]
2 TiC,TiC Clock Input Rise & Fall Times 3.0v 25 25 ns [1,7.8]
b8V 25 25 ns [1,7,8]
3 TwC Input Clock Width 3.0V 125 125 ns [1,7.8]
5.5V 125 125 ns [1,7.8]
4 TwTinL Timer Input Low Width 3.0V 100 100 ns [1,7.8]
5.5V 70 70 ns [1,7.8]
5 TwTinH Timer Input High Width 3.0V 3TpC 31pC [1,7.8]
55V 3TpC 3TpC 1,781
6 TpTin Timer Input Period 3.0V 4TpC 4TpC [1,7.8]
5.5V 4TpC 4TpC [1.78]
7 TrTin, Timer Input Rise & Fall Timer 3.0V 100 100 ns [1,78]
TiTin 5.5V 100 100 ns [1.78]
8A  TwiL Int. Request Low Time 3.0V 100 100 ns (12781
5.5V 70 70 ns [1278]
88 TwiL Int. Request Low Time 3.0V 3TpC 3TpC (13,7.8]
5.5V 3TpC 3mpC [1,3.7.8]
9 TwiH Int. Request Input High Time 3.0V 3TpC 31pC 1,278}
55V 3TpC 2TpC [12.7.8]
10 Twsm STOP-Mode Recovery Width Spec 3.0V 12 12 ns [4,8]
5.5V 12 12 ns [4.8]
11 Tost Oscillator Startup Time 3.0V 5TpC 5TpC [4,89]
5.5V 5TpC 5TpC [4.89]
Notes:

[1] Timing Reference uses 0.7 V. for a logic 1 and 0.2 V for a logic 0.

[2] Interrupt request via Port 3 (P33-P31).

[3] Interrupt request via Port 3 (P30).

[4] SMR-DS = 1, POR STOP mode delay is on.

[5] Reg. WDTMR.

[6] The V,, voltage specification of 3.0V guarantees 3.3V £0.3V, and
the Vi, voltage specification of 5.5V guarantees 5.5V +£0.5V.

[71 SMRD1=0.

[8] Maximum frequency for internal system clock is 4 MHz when
using XTAL divide-by-one mode.

[9] For RC and LC oscillator, and for oscillator driven by clock driver.

9-36



N 286C40 CMOS Z8° 4K ROM CCP™
@ <Lan CONSUMER CONTROLLER PROCESSOR

AC ELECTRICAL CHARACTERISTICS
Handshake Timing Diagrams

{(
B )]
Data In Data In Valid EQ l Next Data In Valid
7 {
1

'é ®

I/
/DAV Delayed DAV
(input) {
N
®
i
RDY / Delayed RDY /
{Output) L
N
Figure 26. Input Handshake Timing
(R
N i
Data Out Data Qut Valid " Next Data Out Valid
) EeEE LR LR R EEL
{t
N,
DAV s, Delayed DAV
{Output) Nernnesnccnanans
— i 20 {
(%) {(
® *
RDY / Delayed RDY 1
(Input) h y S ”, _________ s

Figure 27. Output Handshake Timing
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: 286C40 CMOS 2g*4K ROM CCP™
@ 2iLS CONSUMER CONTROLLER PROCESSOR

AC ELECTRICAL CHARACTERISTICS

Handshake Timing Table
T,=0°Cto +70°C T, =-40°C to 4+105°C
Ve 12 MHz 16 MHz 12 MHz 16 MHz Data
No Symbol Parameter Notef1,2] Min Max Min Max Min Max Min Max Direction
1 TsDI{DAV) Data In Setup Time 3.0v 0 0 0 0 IN
5.5V 0 0 0 0 IN
2 ThDI(DAV} Data In Hold Time 3.0V 160 160 160 160 N
55V 115 115 115 115 IN
3 TwDAV Data Available Width 3.0V 155 155 185 155 IN
5.5V 110 110 110 110 N
4 TdDAVIRDY)  DAVFallto RDY Fall Delay 3.0V 160 160 160 160 IN
55v 115 115 115 115 IN
5 TdDAVId(RDY)  DAVRiseto RDY Rise Delay 3.0V 120 120 120 120 N
5.5V 80 80 80 80 IN
6 TdRDYQ(DAV)  RDYRiseto DAV Fall Delay 3.0V 0 0 0 0 IN
5.5V 0 0 0 0 IN
7 TdDO(DAV) Data Out to DAV Fall Delay 3.0V 42 31 42 3 out
5.5V 42 42 3 out
8 TdDAVO(RDY) DAV FalltoRDY Fall Delay 3.0V 0 0 0 0 out
5.5V 0 0 0 0 out
9 TdRDYO(DAV)  RDYFallto DAV Rise Delay 3.0V 160 160 160 160 ouT
55V 115 115 115 15 out
10 TwRDY RDY Width 30V 110 110 110 110 ouT
55V 80 80 80 80 ouT
11 TdRDYOd(DAV)  RDY Rise to DAV Fall Defay 3.0V 110 110 110 10 out
5.5V 80 80 80 80 ouT
Notes:

[1] Timing Reference uses 0.7 V., for alogic 1 and 0.2V, for a logic 0.
[2] The V,, voltage specification of 3.0V guarantees 3.3V £0.3V and the
Vi Voltage specification of 5.5V guarantees 5.0V +0.5V.
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N 286C40 CMOS Z8*4K ROM CCP™
R 205 K R e

EXPANDED REGISTER FILE CONTROL REGISTERS

SMR (FH) 0B
EECCREED

— SCLK/TCLK Divide-by-18
0 OFF**
1 ON

External Clock Divide by 2
0 SCLK/TCLK =XTAL/2*
1 SCLK/TCLK =XTAL

b STOP-Mode Recovery Source

000 POR Only and/or External Reset*
001 P30

010 P31

011 P32

100 P33

101 P27

110 P2 NOR 0-3

11 P2 NOR 0-7

Stop Delay
0 OFF

1 ON*

Stop Recovery Level
0 Low*
1 High

Stop Flag (Read only}
0 POR*

1 Stop Recovery
* Detaut setting atter RESET.
* * Default setting after RESET and STOP-Mode Recovery.

Figure 28. Stop-Mode Recovery Register
(Write Only Except Bit D7, Which Is Read Only)

WDTMR (F) OF

FE o]

_L WDTTAP INTRCOSC External Clock
00 Sms 256 TpC
01> 15ms §12TpC
10 25ms 1024 TpC
1 100 ms 4096 TpC

WDT During HALT

0 OFF

1 ON*

WOT During STOP

0 OFF

1 ON™

= XTAL1/INT RC Select for WDT

0 On-Board AC *

1 XTAL

Reserved (Must be 0)

* Default setting after RESET

Figure 29. Watch-Dog Timer Mode Register
(Write Only)
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286C40 CMOS Z8* 4K ROM CCP™
CoNsuueR COMTROLLER PROCEEE0R

Q205
Z8®° CONTROL REGISTERS

PCON (FH) 0OH R242 Tt
|o7] o8] os] 4] pa] o2| o1] o |

L

Jo7] os] os] 04] 03] 02| o1 o]

Comparator Output Port 3

l—_ Ty Initial Value

0 P34, P37 Standard Output® (When Written)

1 P34, P37 Comparator Output (Range: 1-256 Decimal
01-00 HEX)

0 Port 1 Open Drain Ty Current Valus

1 Poit 1 Push-pull Active® (When Read)

0 Port 0 Open Drain
1 Port 0 Push-pult Active”

0 PortC LowEMI
1 PortQ Standard*

e 0 Port 1 Low EMI
1 Port ¢ Standard*

0 Port2 Low EMI
1 Port2 Standard®

0 Port3 Low EMI

Figure 32. Counter/Timer 1 Register
(F2,: Read/Write)

R243 PRE1

EEEERDOD|

1 Port3 Standard* I
Count Mode
Low EMI Qscillator 0 T1 Single Pass
0 LowEM: 1 T1 Modulio N
Default Setting After Reset 1 Standard Glock Source
1 Tiinternal
0 T1iExternal Timing Input
Figure 30. Port Configuration Register (PCON) (TIN) Mods
rite Onli Prescaler Modulo
(w y) (Range: 1-64 Decimal
01-00 HEX)
R241 TMR
Figure 33. Prescaler 1 Register
D7|D6| D5| D4} D3} D2| D] DO
I I l | l I I I I (F3,: Write Only)
I— 0 No Funcuon
1 Load TO
0 Disable 10 Count R244 T0
1 Enable T0 Count ID7|D6ID5|D4IDGI02ID1IDOI
0 No Funciion
1 Load T1

I— TO0 Iinitial Value

0 Disable ! 1 Count
1

Enable 71 Count mﬂ"e‘_""'}ggg) becimal
TIN Modes 01-00 HEX)
00 Externa: Clock Input TO Curment Value
01 Gate Input {When Read)
10 Trigger Input

(Non-retriggerable)
R ) Figure 34. Counter/Timer 0 Register

(F4,: Read/Write)

TOUT Modeus
00 Not Usad
01 TOOw
10 T10ut

R245 PREQ
| o7 pe] ps| 04] 3] o2| o1 oo

L

11 Internal Clock Out

Figure 31. Timer Mode Register
(F1,: Read/Write)

Count Mode
0 TO Single Pass

1 T0 Modulo N
Reservad (Must be 0)
P) Modulo

{Range: 1-64 Decimal
01-00 HEX)

Figure 35. Prescaler 0 Register
(F5,: Write Only)
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286C40 CMOS Z8°4K ROM CCP™
CONSUMER CONTROLLER PROCESSOR

R246 P2M
FEEREERE
I— P20 - P27 /O Definition

0 Defines Bit as Output
1 Defines Bit as Input

Figure 36. Port 2 Mode Register
(F6,: Write Only)

R247 PIM
Jo7)os]ps o4 pa]p2]oi]o0 ]

T L

Port 2 Pull-Ups Open Drain
Port 2 Pull-Ups Active

P31, P32 Digital Mode
Pat, P32 Analog Mode

P32 = Input

P35 = Output

P32 = /DAVO/RDYO
P35 = RDY0/DAVO

00 P33 = Input
P34 = Output

01 P33 = Input

10 P34 =/OM

11 P33 =/DAVO/RDYQ
P34 = RDY1/DAV1

P31 = Input (TIN)
P36 = Output (TOUT)
P31 = DAV2/RDY2
P36 = ADY2//DAV2

P30 = Input
P37 = Qutput

o -0 -0

-

o

o

Reserved (Must be 0}

Figure 37. Port 3 Mode Register
(F7,: Write Only)

R248 POIM
|p7{oe{osfos[pafo2ot o]

-—1— —L POO0 - P03 Mode

00 Output
01 Input
1X Al1-A8

Stack Selacth
0 Extarnal
1 Internal

P10 - P17 Mode
00 Byte Output
01 Byte Input
10 AD7-ADO
11 High-impedance AD7 - ADQ,
IAS, DS, IRIW, A11- A8,
A15 - A12, If Selected

Extemnal Memory Timing
0 Normal
1 Extended

P04 - POT Mode
00 Output
01 Input
1X A15-A12

Figure 38. Port 0 and 1 Mode Register
(F8,: Write Only)

CERCEEEE
T | L

Interrupt Group Priority
000 Reserved
001 C>A>B
010 A>B>C
o1t A>C>B
100 B>C>A
101 C>B>A
110 B>A>C
111 Reserved

b———  |RQH, IRQ4 Priority {Group C)
0 IRQ1> IRQ4

1 IRQ4 > IRQ1
—— 1RQO, IRQ2 Priority (Group B)
0 IRQ2 > IRQO
1 IRQO > IRQ2
IRQ3, IRQS Priority (Group A)
0 IRQ5 > IRQ3
1 1RQ3 > IRQS

Reserved (Must be 0)

Figure 39. Interrupt Priority Register
(F9,: Write Only)
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N 205

Z286C40 CMOS 28°4K ROM CCP™
CONSUMER CONTROLLER PROCESSOR

Z8 CONTROL REGISTERS (Continued)

R250 IRQ
| o7] o8] o5 04] ca] o2 01] Do}

‘ [ S

IRQY = P33 Input
IRQ2 = P31 Input
IRQ3 = P30 Input
IRQ4 = TO
IRQ5 = T1

Inter Edge

P31l P32l =00
P31l P32T =01
P31T P32l =10
P31 N P32 Tl =11

Figure 40. Interrupt Request Register
(FA,: Read/Write)

R251 IMR
Jo7| oe] os] 04] 3] 2] 1] oo |

[

(DO = IRQO)
1 Enables RAM Protect *
1 Enabies interrupts

* This option must be seiected when ROM code is
submitted for ROM Masking, otherwisa this control bit
is disabled permanently.

Figure 41. Interrupt Mask Register
(FB,: Read/Write)

R252 FLAGS

|07 o6 ] os]p4[p3] o201 | o0]

| |—— User Flag F1
User Flag F2

Haif Carry Flag
Decimat Adjust Flag
Overflow Flag

Sign Flag

Zero Flag

Carry Flag

Figure 42. Flag Register
(FC,: Read/Write)

R253 RP
|o7 |oe |05 {4 [ 03 [ oz Jo1 oo |

I_— Expanded Register File

Working Register Pointer

Figure 43. Register Pointer
(FD,: Read/Write)

Re54 SPH
| 7] oe] os] p4] oa] o2] o1 | oo}

I—_ Stack Pointer Upper

Byte (SP8 - SP15)

Figure 44. Stack Pointer High
(FE,: Read/Write)

R255 SPL
EDERRECR
I— Stack Pointer Lower

Byte (SPO - SP7)

Figure 45. Stack Pointer Low
(FF,: Read/Write)
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286C40 CMOS Z8* 4K ROM CCP™

CONSUMER CONTROLLER PROCESSOR

INSTRUCTION SET NOTATION

Addressing Modes. The following notation is used to
describe the addressing modes and instruction opera-
tions as shown in the instruction summary.

Symbol Meaning

iRR Indirect register pair or indirect working-
register pair address

lrr Indirect working-register pair only

X indexed address

DA Direct address

RA Relative address

M Immediate

R Register or working-register address

r Working-register address only

R Indirect-register or indirect
working-register address

Ir Indirect working-register address only

RR Register pair or working register pair
address

Symbols. The following symbols are used in describing
the instruction set.

Symbol Meaning

dst Destination location or contents
(e Source location or contents

cc Condition code

@ Indirect address prefix

SP Stack Pointer

PC Program Counter

FLAGS Flag register (Control Register 252)
RP Register Pointer (R253)

IMR Interrupt mask register (R251)

Flags. Control register (R252) contains the following six

flags:

Symbol Meaning

C Carry flag

4 Zero flag

S Sign flag

'S Overfliow flag

D Decimal-adjust flag
H Half-carry flag

Affected flags are indicated by:

- O

Clear to zero

Set to one

Set to clear according to operation
Unaffected

Undefined
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CONDITION CODES

Value Mnemonic Meaning Flags Set

1000 Always True

0111 c Carry C=1

1111 NC No Carry C=0

0110 4 Zero Z=1

1110 NZ Not Zero Z=0

1101 PL Plus $S=0

0101 M Minus S=1

0100 ov Overflow V=1

1100 NOV No Overflow V=0

0110 EQ Equal Z=1

1110 NE Not Equal Z=0

1001 GE Greater Than or Equal (SXORV)=0

0001 LT Less than (SXORV) =1

1010 GT Greater Than [ZOR(SXORV)]=0
0010 LE Less Than or Equal [ZOR(SXORV)] =1
1111 UGE Unsigned Greater Than or Equal C=0

0111 ULT Unsigned Less Than C=1

1011 UGT Unsigned Greater Than (C=0ANDZ=0)=1
0011 ULE Unsigned Less Than or Equal (CORZ)=1

0000 F Never True (Always False) —
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Note: Assignment of a value is indicated by the symbol
“ &« ". For example:

dst & dst + sre

indicates that the source data is added to the destination
data and the resultis stored in the destination location. The

A20La5 CoNsiNgR CoNTROLLER PAOCESSOR
—
INSTRUCTION FORMATS
opC GCF, DI, El, IRET, NOP,
RCF, RET, 5CF
One-Byte Instructions
opc | MoDE CLR, CPL, DA, DEC, opc | MoDE CgcéaogééNgbacp.
DECW, INC, INCW, , OR, SBC, SUB,
dsv'src oR | 1110 dsverc | POP. PUSH, RL, RLC, src ORJ1110] s | Tcm TM XOR
AR, RRC, SRA, SWAP dst or]1110] aa
OPC JP, CALL (Indirect)
dst or[1110] dst | OPC | MODE ADC, ADD. AND. CP.
LD, OR, , ,
dst o110 ot | e T xom
OPC SRP VALUE
VALUE
MODE | OPC LD
OPC | MODE ADC, ADD, AND, CP, src or|1110] src
gt | s OR. 380, SUB, TOM, st oal1110] oet
MODE | OPC LD, LDE, LDE, MODE [ OPC D
dst/src | src/dst LOC, LpCH dst/src X
ADDRESS
davsic | OPC D
sra/dst oRrl1110] ee | c | orc P
DAU
dst | OPC W DAL
VALUE
OPC CALL
dsyCC | oPC DINZ, JR DAY
A DAL
FFH STOPHALT
6FH | 7FH
Two-Byte Instructions Three-Byte instructions
INSTRUCTION SUMMARY

notation “addr (n)" is used to refer to bit (n) of a given
operand location. For example:

dst (7)

refers to bit 7 of the destination operand.
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INSTRUCTION SUMMARY (Continued)

Address Address
Instruction Mode Opcode  Flags Affected Instruction Mode Opcode  Flags Atfected
and Operation dst src Byte(Hex) C Z S V D H and Operation dst src Byte(Hex) C Z S V D H

ADC dst, src t 1 ] * % %k %k 0 % INC dst r e - %k X% k- -
dstedst + src + C dste-dst + 1 r=0-F
R 20
ADD dst, src 1 of 1 k %k %k %k Q0 3k IR 21
dste-dst + src
INCW dst RR AO - ok ok ok - -
AND dst, src 1 5[] -k k0 - - dste-dst + 1 IR Al
dste-dst AND src
IRET BF k %k %k %k k k
CALL dst DA D6 L FLAGS«@SP;
SP«SP -2 IRR D4 SP«SP + 1
@SP«PC, PC—@SP;
PCe~dst SP«SP + 2;
IMR(7)¢1
CCF EF % - - - - -
C—NOTC JP cc, dst DA cD CECEEE I S
if cc is true c=0-F
CLR dst R BO - - - - - - PCedst IRR 30
dste0 IR B1
JR cc, dst RA cB L
COM dst R 60 - k% % 0 - - if cc is true, c=0-F
dsteNOT dst IR 61 PC—PC + dst
Range: +127, -128
CP dst, src 1 Al ] k ok K k- -
dst - src LD dst, src r Im rC L
dste-src r R r8
DA dst R 40 * ok k X - - R r g
dsteDA dst IR 41 r=0-F
r X c7
DEC dst R 00 - ok ok ok - - X r D7
dste-dst - 1 IR 01 r Ir E3
rr F3
DECW dst RR 80 - ok % ok - - R R E4
dste-dst - 1 R 81 R IR E5
R IM E6
D} 8F L IR IM E7
IMR(7)0 IR R FS
DJNZr, dst RA rA LR L.DC dst, src r Ir C2 - - - .-
rer-1 r=0-F
ifrz0 L.DCI dst, src Ir Irr C3 - e e - e -
PC«PC + dst dste-src
Range: +127, -128 rer +1;
rrerr+ 1
El 9F - e - - - -
IMR(7)e1
HALT 7F N
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@ 2L CONSUMER CONTROLLER PROCESSOR
Address Address
Instruction Mode Opcode  Flags Affected Instruction Mode Opcode  Flags Affected
and Operation dst src Byte(Hex) C Z S V D H and Operation dst src Byte(Hex) C Z S V D H
NOP FF L STOP 6F - -
OR dst, src t 4 ) - % % 0 - SUB dst, src 1 2l 1] E S 1 %
dstedst OR src dste-dst~src
POP dst R 50 R SWAP dst R FQ X % %k - -
dst—@SP; IR 51 ] IR F1
SP«SP + 1 7 4]s o
L]
PUSH src R 70 - - e -
SP<SP- 1; R 71 TCM dist, src t 6[ ] - X% kKO - -
@SP«-src (NOT dst)
AND src
RCF CF o - - - -
Ce0 TM dst, src b 711 - %k Xk - -
dst AND src
RET AF - - - -
PC@SP; wWDT 5F - X X -~ -
SP«SP + 2
XOR dst, src t B[ 1] R A - -
RL dst R 90 R Ok ok ok - dste~dst XOR src
/.1 R 1
1 These instructions have an identical set of addressing modes, which
are encoded for brevity. The first opcode nibble is found in the instruction
R set table above. The second nibbile is expressed symbolicallybya{ T’
RLC dst R 10 * ok ok ok in this table, and its value is found in the following table to the left of the
IE-E- iR 11 applicable addressing mode pair.
For example, the opcode of an ADC instruction using the addressing
RR dst R EO % % %k k - modes r (destination) and Ir (source) is 13.
o R
Address Mode Lower
RRC dst R co % % % %k - dst src Opcode Nibble
] r r {2
SBC dst, src t 3} %k ok k1 " Ir (3]
dstedst-src-C
R R [4)
SCF DF 1 - - - -
Ce1 R IR 18]
SRA dst R DO * % % 0 - R M Gl
IR D1
el A7l o IR M [7]
hx
SRP src Im 31 - e e e .
RPesrc

9-47



286C40 CMOS 28°4K ROM CCP™
@ 2ILals5 CONSUMER CONTROLLER PROCESSOR

OPCODE MAP

Lower Nibble (Hex)
0 1 2 3 4 5 [ 7 8 9 A B c D E F
6.5 85 6.5 6.5 105 ] 105 | 105 | 105 | 65 65 [12/105]|12/100| 65 [12100] 65
0 DEC | DEC ADD | ADD | ADD | ADD | ADD | ADD LD LD DJNZ JR LD JP INC
R1 1R1 r,r2 | r,Ir2 |R2, Rt |IR2, R1] R1, IM | iR1, IM] r1,R2 | r2, Rt | rt, RA |cc, RA |11, IM | cc, DA 1
6.5 6.5 6.5 6.5 10.5 105 105 10.5
1 RLC RLC ADC | ADC | ADC | ADC | ADC | ADC
R1 IR1 r1,r2 | rt,ir2 |R2,R1 ]IR2, R1| R1, IM | IR1, M
6.5 6.5 8.5 6.5 10.5 105 105 105
2 INC INC suB SUB | sus SUB | sUB | suB
R1 IR1 | r1,r2 | rt,r2 |R2, R1 ]IR2, R1] R1,IM | IR1, 1M
8.0 6.1 6.5 65 10.5 105 10.5 105
3 JP SRP SBC | SBC | SBC SBC | SBC | sBC
IRR1 M ri,r2 | r1,1r2 |R2, R1 |IR2, R1] R1, IM | IR1, IM
85 85 8.5 65 105 105 10.5 105
4 DA DA OR OR OR OR OR OR
A1 181 ] r1,r2 | r1,1r2 |R2,R1 |IR2, R1| A1, IM] IA1, IM
105 | 105 65 65 105 | 105 | 105 | 105 6.0
] POP | POP | AND | AND | AND | AND | AND | AND WDT
R1 IR1 | r1,r2 | r1,ir2 J|R2,R1 |IR2, R1] R1, IM | IRY, IM
65 6.5 6.5 6.5 105 10.5 105 10.5 6.0
6 COM |COM | TCM | TCM | TCM | TCM | TCM | TCM STOP
E R1 IR1 r1,r2 | r1,1r2 JR2,R1 |IR2, A1] A1, IM | IR1, IM
z 10/12.1[12/14.1] 865 6.5 105 | 105 | 105 | 105 7.0
o7 PUSH |PUSH | ™ ™ ™ ™ ™ ™ HALT
2 R2 IR2 r1,r2 | r1,Ir2 |R2,R1 |IR2, R1] R1, IM | IR1, IM
= 05 | 105 | 120 [ 180 61
!g 8 DECW | DECW | LDE LDEI ol
g. RR1 IRT e ber2 | ied Ire2
6.5 65 120 18.0 &1
9 | A | AL | LoE | LoE: El
R1 IR r2 et Jie2 i1
105 10.5 65 6.5 10.5 10.5 10.5 10.5 14.0
A INCW | INCW | CcP cP cp cp cpP cp RET
AR1 IR1 | r1,r2 | r1, k2 | R2, R1 JIR2, R1| R1, IM]IR1, M
6.5 6.5 6.5 6.5 10.5 10.5 10.5 105 16.0
B CLR CLR XOR | XOR | XOR XOR | XOR | XOR {RET
R1 |R1 r1,r2 | r1,Ir2 |R2, R1 ] IR2, R1] R1, IM|IR1, IM
65 €5 12.0 18.0 105 6.5
[+] RRC | RRC | LDC | LDCI LD RCF
R1 IR1 | rd, Irr2 |Irl, frr2 r1,x,R2
6.5 6.5 120 18.0 200 20.0 10.5 6.5
D SRA | SRA LDC | LDCI | CALL* CALL LD SCF
R1 IR1 Irr1, r2 |Irr1, Ir2 | (RR1 DA ] r2xR1
6.5 65 6.5 10.5 105 105 105 65
E RR RR LD LD LD |°o LD Lo CCF
R1 IR1 r1, (R2 | R2, R1 IR2, R1| R1, IM] IR1, IM
. 8.5 85 65 10.5 } ‘ # 6.0
SWAP | swap LD LD NOP
R1 1R1 Ir1, r2 R2. IR1 l l ' '
-
' 'l hd
2 3 2 3 1
Bytes per Instruction
éov:;r Legend:
_ Nioble. R = 8-bit Address
Exgcution Pipeline 1 = 4-bit Address
Cycles l Cycles R1or r1 = Dst Address
A R2 or r2 = Src Address
Upper 10.5
Opcode ——ea| CPa—}—— Mnemonic Sequence:
Nibble R1, R2 Opcode, First Operand,
/L—A\ Second Operand
First Second Note: Blanks are reserved.
Operand Operand

*2-byte instruction appears as
a 3-byte instruction
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PACKAGE INFORMATION

gﬂﬂﬁnhhhmhnrﬂhhhﬂnr\nﬁ
j—=3—'\
- 7
q = T
oA
I{‘luuuuuuumuuuuuuuuuutﬁ SYMBOL MILLIMETER INCH
MIN MAX HIN MAX
Al ast (1]} £20 o32
» A2 325 243 128 135
B 0.38 033 03 g2t
Bl 102 152 040 060
c 003 0.38 .009 013
D [s207 |a2ss [2050 [a070
[ 4 15.24 1373 | 600 3
€t [1389 | 1422 | 335 | s60
| = 254 TYP 100 TYP

oA 13.49 16.51 610 £30
L 318 38l 123 450
9 132 19 060 7%
k] 132 229 060 090

CONTROLLING DIMENSIDNS 1 JHCH

40-Pin DIP Package Diagram

020 x 4S5 DEG
REF
EDGE METALLIZED

075
095

040 x 45 DEG
REF (3 PLLS) TYP o]

_%%%—J

Fon }—l‘
le— 610 MAX —f a3 %

+ o 500 MAX

44-Pin PLCC Package Diagram
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PACKAGE INFORMATION (Continued)

HD
T A2
At
b L
3 23
M : i i - I =
[=="= i —
— i -
— i br—
—d i br—
CER ~ = — e e = amm] £ HE
— i )
— | >
— ! T —
w0 ! e
i HH FHRHE, ;
1
0-12°
[
SYNBOL |__MILLIMETER INCH
aes MIN | MAX | MIN | Max
‘]
L CINTROLLING DIMENSINS + MILLIMETER Al 003 ) 025 | 002 | 010
2. LEAD COPLANARITY + MAX 10 A2 200 | 225 | o078 | 089
c Al o 025 | 045 | o0 | me
c 003 | 020 | 005 | .008
HD 1370 | 1430 | 539 | .363
D 990 | 1010 | 390 | .398
HE 1370 | 1430 | 535 | 63
E 990 | 1040 | 390 | .98
r 0.80 TYP 031 _TYP
L. | o0 | 120 024 | 047

44-Pin QFP Package Diagram
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ORDERING INFORMATION

286C40 (12 MHz)
Standard Temperature Extended Temperature
40-Pin DIP 40-Pin PLCC 44-Pin QFP 40-Pin DIP 40-Pin PLCC 44-Pin QFP
Z86C4012PSC Z86C4012VSC ZB6C4012FSC Z86C4012PEC Z86C4012VEC Z86C4012FEC
Z86C40 (16 MHz)
Standard Temperature Extended Temperature
40-Pin DIP 40-Pin PLCC 44-Pin QFP 40-Pin DIP 40-Pin PLCC 44-Pin QFP

Z86C4016PSC Z86C4016VSC Z86C4016FSC Z86C4016PEC Z86C4016VEC ZB6CA016FEC

For fast results, contact your local Zilog sales office for assistance in ordering the part desired.

CODES

Preferred Package
P = Plastic DIP
V = Plastic Chip Carrier

Longer Lead Time
F = Plastic Quad Fiat Pack

Preferred Temperature
S =0°Cto +70°C

Longer Lead Time
= -40°C to +105°C

Speeds
08 = 8 MHz
16 = 16 MHz

Environmental
C = Plastic Standard

Example:
Z 8C40 16 P S C is a Z86C40, 16 MHz, DIP, 0°C to +70°C, Plastic Standard Flow

Environmental Flow
Temperature
Package

Speed

Product Number
Zilog Prefix

F
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