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PRELIMINARY PRODUCT SPECIFICATION

286G95

CMOS Z8® DIGITAL
SIGNAL PROCESSOR

FEATURES

B Complete Microcontrolier, 16 /O Lines, and up to
64 Kbytes of Addressable External Space Each for
Program and Data Memory

B EmbeddedReduced Instruction Set DSP (Digital Signal
Processor) for Digital Servo Control, with
16 x 16-Bit Multiply and Accumulate in One Clock
Cycle

B 8-Channel, 8-Bit A/D Converter with Track and Hold
and Minimum Single Conversion Time of 2 us

B 38-Bit D/A Converter with Programmable Gain Stage
and a Maximum Settling Time of 3 us

®m Single Channel 40/80 kHz Pulse Width Modulator

B 256-Byte RegisterFile, Including 236 General-Purpose
Registers, Four I/O Port Registers and 16 Status and
Control Registers

B 16 x 16-Bit Hardwired Multiply and 32-Bit by 16-Bit
Divide, Exclusive of DSP

B Four External Vectored Priority Interrupts for 1/O,
Counter/Timers and UART

M On-Chip Oscillator that Accepts Crystal or External
Clock Drive

B Full-Duplex UART

W 16-Bit Counter/Timers with Capture and Compare
Registers

B Register Pointer for Short, Fast Instructions to Any One
of the 16 Working Register Groups

B Serial Peripheral Interface

B Multiplexed and Demultiplexed Address/Data Bus
W Single +5V Power Supply, All//O Pins TTL C'ompatible
M 1.2 Micron CMOS Technology

B Clock Speeds 24 and 33 MHz

B Three Low-Power Standby Modes; STOP, HALT, and
PAUSE

W Flash EPROM Write Support

GENERAL DESCRIPTION

The Z86C95 MCU (Microcontroller Unit) is a member of the
Z8® single-chip microcontroller family incorporating a
CMOS ROMless Z8 microcontroller with an embedded
DSP processor for digital servo control. The DSP slave
processor can perform 16 x 16-bit multiplicates and accu-
mulates in one clock cycle. Additionally, the Z86C95 is
further enhanced with a hardwired 16 x 16-bit multiplier
and 32-bit/16-bit divider, three 16-bit counter timers with
capture and compare registers, a half flash 8-bit A/D
converter with a 2 pus conversion time, an 8-bit DAC with
1/4 programmable gain stage, UART, serial peripheral

interface, and a PWM output channel (Figure 1). it is
fabricated using 1.2micron CMOS technology and offered
in an 80-pin QFP, 84-pin PLCC package, or a 100-pin
VQFP (Figures 2, 3, and 4).

The Z86C95 provides up to 16 output address lings. This
permits an address space of up to 64 Kbytes of data and
program memory each. Eight address outputs {AD7-ADOQ)
are provided by a multiplexed, 8-bit, Address/Data bus.
The remaining eight bits are provided through output
address bits A15-A8.
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GENERAL DESCRIPTION (Continued)

There are 256 registers located on chip and organized as
236 general-purpose registers, 16 control and status reg-
isters, and four I/O port registers. The register file can be
divided into 16 groups of 16 working registers each.
Configuration of the registers in this manner allows the use
of short format instructions; in addition, any of the indi-
vidual registers can be accessed directly. The Z86C95
contains 256 words of DSP Program RAM configured from
the Z8 side as 512 bytes of RAM and 128 words of DSP
data RAM.

Output Input Vece

Notes:
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
Power Ve Voo
Ground GND Ve

XTAL /AS /DS R/W /RESET /WAIT

PR

T

N N
Port 3 K Machine Timing and
° l ! V Instruction Control
SPI ALU J
UART <:
Flags
Three 16-Bit
Counter/ <:
Timers
Register
Pointer
32 +16 \‘/!:
Divider Register File
g P
256 x B-Bit ——] Frogram i ital Si
Counter Digital Signal Processor
PN
16 x 16
Multiplier <': ﬁ ﬁ I i
DSP RAM DSP RAM Program
et K= Bank 1 Bank 2 RAM
U U J I
Address LN
Port 2 A15-A0" ] AD7-ADO ADC DAC PWM
*In multiplexed mode A7-AQ reflects
3 1 1 3 1 3 1 1 the DSP address bus for emulation ﬁ I ! ! !
le] Address/Data 8 Channel Analog PWM
(Bit Programmable) Analog In Out
Figure 1. Functional Block Diagram
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Figure 2. 80-Pin QFP Pin Assignments
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PIN DESCRIPTION (Continued)

Table 1. 80-Pin QFP Pin Identification

No. Symbol Function Direction
1-5 ANA(3)-ANA(7) Input to A/D Input
6 VD, Low Ref Volt, DAC Input
7 DAC D/A Converter Output Output
8 VD, High Ref Volt, DAC Input
9 Voo Digital Power Supply Input
10-12 P3(7)-P3(5) Port 3, Pins 7,6,5 Output
13-16 P3(3)-P3(0) Port 3, Pins 3,2,1,0 input
17 XTAL1 Crystal, OSC CLK Input
18 XTAL2 Crystal, OSC CLK Output
19 PWM Pulse Width Modulator Output
20 /RESET Reset Input
21 SCLK System Clock Output
22 SYNC Synchronize Pin Output
23 IACK Interrupt Acknowledge Output
24 P3(4) Port 3, Pin 4 Output
25 /AS Address Strobe Output
26 /DS Data Strobe Output
27 R/W Read/Write Output
28-34 AD7-ADA MUX ADD/DATA, Pins 7-1 Input/Output
35 Vs Digital Ground Input
36 ADO MUX ADD/DATA, Pin 0 Input/Output
37-52 AQ-A15 External Address Output
53 Vs Digital Ground Input
54 Voo Digital Power Supply Input
55 DO SPI Data Out OQutput
56 Di SPI Data In Input
57 SK SPI Clock Input/Output
58 SLAVESEL Slave Select Input
59 DSP_RW DSP Emulation R/W Pin Output
60 DSP_SYNC DSP Emulation Sync Pin Output
61-62 C02-CO1 Compare Outputs for Timer 2 QOutput
63 DSP_SSN DSP Emulation Single Step Pin Input
64 /WAIT Wait Input
65-72 P2(0)-P2(7) Port 2, Pins 0-7 input, Output
73 Vs Digital Ground input
74 ANgyp Analog Ground Input
75 AV, Analog Power Supply Input
76 VA, High Ref Volt, A/D Input
77 VA, Low Ref Volt, A/D Input
78-80 ANA(D)-ANA(2) input to A/D Input
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Figure 3. 84-Pin PLCC Pin Assignments
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PIN DESCRIPTION (Continued)
Table 2. 84-Pin PLCC Pin Identification

No. Symbol Function Direction

1 P27 Port 2 Pin 7 Input/Output

2 Vs Digital Ground Input

3 ANgyp Analog Ground Input

4 AV, Analog Power Supply Input

5 VA, High Ref Volt, A/D Input

6 VA, Low Ref Volt, A/D Input

7-10 ANAD-ANA3 Input to A/D, Pins 0-3 Input

12-15 ANA4-ANAT Input to AD, Pins 6-7 Input

16 VD, Low Ref Volt, DAC Input

17 DAC D/A Converter Output Output

18 vD,, High Ref Voit, DAC Input

19 Voo Digital Power Supply Input

20-22 P37-P35 Port 3, Pins 7-5 Output

23-26 P33-P30 Port 3, Pins 3-0 Input

27 XTALA1 Crystal, OSC CLK Input

28 XTAL2 Crystal, OSC CLK Qutput

29 PWM Pulse Width Modulator Output

30 /RESET Reset Input

31 SCLK System Clock Output

32 SYNC Z8 Emulation Sync Pin Output

33 N/C No Connection

34 IACK Interrupt Acknowledge Output

35 P34 Port 3, Pin 4 Output

36 /AS Address Strobe Output

37 /DS Data Strobe Output

38 R/IW Read/Write Output

39-45 AD7-AD1 MUX ADD/DATA, Pins 7-1 Input/Output

46 Vs Digital Ground Input

47 ADO MUX ADO/DATA Pin O Input/Output

48-51 AD-A3 External Address Output

52 DSP-A8 MSB of DSP PC Output

53 Ad External Address Output

54-64 A5-A15 External Address Output

65 Ves Digital Ground Input

66 Voo Digital Power Supply Input

67 DO SPi Data Out Output

68 DI SPI Data In Input

69 SK SPI Clock Input/Output

70 SLAVESEL Slave Select Input

71 DSP_RW DSP Emulation R/W Pin Output

72 DSP_SYNC DSP Emulation SYNC Pin Output

73-74 C02-C0o1 Compare Outputs for Timer 2 Qutput

75 DSP_SSN DSP Emulation Single Step Pin Qutput

76 N/C No Connection

77 WAIT Wait Input

78-84 P20-P26 Port 2, Pins 0-6 Input/Output
56 : 9984043 0034827 577 EA
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Figure 4. 100-Pin VQFP Pin Assignments
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PIN DESCRIPTION (Continued)
Table 3. 100-Pin VQFP Pin Identification

No. Symbol Function Direction
1-2 N/C No Connection
3-6 ANA4-ANA7 Input to AD, Pins 5-7 Input
7 VDLO Low Ref Volt, DAC Input
8 DAC D/A Converter Output Output
9 VDHI High Ref Volt, DAC Input
10 VDD Digital Power Supply Input
11-13 P37-P35 Port 3, Pins 7-6 Output
14-17 P33-P30 Port 3, Pins 3-0 Input
18 XTAL1 Crystal, OSC CLK Input
19 XTAL2 Crystal, OSC CLK Output
20 PWM Pulse Width Modulator OQutput
21 /RESET Reset Input
22 N/C No Connection
23 SCLK System Clock Output
24 SYNC Synchronize Pin Output
25-28 N/C No Connection
29 IACK Interrupt Acknowledge Output
30 P34 Port 3, Pin 4 Output
31 /AS Address Strobe Output
32 /DS Data Strobe Output
33 RIW Read/Write Output
34-40 AD7-AD1 MUX ADD/DATA, Pins 7-1 Input/Output
41 VSS Digital Ground Input
42 ADO MUX ADO/DATA Pin O Input/Output
43-46 AO-A3 External Address Output
47 DSP-A8 MSB of DSP PC Output
48-50 N/C No Connection
51-62 A5-A15 External Address Output
63 VSS Digital Ground Input
64 vDD Digital Power Supply Input
65 N/C No Connection
66 Do SPI Data Out Output
67 D1 SPI Data In Input
68 SK SPI Clock Input/Output
69 SLAVESEL Slave Select Input
70 DSP_RW DSP Emulation R/W Pin Output
71 DSP_SYNC DSP Emulation SYNC Pin Output
72-73 C02-C01 Compare QOutputs for Timer 2 Output
74 DSP_SSN DSP Emulation Single Step Pin Output
75 JWAIT Wait Input
76-77 N/C No Connection
78-85 pP20-P27 Port 2, Pins 0-6 Input/Cutput
86 VSS Digital Ground Input
87-89 N/C No Connection
90 ANGND Analog Ground Input
91 AVCC Analog Power Supply Input
92 VAHI High Ref Volt, A/D Input
93 VALO Low Ref Volt, A/D Input
94-97 ANAO-ANA3 Input to A/D, Pins 0-3 Input
98-100 N/C No Connection
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PIN FUNCTIONS
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Clock  Emulation Pins  Step Write Sync  Timing and Control Analog Power
1 1 1 1 1
F

i
NI I
> o -
%% 232 58¢g: § B £ 82h3F g2 _
=] Al5 < % g % & o & g Z A7
-] Al4 e e 8 ANG [e—
- Al13 ANS fe—
Address _| <=—] A12 ANd fe— | Analog
A15-AD - AN |- Inputs
-] a0 AN [*— | waD
- A9 AN2 Fe—
| -—q A8 ANT f—
= A7
| ANO fo—_]
N P B voLof~—" oiarer
(DSP Emulator —| VOHI f*+—_]
Support) M 286C95
-] A2
Al DAC |—= DAC Output
| - A0 PWM f—> PWM Output
~—1  ADO co1 —>:|_ Compare
AD1 co2 —» Outputs
-—a{ AD2 SLAVESEL | SPI Slave Select
-—>1 AD3 SK f=—= SPIClock
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Figure 5. Pin Functions

/DS (output, active Low). Data Strobe is activated once for ~ /AS (output, active Low). Address Strobe is pulsed once at
each external memory transfer. For a READ operation, the beginning of each machine cycle. Memory address
data must be available prior to the trailing edge of /[DS. For  transfers are valid at the trailing edge of /AS. Under
WRITE operations, the falling edge of /DS indicates that  program control, /AS can be placed in the high-

output data is valid. Data Strobe will tri-state in reset. impedance state along with Port 1, Data Strobe, and Read/
{Write.
99484043 0034430 Ok4 ER 5-9
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PIN FUNCTIONS (Continued)

/RESET (input, active Low). To avoid asynchronous and
noisy reset problems, the Z86C95 is equipped with areset
filter of four external clocks (4TpC). If the external /RESET
signal is less than 4TpC in duration, no reset occurs.

On the fifth clock after the /RESET is detected, an internal
RST signalis 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 s
held active Low while /AS cycles at a rate of TpC/2. When
/RESET is deactivated, program execution begins at loca-
tion O0OCH. Reset time must be held Low for 50 ms or until
Vo is stable, whichever is longer.

XTAL1, XTAL2 Crystal 1, Crystal 2 (time-based input and
output, respectively). These pins connect a parallel-

resonant crystal, ceramic resonator, LC, or any external
single-phase clock to the on-chip oscillator and buffer.

R//W (output, read High/write Low). The Read/Write signal
is low when the MCU is writing to the external program or
data memory. Will tri-state in reset.

A15-A8 (output). Demultiplexed high byte of Z8 external
address bus. Auto Latch when in reset.

A7-A0 (output). Demultiplexed low byte of Z8 external
address bus or internal DSP address bus.

AD7-ADO (input, output). Multiplexed Z8 address/data
bus. Auto Latch when in reset.

AN7-ANO (analog input). Analog inputs to the A/D con-
verter.

DAC (output). Analog output of the D/A converter.

PWM (output). Pulse Width Modulator output. Open-Drain.
CO1 (output). Compare output1 for timer T2.

CO2 (output). Compare output2 for timer T2.
SLAVESEL (input, active Low). SP! Slave Select is used

in Slave mode to mark the beginning and end of a transac-
tion.

SK (input, output). SPI clock.

DI (input, active High). SPI serial data input in both master
and slave mode.

DO (output, active High). SPI serial data output.

/WAIT (input, active Low). Introduces asynchronous wait
states into the external memory fetch cycle. When this
input goes Low during an external memory access, the Z8
freezes the fetch cycle until this pin goes High. This pin is
sampled after /DS goes Low; should be pulled up if not
used.

VA;« (input). Reference voltage (High) for the A/D con-
verter.

VA , (input). Reference voltage (Low) for the A/D con-
verter.

ANV, (input). Analog power supply for A/D and D/A.
AN_ (input). Analog ground for A/D and D/A.

VD, (input). Reference voltage (High) for D/A converter.
VD, (input). Reference voltage (Low) for D/A converter.
SSTEP (input, active High). DSP single-step control pin.
The DSP processor will execute a NOP instruction and
hold the program counter value when this pin is High.
/SSTEP is synchronized with the system clock; should be

pulled Low if not used.

SCLK System Clock (output). The internal systemclockis
available at this pin.

IACK Interrupt Acknowledge (output, active High). This
output, when High, indicates that the Z86C95 is in an
interrupt cycle.

ISYNC (output, active Low). This signal indicates the last
clock cycle of the currently executing instruction.

5-10
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Port 2 (P27-P20). Port 2 is an 8-bit, bit programmable, ration, Port 3 lines P31 (Port 3, bit 1) and P36 are used as
bidirectional, CMOS compatible port. Each of these eight  the handshake controls lines /DAV2 and RDY2. The hand-
I/O lines can be independently programmed as an input or shake signal assignment for Port 3 lines P31 and P36 is
output or globally as an open-drain output. Port 2isalways  dictated by the direction (input or output) assigned to P27
available for I/O operation. When used as an I/O port, Port  (Figure 6).

2 may be placed under handshake control. In this configu-

= > "

> Port 2 (/0)
zsscos  [€ >
MCU <>

€ — Handshake Controls
> /DAV2 and RDY2

— (P31 and P36)

Open-Drain T

=0 Do —{ %

PAD
Out 4 )
1.5 <€— 2.3 Hysteresis
In pd o
~ i i
i
E O@ :,q_ i Auto Latch
i i
| R=500KQ ]
[ S ——— -d
Figure 6. Port 2 Configuration
BN 9984043 003ua32 937 A 5-11
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PIN FUNCTIONS (Continued)

Port3(P37-P30). Port 3is an 8-bit, CMOS compatible four-
fixed input and four-fixed output port. These 8 I/O lines
have four-fixed (P33-P30) input and four-fixed (P37-P34)

output ports (Table 3). Port 3 P30 and P37, when used as
serial /O, are programmed as serial in and serial out,
respectively (Figure 7).

Z86C95
MCuU

Port 3
(1/0 or Control)

Figure 7. Port 3 Configuration

Port 3 is configured under software control to provide the
following control functions: Handshakes for Ports 2 (/DAV
and RDY); four external interrupt request signals (IRQ3-
IRQOY); timer input and output signals (T, and T ), and
Data Memory Select (/DM).

Port 3 lines P37 and P30, can be programmed as serial
1/0 lines for full-duplex serial asynchronous receiver/trans-
mitter operation. The bit rate is controlled by the Counter/
Timer0Q.

Table 4. Port 3 Pin Assignments

Pin # /]e] CTC1 Int. P2HS UART Ext.
P30 In IRQ3 Serial In
P31 In T IRQ2 D/R
P32 In IRQO
P33 In IRQ1
P34 Out /DM
P35 Out
P36 Out Tour R/D
P37 Out Serial Out
5-12
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The Z86C95 automatically adds a start bitand two stop bits
to transmitted data (Figure 8). Odd parity is also available
as an option. Eight data bits are always transmitted,
regardiess of parity selection. If parity is enabled, the
eighth bit is the odd parity bit. An interrupt request (IRQ4)
is generated on all transmitted characters.

Received data must have a start bit, eight data bits and at
least one stop bit. If parity is On, bit 7 of the received data

Transmitted Data (No Parity)
|§=ISP]D7|Ds|05|04|03|02|01 [oo]st]

L Start Bit

Eight Data Bits

is replaced by a parity error flag. Received characters
generate the IRQ3 interrupt request.

Auto Latch. The Auto Latch puts valid CMOS ievels on ali
CMOS inputs that are not externally driven. Whether this
levelis 0 or 1, cannot be determined. A valid CMOS level
rather, than a floating node, reduces excessive supply
current flow in the input buffer.

Received Data (No Parity)
{ sp| 07| o6 os|o4]3]o2]os |oo]st]
L Start Bit

Eight Data Bits

Two Stop Bits One Stop Bit
Transmitted Data (With Parity) Reaceived Data (With Parity)
EEE lDGID5|D4[D3|Dzl o1]oo]s] EE [ psjos{os|o3|o2fo1 [oo] st}
l— Start Bit L- Start Bit
Seven Data Bits Seven Data Bits
0Odd Parity Parity Error Flag
Two Stop Bits One Stop Bit
Figure 8. Serial Data Formats
9984043 0034834 70T HA 5-13
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ADDRESS SPACE

Program Memory. The Z86C95 can address up to 64
Kbytes of external program memory (Figure 9). Program
execution begins at external location 000CH after a reset.

Data Memory (/DM). The Z86C895 can address up to 64
Kbytes of external data memory (Figure 9). External data
memory may be included with, or separated from, the
external program memory space. /DM, an optional /O
function, that can be programmed to appear on P34 (Port
3, bit 4), is used to distinguish between data and program
memory space. The state of the /DM signalis controlled by

the type instruction being executed. An LDC opcode
references program (/DM inactive) memory, and an LDE
instruction references DATA (/DM active Low) memory.
Data Memory will tri-state in reset.

Register Memory Map. The Z86C95 register memory
space is splitinto five register files; the original Z8 Register
File, Expanded Register File A (ERF-A), Expanded Regis-
ter File B (ERF-B), Expanded Register File C (ERF-C) and
Expanded Register File D (ERF-D) (Figure 10).

FFFF
Program Data
Memory Memory
Location of
First Byte of
Instruction
Executed ~ L --------- E
After RESET c
B
A I IRQ5 —
Interrupt 9 | |
Vector 8 IRQ4
(Lower Byte) I }— IRQ3 ]
6
5 = —
Interrupt )/' IRQ2
Vector 3 — IRQ1 ]
(Upper Byte) 2
(1) — IRQO —

Figure 9. Program and Data Memory Configuration
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Z8 Standard Control Registers

Register*
FF SPL Reset Condition
FE SPH |o7[os] ps]p4|p3|p2|o1[o0]
FD RP
o FLAGS VjUJUJuUjujuiuju
FB MR vjulujujulujulu
FA RO ojojofojojojolo
Fo PR UJUluJUfujujuiju
Fa POIM ojujujufujujulu
7 PaM olojojofojojo]oO
Fo P2M UJUJUJUJuUiuju]u
5 PREOD oj1fojojtj1]oft1
= To ojojojojojojo|o
FF F3 PRET URIRIREREREEER
Fo 2 T Ujujujujuiujuijo
F ™R VJUjUjuJUjulu U
Fo SI0 Ujujujujujujofo
Ujujulujujuluju
0|0|0jojo]o0o|oOfoO
Ululujujujujulu
Notes:
U = Unknown

Register File*

* = All Addresses in Hexadecimal

EF
Z8/DSP Interface
Bank F

00 Reserved

Figure 10. Register File
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ADDRESS SPACE (Continued)

Register File. The Register File consists of four I/O port
registers, 236 General-Purpose Registers and 16 control
and status registers. The instructions can accessregisters
directly or indirectly through an 8-bit address field. The
Z86C95 also allows short 4-bit register addressing using
the Register Pointer (Figures 11, 12). Inthe 4-bit mode, the
Register File is divided into 16 working register groups,
each occupying 16 contiguous locations. The Register
Pointer addresses the starting location of the active work-
ing-register group.

Expanded Register File. The register memory has been
further expanded into four additional register files known
as Expanded Register Files A thorough D. Each of these
register files contain 15 banks of 16 registers per bank.
ERF-A stores data for the DSP processor in nine banks of
its register space as well as system control registers and
peripheral device registers in the remaining six banks.
ERF-B contains the remaining four banks of DSP data
memory (total DSP data memory is 208 bytes [accessible
by the Z8]) as well as ten banks of DSP program memory.
ERF-C contains fourteen banks of DSP program memory,
and ERF-D contains eight banks of DSP program memory
making a total of 512 bytes. Bank F is common to all four
Expanded Register Files. Register (8H) in bank Fis the Z8/
DSP control register. This register allows a quick means of
switching between register files while in the DSP. To do
this, bits 5 and 6 of the Z8/DSP control register are used as
follows: D6/5 - 00 for ERF-A, D6/5 - 01 for ERF-B,D6/5 - 10
for ERF-C,D6/5 - 11 for ERF-D. On power-up, bits 5 and 6
are reset to 0 thereby enabling access to ERF-A. Bits 7-4
of the register pointer, RP, select the working register bank
of the register file while bits 3-0 of the register pointer, RP,
selects the working register bank of the Expanded Regis-
ter File. Once an expanded register bank is selected it is
effectively overlaid onto Bank 0 of the Z8's working register
file. When an expanded register bank is selected, access
to the Z8's ports is turned off.

Stack. The Z86C95 has a 16-bit Stack Pointer (FEH-FFH)
used for external stack that resides anywhere in the data
memory. An 8-bit Stack Pointer (FFH) is used for the

R253 RP

[o7] 06| 05| 04| 3] p2| o1 po

Expanded Register Bank

Z8 Working Register Group
Figure 11. Register Pointer Register

Ir7r6r5r4l r3|’2r1r0IR253
(Register Pointer)

The upper nibble of the register file address
provided by the register pointer specifies
the active working-register group.

FF
L —— A15to RO
FO

.

The lower nibble
of the register
file address

e« o s 0 a0

i Specified Working :
" --g—4— provided by the
Register Group instruction points
2F to the specified
e register.
20
1F
- Register Group 1 R15 to RO
10
F
o Register Group 0 R15 to R4
/0O Ports R3to RO

internal stack that resides within the 236 general-purpose ®

registers (04H-EFH). The High byte of the Stack Pointer

(SPI-Bits 15-8) can be used as a general-purpose register Figure 12. Register Pointer
when using internal stack only.
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Z8*/DSP MEMORY INTERFACE

There are three types of memory spaces residing in the Z8/
DSP interface:

1. DSP Program Memory. The size of this memory is 512
bytes. This memory space is mapped into ERF-B, C,

and D of the Z8. It occupies bank 1 through bank A in 3.

ERF-B, bank 1 through bank E in ERF-C, and bank 1
through bank 8 in ERF-D. (Figures 13 and 14).

2. DSP Data Memory. There are two data memory banks
each 64 x 16 in size called DSP RAMO and DSP RAM1.
This translates to 256 bytes. However, only 208 bytes

out of 256 are shared between the Z8 and the DSP. Out
of this 208 bytes, 144 bytes are mapped to Bank 1
through Bank 9 of ERF-A. The remaining bytes
are mapped into Bank B through Bank E of ERF-B.

Z8/DSP Interface Registers. The register mapping of
the various registers which are part of the Z8/DSP
interface are shown in Figure 15.

Bank F Z8/DSP INTF REG Bank F ZB/DSP INTF REG
Bank E MUL/DIV, TIMER Bank E DSP DATA MEM
Bank D TIMER REG Bank D DSP DATA MEM 64 Bytes
BankC | A/D, D/A, SPI, PWM Bank C DSP DATA MEM
Bank B Not Used Bank B DSP DATA MEM
— Bank A Not Used Bank A DSP PGM MEM ]
Bank 9 DSP DATA MEM Bank 9 DSP PGM MEM
Bank 8 DSP DATA MEM Bank 8 DSP PGM MEM
Bank 7 DSP DATA MEM Bank 7 DSP PGM MEM
Bank 6 DSP DATA MEM Bank 6 DSP PGM MEM
— 160 Bytes
144Bytes = parks DSP DATA MEM Bank 5 DSP PGM MEM
Bank 4 DSP DATA MEM Bank 4 DSP PGM MEM
Bank 3 DSP DATA MEM Bank 3 DSP PGM MEM
Bank 2 DSP DATA MEM Bank 2 DSP PGM MEM
| Bank1 DSP DATA MEM Bank 1 DSP PGM MEM

Expanded Register
File A (ERF A)

Expanded Register
File B (ERF B)

Figure 13. DSP Program and Data Memory

—
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Z8/DSP MEMORY INTERFACE (Continued)

Bank F Z8/DSP INTF REG Bank F Z8/DSP INTF REG
Bank E DSP PGM MEM Bank E Not Used
Bank D DSP PGM MEM Bank D Not Used
Bank C DSP PGM MEM Bank C Not Used
Bank B DSP PGM MEM Bank B Not Used
Bank A DSP PGM MEM Bank A Not Used
Bank 9 DSP PGM MEM Bank 9 Not Used
Bank 8 DSP PGM MEM Bank 8 DSP PGM MEM
224 Bytes w=
Bank 7 DSP PGM MEM Bank 7 DSP PGM MEM
Bank 6 DSP PGM MEM Bank 6 DSP PGM MEM
Bank 5 DSP PGM MEM Bank 5 DSP PGM MEM
|— 128 Bytes

Bank 4 DSP PGM MEM Bank 4 DSP PGM MEM
Bank 3 DSP PGM MEM Bank 3 DSP PGM MEM
Bank 2 DSP PGM MEM Bank 2 DSP PGM MEM
Bank 1 DSP PGM MEM Bank 1 DSP PGM MEM _

Expanded Register Expanded Register

File C (ERF C) File D (ERF D)

Figure 14. DSP Program and Data Memory

518 3984043 0034839 291
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ERF (A) ERF (B) Bank F The details of the data memory mapping between the Z8

and the DSP are shown in Figures 16 and 17. For example,

9H Register Pointer 0 (R0) Bank 1 of ERF-A is split between DSP RAM1 and RAMO.
Bytes 15 through 8 are mapped to DSP RAM1 and bytes

1H Register Pointer 1 (R1) 7 through O are mapped to DSP RAMO. Similarly, Banks 2,
3 and so on are all split between RAMO for the first 8 bytes

2H Register Pointer 2 (R2) and RAM1 for the last 8 bytes. Also, notice that the higher
order bits (15 through 8 of the DSP word) are mapped to

3H Register Pointer 3 (R3) an even number byte of the Z8 and the lower order bits of
the DSP (7 through 0) are mapped to the odd numbered

4H DSP Status Register High Byte bytes of the Z8. The size of DSP RAM1 and RAMO is 64 16-
bit words each. These occupy hex addresses

5H DSP Status Register Low Byte 00 through 3F. The following is the bank mapping of Z8

ERF-A and ERF-B to the DSP RAM1 and RAMO.

6H | Psuedo Program Counter (LSB)

] ) DSP RAM1/RAMO Z8 Bank
7H Psuedo Instruction Register
00 - 03 Bank 1 of ERF-A
8H Z8/DSP Control Register 04-07 Bank 2 of ERF-A
08 -0B Bank 3 of ERF-A
AH Psuedo Program Counter (MSB) 0C - OF Bank 4 of ERF-A
10-13 Bank 5 of ERF-A
CH Shadow Latch (LSB)
14-17 Bank 6 of ERF-A
18- 1B Bank 7 of ERF-A
DH Shadow Latch (MSB) 1C-1F Bank 8 of ERF-A
20-23 Bank 9 of ERF-A
Figure 15. Z8/DSP Interface Register Mapping 24-27 Bank B of ERF-B
28-2B Bank C of ERF-B
2C - 2F Bank D of ERF-B
30-33 Bank E of ERF-B
34 - 3F Not mapped to Z8

9344043 D0O34840 TO3
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Z8/DSP MEMORY INTERFACE (Continued)

Access to a working bank in ERF-A is achieved by select-
ing the appropriate lower four bits, 3-0 of the Register
Pointer, RP located within the Z8's Standard Register
Bank. Bits 5 and 6 of the Z8/DSP control register are used
to access the remaining register files as follows: D6/5 - 00
for ERF-A, D6/5 - 01 for ERF-B,D86/5 - 10 for ERF-C,D6/5 -
11 for ERF-D. Notice that bank F in ERF-B or C or D is the
same as that of ERF-A. This provides common access to
the Z8/DSP control register which allows movement from

3F 3F
Not Mapped to Z8 Not Mapped to Z8
34 34
33 33
ERF (B) Bank E ERF (B) Bank E
ERF (B) Bank D ERF (B) Bank D
ERF (B) Bank C ERF (B) Bank C

ERF (B) Bank B ERF (B) Bank B

24 24

23 ERF (A) Bank 9 23 ERF (A) Bank 9
ERF (A) Bank 8 ERF (A) Bank 8
ERF (A) Bank 7 ERF (A) Bank 7
ERF (A) Bank 6 ERF (A) Bank 6
ERF (A) Bank 5 ERF (A) Bank 5
ERF (A) Bank 4 ERF (A) Bank 4
ERF (A) Bank 3 ERF (A) Bank 3
ERF (A) Bank 2 ERF (A) Bank 2
ERF (A) Bank 1 ERF (A) Bank 1

00 00
DSP DSP Data RAM 0 DSP DSP Data RAM 1
Address (64x16) Address (64x16)

Figure 16. Data Memory Mapping of Z8 and DSP

any register file to any other file. In other words, all the
registers in bank F can be accessed from any of the four

ERFs.

The interface registers (except the Z8/DSP control regis-
ter) program memory and data memory of the DSP can not
be accessed while the DSP is executing from the internal
program memory.

ERF (A) Bank 1 ERF (A) Bank 1

03 14 15 03 6 7
02 12 13 02 4 5
01 10 1" 01 2 3
00 8 9 00 0 1
pse DSP Data RAM 1 DSP DSP Data RAM 0
Address . Address

Figure 17. Close-Up of ERF (A)
Bank 1 Byte Addressing

5-20
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ZB/DSP Interface. The block diagram of the Z8/DSP
interface logic and shared RAM between the Z8 and DSP
is shown in Figures 18 and 19.

PGM MEM 512 Bytes <:

]l
DATA/8 ! ! J\L ADDR/9
Pseudo IR Pseudo PC ]
/8! l L_. i i
> ERFBus +CTL
Mapping Logic <—|
PD(15-0)

1 u on

——

SS/

Reset
DSP Stat_e
(see DSP core) CK1,.2 Machine

EXT (15-0) <:> Reg + RAM R/W

Zero, OV, Link

Figure 18. Block Diagram of Z8/DSP Interface

9984043 0034842 &8k

_ :
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Z8/DSP MEMORY INTERFACE (Continued)

Program
Memory
Interface

PC SAR
IMM

Control <——————
64 Words 64 Words
RAM RAM Reg Pt 0,1
Reg Pt 2,3
1-Level
Stack
. 16-Bit Bus t
{
1y ! X
16 x16
Multiplier
24-Bit Bu
[
A
Status
ALU /
A
> ACC

5-22
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Figure 19. DSP Core
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Access to DSP Processor

There are three ways to instruct the DSP to execute
instructions.

1. Through the internal program memory (512 Bytes):

The program memory can be loaded by the Z8 (series
of load immediate instructions). After loading the pro-
gram memory, the Pseudo-PC can be loaded with the
start address for program execution. Loading of the
pseudo-PC will start the DSP. The DSP keeps execut-
ing until STOP DSP instruction which puts the DSP in
the low power mode. As shown in the DSP instruction
set, branching is allowed within the program memory
space (512 bytes). The instruction execution time in
thismode is one state time inthe pipeline mode except
for Branch and Load Immediate to the register point-
ers. This takes three and two state times, respectively,
in the pipeline mode.

2. Another way to start the DSP execution from the
internal program memory is to load the Shadow latch
register with the start address and set bit 3 of the Z8/
DSP control register to 1. When the A/D converter
finishes conversion, it generates an interrupt to the
DSP which then loads the pseudo-PC from the shadow
latch and start the execution from that location. Notice
that this enables a very fast LOOP execution by
avoiding a Z8 interrupt wait time delay.

3. Through loading the Psuedo-IR with the appropriate
instruction:

The DSP instruction (8 bits) is loaded as a Load
Immediate data value into the Pseudo-IR. The DSP
then wakes up from the power-down mode, executes
the instruction and goes back to the power down
mode. Since a Load Immediate operation takes six
clocks, the instruction execution time in this mode is
six clocks. Notice, that branching in this mode can be
done by examining the Status register of the DSP
which is mapped to the Z8 space (Figure 20).

ERF (A) (B) Bank F, Register 8
07 06| p5] o4 [03 [0z [o1 [0 ]

1T HTE=

Pause Mode

DSP Status
O=Idle, 1=Busy

Reset DSP

Automatic DSP Execution

Enables ZB6CI5 to execute
from intemal Program Memory

Access to ERF A, B,C, D

00=A 01=B
10=C 11=D

Not Implemented

Figure 20. Z8/DSP Control Register

Bits 7 not implemented.

Bits 5, 6 Access to ERF A/B/C/D.

Bit 4 enables the Z8 to execute from internal memory (256
bytes) when set to 1, this bit is automatically reset to 0 on

power-up.

Bit 3 enables automatic DSP execution when the A/D
completes conversion (when set to 1).

Bit 2 allows reset of the DSP.
Bit 1 indicates the status of the DSP. When bit 1 is set to 1
it indicates the DSP is busy executing from internal pro-

gram memory. Bit 1 is reset to 0 on power-up.

Bit 0 enables PAUSE mode when setto 1. Bit O is reset to
0 on power-up (see power-down mode).

B 9984043 0034844 L59 WA
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FUNCTIONAL DESCRIPTION

Z8 Multiply/Divide Unit

This section describes the basic features, implementation
details and the interface between the Z8 and the multiply/
divide unit (Figure 21).

Basic features:

H 16 x 16-Bit Multiply with 32-Bit Product

M 32 x 16-Bit Divide with 16-Bit Quotient
and 16-Bit Remainder

B Unsigned Integer Data Format

Simple Interface to Z8

Interface to Z8. The following is a brief description of the
register mapping in the multiply/divide unit and its inter-
face to Z8.

The multiply/divide unit is interfaced like a peripheral. The
only addressing mode available with the peripheral inter-
face is register addressing. In other words, all the oper-
ands are inthe respective registers before amultiplication/
division can start.

cTL (E) 00H (E)otH 1 (E)os4H (E) 05H
a E—— [—]
CTL (E) 02H (E) 03H
16 L I l—] Lm 16 Bits
S
er Addr
16 l lrs
(E) 06H S SNZ
CTL Shifter + MUX
Control ll 22 Bits

Figure 21. Z8 Multiply/Divide Unit Block Diagram

5-24
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Register Mapping. The registers used in the multiply/
divide unit are mapped onto the expanded register file A
in Bank E. The exact register locations used are as shown
below.

Register Address
REGO (E) OOH
REG1 (E) O1H
REG2 (E) 02H
REG3 (E) O3H
REG4 (E) 04H
REG5 (E) 0O5H
REG6 (Ey 06H
REG7 (E) 14H
REG8 (E) 15H

Register Allocation. The following is the register alloca-
tion during multiplication.

Allocation Register
Multiplier high byte REG2
Multiplier low byte REG3
Multiplicand high byte REG4
Muttiplicand low byte REG5
Result high byte of high word REGO
Result low byte of high word REG1
Result high byte of low word REG2
Result low byte of low word REG3
Control register REG6

The following is the register allocation during division.

Allocation Register
High byte of high word of dividend REGO
Low byte of high word of dividend REG1
High byte of low word of dividend REG2
Low byte of low word of dividend REGS3
High byte of divisor REG4
Low byte of divisor REGS
High byte of remainder REGO
Low byte of remainder REGH1
High byte of quotient REG2
Low byte of quotient REG3
Control register REG6

Control Register. The MDCON control register is used to
interface with the multiply/divide unit (Figures 22 and 23).
Specific functions of various bits in the contro! register are
shown.

DONE Bit (D7). This bit is a handshake bit between the
math unit and the external world. On power up, this bit is
set to 1 to indicate that the math unit has completed
the previous operation and is ready to perform the next
operation.

Before starting a new multiply/divide operation this bit
should be reset to 0 by the processor/programmer. This
will indicate that all the data registers have been loaded
and the math unit can now begin a multiply/divide opera-
tion. During the process of multiplication or division, this bit
iswrite-protected. Once the math unitcompletes its opera-
tion it will set this bit to indicate the completion of operation.
The processor/programmer can then read the result.

9984043 0034846 421 HEN
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FUNCTIONAL DESCRIPTION (Continued)

ERF(A) Bank E, Register 6
Fnlnsloslmloalnzlm Iﬂ
T j - Divide by 0

(0 = No Error
1 = Error)

Division Overflow
(0 = No Overflow
1 = Overflow)

Reserved

Divide SL (D5)Multiply SL (D6)
00 = NOP
01=DIV
10 = MUL
11= NCP

Done

Figure 22. Multiply/Divide Control Register
(MDCON)

General-Purpose Register

General-Purpose Register

Compare Register 1 Low Byte

Compare Register 1 High Byte

Not Used

Not Used

Not Used

Not Used

Not Used

MUL/DIV Control Register

MUL/DIV Register 5

MUL/DIV Register 4

MUL/DIV Register 3

MUL/DIV Register 2

MUL/DIV Register 1

MUL/DIV Register 0

Figure 23. ERF (A) Bank E

MULSL Muitiply Select (D). If this bit is set to 1, it will
indicate a multiply operation directive. Like the DONE bit,
this bit is also write-protected during math unit operation
and is reset to zero by the math unit upon starting of
multiply/divide operation.

DIVSL Division Select {D5). Simitar to D6, D5 will start a
division operation.

D4-D2 Reserved.

DIVOVF Division Overflow (D1). This bit indicated an
overflow during the division process. Division overflow
occurs when the high word of the dividend is greater than
or equal to the divisor. This bit is read only. When setto 1,
it indicates overflow error.

DIVZR Division by Zero (D0). When set to 1 this indicates
an error of division by 0. This bit is read only.

Example:
Uponreset, the status of the MDCON registeris 100uuu00b
(D7 to DO).

u = Undefined
x = lrrelevant
b = Binary

If multiplication operation is desired, the MDCON register
should be set to 010xxxxxb.

If the MDCON register is READ during multiplication, it
would have a value of 000uuuO0b.

On completion of multiplication, the result of the MDCON
register will be 100uuu00b.

It division operationis desired, the MDCON register should
be set to 001xxxxxb.

During division operation, the register would contain
000uu??b (? — value depends on the DIVIDEND, DiVI-
SOR).

Upon completion of division operation, the MDCON regis-
ter would contain 100uuu??b.

Note that once the multiplication/division operation starts,
all data registers (REG5 thorough REGO) are write-
protected and so are the writable bits of the MDCON
register. The write protection is released once the math
unit operation is compiete. However, the registers can be
read any time.

5-26 9984043 0034847 3L 1A
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A multiplication sequence would look like:

1. Load muitiplier and multiplicand.

2. Load MDCON register to start multiply operation.

3. Wait for the DONE bit of the MDCON register to be
set to 1 and then read results.

Note that while the multiply/divide operation is in progress,
the programmer can use the Z8 to do other things. Also,
since the multiplication/division takes fixed numbers of
cycles, the results can be read before the DONE bit is set.

During a division operation, the error flag bits are set at the
beginning of the division operation which means the flag
bits can be checked by the Z8 while the division operation
is being done.

REG7 and REGB8 can be used as scratch pad registers or
as external data memory address pointers during an LDE
instruction. REGO thorough REGS5 and REG7 and REGS, if
not used for multiplication or division, can be used as
general-purpose registers.

Performance of Multiplication. The actual multiplication
takes 17 clock cycles. Itis expected that the chip would run
at a 10 MHz internal clock frequency (external clock

divided-by-two). This would result in an actual multiplica-
tiontime (16 x 16-bit) of 1.7 ps. If we include the time taken
to load and read the registers:

number of clock cycles to load 5 registers = 30
number of clock cycles to read 4 registers = 24

then, the total number of clock cyclesis 71. This results in
a net multiplication time of 7.1 us. Note that this would be
the worst case. This assumes that all of the operands are
loaded from the external world as opposed to some of the
operands being already in place as a result of a previous
operation whose destination register is one of the math
unit registers.

Performance of Division. The actual division needs 20
clock cycles. This translates to 2.0 us for the actual
division at 10 MHz (internal clock speed). Ifthe time to load
operands and read results is included:

number of clock cycles to load operands = 42
number of clock cycles to read results = 24

The total clock cycles to perform a division is 86 cycles.
This translates to 8.6 us at 10 MHz.

9984043 0034848 2TH
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FUNCTIONAL DESCRIPTION (Continued)
Counter/Timers

This section describes the enhanced features of the counter/
timers (CTC) on the Z86C95 (Figure 24). It contains the
register mapping of CTC registers and the bit functions of
the newly added Timer2 control register.

Inastandard Z8, there are two 8-bit programmable counter/
timers (TO and T1), each driven by its own B-bit program-
mable prescaler. The T1 prescaler can be driven by
internal or external clock sources; however, the TO prescaler
is driven by the internal clock only.

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 IRQS (T1), is generated.

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

The counters, but not the prescalers, can be read at any
time without disturbing their value or count mode. The
clock source for T1 is user-definable and can be either the
internal microprocessor clock divided by four, or an exter-
nal signal input through Port 3. The Timer Mode register
configures the external timer input (P31) as an external
clock, a trigger 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. Either TO or T1 can be outputted

The following are the enhancements made to the counter/
timer block on the Z86C95:

TO counter length is extended to 16 bits. For example, TO
now has a 6-bit prescaler and 16-bit down counter.

T1 counter length is extended to 16 bits. For example, T1
now has a 6-bit prescaler and 16-bit down counter.

A new counter/timer T2 is added. T2 has a 4-bit prescaler
and a 16-bit down counter with three capture registers and
two compare registers.

These three counters are cascadable as shown in Table 5.
The result is that T2 may be extendable to 32 bits and T1
extendable to 24 bits. Bits 1 and 0(CAS1 AND CASO0) of the
T2 Prescaler Register (PRE2) determine the counter length.

Table 5. Z86C95 Counter Length Configurations

CAS1 CASO T0 T T2
0 0 8 8 32
0 1 16 16 16
1 0 8 24 16
1 1 8 16 24

The controlling clock input to T2 can be programmed to
XTAL/2 or XTAL/8 which results in a resolution of 100 ns at
external XTAL clock speed of 20 MHz.

through P36.
—— IRQ4
— To o i To L[M— T0 Out
XTAL/8 Low Byte " High Byte, I.i S10 Clock
/2 P36
TOUT
XTAL{;B,— T4 ©°F ﬂ T1 o9 E T1 Out
External Low Byte X High Byte x
L—— IRQ5
XTAB | 12 T2 O Mlrzoul 1 .
XTAL2 Low Byte High Byte X L. T2 out
T2 IRQ
P32 — IRQO
Figure 24. Counter/Timer Block Diagram
5-28
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Capture and Compare

There are three capture registers associated with T2 HIGH
BYTE and T2 LOW BYTE registers and two compare
registers on timer T2 (Figure 25). At the falling edge of the
appropriate Port 3 input, the current value of Timer 2 (T2)
is “captured” into a read only register. For example, the

negative going transition on P33 will enable the latching of
the current T2 value (16-bits) into the Capture Register 1

(CAP1). The register mapping and the appropriate inputs
are shown below (Table 6). Note that the negative transi-
tion on P33, P32, and P30 is capable of generating an
interrupt. Also, the negative transition on Port 3 will always
latch the current T2 value into the capture register. There
in no need for a control bit to enable/disable the latching.

ERF (A}, Bank D

Compare Register 2 Low Byte

Compare Register 2 High Byte

Capture Register 3 Low Byte

Capture Register 3 High Byte

Capture Register 2 High Byte

Capture Register 1 High Byte

Capture/Compare Control Register

(D)OFH
(D)OEH

(D)ODH

(D)OCH

(D)OBH Capture Register 2 Low Byte
{D)OAH

(D)ogH Capture Register 1 Low Byte
(DyosH

(D)O7H Timer2 Low Byte

(D)OBH Timer2 High Byte

(D)o5H

(D)04H Timer0 High Byte

(D)O3H Timer2 Prescaler

(D)o2H Timer1 High Byte

(D)O1H Timer2 Mode Register

Figure 25. Capture and Compare Registers

Table 6. Capture Register Mapping

Capture Register Port 3 Input Addr. High Addr. Low
CAP1 P33 Falling (D)8 (D)9
CAP2 P32 Falling (DY A (D)B
CAP3 P30 Falling (D)C (D)D
5-29
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FUNCTIONAL DESCRIPTION (Continued)

Compare Registers. Whenever the current value of T2
equals the contents of the compare register, some action
is taken depending on the contents of the T2 Compare

Control Register (COMCON). Also, a successful com-
parison can generate an interrupt (if enabled) and also set
a bitin the control register that can be polled at a later date
(Figure 26).

COM2 Compare 2 (D7). This bit is set to 1 when the
contents of Compare Register 2(COM2) match the current
value of T2. This bit will have to be cleared by the interrupt
polling routine.

Interrupt Enable 2 (D6). This bit, when setto 1, will enable
the interrupt for COM2.

€02 Output (D5,D4). Controls the value outputted on CO2
according to Table 7.

COM1 Compare 1 (D3). This bit is set to 1 when the
contents of Compare Register 1 (COM1) match the current
value of T2. This bit will have to be cleared by the interrupt
polling routine (Table 8).

Interrupt Enable 1 (D2). This bit when setto 1 enables the
interrupt for COM1. When either D6 or D2 is set and the
corresponding compare register contents match the cur-
rent value of T2, an interrupt is generated on IRQS5, which
is configured as an OR of T1IRQ, COM1, or COM2
interrupts.

ERF (A) Bank D, Register 5

[7]efs]efsfafi]o]
I——— Configure Compare Register 1

Configure Compare Register 2

Figure 26. T2 Compare Control Register (COMCON)

CO1 Output(D1,D0). Controls the value outputted on CO1
according to the following table:

Table 7. Compare Output Status

Bit5 Bit4

Bit1 Bit0 Output on Compare Output

0 0 NOP (CO1/CO2 retain previous value)
0 1 Reset to “0”

1 0 Set to “1"

1 1 Toggle status

Table 8. Compare Register Mapping

Compare Register Addr. High Addr. Low
com1 (EyC (EyD
COM2 (D)E (D)F

Observations:
Except for the programmable down counter length and
clock input, T2 is identical to TO.

TO and T1 retain all their features except that now they are
extendable interims of the down counter length.

The output of T2, under program control, can go to an
output pin (P35). Also, the interrupt generated by T2 can
be ORed with the interrupt request generated by P32. Note
that the service routine then has to poll the T2 flag bit and
also clear it (bit 7 of T2 Timer Mode Register).

On power up, TO and T1 are configured in the 8-bit down
counter length mode (to be compatible with Z86C91) and
T2 is in the 32-bit mode with its output disabled {no
interrupt is generated and T2 output DOES NOT go to port
P35).

The UART uses TO for generating the bit clock. This means,
while using UART TO should be in 8-bit mode. So, while
using the UART there are only two independent timer/
counters.

5-30
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The counters are configured in the following manner:

TO in 8-bit mode
TO in 16-bit mode

TO Low byte
TO High byte, TO Low byte

T1 in 8-bit mode
T1 in 16-bit mode

T1 Low byte
T1 High byte, T1 Low byte

TO High byte, T1 High byte
T1 Low byte

T1 in 24-bit mode

T2 in 16-bit mode
T2 in 24-bit mode

T2 High byte, T2 Low byte
TO High byte, T2 High byte
T2 Low byte

T2 in 32-bit mode TO High byte, T1 High byte,

T2 High byte, T2 Low byte

Note that the T2 interrupt is logically ORed with P32 to
generate IRQO.

The T2 Timer Mode register is shown in Figure 27. Upon
reaching end of count, bit 7 of this register is set to 1. This
bitISNOT resetin hardware and it has to be cleared by the
interrupt service routine.

ERF (A) Bank D, Register 1

ID?IDSID5|D4ID3I02ID1IDOI

-

0 No Function
1 LoadT2

0 Disable T2 Count
1 Enable T2 Count

Count Mode
0 T2 Single Pass
1 T2 Modulo N

Interrupt Enabled
0 Disable
1 Enable

T2 Out (P35)
0 Disable
1 Enable

Reserved (Must be 0)

T2 CLOCK Source
0 XTAL/8
1 XTAL2

T2 End Of Count
0 Not EOC
1 EOC

Figure 27. T2 Timer Mode Register (T2)

The register map of the new CTC registers is shown in
Figure 12. TO High byte, T1 High byte are at the same
relative locations as their respective Low bytes, but in a
different register bank.

The T2 prescaler register is shown in Figure 28. Bit 1 and
Bit 0 of this register controls the various cascade modes of
the counters as shown in Table 1.

ERF (A} Bank D, Register 3

[mlosloslmlnslozlm [oo]

I—— CTC Cascade Control Bits
TO T

T2
o0 8 8 32
01 16 16 16
10 8 24 16
i1 8 16 24

Reserved

Prescalar Modulo
(Range: 1 - 16 Decimal
01 - 00 Hex)

Figure 28. T2 Prescaler Register (PRE2)
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Analog to Digital Converter (ADC)

The ADC is an 8-bit half flash converter which uses two
reference resistor ladders for its upper 4 bits (MSBs) and
lower 4 bits (LSBs) conversion. Two reference voltage
pins, VA, (High) and VA , (Low), are provided for external
reference voltage supplies. During the sampling period
from one of the eight channel inputs, the converter is also
being auto-zeroed before starting the conversion. The
conversion time is dependent on the external clock
frequency and the selection of the prescaler value for the
internal ADC clock source. The minimum conversion time
is 2.0 ps. (See Figure 29, ADC Architecture.)

The ADC is controlled by the Z8 and its six registers (two
Control and four Result) are mapped into the Extended
Register File. The first Result register is also readable by
the DSP. The DSP can access the ADC control register O,
and this allows the DSP to change Input Channel selections.

A conversion can be initiated in one of four ways: by writing
to the Command register, from a rising or falling edge on
Port 32 pin or Timer O equal 0. These four are program-
mable selectable. There are four modes of operation that
can be selected: one channel converted four times with the
results written to each Result register, one channel con-
tinuously converted and one Result channel updated. for
each conversion, four channels converted once each and
the four results written to the Result registers, and four
channels repeatedly converted and the Result registers
kept updated. The channel to be converted is program-
mable and if one of the four-channel modes is selected
then the programmed channe! will be the first channel

converted and the other three will be in sequence following
with wraparound from Channel 7 to Channel 0.

The start commands are implemented in such a way as to
begin a conversion at any time, if a conversion is in
progress and a new start command is received, then the
conversion in progress will be aborted and a new conver-
sion will be initiated. This allows the programmed valuesto
be changed without affecting a conversion-in-progress.
The new values will take effect only after a new start
command is received.

The clock prescaler can be programmed to derive a
minimum 2 ps conversion time for XTAL clock inputs from
4 MHz to 20 MHz. For example, with a 20 MHz XTAL clock
the prescaler should be programmed for divide by 40
which then gives a 2 pus conversion rate.

The ADC can generate an Interrupt after either the first or
fourth conversion is complete depending on the program-
mable selection.

The ADC can be disabled (for low power) or enabled by a
Control Register bit.

Though the ADC will function for a smaller input voltage
and voltage reference, the noise and offsets remain con-
stant over the specified electrical range. The errors of the
converter will increase and the conversion time may also
take slightly longer due to smaller input signals.

5-32
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EXT  TMRO
Start
Converter []
AD Vg —
Contralter |N—1
AD < Register
Prescaler
<
<: Integrated
Logic .
VREF Internal
4x8
| > Result :> Bus
Register
8 Sample Flash
Channel AD
Multiplexer :> :gﬁi :> Converter
b — T
-~ Dual
AGND AD
Channel A
Register N—]
Scan |
Channel Select L

Figure 29. ADC Architecture
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FUNCTIONAL DESCRIPTION (Continued)

Modes (bits 4, 3).

ERF(A) Bank C, Register 8

|o7]os|ps]o4] o3| o2 1] Do} QUAD SCAN
I cSEL 0 0 Convert selected channel 4 times
CSEL? then StOp
CSEL2 0 1 Convert selected channel then stop
SCAN 1 0 Convert 4 channels then stop
QUAD 1 1 Convert 4 channels continuously
Do
g; Channel Select (bits 2, 1, 0).
CSEL2 CSEL1 CSELO Channel
Figure 30. ADC Control Register 0 8 8 ? ?
0 1 0 2
Prescaler Values (bits 7, 6, 5). 0 1 1 3
Prescaler 1 0 0 4
D2 D1 DO (XTAL divided by) 1 0] 1 5
- 1 1 0 6
0 0 0 8 1 1 1 7
0 0 0 128*
0 0 1 16
0 1 0 24
0 1 1 32
1 0 0 40
1 0 1 48
1 1 0 56
1 1 1 64

Note:

The ADC is being characterized as of this date. The errors of the
converter are estimated to increase to 2LSBs (Integral non-linearity), 1
LSB (Differential non-linearity) and 10mV (Zero error at 25°C}) if the
voltage swing on the reference ladder is decreased to -3V.

* 33 MHz Device only.

5-34
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ERF (A) Bank C, Register 9
Im[ osl DSI D4I D3I Dzl D1| DDI

J B
ADST1
ADIE

ADIT
ADCINT
Reserved
ADE

Figure 31. ADC Control Register 1

ADE (bit 7). AO disables any A/D conversions or accessing
any ADC registers except writing to ADE bit. A1 Enables all
ADC accesses.

Reserved (bits 6, 5). Reserved for future use.

ADCINT (bit 4). This is the ADC Interrupt bit and is read
only by the Z8, the ADCINT will be reset any time this
register is written.

ADIT (bit 3). This bit selects when to set the ADC Interrupt
if ADIE=1. A O sets the Interrupt after the first A/D conver-
sion is complete. A 1 sets the Interrupt after the fourth A/D
conversion is complete.

ADIE (bit 2). This is the ADC Interrupt Enable. A O disables
setting the ADC Interrupt. A 1 enables setting the ADC
Interrupt.

START (bits 1, 0).

ADST1 ADSTO Mode
0 0 Conversion starts when this
register is written.
0 1 Conversion starts on a rising
edge at Port 3-2.
1 0 Conversion starts on a falling

edge at Port 3-2.
Conversion starts when TimerQ
times out.

These are the four ADC result registers, Reg-A holds the
firstresult and Reg-D the fourth result. These registers are
R/W by the Z8 (Writable for test purposes) and Reg-A is
Read Only by the DSP and is mapped to Reg 1 for the DSP.
Figure 32 shows the timing diagram for the ADC.

ERF (A) Bank C, Registers A,B.C,D
ID7| DSI Dsl D4| Da] D2I D1 I DOI

;_ Data

Figure 32. Result Registers

9984043 OD3485L 370
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FUNCTIONAL DESCRIPTION (Continued)

8 '1"""":::::: I
1 i DN S IR B IZI:‘I-
] s DA A I IR I
] I D Y IS IR IS I
« Y D T . I .
~N PR U WD U [ S
& ZZZIZ'_ZZZ_;ZEZZEIIZ--
§
B R 8
a
* % * $* * 2
| i ] M €
I D S =
2 R D I D e B 2
Rl i R == - "1"- - °rF <
[
© -t -}--""-"1- - "= =1- - - - r 5
RO Il e B =T °r 2
[ U DR - - - = |- w
~ R
° I DU R P P I
- S DU [ T Y -
- U D T U T e A
- U DURE IR (PR R R
o S e I I P I &

1
SCLK
1
e _[]
| I ]
11
1 1 I
CHAN MUX
] 1
Input Sample [
1
1
AD Result 1
[ |
| I )
DSP INT
1 1
1 1
DSP Write to » D
ADC CTL REG@
[] 1
=12 MHz (XTAL = 24 MHz)
2. ADC CTL REG@ =85
ADC CTL REG1 = 85

Notes:
1. SCLK
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Reg F
Reg E PWM Data
Reg D AD Result 4
Reg C AD Result 3
Reg B AD Result 2
Reg A AD Result 1
Reg 8 | AD Control 1 These registers can be
Reg 8 | AD Control 0 accessed from DSP
Reg 7 DAC Data
Reg 6 DAC Control
Reg 5
Reg 4
Reg 3
Reg 2 SPI Control
Reg 1 |SPI TXRXDATA
Reg 0 | SPI Compare

Figure 34. ERF(A) Bank C

Figure 35 shows the input circuit of the ADC. When
conversion starts the analog input voltage from one of the
eight channel inputs is connected to the MSB and LSB
flash converter inputs as shown in the Input Impedance
CKT diagram. Effectively, shunting 31 parallel internal
resistance of the analog switches and simultaneously
charging 31 parallel 0.5 pF capacitors, which is equivalent
to seeing a 400 Ohms input impedance in parallel with a

16 pF capacitor. Other input stray capacitance adds
about 10 pF tothe input load. For input source resistances
up to 2 kOhms can be used under normal operating
condition without any degradation of the input settling
time. For larger input source resistance, longer conver-
sion cycle time may be required to compensate the input
settling time problem.

CMOS Switch
on Resistance

2-5kQ

V Ref
R Source

'A%

V Ref

11

V Ref

C Parasitic :L ‘[

C 5pF

|31 CMOS Digital
Comparators
C .5pF

C 5pF

Figure 35. Iinput Impedance of ADC
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Digital to Analog Converter (DAC)

The DAC (Digital to Analog Converter) is an 8-bit resistor
string, with a programmable 0.25X and 0.5X gain output
buffer. The DAC output voltage is settled after the internal
digital data is latched. Two pins are provided externally for

the DAC reference voltage supplies, VD, and VD, these
should not exceed the supply voltages. The DAC outputis
latch-up protected and can drive output loads
(Figure 36).

VDHI

T

Analog
8 Enable I
s CTRL Ny o + DAC

7 Reg . Out
Data 8-Bit Resistor {
Bus Ladder DAC L

8 vARgeT| 8

. Reg 7

I Programmable
VDLO Gain Setting
Go Gi

Figure 36. DAC Block Diagram

The DAC is controlied by the Z8. Its two registers (Control
1and Data 1) are mapped into the ERF (Figures 37 and 38).
The Data 1 register is writable by the DSP.

The DAC can be enabled or disabled by programming the
Control 1 register or it can be programmed to output an
analog voltage when the Data 1 register is loaded. The
Control 1 register is used to program for the Gain factor of
the DAC output.

ERF (A) Bank C, Register 6

|D7|De|oslo4loa[oz|m lnol

DAC Enable
0 Disable
1 Enable

Reserved (Must be 0)

Settling Time
{Normally set to 1)

== AB/PC - Address Bus or DSP Program Counter
Address Bus AQ to A7 output D8=0 D5=0.
To change to the DSP PC output to Pins A7-A0
write D5=1 D8=0. Then write D5=1 D6=1

PWM Clock Select
0 XTAL1 Divided-by-2
1 Buffered XTAL1

Figure 37. DAC Control Register

The DAC Data Register is initialized to 80H on power-up
(Figure 38). Aiso the DAC gain control pivots about a mid-
point rather than ground. (Figure 38). When the gain
control is at 1.0X or 0.5X or 0.25X the DAC output remains
constant when the DAC data register equals 80H (Figure
39).

ERF (A) Bank C, Register 7
[57Toe[ o] o] oa] o2 o1 [ o0]

Figure 38. DAC Data Register
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DAC Output in Volts
35V T T T T T T T T T T e - — — 3.5
VDHI
3.05
2% accuracy
2.6
2.15 2.15
1.7 1/4X
12X 7«
1.26
VDLO 8
0 80H FFH

DAC Data Register Value

Figure 39. Gain Control on DAC
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FUNCTIONAL DESCRIPTION (Continued)
Serial Peripheral interface

Serial Peripheral Interface (SPI). The Z86C95 incorpo-
rates a serial peripheral interface for communication with
other microcontrollers and peripherals. The SPI includes
features such as Master/Slave selection and Compare
mode. The SPI consists of four registers; SPI Control
Register (SCON), SPI Compare Register (SCOMP), SPI
Receive/Buffer Register (RxBUF), and SPI Shift Register
(Figures 40, 41, and 42). SCON is located in bank C of the
Expanded Register Group at Address 02. This register is
a read/write register that controls; Master/Slave selection,
interrupts, clock source and phase selection, and error
fiag. Bit 0 enables/disables the SPI with the default being
SPi disabled. A 1 in this location enables the SPI, and a0
disables the SPI.

Bits 1 and 2 of the SCON register in Master Mode selects
the clock rate. The user may choose whether internal clock
is divide by 2, 4, 8, or 16. In Slave Mode, Bit 1 of this register
flags the user if an overrun of the RxBUF Register has
occurred.

The RxCharOverrun flag can only be reset by writing a0 to
this bit. In slave mode, bit 2 of the Control Register can
disable the data-out /O function. If a 1 is written to this bit,
the data-out pin is tri-stated. If a O is written to this bit, the
SPI will shift out one bit for each bit received. Bit 3 of the
SCON Register enables the interrupt of the SPI, with the
default being disabled. Bit 4 signals that a receive charac-
ter is available in the RxBUF Register. If the associated

IRQO is enabled, an interrupt is generated. Bit 5 controls
the clock phase of the SPI. A 1in Bit 5 allows for receiving
data on the clock’s falling edge and transmitting data on
the clock’s rising edge. A O allows receiving data on the
clock’s rising edge and transmitting on the clock’s falling
edge.

The SP! clock source is defined in bit 6 for Master mode.
A1uses Timer0 output for the SPI clock, and aOuses TCLK
for clocking the SPI. In Slave mode, bit 6 will enable or
disable the address compare feature. Finally, bit 7 deter-
mines whether the SPI is used as a Master or a Slave. A 1
puts the SPI into Master mode and a O puts the SPI into
Siave mode.

SPI Operation. The SPI can be used in one of two modes;
either as system slave, or a system master. In the sfave
mode, data transfer starts when the slave select
(SLAVESEL) pin goes active. Data is transferred into the
slave’s SPI Shift Register, through the DI pin, which has the
same address as the RxBUF Register. After a byte of data
has been received by the SPI Shift Register a Receive
Character Available (RCA/IRQO) interrupt and flag is gen-
erated. The next byte of data may be received at this time,
but the RxBUF Register must be cleared, or a Receive
Character Overrun (RxCharOverrun) flag is set in the
SCON Register and the data in the RxBUF Register is
overwritten.

5-40
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ERF (A) Bank C, Register 1
ERF (A) Bank C, Register 2

ID7I os | ps| p4] oa] 2] o1 oo EIRERER p2| 1| nof

—— T
F [ | SP! Enable Figure 41. SPI TXRXDATA Register

Receive Character Overrun (Slave)

Clock Frequency (Master)
0 O Divide-by-2

0 1 Divide-by-4 ERF (A) Bank C, Register 0

1 0 Divide-by-8
1 1 Divide-by-16 | o7] oe] 05| p4| p3| 02| o1] ool
DOP (Slave)

0 Enable DO as Output
1 Tri-state DO

Interrupt Enable
1 Enable 0 Disable

—————— Received Character Available

Figure 42. SPI Compare Register

CLKP
0 is Transmit on Falling
Receive Data on Rising Edge
1 is Transmit on Rising
Receive Data on Falling Edge

SPi Clock Source Select (Master)
Q is Internal Clock
1 is Counter Timer0=0
Address Compare Enable (Slave)
0 is Disable 1 is Enable

1 Master 0 Slave

Figure 40. SPI Control Register (SCON)
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Serial Peripheral Interface (Continued)

When the communication between the master and slave is
complete, the SS goes inactive. Unless disconnected, for
every bitthatis transferred into the slave through the DI pin,
a bit is transferred out through the DO pin on the opposite
clock edge. During slave operation, the SPI clock pin (SK)
is an input (Figure 43). In master mode, the CPU must first
activate a SS through one of it’s I/O ports. Next, data is
transferred through the master’s DO pin one bit per master
clock cycle. Loading data into the shift register initiates the
transfer. in master mode, the master's clock drives the
slave’s clock. At the conclusion of a transfer, a Receive
Character Available (RCA/IRQQ) interrupt and flag is gen-
erated. Before data is transferred through the DO pin, the
SPI Enable bit in the SCON Register must be enabled.

SPICompare. When the SP| Compare Enable bit, D6 of the
SCON Register is set to 1, the SPI Compare feature is
enabled. The compare feature is only valid for slave mode.
A compare transaction begins when the SS line goes
active. Data is received as if it were a normal transaction,
but there is no data transmitted to avoid bus contention
with other slave devices. When the compare byte is re-
ceived, IRQO is not generated. Instead, the data is com-
pared with the contents of the SCOMP Register. If the data
does not match, DO will remain inactive and the slave will
ignore all data until the SS signal is reset.

- /

ss-—\

SPI Clock. The SPi clock can be driven fromthree sources;
with Timer0, a division of the internal system clock, or an
external master when in slave mode. Bit D6 of the SCON
Register controls what source drives the SPI clock. Di-
vided-by-2, 4, 8, or 16 can be chosen as the scaler with bits
D2, D1 in master mode.

Receive Character Available and Overrun. When a com-
plete data streamisreceived aninterruptis generated and
the RxCharAvail bit in the SCON Register is set. Bit 4 in the
SCON Register is for enabling or disabling the RxCharAvail
interrupt. The RxCharAvail bit is available for interrupt
polling purposes and is reset when the RxBUF Register
is read. RxCharAvail is generated in both master and slave
modes. While in slave mode, if the RxBUF is not read
before the next data stream is received and loaded into
the RxBUF Register, Receive Character Overrun
(RxCharOverrun) occurs. Since there is no need for clock
control in slave mode, bit D1 in the SP1 Control Register is
used to log any RxCharOverrun.

" N/ \

DO

DI

Figure 43. SPI Timing
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Interrupts

The Z86C95 has six different interrupts from ten different
sources (Table 9). The interrupts are maskable and priori-
tized. The eight sources are divided as follow: four sources
are claimed by Port 3 lines P33-P30, one is Serial Out, one
is Serial In, and two in the counter/timers. The Interrupt
Mask Register globally or individually enables or disables
the six interrupt requests. When more than one interrupt is
pending, priorities are resolved by a programmable prior-
ity encoder that is controlled by the Interrupt Priority
register. All Z86C95 interrupts are vectored through loca-
tions in the program memory. When an interrupt machine
cycleis activated aninterruptrequestis granted. Thus, this
disablesall of the subsequentinterrupts, save the Program
Counter and Status Flags, and then branches to the
program memory vector location reserved for that inter-
rupt. 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 in-
puts are masked and the interrupt Request register is

polied to determine which of the interrupt requests need
service. Software initiated interrupts are supported by
setting the appropriate bitin the Interrupt Request Register
(IRQ).

Internal interrupt requests are sampled on the falling edge
of the last cycle of every instruction, and the interrupt
request must be valid 5TpC before the falling edge of the
last clock cycle of the currently executing instruction.

When the device samples a valid interrupt request, the
next 48 (external) clock cycles are used to prioritize the
interrupt, and push the two PC bytes and the FLAG register
onthe stack. The following nine cycles are usedtofetch the
interrupt vector from external memory. The first byte of the
interrupt service routine is fetched beginning on the 58th
TpC cycle following the internal sample point, which cor-
responds to the 63rd TpC cycle following the external
interrupts on the Z86C95.

Table 9. Z86C95 Interrupts

Name Source Vector Comments

IRQO P3.2, SPI, A/D Start 0,1 Falling Edge Triggered
IRQA P3.3, A/D Finish 2,3 Falling Edge Triggered
IRQ2 P32, T, 4,5 Falling Edge Triggered
IRQ3 P3.0, Serial In 6,7 Falling Edge Triggered
IRQ4 T0, Serial Out 8,9 Internal

IRQ5 T1 10,11 internal

9944043 00348LY 4Hu7?
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FUNCTIONAL DESCRIPTION (Continued)
Clock

The Z86C95 on-chip oscillator has a high-gain, parallel-
resonant amplifier for connection to a crystal, LC, ceramic
resonator, or any suitable external clock source (XTAL1 =

input, XTAL2 = Output). The crystal should be AT cut, 1
MHz to 24 MHz max, and series resistance (RS) is less than

XTAL1
2 L I
il
c2
aE

Ceramic Resonator
or Crystal

* VSS pin, not system ground

LC CLOCK

or equal to 100 Ohms. The crystal should be connected
across XTAL1 and XTAL2 using the crystal vendor's rec-
ommended capacitors (10 pF < CL < 100 pF) from each
pin Vg pin (Figure 44).

XTAL1 XTAL1
| XTAL2 XTAL2
External Clock

Figure 44. Oscillator Configuration

Power Down Modes

HALT. Will turn off the internal CPU clock but not the XTAL
oscillation. The counter/timers and the external interrupt
IRQO, IRQ1, IRQ2, and IRQ3 remains active. The devices
may be recovered by interrupts, either externally or inter-
nally generated. An interrupt request must be executed
(enabled) to exit HALT mode. After the interrupt service
routine, the program continues from the instruction after
the HALT.

STOP. This instruction turns off the internal clock and
external crystal oscillation and reduces the standby cur-
rent to 10 A or less. The STOP mode is terminated by a
JRESET, which causes the processor torestart the applica-
tion program at address 000CH.

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=0OFFH) immediately before the
appropriate sleep instruction. i.e.:

FF  NOP ;clear the pipeline

6F STOP ;enter STOP mode
or

FF  NOP ;clear the pipeline

7F  HALT ;enter HALT mode

PAUSE. This is similar to the STOP mode, except in the
recovery method, and the fact that the program counter
simply continues from where it paused instead of resetting
to 000CH. PAUSE mode is entered by setting bit 0 of DSP
control register to 1 and executing a HALT instruction. All
the internal clocks are stopped during the PAUSE mode
thus resulting in very low power. To recover from the
PAUSE mode, the Z86C95 needs to see a negative going
transition on Port 32. This generates an interrupt and
operation can resume by simply doing an IRET in the
interrupt execution routine. The recovery time from PAUSE
mode is equal to the XTAL oscillator stabilization time +1.3
ms (XTAL frequency of 20 MHz).

5-44
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Pulse Width Modulator (PWM)

This block provides a Pulse Width Modulated output at a
constant period based on the input clock.

The PWM provides an output waveform whose period is
either the internal system clock or the buffered XTAL input
divided by 256. The duty cycle of this waveform is
programmable by a register in the Extended Register File
of the Z8 and can have values from 0 t0 99.6% (Reg = 0 to
2565). A programmed value of Q will disable the counter and
place the PWM in a low power mode. Any non-zero value
programmed in this register will enable the PWM divider
and generate the selected output waveform.

The clock source for the PWM is programmable providing
the user access to a higher frequency clock versus using
the internal clock. The clock source is selected using Bit 7
of the DAC control register (ERF(A) Bank C, Register 6).
D7=1 selects a buffered XTAL1 clock, D7=0 selects XTAL
divided-by-2 (Figure 37).

Data Reglster (ERF (A) Bank C, Register E)
ID7|D6'DSID4ID3!D2ID1 foo]

|_— Data

Figure 45. Pulse Width Modulation
Register Assignment

The PWMregister is used to program the duty cycle of the
PWM. If the programmed value is O, then the PWM is
disabled and the PWM output is OFF. For any non-zero
value the PWM output is a periodic waveform which is High
for (value/256)X100% of the period.

9984043 00348k 2LT
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DIGITAL SIGNAL PROCESSOR

The DSP slave processor is a 16-bit fixed point, two's
complement high-speed digital signal processor. The
basic concept behind the DSP megacell is to simplify the
architecture and instructions as much as possible, provid-
ing a user-friendly programming environment for various
DSP algorithms (Figure 47). Additionally, a convenient
mapping architecture was designed to allow the Z8tomap
the DSP memory into the shared expanded register file
architecture of the Z8.

The Z86C95's DSP has two sets of high-speed on-chip
RAM for data storage. The RAM data specified by two
different RAM address registers or instruction address
field are read out in one machine cycle. Multiplication,
addition and register loading can be accomplished in one
clock cycle. The instructions are one cycle pipelined,
which are transparent to the users.

Architectural Overview

The Z86C95's DSP employs a 16-bit fixed point, two's
complement number systemn (Figure 50). The binary point
is assumed to be placed right next to the sign bit. DSP
algorithms are accomplished by single-cycie multiply/
accumulate instructions, two on-chip RAM banks, dedi-
cated arithmetic logic unit, user-definable /O for signal
processing and other functions. (See DSP Commands
Section below.)

Cycles Per Instruction

Mostinstructions are one machine cycle instructions which
are executed in 1 cycle time. Load register pointer imme-
diate and Branch instructions need two machine cycles to
execute. Besides these execution machine cycles, one
more cycle is required if the PC (program counter) is
selected as the destination of a data transfer instruction.
This happens when register indirect branch is executed.
Anat *b1 +ACC—ACC calculation is done inone machine
clock cycle modifying the RAM pointer contents. Both a1
and b1can be RAM contents located in two independent
addresses. Since each instruction is fetched into the
instruction register one cycle earlier and the pre-fetched
instruction is decoded at the next machine cycle, one

additional machine cycle is required to modify the PC
content. For instance, consider the example of a simple
branch instruction, "BRANZ, 135.Att=T ", the pre-fetched
content of the pseudo instruction register, "BRA NZ, 135",
starts to decode and execute while the pseudo PC is
automatically increased to *105". Since the instructioniis to
change the PC to 135" if the condition is NZ, the next
fetched instruction would be treated as a NOP.

Indirect Addressing Mode

Register INDIRECT addressing is the method of address-
ing within the Z86C95's DSP. This is accomplished by
means of four register pointers, two for each bank. These
pointers are RO and R1 for DSP RAM(0) and R2 and R3 for
DSP RAM(1). The register pointers are located within the
Z8/DSP interface register bank (Bank F in both ERF (A) and
ERF (B)). For example, “LDI RO, 14" will load "14" into the
register pointer RO. If followed by an instruction *LD (RO)"
for example the contents of the register in DSP RAMO
whose address is "14" wili be loaded into the accumulator
(Figures 48 and 49).

Arithmetic Logic Unit

Upon loading the DSP data RAM the Z86C95's DSP can
multiply two 16-bit integers and accumulate a 24-bit result
in one clock cycle. For example, an "MPYA (RO), (R1)" will
load the contents of the DSP RAM(0) registers pointed to
by RO and R1 respectively into the multiplier, multiply the
RAM(0) registers and add the result to the accumulator.
The result of the multiplication is available at the next
machine cycle.

DSP Single Step Timing

The occurrence of pre-selected DSP_PC stop address
and DSP_SYNC needs to be detected. DSP_SSNis pulled
high which stops the DSP until DSP_SSN is pulled low at
which time the DSP will execute until the nexttime DSP_SSN
is high. DSP_SSN should not be pulled high for second or
third bytes of multi-byte instructions, only for first byte of
multi-byte instructions or for single byte instructions (Fig-
ure 46).
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SCLK .,
— ” -
yn
DSP_PC STOP 7 STOP! X STOP
Pins A7-AQ Addr . Addr Addrs 1
/4
,I:
DSP_SYNC 4
y7a
4
DSP_SSN
4 A
SSN t50 SSN tsec
Figure 46. DSP Single Step Timing
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DIGITAL SIGNAL PROCESSOR (Continued)

Data Data
RAM1 RAMO
64x16 64x16 N
A/D
R2 RO
R3 R1
z8 DSP DAC
Program
RAM
512x8
Figure 47. Block Diagram of DSP
ERF (A) (B) Bank F, Register 6 ERF (A) (B) Bank F, Register 5

[ o7] 0s] 5] ps| ps] 02| o1] po|

[ 07| ps] 05| 04] D3| p2| b1} oo}

pu——
| -[—— Overflow Protection |— Ram
Multiply Output Shifted by 3 g g ?
————————~ Not Usad 010
011
Link Bit 100
" Zero Bit 1 ? é
Overflow Bit 111
Negative Bt Not Used

Figure 48. DSP Status Register 1

Figure 49. DSP Status Register 0

2
4
8
16
32
64
64

Pointer  Loop Size
64
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28
16 Banks {working
register groups) of 16
registers per bank

Banks 1-E are
mapped into
DSP PGM Memory

Bank F - Z8/DSP Interface Register Bank

ERFA

Bank E - Z8's Hardwired Multiply/Divide Registers

Bank D - Capture, Compare and Timer Registers
J\Bank C - A/D, DAC, SPI and PWM Registers
Banks Aand B not used

Banks 1-9 are mapped into
DSP RAM Data Memory

ERFD Banks 1- DSP
Program Memory 64 x 16-Bit 4x 16-81
B: ERF (B] B
Banks 1-8 - DS ERFB ank E of (B) Bank E of ERF (B)
Program Memory Bank B of ERF (B) Bank B of ERF (B)
Banks B-E Bank 3 of ERF (A) Bank 3 of ERF (A)
DSP RAM Data Bank 2 of ERF (A) Bank 2 of ERF (A)
Memory r _ p 5
Used 3 L e
Bank 1 of 3 C D - 4 5
ERF (A} 1 A B 2 3
q 8 9 q 0 1
k F - Z8/DSP Interface Register Bank
Ban iertace Register Ban DSP RAM(1) DSP RAM(D)
52 Registers of 52 Registers of
16-Bit Words 16-Bit Words
Figure 50. Z286C95 Memory Architecture
£E3 49840u3 003u4a70 7u0 5-49
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ABSOLUTE MAXIMUM RATINGS

Stresses greater than those listed under Absolute Maxi-

Symbol  Description Min Max  Unit mum Ratings may cause permanent damage to the de-
Voo Supply Voltage* 03 +7.0 v vice. This is a stress rating only; operation of the device at
T Storage Temp -65  +150 c any condition above those indicated in the operational

7re Oper Ambient Temp 1 + ¢ sectionsofthese specifications is notimplied. Exposure to
A absolute maximum rating conditions for an extended pe-
* Voltages on all pins with respect to GND. riod may affect device reliability.

1 See Ordering Information

STANDARD TEST CONDITIONS

The characteristics listed below apply for standard test
conditions as noted (Figure 51).

DuT
Device Under Test
V Commutation

50 pF

Figure 51. Test Load Diagram

5-50 £3 9984043 0034871 La?
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DDC ELECTRICAL CHARACTERISTICS
Vo =3.3V+10%

T,=0°Cto +70°C Typical

Sym Parameter Min Max at 25°C Units Conditions

Max Input Voltage 7 v I,y 250 pA
Ve, Clock Input High Voltage 08V, Vee v Driven by External Clock Generator
Ve, Clock Input Low Voitage —0.03 0.1xV,, v Driven by External Clock Generator
Vi, Input High Voltage 0.6xV,, o v
V.,  InputLow Voltage 03 0.2xV,, v
Vo Output High Voltage 20 v by =—1.0mA
Vo Output High Voltage Ve — 100 mv v loy =—100 pA
Vo Output Low Voltage 04 v l, =+1.0 mA
Vey  Resetnput High Volitage 0.8xv,, Vee v
Vy,  Reset Input Low Voltage -0.03 0.2xV,, v
l,  Input Leakage -2 2 pA Testat OV, V,,
o, Output Leakage -2 2 VA Testat OV, V,
la  ResetInput Current -180 pA Vo =0V
lc  Supply Current 50 40 mA @24 MHz [1]
lgy  HALT 15 10 mA HALT Mode V=0V, V.. @ 24 MHz [1]
l,  STOPand Pause Mode 20 6 KA STOP Mode V=0V, V. [1]
lu  Auto Latch Low Current =10 10 5 pA
Note:

[1] All inputs driven to OV, V., and outputs floating.

9984043 0034472 513 E=

5-51

—

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




Z86C8
N 2iLa5 PRELIMINARY fiop%

DC ELECTRICAL CHARACTERISTICS
V.. =5.0V+10%

T,=0°Cto +70°C Typical

Sym Parameter Min Max at 25°C Units Conditions
Max Input Voltage 7 \ 1y 250 pA
V,,  Clock Input High Voltage 38 Ve \ Driven by External Clock Generator
V.,  Clock Input Low Voltage -0.03 0.8 v Driven by External Clock Generator
V,,  Input High Voitage 20 Ve v
V,  Input Low Voltage 03 0.8 v
V,,  Output High Voltage 24 v g =—2.0mA
Vy,  Output High Voltage V.~ 100mv ) loy =—100 pA
Vo Output Low Voltage 04 v lon = +2.0 MA
V,, Reset Input High Voltage 3.8 Ve v
V,  Resetinput Low Voltage -0.03 08 v
I, InputLeakage -2 2 pA Testat OV, Ve,
fo Output Leakage -2 2 pA Testat OV, Vi,
|, Resetinput Current -180 PA Vo =0V
lc  Supply Current 82 50 mA @24 MHz [1]
120 70 mA @3B MHz[1]
ley HALT 20 13 mA HALT Mode V=0V, V. @ 24 MHz [1]
30 20 mA HALT Mode V,=0V, V. @ 33 MHz 1]
le  STOP and Pause Mode 20 6 KA STOP Mode V=0V, V. [1]
. Auto Latch Low Current =20 20 5 pA
Note:
[1] All inputs driven to OV, V. and outputs fioating.
552 BM 9984043 0034873 uST
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AC CHARACTERISTICS
External I/O or Memory Read/Write Timing Diagram

R/W, /DM { N
()
@
Port 0 >* AB-A15
4o\
@
N
Port 1 A0-A7 D 4 Do-D7IN
X X
: 7N
- —&
Y
/AS %
—®- ®&—
Oy !
/DS F
(Read) N
Port1 AD-A7 DO - D7 OUT AQ-A7

-@ {
/DS
(Write) }F

Figure 52, External O or Memory Read/Write Timing
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AC CHARACTERISTICS

External 1/0O or Memory Read and Write; DSR/DSW; WAIT Timing Table

T, =0°C to +70°C
33 MHz 24 MHz

No Sym Parameter Min Max Min Max Units
1 TdA(AS) Address Valid To /AS Rise Delay 15 22 ns
2 TAAS(A) /AS Rise To Address Hold Time 20 25 ns
3 TdAS(DI) /AS Rise Data In Req'd Valid Delay 96 130 ns
4 TwAS /AS Low Width 15 28 ns
5 TdAZ(DSR) Address Float To /DS Fall (Read) 0 0 ns
6 TwDSR /DS (Read) Low Width 65 100 ns
7 TwDSW /0S (Write) Low Width 40 65 ns
8 TdDSR(DI) /DS Fall (Read) To Data Req'd Valid Delay 45 80 ns
9 ThDSR(DI) /DS Rise (Read) to Data In Hold Time 0 0 ns
10 TdDS(A) /DS Rise To Address Active Delay 25 40 ns
11 TdDS(AS) /DS Rise To /AS Delay 16 30 ns
12 TdR/W(AS) R/W To Valid /AS Rise Delay 12 26 ns
13 TdDS(R/W) /DS Rise To R/W Not Valid Delay 12 30 ns
14 TdDO(DSW) Data Out To /DS Fall (Write) Delay 12 34 ns
15 ThDSW(DO) /DS Rise (Write) To Data Out Hold Time 12 34 ns
16 TdA(DI) Address Valid To Data Req'd Valid Delay 115 160 ns
17 TdAS(DSR) /AS Rise To /DS Fall (Read) Delay 20 40 ns
19 TdDM(AS) /DM Valid To /AS Rise Delay 10 22 ns
20  TdDS(DM) /DS Rise To /DM Valid Delay 15 35 ns
21 ThDS(A) /DS Rise To Address Valid Hold Time 15 30 ns
22 TdXT(SCR) XTAL Falling to SCLK Rising 35 40 ns
23 TdXT(SCF) XTAL Falling to SCLK Falling 35 40 ns
24 TdXT(DSRF) XTAL Falling to/DS Read Falling 45 50 ns
25  TdXT(DSRR} XTAL Falling to /DS Read Rising 35 45 ns
26 TdXT(DSWF) XTAL Falling to /DS Write Falling 45 50 ns
27 TdXT(DSWF) XTAL Falling to /DS Write Rising 35 45 ns
28 TsW(XT) Wait Set-up Time 5 5 ns
29  ThW(XT) Wait Hold Time 15 15 ns
30 TwW Wait Width (One Wait Time) 20 25 ns

Notes:

When using extended memory timing add 2 TpC.
Timing numbers given are for minimum TpC.

5-54
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XTAL1 | S
(External Clock Drive) @ @
SCLK | S—
——| — el @
/DS S
(Read)
— —® — —®
/DS pe—
{Write)

Figure 53. XTAL/SCLK to DSR and DSW Timing

PTop T2 bW W W T T
I | | | | | | |
S nnnnnnnnpnnpnnnpnnpis
R T T TR T AN S
SCLK ]
L L L L 1 [ L]
]
1
IAS L
]
| | L]
|
! I l
@)
JWAIT ol ar
A%
@
Figure 54. XTAL/SCLK to WAIT Timing »
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AC CHARACTERISTICS (Continued)

Clock

TIN

Figure 55. Additional Timing

AC CHARACTERISTICS
Additional Timing Table

T,=0°C to +70°C

24 MHz 33 MHz
No  Symbol Parameter Min Max Min Max Units Notes
1 TpC Input Clock Periad 42 1000 30 1000 ns [11
2 TrC,TC Clock Input Rise & Fall Times 10 5 ns 11
3 TwC Input Clock Width 1 10 ns [1]
4 TwTinL Timer Input Low Width 75 75 ns [2]
5 TwTinH Timer Input High Width 3TpC 3TpC 2}
6 TpTin Timer Input Period 8 TpC 8 TpC (2]
7 TrTin,TfTin Timer Input Rise & Fall Times 100 100 ns [2]
8a TwiL Interrupt Request Input Low Times 70 70 ns [2,4]
8b  TwiL interrupt Request Input Low Times 5TpC 57pC [2.5]
g TwlH Interrupt Request input High Times 3TpC 3TpC {2,3]
Notes:

[1] Clock timing references use 3.8V for a logic 1 and 0.8V for a logic 0.
[2] Timing references use 2.0V for a logic 1 and 0.8V for a logic 0.

[3] Interrupt references request via Port 3.

{4] Interrupt request via Port 3 (P33-P31).

[5] Interrupt request via Port 30.

5-56 9984043 0034877 OTS
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AC CHARACTERISTICS
Handshake Timing Diagrams

Data In Data In Valid

/DAV Delayed DAV 7 K
{Input) (. -
N
RDY \ / Delayed RDY 4
{Output) [ A 4
)
Figure 56. Input Handshake Timing
{C
Data Out 4 Data Out Valid :’L Next Data Out Valid
13
O,
{( -
/DAY Y N\, Delayed DAV \k
{Output) N,
® I‘-@*I
@ {L
RDY / Delayed ”RDY ;‘*‘
(Input) N /

A

Figure 57. Output Handshake Timing

99844043 D0O34478 T3l
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AC CHARACTERISTICS
Handshake Timing Table
T,=0°C to +70°C Data

No Symbol Parameter Min Max Units Direction

1 TsDI(DAV) Data In Setup Time to /DAV 0 ns in

2 ThDI(DAV) RDY to Data In Hold Time 0 ns In

3 TwDAV /DAV Width 40 ns In

4 TdDAVI(RDYf) /DAV to RDY Delay 70 ns In

5 TdDAVIr(RDYr) DAV Rise to RDY Wait Time 40 ns In

6 TdRDYOr(DAVIf) RDY Rise to DAV Delay 0 ns In

7 TdDO(DAV) Data Qut to DAV Delay TpC ns Out

8 TdDAVOf(RDYIf) /DAV to RDY Delay 0 ns Out

9 TdRDYIf(DAVOr) RDY to /DAV Rise Delay 70 ns Out

10 TWRDY RDY Width 40 ns Out

11 TdRDYIr(DAVOT) RDY Rise to DAV Wait Time 40 ns Qut
5-58 9984043 0034879 978 EA
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A/D Converter Electrical Characteristics
Ve =33V 10%

Parameter Minimum Typical Maximum Units
Resolution 8 Bits
Integral non-linearity 0.5 1 LSB
Differential non-linearity 0.5 1 LSB
Zero Error at 25°C 5.0 mvV
Supply Range 27 3.0 3.3 Volts
Power dissipation, no load 20 40 mw
Clock frequency 24 MHz
Input voltage range VA 4 VA, Volts
Conversion time 2 usec
Input capacitance on ANA 25 40 pF
VA, range VA ,+25 AV, Volts
VA , range AN AV ~25 Volts
VA, —VA 25 AV, Volts

Notes:

Voltage 2.7V - 3.3V

Temp 0-70°C

D/A Converter Electrical Characteristics
Ve =3.3V110%

Parameter Minimum Typical Maximum Units
Resolution 8 Bits
Integral non-linearity 0.25 1 LSB
Differential non-linearity 0.25 0.5 LSB
Setting time, 1/2 LSB 1.5 3.0 usec
Zero Error at 25°C 10 20 mv
Full Scale error at 25°C 0.25 0.5 LSB
Supply Range 27 3.0 3.3 Volts
Power dissipation, no load 10 mw
Ref Input resistance 2K 4K 10K Ohms
Output noise voltage 50 wVp-p
VD,, range at 3 volts 1.5 1.8 241 Volts
VD, , range at 3 volts 0.2 05 0.8 Volts
VD,-VD,, at 3 volts 1.3 1.6 1.9 Volts
Capacitive output load, CL 20 pF
Resistive output load, RL 50K Ohms
Output slew rate 1.0 3.0 Viusec

Notes:

Voltage 2.7V ~ 3.3V

Temp 0-70°C

£ 9984043 0034880 BAT 5-59
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AC CHARACTERISTICS (Continued)

A/D Converter Electrical Characteristics
V=50Vt 10%

Parameter Minimum Typical Maximum Units
Resolution 8 Bits
Integral non-linearity 0.5 1 LSB
Differential non-linearity 0.5 1 LSB
Zero Error at 25°C 45 mV
Supply Range 45 5.0 55 Volts
Power dissipation, no load 50 85 mw
Clock frequency 33 MHz
Input voltage range VA, VA, Volts
Conversion time 2 psec
Input capacitance on ANA 25 40 pF
VA, range VA ,+2.5 AV . Volts
VA , range AN, AV 2.5 Volts
VA, —VA, 25 AV, Volts

Notes:

Voltage 4.5V -5.5V

Temp 0-70°C

D/A Converter Electrical Characteristics
Vi =5.0V£10%

Parameter Minimum Typical Maximum Units
Resolution 8 Bits
Integral non-linearity 0.25 1 LSB
Differential non-linearity 0.256 0.5 LSB
Setting time, 1/2 LSB 15 3.0 usec
Zero Error at 25°C 10 20 mv
Full Scale error at 25°C 1 2 % FSR
Supply Range 4.5 5.0 55 Volts
Power dissipation, no load 50 85 mw
Ref Input resistance 2K 4K 10K Ohms
Output noise voltage 50 puvp-p
VD,,range at 3 volts 2.6 35 Volts
VD, , range at 5V volts 0.8 1.7 Volts
VD,-VD,, at 5V volts 0.9 27 Volts
Capacitive output load, CL 30 pF
Resistive output load, RL 20K* Obhms
Output slew rate 1.0 3.0 Viusec

Notes:

Voltage 4.5V - 5.5V

Temp 0-70°C

* 100K for 24 MHz device.

5-60 9984043 0034881 52k
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EXPANDED REGISTER FILE CONTROL REGISTERS

T2 TMR (D) 01

Eloeloslm]oaloz[m'ml

-

0 No Function
1 LoadT2
Q

Disable T2 Count
1 Enable T2 Count

Count Mode
0 T2 Single Pass
1 T2 Modulo N

Interrupt Enabled
0 Disable
1 Enable

T2 Out (P35)
0 Disable
1 Enable

Reserved (Must be 0)

T2 CLOCK Source
0 XTAL/8
1 XTAL2

T2 End Of Count
0 Not EOC
1 EOC

Figure 58. Timer 2 Mode Register
(DH 01: Read/Write)

T1H (D) 02
Eloelos'mloslozlmlm—l
I—— Tt High Byte Initial Valus

{When Written)

T1 High Byte Current Value
{Whan Read)

Figure 59. Counter Timer 1 Register High Byte
(DH 02: Read/Write)

PRE2 (D) 03
IE7[D6IDSID4IDBIDZ'D1IDOI
L

CTC Cascade Control Bits
TO T T2

0 8 8 32

a1 16 16 16

10 8 24 16

1 8 16 24

—  Reserved

Prescaler Modulo
{Range: 1 - 16 Decimal
01 - 00 Hex)

Figure 60. Prescaler 2 Register High Byte
(DH 03: Write Only)

TOH (D) 04
| 07| os o5 [ os 03| 02| o1{ oo
% TO High Byts Initial Value

(When Written)

TO High Byte Current Value
{When Read)

Figure 61. Counter Timer 0 Register High Byte
(DH 04: Read/Write)

T2H (D) 06
E7loslos|o4|oa|oz|m|oc|
I T2 High Byte Initial Value

{When Written)

T2 High Byte Current Value
{When Read)

Figure 62. Counter Timer 2 Register High Byte
(DH 06: Read/Write)

TaL (D) 07
|o7] os | Dslmloalozlmlool

I'— T2 Low Byte Initial Valua

{When Written)

T2 Low Byte Current Value
(When Read)

Figure 63. Counter Timer 2 Register Low Byte
{DH 07: Read/Write)

9984043 DO3uE82 4k

|
5-61
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Z8 CONTROL REGISTER DIAGRAMS

R240 SIO
B ps| o4 03] oz o1 lﬂ
L———- Serial Data (DO = LSB)

Figure 64. Serial /O Register
(FOH: Read/Write)

R243 PRE1

| o7 o8} os | m]oslozlmlnol

|'—-— Count Moda

0 T1 Single Pass
1 T1Modulo N

Clock Source
1 T1 Internal
0 T1 External Timing Input

(TIN) Mode
Prescaler Modulo

(Range: 1-64 Decimat
R241 TMR 01-00 HEX)

mosloslmll:a'mlmloo
T T

Figure 687. Prescaler 1 Register

&

0 No Function (F3H: Write Only)

1 Load TO

0 Disabie TO Count

1 Enable TO Count R244 TO

0 No Function

1 Load T4 |D7|De|os|o4|os||:>2|m|oo|

0 Disable T1 Count

1 Enable T1 Count I——— TO Low Byte initial Value
TIN Modes (When Written)

00 External Clock Input

01 Gate Input TO Low Byte Current Value
10 Trigger Input (When Read)

(Non-retriggerable)

11 Trigger Input

(Retriggerable)}
Figure 68. Counter/Timer 0 Register
T o odes (F4H: Read/Write)
01 TO Cut
10 T10ut

11 Internaf Clock Out
R245 PREO

mmloslml °3|°2|°’|E|
|— Gount Mode

0 TO Single Pass

Figure 65. Timer Mode Register
(F1H: Read/Write)

242 T1 1 T0 Modulo N
Reserved (Must be 0)

[ Toeoe o oo e[ o] o] S
(Range: 1-64 Decimal

I 01-00 HEX)
T1 Low Byte Initial Value
(When Written)
LAl (Lv%vr:e?‘vgssgg)ﬂem Value Figure 69. Prescaler 0 Register
(F5H: Write Only)

Figure 66. Counter/Timer 1 Register
(F2H: Read/Write) R246 P2M

| o7] os] o5} o4] 3] 02| D1M
|———— P20 - P27 VO Definition

0 Defines Bit as Output
1 Defines Bit as Input

Figure 70. Port 2 Mode Register
(F6H: Write Only)

5-62 BE 9924043 0034883 379 EA
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R247 P3M
|D7los|os|n4loa|02]o1 IDOI

I— 0 Port 2 Pull-Ups Open Drain

1 Port 2 Pull-Ups Active
0 P31, P32 Inputs

1 Reserved

0 P32 =Input P35 = Output

1 P32 = /DAVO/RDYO P35 = RDY0/DAVO
——— 00 P33 = Input P34 = Output

?[‘)} P33 = Input P34 = /DM

11 Reserved

0 P31 = Input (TIN) P36 = Output (TOUT)
1 P31=/DAV2RDY2 P36 = RDY2//DAV2

0 P30 =input P37 = Qutput

1 P30 =Serial IN P37 = Serial OUT
0 Parity OFF

1 Parity ON

Figure 71. Port 3 Mode Register
(F7H: Write Only)

R249 IPR
| o7} o8| o5 o4 b3 p2f o1 oo]

T | C |

Intarrupt Group Priority
000 Reserved
001 C>A>8B
010 A>B>C
011 A>C>8B
100 B>C>A
101 C>B>A
110 B>A>C
111 Reserved

{RQ1, IRQ4 Priority (Group C)
0 IRQ1 > IRQ4
1 IRQ4 > IRQ1

IRQO, IRQ2 Priority (Group B)
0 IRQ2 > IRQO
1 IRQO > IRQ2

IRQ3, IRQS Priority (Group A)
0 IRQ5 > IRQ3
t IRQ3 > IRQS

Reserved

Figure 72. Interrupt Priority Register
(F9H: Write Only)

9984043 DD34B8Y 235 563

|
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Z8 CONTROL REGISTER DIAGRAMS (Continued)

R250 IRQ
|o7] os| os| 04] 03| p2| o1} Do}
I IRQO = P32 Input, SPI, A/D Start

IRQ1 = P33 Input, A/D Finish
IRQ2 = P31 Input

IRQ3 = P30 tnput, UART Input
|RQ4 = TG, UART Output
IRQ5 =T1

Reserved

Figure 73. Interrupt Request Register
(FAH: Read/Write)

R251 IMR
ID7I DGID5IDA[DSIDZ'D1IDO|

—:— 1 Enables IRQ0-IRQS

(D0 = IRQO)
Reserved {Must be 0)
1 Enables Interrupts

Figure 74. Interrupt Mask Register
(FBH: Read/Write)

R252 FLAGS
|D7|De]bs|o4[oa|oalm|oo|

| |— User Flag F1
User Flag F2

Half Carry Flag
Decimal Adjust Flag
Ovartiow Flag

Sign Flag

Zero Flag

Carry Flag

Figure 75. Flag Register
(FCH: Read/Write)

5-64 9984043 0034885 171

R253 AP
|o7 |08 [ o5 {04 | pa [o2 [ o1 foo]

l—— Expanded Register File

Working Register Pointar

Figure 76. Register Pointer
(FDH: Read/Write)

R254 SPH
| o7] o8] o5] b4] b3 b2} o1 | 2o}
I—— Stack Pointer Upper

Byts (SP8 - SP15)

Figure 77. Stack Pointer High
(FEH: Read/Write)

R255 SPL
[ 7] o] bs| o4} o3 p2] o1] pof

l—— Stack Pointer Lower

Byte (SP0 - SP7)

Figure 78. Stack Pointer Low
(FFH: Read/Write)
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N 205
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

Irr 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

IR 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.

Flags. Control register (R252) contains the following six

flags:

Symbol Meaning

c Carry flag

z Zero flag

S Sign flag

\% Qverflow flag

D Decimal-adjust flag
H Half-carry flag

Affected flags are indicated by:

-

Clear to zero

Set to one

Set to clear according to operation
Unaffected

Undefined

Symbol Meaning

dst Destination location or contents

src 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)

9984043 0034885 008 565

_____
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CONDITION CODES
Value Mnemonic Meaning Flags Set
1000 Always True
0111 Cc Carry C=1
1111 NC No Carry C=0
0110 z Zero Z=1
1110 NZ Not Zero Z=0
1101 PL Plus S=0
0101 Mi Minus S=1
0100 Qv Overflow V=1
1100 NOV No Overfiow 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 (SXOR V) =1
1010 GT Greater Than [ZOR(SXOR V)] =0
0010 LE Less Than or Equal [ZOR(SXOR V)] =1
1111 UGE Unsigned Greater Than or Equal C=0
0111 ULT Unsigned Less Than C=1
1011 UGT Unsigned Greater Than (C=0 ANDZ=0)=1
0011 ULE Unsigned Less Than or Equal (CORZ)=1
0000 F Never True (Always False) —
5-66 9984043 0034887 Tuy
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INSTRUCTION FORMATS

OoPC CCF, DI, El, IRET, NOP,

RCF, RET, SCF
[ ot | orc

One-Byte Instructions

opc | MoDE CLR, CPL, DA, DEC, opPc | MoDE ADC, ADD, AND, CP,
dstisrc or [1110 ] dsvsrc] RES ks RO Ric, s1c or[1110] e | 3IRSGRS
RR, ARC, SRA, SWAP dst OR| 1110 dst
oPC JP, CALL {Indirect)
dst or[ 1110 ast | OPC | MODE ADC, ADD, AND, CP, *
dst orn[i10] ast ] RAIHISGRE
OPC SRP VALUE
VALUE
MODE | oPc LD
OPC | MODE ADC, ADD, AND, CP, src or{ 1110 src
dst src %’; )s(.gg, SUB, TCM, dst OR| 1110 dst
MODE | OPC LD, LDE, LDEI, MODE | OPC LD
dst/src | src/dst LDC, LoCI dst/src X
ADDRESS
dsf/srcl OPC LD
src/dst or| t110] s | cc | OPC JP
DAU
ast | opc LD DAL
VALUE
opPC CALL
dstcC | OPC DJNZ, JR DAU
RA DAL
FFH STOP/HALT
6FH | 7FH
Two-Byte Instructions Three-Byte instructions

INSTRUCTION SUMMARY

Note: Assignment of a value is indicated by the symbol  notation “addr (n)” is used to refer to bit (n) of a given
“ ¢« ". For example: operand location. For example:

dst « dst + src dst (7)

indicates that the source data is added to the destination refers to bit 7 of the destination operand.
data and the result is stored in the destination location. The

9984043 00348484 980 BE 567
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INSTRUCTION SUMMARY (Continued)

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

ADC dst, src t 1l ] ¥ % %k x 0 % INC dst r rE - % %k sk - -
dste-dst + src + C dste-dst + 1 r=0-F
R 20
ADD dst, src t of ] k 3k %k %k 0 k R 21
dste—dst + sre
INCW dst RR AO - %k %k )k - -
AND dst, src t 5[] - % % 0 - - dste-dst + 1 IR A1
dstdst AND src
IRET BF ® o3k ok ok ok ok
CALL dst DA D6 - - - - - - FLAGS«@SP;
SP«SP -2 IRR D4 SP«SP + 1
@SP«PC, PCe@SP;
PCedst SP&SP + 2;
IMR(7)¢1
CCF EF ¥ - - - - -
CeNOTC JP cc, dst DA cD - - - - - -
if ccis true . c=0-F
CLR dst R BO - - - - - - PCedst IRR 30
dst«0 IR B1
JR cc, dst RA cB - - - - - -
COM dst R 60 - % % 0 - - if cc is true, c=0-F
dste-NOT dst IR 61 PC«PC + dst
Range: +127,
CP dst, src 1 Al ] k %k ¥k ¥k - - -128
dst - src
LD dst, src r Im rC - - - - - =
DA dst R 40 k ok ok X - - dste—src r R 8
dst«—DA dst IR 41 R r 19
r=0-F
DEC dst R 00 - %k %k k - - r X Cc7
dste—dst — 1 IR 01 X r D7
r Ir E3
DECW dst AR 80 - % ¥ %k - - Ir r F3
dste-dst -1 IR 81 R R E4
R IR E5
DI 8F - - - - - - R IM E6
IMR(7)<0 IR M E7
IR R F5
DJNZr, dst RA rA - - - - - -
rer—1 r=0-F LDC dst, src r i C2 - - - - - -
ifr£0
PC«PC + dst LDCI dst, src r I C3 - - - - = -
Range: +127, dstesrc
-128 rer+1;
rre=re + 1
El oF - - - - - -
IMR(7)«1
HALT 7F - - - - - -
5-68 q9a4043 0034889 817
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Address Flags Address Flags
Instruction Mode Opcode Affected Instruction Mode Opcode  Affected

and Operation dst src Byte(Hex) C Z S V D H and Operation dst src Byte(Hex) C 2 S V D H

NOP FF - - - - - = STOP 6F - - - - - -

OR dst, src T 4] ] - % %k 0 - -

dste-dst OR src SUB dst, src t 2[ ] k ok ok ok 1 %k
dste—dstesrc

POP dst R 50 - - - - - -

dst<@SP; IR 51 SWAP dst R FO X % % X - -

SP«SP + 1 IR F1

PUSH src R 70 - - - - - -

SP&SP - 1; R 71

@SPesrc TCM dst, src T e[ ] - % ¥ 0 - -
(NOT dst)

RCF CF 0 - - - - - AND src

Ce0
TM dst, src T 70 1] - % % 0 - -

RET AF - - - - - - dst AND src

PC—@SP;

SP«SP + 2 XOR dst, src t B[ ] - %k %k 0 - -
dste-dst

RL dst R 90 k* %k sk ok - - XOR src

IR 91

1 These instructions have an identical set of addressing modes, which
RLC dst R 10 % sk ok ok — — are encoded for brevity. The first opcode nibble is found in the instruction
set table above. The second nibble is expressed symbolically by a'[ |’

IR 1 g . ) - )
e 1 in this table, and its value is found in the following table to the left of the
applicable addressing mode pair.
RR dst R EO %k %k sk %k — — For example, the opcode of an ADC instruction using the addressing
IR E1 modes r (destination) and Ir (source) is 13.
L}
RRC dst R co % sk % Kk — - Address Mode Lower
R c1 dst src Opcode Nibble
e
r r [2]
SBC dst, src T 3[ ] ® ok ok ok 1 3k
dstedstesrceC r Ir (3]
SCF DF 1 - - - - = R R t4]
Ce1
R iR [s]
SRA dst R Do ¥k Kk 0O - -
IR D1 R M (6]
h IR IM [7]
SRP src Im 31 - - - - - -
RPesrc
9984043 003ua90 539 5-69

—
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5-70

OPCODE MAP
Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B [+ D E F
85 6.5 6.5 6.5 105 10.5 105 105 6.5 8.5 {12/105]12/100| 65 12.100] 65
0 DEC DEC ADD ADD | ADD ADD ADD ADD LD LD DJNZ JR LD JP INC
R1 IR1 1,2 | r1,1r2 [R2, R1 |IR2, R1} R1, IM | IR1, IM} r1,R2 | r2, RY [ r1, RA fcc, RA {r1, IM |cc, DA rt
6.5 6.5 6.5 6.5 10.5 10.5 105 10.5
1 RLC RLC ADC ADC ADC ADC | ADC ADC
R1 IR1 r1,r2 | 1,2 |R2,R1 }IR2, R1| R1, IM ] IR1, IM
8.5 6.5 6.5 6.5 10.5 105 105 105
2 INC INC sue suB sus sus sue sus
R1 R1 r1,r2 | r1,Ir2 | R2, R1 |1R2, R1] R1, IM | IR1, IM
8.0 6.1 6.5 6.5 105 | 105 | 105 | 105
3 JP SRP SBC SBC SBC SBC SBC SBC
IRR1 IM 1,12 | r1,1r2 |R2, R1 }IR2, R1} R1, IM | IR1. IM
85 B85 6.5 6.5 105 10.5 10.5 10.5
4 DA DA OR OR OR OR OR OR
R1 IR1 | ri,e2 | rt, 2 | R2, R1 |IR2, R1| R1, IM | IR1, IM
105 | 105 6.5 6.5 105 | 105 | 105 | 105
5 POP | POP | AND | AND | AND | AND | AND { AND
R1 IRl | r1,r2 [ r1,Ir2 {R2,R1|IR2,R1| R1,IM | IR1, IM
6.5 6.5 6.5 6.5 105 10.5 10.5 10.5 6.0
(] COM | COM TCM TCM TCM TCM TCM TCM STOP
i R1 IR1 r1,r2 | r1,ir2 |R2, R1 |IR2, R1} R1, IM | IR1, IM
== 10/12.1]12/141 6.5 6.5 10.5 105 105 10.5 7.0
e 7 PUSH | PUSH ™ ™ ™ ™ ™ ™ HALT
ﬂ R2 IR2 r1,r2 | r1, 42 |R2,R1|IR2, R1| R1, IM | IR1, IM
z 105 | 105 | 120 | 180 6.1
g ¢ |oecw|oEcw| Loe | Lo Di
o RR1 1R1 frd dre2 | 1rd, 1er2
2 65 65 | 120 | 180 6.1
9 AL | RL | woE | LDEX El
R1 iR1 r2, Irrt g1r2, rrd
105 | 105 | 65 85 | 105 | 105 | 105 [ 105 14.0
A INCW | INCW cP CP CP CcP cP CP RET
RR1 IRt | r1,r2 | r1,1r2 | R2, Rt |IR2, R1] R1. IM]IR1, IM
6.5 6.5 6.5 6.5 105 10.5 10.5 10.5 16.0
B CLR CLR XOR XOR XOR XOR XOR | XOR IRET
R1 1R1 r1,r2 | r1, kr2 {R2,R1 {IR2, R1] R1, IM|IR1, IM
6.5 6.5 120 18.0 105 6.5
c RRC RRC LDC LDCI LD RCF
R1 IR1 r1, dre2 fIrt, Irr2 ri,x,R2
8.5 6.5 120 18.0 20.0 20.0 105 8.5
D SRA | SRA LDC | LDCI | CALL* CALL LD SCF
A1 IR1 | r1, 2 firt, trr2 | IRR1 DA | r2,xR1
6.5 6.5 6.5 10.5 10.5 105 105 6.5
E RR RR Lo LD LD LD LD CCF
R1 IR1 r1,IR2 [ R2, R1 ]IR2, R1 | R1, IM{ IR1, [M ;
85 | 85 65 10.5 ¢ 6.0 |
F SWAP | SWAP LD LD NOP i
R1 1R1 ir1, 12 R2, IR1 ' ' ' v ' Y }
v " ~ v |
2 3 2 3 1
Bytes per Instruction
C',‘?’QZ’ Legend: |
, rteing R = 8-bit Address |
Exacution Pipeline r = 4-bit Address 1‘
Cycles l Cycles R1 or r1 = Dst Address |
4 / R2 or 12 = Src Address |
Upper 10.5
Opcode ——seA|  CPe—f—— Mnemonic Sequence:
Nibble R1.R2 Opcode, First Operand,
\ Second Operand
First Second Note: Blank areas not defined.
Operand Operand
*2-byte instruction appears as
a 3-byte instruction 1
.
9984043 D034891 475 1
|
—
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DSP COMMANDS
7 4 3 2 0 Addressing:

Li]ofofr]efs]r]+]

LD (Ri),ADC

Instruction: 1 Byte
Cycle: 1 Cycle

Operation:

The contents of the ADC register are copied to the register
specified by the register pointer.

ADC — (Ri)

Flag change: No

The ADCregister isa Read - Only register as far as the DSP

is concerned. [t may be used to transfer the current A/D
conversion result into DSP memory space.

(Ri}) is specified by both the bank bit (Bit 3) and bit 2 as
follows.

B S

0 0 RO
0 1 R1
1 0 R2
1 1 R3

RO and R1 are register pointers associated with DSP Data
Memory RAM(0).

R2 and R3 are register pointers associated with DSP Data
Memory RAM(1)

7 4 32 10
Lilofoli]efs] @ |

ST (Ri)

Instruction: 1 Byte
Cycle: 1 Cycle

Operation:

The contents of the accumulator are stored into the register
specified by the register pointer.

Accumulator — (Ri)

Flag change: No

Addressing:

(Ri) is specified by both the bank bit (bit 3) and bit 2 as
follows:

B S

0 0 RO
0 1 R1
1 0 R2
1 1 R3

9984043 0034892 301

RO and R1 are register pointers associated with DSP Data
Memory RAM(0).

R2 and R3 are register pointers associated with DSP Data
Memory RAM(1).

P field (modification field for register pointers):

0] 0 NOP

0 1 +1

1 0 -1 Loop
1 1 ILLEGAL

Example:

The instruction ST (R2-) will store the accumulator into the
register whose address is specified by R2 and then it will
decrement R2.

Quick reference:

Accumulator — (Ri)
Ri+1orRi-1orRi—Ri

5-71
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DSP COMMANDS (Continued)
7 4 3 2 1 0
[Tl lo o [ ]
ST DAC
Instruction: 1 Byte
Cycle: 1 Cycle
Operation:

The contents of the accumulator are copied to the DAC
register.

Accumulator — DAC
Flag change: No
The DAC register is a write-only register as far as the DSP

is concerned. It may be used to transfer the DSP results
into the D/A converter register.

7 4 3 2 1 0
[Jo[tfofels] » |
ADD (Ri)
Instruction: 1 Byte
Cycle: 1 Cycle
Operation:

The contents of the register specified by the register
pointer are added to the accumulator. Riregister ismodified
according to the P field after execution.

Accumulator « Accumulator + (Ri)
Flag change: Yes (OV), (L), (2), (N)
Addressing:

(Ri) is specified by both the bank bit (bit 3) and bit 2 as
follows:

B ]

0 0 RO
0 1 R1
1 0 R2
1 1 R3

5-72

9984043 0034893 248

RO and R1 are register pointers associated with DSP Data
Memory RAM(0).

R2 and R3 are register pointers associated with DSP Data
Memory RAM(1).

P field (modification field for register pointers):

0 0 NOP

0 1 +1

1 0 -1 Loop
1 1 +1 Loop

Example:

The instruction ADD (R0+) will add the accumulator with
the register whose address is specified by RO and then it
will increment RO.

Quick reference:

Accumulator « Accumulator + (Ri)
Ri+ 1orRi—1orRi —»Ri
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7 4 3 2 t 0
Llofi]i]efs] @ |
SUB (Ri)
Instruction: 1 Byte
Cycle: 1 Cycle
Operation:

The contents of the register specified by the register
pointer are subtracted from the accumulator. Ri register is
modified according to the P field after execution.

Accumulator « Accumulator — (Ri)
Flag change: Yes (OV), (L}, (Z), (N)
Addressing:

(Ri) is specified by both the bank bit (bit 3) and bit 2 as
follows:

RO and R1 are register pointers associated with DSP Data
Memory RAM(O).

R2 and R3 are register pointers associated with DSP Data
Memory RAM(1).

P field {modification field for register pointers):

0 0 NOP

0 1 +1

1 0 -1 Loop
1 1 +1 Loop

Example:

The instruction SUB (RO+) will subtract the register whose
address is specified by RO form the accumulator and then
it wilt increment RO.

Quick reference:

Accumulator « Accumulator — (Ri)
Ri+ 1orRi-1orRi—Ri

B S

0 0 RO
0 1 R1
1 0 R2
1 1 R3

7 5 4 3 2 0 Addressing:
I 1 ! 1 | o IFHIHJ. | P | (Ri) is specified by bit 4 and (Rj) by bit 3 as follows:
If bit 4 = 0, RO is selected else R1 is selected.

MLD (Ri),(Ri) If bit 3 = 0, R2 is selected else R3 is selected.
instruction: 1 Byte 'I\RAO and R&:ﬁ (r)egister pointers associated with DSP Data
Cycle: 1 Cycle emory (0).

Operation: R2 and R3 are register pointers associated with DSP Data

The contents of the RAM registers whose address is
specified by the register pointers Ri and Rj are copied to
the multiplier temporary registers X and Y respectively. Ri
specifiesthe addresss for DSP Data RAM(0) and Rjspecifies
the address for DSP Data RAM(1). Ri,Rj are modified
according to the modification field P after accumulator is
cleared.

Quick reference:
X « (Ri)
Y « (Rj)

Accumulator « 0

Flag change: No

I

9984043 DO34894 184

Memory RAM(1).

P field (modification field for register pointers):

P(2:0) Ri Rj
000 NOP +1
001 NOP -1 Loop
010 +1 NOP
011 +1 +1
100 +1 -1 Loop
101 -1 Loop NOP
110 -1 Loop +1
111 -1 Loop -1 Loop

5-73
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DSP COMMANDS (Continued)

7 6 5 4 3 2 1 0

Ll [ =]

MPYA (Rj),(Ri)

Instruction: 1 Byte
Cycle: 1 Cycle

Operation:

The multipler outputis added to the accumulator. Then, the
contents of the RAM registers whose address is specified
by register pointers Ri and Rj are copied to the multiplier
temporary registers X and Y respectively. Ri specifies the
address for DSP Data RAM(0) and Rj specifies the address
for DSP Data RAM(1). Ri,Rj are modified according to the
modification field P after the copy execution.

Quick reference:
X« (Ri)

Y « (Rj)
Accumulator « Accumlator + P

Flag change: Yes (OV), (L), (Z), (N)

Addressing:
(Ri) is specified by bits 2-0 and (Rj) by bit 5-3 as follows:

If bit 2 = 0, RO is selected else R1 is selected.
If bit 5 = 0, R2 is selected else R3 is selected.

RO and R1 are register pointers associated with DSP Data
Memory RAM(0).

R2 and R3 are register pointers associated with DSP Data
Memory RAM (1).

Modification field for register pointers:

Bit 1/Bit 4 Bit 0/Bit 3 Ri/Rj
0 (0] NOP
0 1 +1
1 0 -1 Loop
1 1 +1 Loop

7 6 5 4 3 2 1 0

L] s | & |
MPYS (Rj),(Ri)
Instruction: 1 Byte
Cycle: 1 Cycle
Operation:

The multipler output is subtracted from the accumulator.
Then, the contents of the RAM registers whose address is
specified by register pointers Ri and Rj are copied to the
multiplier temporary registers X and Y respectively. Ri
specifies the address for DSP Data RAM(0) and Rj specifies
the address for DSP Data RAM(1). Ri,Rj are modified

Flag change: Yes (OV), (L), (Z), (N)

Addressing:
(Ri) is specified by bits 2-0 and (Rj) by bit 5-3 as follows:

If bit 2 = 0, RO is selected else R1 is selected.
If bit 5 = 0, R2 is selected else R3 is selected.

RO and R1 are register p'ointers associated with DSP Data
Memory RAM(0).

R2 and R3 are register pointers associated with DSP Data
Memory RAM (1).

Modification field for register pointers:

according to the modification field P after the copy Bit 1/Bit 4 Bit 0/Bit 3 Ri/Rj
execution.
0 0 NOP
Quick reference: Q 1 +1
1 0 -1 Loop
X « (Ri) 1 1 +1 Loop
Y « (Rj)
Accumulator «- Accumiator — P
Ri+ 1orRi-1orRi—-Ri
Rj+1orRj-10orRj— Rj
574 9984043 0034895 010
-
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7 6 5 4 3 2 1 0 Instruction: 1 Byte
I 1 |1 I 1 I cond I opcode Cycle: 1Cycle
Operation:

The contents of the accumulator are modified ifthe condition

MOD cond, OP is met. Otherwise a NOP is executed. The exact nature of
the accumulator modification is specified by the OPCODE
field.

Opcode Mnemonic Operation Flags -

000 ROR Rotate Right (QV) (Z) (N)

001 ROL Rotate Left (OV) (Z) (N)

010 SHR Arithmetic Right Shift (OV) (Z) (N)

o1 SHL Arithmetic Left Shift (OV) (Z) (N)

100 INC Increment A (OV) (Z) (N)

101 DEC Decrement A (OV) (Z) (N)

110 NEG Negate A (OV) (2) (N)

111 ABS Absolute A (OV) (2) (N)

Condition Field: If the condition is met then
000 (L)—>al5al5—5al4,..,a1—=a0, a0 - (L)
. N 001 (L)« aib al5«al4, ..., al « a0, a0 « (L)
Bit4 Bit3 010  Accumulator/2 — Accumulator
0 0 ILLEGAL 011 Accumulator*2 — Accumulator
0 1 Always True (MOD, always, OP) 100  Accumulator+1 — Accumulator
1 0 IF OV = 1 (MOD, OV = 1, OP) 101 Accumulator-1 — Accumulator
1 1 IFN=1(MOD,N = 1, OP) 110 -Accumulator - Accumulator
111 |Accumulatorl — Accumulator
Flag change: Yes (OV), (L), (Z), (N)
9984043 003489k T57 575

o
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Z86C95
28*DSP

DSP COMMANDS (Continued)

4 3 2

nanoooEs

LD (Ri)

Instruction: 1 Byte
Cycle: 1 Cycle

Operation:

The contents of the register specified by the register
pointer are copied to the accumulator.

(Ri) = Accumulator

Flag change: No

Addressing:

(Ri) is specified by both the bank bit (bit 3) and bit 2 as
follows:

B ]

0 0 RO
0 1 R1
1 0 R2
1 1 R3

RO and R1 are register pointers associated with DSP Data
Memory RAM(0).

R2 and R3 are register pointers associated with DSP Data
Memory RAM(1).

P field (modification field for register pointers):

0 0 NOP

0 1 +1

1 0 -1 Loop
1 1 ILLEGAL

Example:

The instruction LD (RO+) will load the accumulator with the
register whose address is specified by R0 and then it will
increment RO.

Quick reference:

(Ri) — Accumulator
Ri+1orRi-1orRi = Ri

7 6 5 4 3 2

Lli]rlefofo] =]

I tmmediate Data J
LDI Ri
Instruction: 2 Bytes
Cycle: 2 Cycles
Operation:

The register pointers (RO, R1, R2, R3) are loaded with the
immediate value specified

Flag change: No

5-76 9984043 0034897 993 Ed
- -

Addressing:
(Ri) is specified by bits (1:0) as follows.

Bit 1 Bit 0
0 0 RO
0 1 R1
1 0 R2
1 1 R3

Quick reference:

Ri « Immediate data

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003
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0N 2iLan PRELIMINARY 28°DSP
6 5 4 3 2 1 Quick reference:
[T T TooT o] )
If condition = True, then PseudoPC=Branchaddress
L Branch Address MSB 1 Else, Pseudo PC = Pseudo PC + 1

I Branch Address LSB I

BRA cond,addr

Instruction: 3 Bytes
Cycle: 3 Cycles

Operation:

The condition is tested and the branch is taken if the
condition is true. The branch address has to be within the
internat program memory space (512 bytes).

Flag change: No

Branch conditions are specified as follows:

Bit 1 Bit 0
0] 0 Branch on NOT ZERO
0 1 Branch on OVERFLOW
1 0 Branch ALWAYS
1 1 Branch on LINK bit SET

7 6 5 4 3 2 1

[ LTl T T-T]

DSP STOP

Instruction: 1 Byte
Cycle: 1 Cycle

Operation:
This instruction will stop the DSP.

Flag change: No

5-77

9984043 0034898 82T

I
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286C95
28®DSP

PACKAGE INFORMATION
HD
B -~ a2
41 -1 —{— Al i -
ﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ'ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ —
= i =
== ! =
c=x ] = —
= i =
g _____________ domm E E HE
== ! =
= ; =
=0 i =
EUEHH‘UUUUHUHUUU‘T?PHHUUUQ___ .
b » o-12°
SymBOL | MILLIMETER INCH
MIN MAX_ | MIN HAX
NOTES: Al 0.0 030 | 004 | 012
1. CONTROLLING DIMENSIONS + MILLIMETER a2 260 | 280 | 402 | 410
2. MAX COPLANARITY « 070 ) 030 | 045.| o2 | o8
< 013 020 | 003 | o008
HD 2380 | 2440 | 937 | 961
D 1990 | 2010 | 783 | 791
HE 17.80 | 18.40 | .701 724
3 1390 | 1410 | 547 | 555
| &8 0.60 TYP 031 TYP
L 070 | 120 o028 | 047

80-Pin QFP Package Diagram

5-78

9984043 0034899 7bb EA
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"
D
~ A
D
- —{b— 066705
026/.020
I ncmmnan? |
2 7 T — -
o} =
f p 246/042 =E
h = T .
| i L ==
i ] = g3
-
| SHTE N
______________________ £ € i 2 Ea
| = T zE
i == 8z
! =3 gs
! = go
i = H
i = s
3l . D354 5 1
% i 5 \_‘f_"
R Ll4/D64
0437025
NOTES: SYMBOL HILLIMETER INCH
j e pena e, R
WITH 4 IN.
5 SheNS IR « A 432 | 457 | a7 180
TNCH Al 267 | 292 | g05 | ms

b/€_| 3000 | 3035 | 1185 | 1195
[oive | 2921 | 2041 | 1130
[ vz | 2794 | ee58 | 1100 | r12s
n 127 ve__ | os0 Tve

84-Pin PLCC Package Diagram

B¥ 9984043 0034900 208 579

-
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PACKAGE INFORMATION (Continued)

} HD - A svnpoL | MIELIMETER INCH
D a2 MIN MAX MIN MAX
75 s 6 a A 135 160 053 063
AN00A0GaannaARaEnaLAng 1t Al 0.05 0.20 .oo2 .008
76 . __ " a2 130 1.50 051 059
¥ o 015 026 | 006 010
c 0.10 0.20 004 008
HD 1585 | 1615 | 624 | 636
D 1390 | 1410 | S47 | SS5
£ HE HE 1585 | 1615 | 624 | 636
3 1350 | 1410 | 547 | s55
= 050 TYP 020 TYP
L 035 | 065 014 | o026
o) LE 090 | 110 035 | 043
100 26
1 2 i L CONTROLLING DIMENSIONS « MM
o . S i TS LANARITY 0y
’ ~]
0-10°

100-Pin VQFP Package Diagram

5-80 9984043 0034901 14y EA
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ORDERING INFORMATION

Z86C95
24 MHz
84-pin PLCC 80-pin QFP 100-pin VQFP
Z86C9524VSC Z286C9524FSC Z86C9524ASC
33 MHz
84-pin PLCC 80-pin QFP 100-pin VQFP
Z86C9533VSC Z86C9533FSC Z86C9533ASC

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

Package
V = Plastic Chip Carrier

Longer Lead Time
F = Plastic Quad Flat Pack
A = Very Small QFP

Temperature
S=0°Cto+70°C

Speed
24 = 24 MHz
33 =33MHz

Environmental
C = Plastic Standard

Example:
Z 86C95 23 A S C is a Z86C95, 33 MHz, VQFP, 0°C to +70°C, Plastic Standard Flow

l |— Environmental Flow

Temperature
Package

Speed

Product Number
Zilog Prefix

9944043 0034802 080
- _________________________________________
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