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PRODUCT SPECIFICATION

286CG93

CMOS Z8® MULTIPLY/DIVIDE
MICROCONTROLLER

FEATURES

B Complete microcontroller, up to 24 /O lines, and up to
64 Kbytes of addressable external space each for
program and data memory.

m  16-bit x 16-bit hardwired multiplier with 32-bit product
in 17 clock cycles.

W 32-bit x 16-bit hardwired divider with 16-bit quotient
and 16-bit remainder in 20 clock cycles.

W 256-byte register file, including 236 general-purpose
registers, up to three /O port registers and 16 status
and control registers.

m 17-byte Expanded RegisterFile, including two general-
purpose registers and 15 status and control registers.

m Vectored, priority interrupts for /O, counterftimers
and UART.

m On-chip oscillator that accepts crystal or external
clock drive.

B Two 16-bit counter timers with 6-bit prescalers.

B Third 16-bit counterftimer with 4-bit prescaler, one
capture register and a fast decrement mode.

®m Register Pointer for short, fast instructions that can
access any one of the sixteen working register groups.

B Additional emulation signals SCLK, IACK, and /SYNC
are made available.

m Two low power standby modes, STOP and HALT
B Full-duplex UART
m 3.3+ 10% volt operation at 25 MHz

B 5.0+ 10% volt operation at 20, 25 and 33 MHz

GENERAL DESCRIPTION

The Z86C93 is a CMOS ROMIless Z8 microcontroller en-
hanced with a hardwired 16-bit x 16-bit multiplier and
32-bit/16-bit divider and three 16-bit counter timers (Fig-
ure 1). A capture register and a fast decrement mode is
also provided. Itis offered in 40-pin PDIP, 44-pin PLCC, 44-
pin QFP and 48-pin VQFP (Figures 2, 3, 4, 5 and 6).
Besides the four additional signals (SCLK, 1ACK, /SYNC
and /WAIT), the Z86C93 is compatible with the Z86C91,
yetitoffersamuch more powerful mathematical capability.

The Z86C93 provides up to 16 output address lines permit-
ting an address space of up to 64 Kbytes of data and
program memory each. Eight address outputs (AD7-ADO)
are provided by a multiplexed, 8-bit, Address/Data bus.
The remaining 8 bits can be provided by the software
configuration of Port 0 to output address bits A15-A8.




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 sixteen 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-

Notes:
All Signals with a preceding front stash, *f", are active Low, eg.
B//W (WORD is active Low); /B (BYTE is active Low, only).

Power connections follow conventional descriptions below:

vidual registers can be accessed directly. There are an Connection Circuit Device
additional 17 registers implemented in the Expanded
Register File in Banks D and E. Two of the registers may be Power Ve xoo
used as general-purpose registers, while 15 registers Ground GND ss
supply the data and control functions for the Multiply/
Divide Unit and Counter/Timer blocks.
;
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Figure 1. Functional Block Diagram




PIN DESCRIPTION
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Figure 2. Pin Functions
7 Table 1. 40-Pin DIP Pin identification
vee [ 1 40 [1 P3s - - —
xTAL2 [] 2 30 [ Pat Pin# Symbol  Function Direction
xTALt [] 3 38 [] P27 1 Vee Power Supply Input
P37 [ 4 a7 {] p2s 2 XTAL1 grystal, 8scillator Clock Input
3 XTALZ rystal, Oscillator Clock Output
P30 [] s 36 P25 .
eser E . . a P; 4 P37 Port 3 pin 7 Output
rw ] 7 34 [] P23 5 P3OSET Port 3 pin 0 :nput
6 /RE! Reset nput
/ms [ s 33 P22
s E 0 . % pa1 7 R/W Read/Write Output
Z86C93 8 /DS Data Strobe Output
P3s [] 10 Typ 31 [J peo
aND [ 11 30 [J pas 9 /AS Address Strobe Output
10 P35 Port 3 pin 5 Output
Paz [ 12 29 [ P34 11 GND Ground, GND Input
Poo [ 13 28 {1 P17 12 P32 Port 3 pin 2 Input
Po1 [] 14 27 [] P16
po2 [] 15 2 [ p1s 13-20 POO-PO7  Port0pin 0,1,2,3,4,56,7 In/Output
21-28 P10-P17  Port1pin0,1,2,3,4,5,6,7 In/Output
Pos [ 16 25 [ P14 29 P34 Port 3 pin 4 Output
Po4 [ 17 24 [ P13 30 P33 Port 3 pin 3 Input
Pos [] 18 23 [] P12 .
2 31-38 P20-P27  Port 2 pin 0,1,2,3,4,5,6,7 In/Qutput
Pos [ 1o ] P 39 P31 Port 3 pin 1 Input
Po7 [] 20 21 [ P10 40 P36 Port 3 pin 6 Output

Figure 3. 40-Pin DIP




PIN DESCRIPTION (Continued)

b4 -«
el [ L M MM M | el B e |
( 6 5 4 3 2 1 4443 42 41 40 )
/RESET[] 7 39 E NC
RIW [ 38 ] P24
ms s 37 1 P23
/AS] 10 3% {] P22
P35[] 1 Z86C93 35 7 P21
GND O 12 MCU 34 11 P20
P32} 13 33 [J P33
Poo[] 14 32 |1 P34
Po1 [ 15 31 0 P17
Po2Q e 3 I P16
IACKﬁ 17 29 [ p1s
¥15 19 20 21 22 23 24 25 26 27 28 )

Figure 4. 44-Pin PLCC

Table 2. 44-Pin PLCC Pin Identification

No Symbol Function Direction No Symbol  Function Direction
1 Vee Power Supply Input 14-16 P00-PO2 Port0pin 0,1,2 In/Output
2 XTAL2 Crystal, Osc. Clock Output 17 IACK Int. Acknowledge Output
3 XTALA1 Crystal, Osc. Clock Input 18-22 P03-P0O7 Port 0 pin 3,4,5.6,7 In/Output
4 P37 Port 3 pin 7 Output 23-27 P10-P14  Port1pin0,1,2,3,4 In/Output
5 P30 Port 3 pin 0 Input 28 ISYNC  Synchronize Pin Output
6 SCLK System Clock Output 28-31 P15-P17  Port1pin5,6,7 In/Output
7 /RESET Reset Input 32 P34 Port 3 pin 4 Output
8 R/IW Read/Write Output 33 P33 Port 3 pin 3 Input
9 /DS Data Strobe Output 34-38 P20-P24 Port 2 pin 0,1,2,3,4 In/Output
10 /AS Address Strobe Output 39 N/C Not Connected (20 MHz) Input
11 P35 Port 3 pin 5 Output MWAIT  WAIT (25 or 33 MHz) Input
12 GND Ground GND Input 40-42 P25-P27 Port 2 pin 5,6,7 In/Output
13 P32 Port 3 pin 2 Input 43 F31 Port 3 pin 1 Input

44 F36 Port 3 pin 6 . Output
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Figure 6. 48-Pin VQFP Package
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Table 4. 48-Pin VQFP Pin Identification

No Symbol  Function Direction No  Symbol Function Direction
1 N/C Not Connected Input 25 N/C Not Connected Input
2 /RESET Reset Input 26-28 P15-P17 Port1 pin 5,6,7 In/Output
3 R/W Read/Write Output 29 F34  Port3pin4 Output
4 /DS Data Strobe Output 30 F33 Port 3 pin 33 input
5 IAS Address Strobe Output 31-35 P20-P24 Port2pin0,1,2,3,4 In/Output
6 P35 Port 3 pin 5 Input 36 N/C Not Connected (20 MHz) Input
7 GND Ground GND Input MWAIT  WAIT (25 or 33 MH2) Input
8 P32 Port 3 pin 2 Input 37-39 P25-P27 Port2 pin 5,6,7 In/Output
9-11 PO0O-PO2  Port O pin 3,4,5,6 In/Output 40 F31 Port 3 pin 1 Input
12 IACK Int. Acknowledge Output 41 P36 Port 3 pin 6 Output
- 42 N/C Not Connected Input
13-16  PQO3-P0O6  Port O pin 3,4,5,6 In/Output
17 N/C Not Connected Input 43 Vee Power Supply Input
18 PO7 Port O pin 7 in/Output 44 XTAL2  Crystal, Osc. Clock Output
19-23 P10-P14  Port1pin 0,1,2,3,4  In/Output 45 XTAL1  Crystal, Osc. Clock Input
24 /SYNC Synchronize Pin Output 46 P37 Port 3 pin 7 Output
47 F30 Port3pin0 Input
48 SCLK  System Clock Output

o
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Port3P30-P37. Port 3is an 8-bit, TTL compatible four fixed
input and four fixed output ports. These eight /O lines have
four fixed (P30-P33) input and four fixed (P34-P37) output

ports. Port 3 pins P30 and P37 when used as serial /O, are
programmed as serial in and serial out, respectively
(Figure 10 and Table 5).

T e———
-
———
Z86C93 | g—— Port 3
MCU (/O or Control)
i
—
Auto Latch
PAD R = 500k 2
In
Figure 10. Port 3 Configuration
Table 5. Port 3 Pin Assignments

Pin # /o CTC1 Int. POHS P2HS UART Ext.
P30 In IRQ3 Serial In
P31 In T IRQ2 D/R
P32 In IRQO DR
P33 In IRQ1
P34 Out DM
P35 Out R/D
P36 Out Tour R/D
P37 Out Serial Out

Port 3 is configured under software control to provide the
following control functions: handshake for Ports 0 and 2
{(/DAV and RDY); four external interrupt request signals
(IRQO-IRQ3); timer input and output signals (TnandT
and Data Memory Select (/DM).

OUT)’

Port 3 lines P30 and P37 can be programmed as serial
I/O lines for full-duplex serial asynchronous receiver/
transmitter operation. The bit rate is controlled by the
Counter/Timer 0.

The Z86C93 automatically adds a start bit and two stop bits
to transmitted data (Figure 10). Odd parity is also available
as an option. Eight data bits are always transmitted,

regardless 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 rust have a start bit, eight data bits and at
least one stop bit. If parity is on, bit 7 of the received data
is replaced by a parity error flag. Received characters
generate the IRQ3 interrupt request.

The Auto Latch on Port 3 puts a valid CMOS level on all
CMOS inputs that are not externally driven. Whether this
level is zero or one, cannot be determined. A valid CMOS
levelrather than afloating node reduces excessive supply
current flow in the input buffer.

1
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FUNCTIONAL DESCRIPTION (Continued)

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

Example:

Uponreset, the status of the MDCON register is 100uuu00b
(D7 to DO).

u = Undefined
x = Irrelevant
b = Binary

If muitiplication operation is desired, the MDCON register
is set to 010xxxxxb.

If the MDCON register is READ during multiplication, it
would have a value of 000uuu00b.

Upon completion of multiplication, the result of the MDCON
register is 100uuu00b.

If division operation is desired, the MDCON register is set
to 001 xxxxxb.

During division operation, the register would contain
000uu??b (7 - value depends on the DIVIDEND, DIVISOR).

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

Note that once the multiplication/division operation starts,
all data registers (MREGS through MREGO) are write-
protected and so are the writable bits of the MDCON
register. The write protection is released once the math
unit operation is complete. However, the registers may be
read at any time.

A multiplication sequence would look like:

1. Load multiplier 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 operationis in progress,
the programmer can use the Z8 to do other things. Also,
since the multiplication/division takes a fixed number of
cycles, he can start reading the results 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.

The two general purpose registers can be used as scratch
padregisters or as external datamemory address pointers
during an LDE instruction. MREGO through MREGS, if not
used for multiplication or division, can be used as general
purpose registers.

Performance of multiplication. The actual multiplication
takes 17 internal clock cycles. It is expected that the chip
would run at a 10 MHz internal clock frequency (external
clock divided by two). Thisresults in an actual multiplication
time {16-bit x 16-bit) of 1.7 ps. If the time to load operands
and read results is included:

Number of internal clock cycles to load 5 registers: 30
Number of internal clock cycles to read 4 registers: 24

The total internal clock cycles to perform a muttiplication is
71. This results in a net multiplication time of 7.1 us. Note
that this would be the worst case. This assumes that ali 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 actua! division needs 20 in-
ternal clock cycles. This translates to 2.0 ps for the actual
division at 10 MHz (internal clock speed). If the time to load
operands and read results is included:

Number of internal clock cycles to load operands: 42
Number of internal clock cycles to read results: 24

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

Counter/Timers

This section describes the enhanced features of the counter/
timers (CTC) on the Z86C93. 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 6-bit program-
mable prescaler. The T1 prescaler is driven by internal or
external clock sources; however, the TO prescaler is driven
by the internal clock only.

The 6-bit prescalers divide the input frequency of the clock
source by any integer number from 1to 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 are programmed to start, stop, restart to
continue, or restart from the initial value. The counters can
also be programmed to stop upon reaching zero (single
pass mode) or to automatically reload the initial value and
continue counting (modulo-n continuous mode).

The counters, but not the prescalers, are read at any time
without disturbing their value or count mode. The clock
source for T1 is user-definable and is either the internal
microprocessor clock divided by four, or an external signal
input via Port 3. The Timer Mode register configures the
external timer input (P31) as an external clock, a trigger
input that is retriggerable or non-retriggerable, or as a gate
input for the internal clock. The counterftimers are cas-
caded by connecting the TOoutputtothe input of T1. Either
TO or T1 can be outputted via P36.

The following are the enhancements made to the counter/
timer block on the Z86C93 (Figure 18):

W TO counter length is extended to 16 bits. For example,
T0O now has a 6-bit prescaler and 16-bit down counter.

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

B A new counterftimer T2 is added. T2 has a 4-bit
prescaler and a 16-bit down counter with capture

These three counters are cascadable as shown in Table 6.
The result is that T2 may be extendable to 32 bits and T1
extendable to 24 bits. Bits 1 and 0 (CAS1 AND CASQ) of the
T2Prescaler Register (PRE2) determine the counter length.

Table 6. Counter Length Configurations

CAS 1 CASO TO T1 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 is programmed to XTAL/
2 or XTAL/8 (only when T2 counter length is 16 bits), which
results in a resolution of 100 ns at an external XTAL clock
speed of 20 MHz.

Capture Register. T2 has a 16-bit capture register associ-
ated with T2 HIGH BYTE and T2 LOW BYTE registers. The
negative going fransition on pin P33 enables the latching
of the current T2 value (16 bits) into the capture register.
The register mapping of the capture register is in Bank D
(Figure 13). Note that the negative transition on P33 is
capable of generating an interrupt. Also, the negative
transition on P33 always latches the current T2 value into
the capture register. There is no need for a control bit to

register. enable/disable the latching; the capture register is read
only.
1 |_ — |[RQ4
o/ M . W]
XTAL/S —| To Py TO High U OO 2 510 Clock
Low Byte X Byte o/p X
r T 2 P36
— TOUT
XTAL/8 T1 op '\S T1 op 4 — “J 1 0UT
Or—1 Low Byte High Byte
External y —1 X gh Byt X_
L IRQ5
XTAL/8 T2 T2 Op M2 gur ; P35
or — i —
XTAL2 Low Byte High Byte X _freour
T2 IRQ }
IRQO
P32 -

Figure 18. Counter/Timer Block Diagram




FUNCTIONAL DESCRIPTION (Continued)
Operation

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, goes to an output
pin (P35). Also, the interrupt generated by T2 is 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 goto port
pin 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.

The counters are configured in the following manner:

Timer  Mode Byte
T0 8-bit Low Byte (T0)
TO 16-bit High Byte (T0) + Low Byte (T0)
T1 8-bit Low Byte (T1)
T1 16-bit High Byte (T1)+ Low Byte (T1)
T1 24-hit High Byte (TO) + High Byte (T1) +
Low Byte (T1)

T2 16-bit High Byte (T2) + Low Byte (T2)
T2 24-bit High Byte (TO) + High Byte (T2) +
Low Byte (T2)

T2 32-bit High Byte (TO) + High Byte (T1) +

High Byte (T2) + Low Byte (T2)

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

The T2 Timer Mode register is shown in Figure 19. Upon
reaching end of count, bit 7 of thisregister is set to one. This
bitISNOT resetin hardware and it has to be cleared by the
interrupt service routine,

T2 interrogates the state of the Count Mode Bit (D2) once
it has counted down to it's zero value. T2 then makes the
decision to continue counting (Module N Mode) or stop
(Single Pass Mode). Observe this functionality if attempt-
ing to modify the count mode prior to the end of count bit
(D7) being set.

The register map of the new CTC registers is shown in
Figure 13. TO high byte and 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 19. Bits 1 and
Oof this register control the various cascade modes of the
counters.

T2 TMR (D) 01

|B7loe|05|04|03|02|m|0ﬂ

=

0 No Function
1 Load T2

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

T2 CLOCK Source
0 XTALB
1 XTALR

T2 End Of Count
0 NotEOC
1 EOC

Figure 19. T2 Timer Mode Register (T2)

PRE2 (D) 03
D7 Dsloslmloalozlmloo—l

—L CTC Cascade Control Bits

TO T T2
00 8 8§
01 16 16 16
10 8 24 16
11 8 16 24

——————— Reserved

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

Figure 20. T2 Prescaler Register (PRE2)
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Interrupts

The Z86C93 has six different interrupts from nine different
sources. The interrupts are maskable and prioritized. The
nine sources are divided as follow: four sources are
claimed by Port 3 lines P30-P33, one in Serial Out, one in
Serial In, and three 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 Z86C93 interrupts are vectored through loca-
tions in the program memory. When an interrupt machine
cycleisactivated aninterruptrequestis granted. Thus, this
disables all 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
polled to determine which of the interrupt requests need
service. Software initiated interrupts are supported
by setting the appropriate bit in the Interrupt Request
Register (IRQ).

Internal interrupt requests are sampled on the falling edge
of the last cycle of every instruction. 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 used to fetch the
interrupt vector from external memory. The first byte of the
interrupt service routine is fetched beginning on the 58"
TpC cycle following the internal sample point, which cor-
responds to the 63 TpC cycle following the external
interrupt sample point.

IRQ0C IRQ2

IRQ1, 3,4,5 * l

Interrupt
Edge [<—— |RQ (D6, D7)

Select

1

IRQ

RN
il O

IMR
6
Global IPR
Interrupt
Enable lL
Interrupt PRIORITY -
Request hd LOGIC

I

Vector Select

Figure 21. Interrupt Block Diagram
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Power Down Modes

HALT. Turns off the internal CPU clock but not the XTAL
oscillation. The counter/timers and the external interrupts
IRQO, IRQ1, IRQ2 and IRQ3 remain active. The devices
are recovered by interrupts, either externally or internally
generated. During HALT mode, /DS, /AS and R//W are
HIGH. The outputs retain their preview value, and the
inputs are floating.

STOP. This instruction turns off the internal ciock and
external crystal oscillation and reduces the standby cur-
rent to 10 pA or less. The STOP mode is terminated by a
/RESET, which causes the processor to restart the appli-
cation program at address O00CH.

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 executes
a NOP (opcode=0FFH) immediately before the appropri-
ate 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

ABSOLUTE MAXIMUM RATINGS

Symbol Description Min  Max Units
Vee Supply Voltage* -0.3 +7.0 \
Tsre Storage Temp -85  +150 C
T, Oper Ambient Temp T T C

* Voltages on all pins with respect to GND.
t See Ordering Information

Stress greater than those listed under Absolute Maximum
Ratings may cause permanent damage to the device. This
is a stress rating only; operation of the device at any
condition above those indicated in the operational sec-
tions of these specifications is not implied. Exposure to
absolute maximum rating conditions for an extended pe-
riod may affect device reliability.

STANDARD TEST CONDITIONS

The characteristics listed below apply for standard test
conditions as noted. All voltages are referenced to GND.
Positive current flows into the referenced pin Test Load
Diagram (Figure 23).

buT
Device Under Test

O V Commutation

Figure 23. Test Load Diagram
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DC ELECTRICAL CHARACTERISTICS
Vo = 3.3V £ 10%

Sym Parameter T,=0°Cto +70°C Typical Units Conditions
Min Max at 25°C

Max Input Voltage 7 v 250 pA
V.,  Clock input High Voltage 08V, Vee \ Driven by External Clock Generator
V. Clock Input Low Voltage -0.03 0.1xV,, v Driven by External Clock Generator
V,,  Input High Voltage 0.7xV, Vee \
V,  Input Low Voltage -0.3 0.1xV,, Vv
V., Output High Voltge 18 v Iy =-1.0 MA
V. Output High Voltge V., - 100mv v low = -100 pA
V.. Output Low Voltage 0.4 v b =+1.0 mA
V.,  ResetInput High Voltage 0.8xv,, Vee v
V,  Resetinput Low Voltage -0.03 0.1xV,, v
l, Input Leakage -2 2 A Testat OV, v,
l,  Output Leakage 2 2 pA TestatQv, v,
ly  Resetlnput Current -80 pA Vo =0V
le  Supply Current 30 20 mA @25MHz (1]
I, Stand By Current (HALT Mode) 12 8 mA HALT Mode V=0V, V @ 25 MHz [1]
l,  Stand By Current (HALT Mode) 8 1 pA STOP Mode V=0V, V. (1]
... Auto Latch Low Current -10 10 5 pA
Note:

[1] Altinputs driven to OV, V.. and outputs floating.
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AC CHARACTERISTICS

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

T, =0°C 0 +70°C

33 MHz 25 MHz 20 MHz Typical

No Sym Parameter Min Max Min Max Min Max V_z50V@25C  Units
1 TdA(AS) Address Valid To /AS Rise Delay 13 22 26 ns
2 TdAS(A) /AS Rise To Address Hold Time 20 25 28 ns
3 TdAS(DI) /AS Rise Data In Req'd Valid Delay 90 130 160 ns
4 TwAS /AS Low Width 20 28 36 ns
5  TdAZ(DSR) Address Float To /DS (Read) 0 0 0 ns
6 TwDSR /DS (Read) Low Width 65 100 130 ns
7 TwDSW /DS (Write) Low Width 40 65 75 ns
8 TdDSR(DI) /DS (Read) To Data in Req'd Valid Delay 30 78 100 ns
9 ThDSR(DI) /DS Rise (Read) to Data In Hold Time 0 0 0 ns
10 TdDS(A) /08 Rise To Address Active Delay 25 34 40 ns
11 TdDS(AS) /DS Rise To /AS Delay 16 30 36 ns
12 TdR/W(AS) R/W To /AS Rise Delay 12 26 2 ns
13 TdDS(R/W) /DS Rise To R/W Valid Delay 12 30 36 ns
14 TdDO(DSW) Data Out To /DS (Write) Delay 12 34 40 ns
15 ThDSW(DO) /DS Rise (Write) To Data Out Hold Time 12 34 40 ns
16 TdA(DI) Address To Data In Req'd Valid Delay 110 160 200 ns
17 TdAS(DSR) /AS Rise To /DS (Read) Delay 20 40 48 ns
18 TaDI(DSR) Data In Set-up Time To /DS Rise Read 16 30 36 ns
19 TdDM(AS) /DM To /AS Rise Delay 10 22 26 ns
20 TdDS(DM) /DS Rise To /DM Valid Delay 34~ ns
21 ThDS(A) /DS Rise To Address Valid Hold Time 34 ns
22 TdXT(SCR) XTAL Falling to SCLK Rising 20* ns
23 TdXT(SCF) XTAL Falling to SCLK Falling 23 ns
24 TAdXT(DSRF)  XTAL Falling to/DS Read Falling 29 ns
25 TAXT(DSRR)  XTAL Falling to /DS Read Rising 29* ns
26 TAXT(DSWF)  XTAL Falling to /DS Write Falling 29 ns
21 TdXT(DSWF)  XTAL Falling to /DS Write Rising 29 ns
28 TsW(XT) Wait Set-up Time 10 ns
29 ThW(XT) Wait Hold Time 15* ns
30 Tww Wait Width (One Wait Time) 25" ns
Notes:

When using extended memory timing add 2 TpC.
Timing numbers given are for minimum TpC.
* Preliminary value to be characterized.
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XTAL
@ —] ,ﬁ — ,.._@
SCLK | S
— l-—_. — ,*—@
DSR p———
e ke
DSw
Figure 25. XTAL/SCLK To DSR and DSW Timing
; T1 : T2 ’l ™ : W : T™W : T3 : T1 {
! 1 I i ! ! ]
XTAL1

s L 1
WAIT twsu twht N
~— B —

Figure 26. XTAL/SCLK To WAIT Timing
(25 MHz Device Only)
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Z8 CONTROL REGISTERS

R240 SIO

ID?I D6I DsI D4l D3IDZI D1I DOI
l— Seriai Data (DO = LSB)

Figure 37. Serial /O Register
(FOH: Read/Write)

R241 TMR
Io7]oe|05|m|03|02|mloo]

I—— 0 No Function

1 Load TO

Disable T0 Count
Enable TO Count

-

No Function
Load T1

0 Disable T1 Count
1 Enable T1 Count

TIN Modes

00 External Clock Input

01 Gate Input

10 Trigger input
(Non-retriggerable)

11 Trigger input
(Retriggerable)

-0

TOUT Modes

00 Not Used

01 T0Out

10 T1Out

11 Intemal Clock Out

Figure 38. Timer Mode Register
(F1H: Read/Write)

R242T1
ID7l DSI Ds[mloal DZI mlool

; T1 Low Byte Initiat Value

{When Written)

T1 Low Byte Cument Value
{When Read)

Figure 39. Counter/Timer 1 Register
(F2H: Read/Write)

R243 PREt

[orToe]os[oe] oo o2 o1] 0]

l— Count Mode

0 T1 Single Pass
1 T1 ModuloN

Clock Source
1 T1 Intemal
0 T1 External Timing Input
(TIN) Mode

Prescaler Modulo
(Range: 1-64 Decimal
01-00 HEX)

Figure 40. Prescaler 1 Register
(F3H: Write Only)

R244 TO

[57Tos[os [+ o] o2 o7 0]

I— TO Low Byte Initial Value

(When Written)

TO Low Byte Current Value
{When Read)

Figure 41. Counter/Timer 0 Register
(F4H: Read/Write)

R245 PREO
lml s 05|D4| Dsloa] D1I DOI

l— Count Mode

0 7O Single Pass
1 TO Modulo N

Reserved

Prescaler Moduio
(Range: 1-64 Decimal
01-00 HEX)

Figure 42, Prescaler 0 Register
(F5H: Write Only)

R246 P2M

ID7IDG| D5| DdlDSI DZl D1IDOI

;_ P20 - P27 1O Delfinition

0 Defines Bit as Output
1 Defines Bit as Input

Figure 43. Port 2 Mode Register
(F6H: Write Only)




R250 IRQ

. Moeloslmloahzlmlml
—_—

I

IRQO = P32 Input
IRQ1 = P33 Input
IRQ2 = P31 Input
IRQS3 = P30 Input
IRQ4 =TO
IRQ5 =Tt

IRQ Edge Triggering
00 P21 § Pa2¢
01 P31} pazt
10 P31 4 P32}
11 P31 § raz f4

Figure 47. Interrupt Request Register
(FAH: Read/Write)

R251 IMR
lmlosloslmloalozlm[oo]
L oo

(D0 = IRQO)

Reserved
0 1 Enables interrupts

Figure 48. Interrupt Mask Register
(FBH: Read/Write)

R252 FLAGS
[D7|Ds|os|o4|oaloz|m|Do|

=

Figure 49. Flag Register
(FCH: Read/Write)

User Flag F1

User Flag F2

Haif Carry Flag
Decimal Adjust Flag
Overtlow Flag

Sign Flag

Zero Flag

Carry Flag

R253 AP
{o7 [ Jos | 04 {o3 o2 o1 foo |
I—- Expanded Register File

Working Register Pointer

Figure 50. Register Pointer
{FDH: Read/Write)

R254 SPH
ID7| DSI Dsl 04[ DSI Dzl D1[D0l

L

Stack Pointer Upper
Byte (SP8 - SP15)

Figure 51. Stack Pointer High
(FEH: Read/Write)

R255 SPL
| o7{ 06| 0s] 4] 03| 02] o1] Do}

L

Stack Pointer Lower
Byte (SPO - SP7)

Figure 52. Stack Pointer Low
(FFH: Read/Write)
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INSTRUCTION FORMATS

OPC CCF, DI, EI, IRET, NOP,

RCF, RET, 5CF
[_ost ] orc

One-Byte Instructions

OPC | MODE CLR, CPL, DA, DEC, oprC | mope ADC, ADD, AND, CP,
dst/src OR m 0 ] dst/?l Eggvg,l_'gﬁ ISE ngc src OR| 1110 src I{—%MO$MS?(%'RSUB'
RR, RRC, SRA, SWAP dst orf 1110 dst
oPC JP, CALL (Indirect)
dst orlt110] ust | oPC | MODE ADC, ADD, AND, CP,
dst orR[ 1110] dst ] ;2,00 S5C sue.
oPC SRP VALUE
VALUE
MODE | OPC o
OPC | MODE ADC, ADD, AND, CP, src orl 1110 src
dst | s W o SUB. TCM, dst or[ 7110 aw
MODE | OPC LD, LDE, LDE, MODE | OPC )
dst/src | src/dst LDC. LbCi dst/src X
ADDRESS
dstsre | opc LD
src/dst or[1110] s | cc | opc 9P
DAU
ast | OPC LD DAL
VALUE
oPC CALL
dsvCC | OPC DINZ, JR DAY
RA DAL
FFH STOPHALT
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 resultis stored in the destination location. The
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OPCODE MAP

Upper Nibble (Hex)

Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B c D E F
6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5 6.5 6.5 12105 121100 65 [12.100[ 65
DEC | DEC | ADD | ADD | ADD | ADD ADD | ADD LD LD DJINZ | JR LD JP INC
Rt IR1 n.12 {1, I”2 [R2,R1|IR2, R R1,IM [IR1,IM | 11, R2 2,R1 | r1, RA Jcc, RA | r1,IM {cc, DA n
6.5 8.5 6.5 6.5 10.5 10.5 10.5 105
RLC RLC ADC | ADC | ADC | ADC | ADC | ADC
Rt 1R1 .12 | n, 2 |R2, R1|IR2, R1{RY, IM IR1, IM
6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5
INC INC SuB jsuB | suB | suB | sus | sus
R1 IR1 1,02 | 1,2 [R2, Rt IR2, R1}RY, M IR1, IM
8.0 6.1 6.5 6.5 105 10.5 10.5 10.5
JP SRP SBC | SBC | sBC | sBC | SBC | sBC
IRR1 M rM,r2 | n, 2 |R2, R1 |IR2, R1 [ A1, IM IR1, IM
8.5 8.5 6.5 6.5 10.5 10.5 10.5 10.5
DA DA OR OR OR OR OR OR
R1 IR1 12 | 2 [R2, R [IR2, Rt R1,IM [IR1, 1M
10.5 10.5 6.5 6.5 10.5 10.5 10.5 10.5
POP | POP | AND | AND | AND | AND AND | AND
R1 1Rt M2 In, 2 |R2,R1|iIR2, A1 R1,IM liRt, IM
6.5 6.5 6.5 8.5 10.5 10.5 10.5 10.5 6.0
COM | COM | TCM | TcM | TcM | Tem TCM | TCM STOP
At IRY n, R | r, ik |R2,R1{IR2, Rt [R1, M iR1, M
10121 12141 | 65 6.5 105 10.5 105 10.5 7.0
PUSH [PUSH | ™M ™ ™ ™ ™ ™ HALT
R2 IR2_| M, .2 |R2,R1PR2, R1| A1, IM [IR1, IM
10.5 10.5 12.0 18.0 6.1
DECW | DECW | LDE LDEI Dt
RR1 IR1 |t 2 {in, Im2
65 | 65 | 120 [ 180 6.1
RL RL LDE LDEI €l
A1 1R1 2, b |ir2, imt
10.5 10.5 6.5 6.5 10.5 10.5 10.5 10.5 14.0
INCW | INCW | cPp cP CP cpP cP cpP RET
RR1 IRt r,r2 {r, 2 |R2 Rt [IR2, At R1, M [IR1, M
6.5 6.5 6.5 6.5 10.5 10.5 10.5 105 16.0
CLR CLR XOR { XOR | XOR | XOR | XOR | XOR IRET
Rt IR1 r,r2 | 1,2 |R2,R1{IR2, R1 R1,IM lIRt, 1M
6.5 6.5 120 18.0 10.5 6.5
RRAC | RRC | LDC | LDCI LD RCF
Ri IRt |1, kr2 {ir1, 2 r.x,R2
65 6.5 120 18.0 200 20.0 10.5 6.5
SRA | SRA | LDC | LDC) | CALL* CALL | LD SCF
R1 1R1 2, k1 |Ir2, br1 | 1IRR1 DA {r2,x,R1
6.5 6.5 6.5 10.5 10.5 10.5 105 6.5
RR RR [Xo] [%)] LD LD LD CCF
R1 1R1 ,1R2 [R2, Rt [IR2, A1 [ A1, IM |1R1, 1M
85 8.5 65 10.5 6.0
SWAP | SWAP LD LD NOP
Rt | A1 I, r2 R2, IR1 YIYI Y i YI(Y!([VY!|Y
- A Al
R " =" Sy S ————
2 3 2 3 1
Bytes per Instruction
Lower Legend:
Opcode Fi = 8-bit address
. Nibbte e T = 4-bit address
Execution J Pipeline Fiyor rp= Dst address
Cycles. Cycles Ryor rp= Src address
4
Sequence:
Ogc‘:)p:; 1copi_ " ) Opcode, First Operand,
—. —— Mnemonic
Nibbie Ry, Ry Second Operand
Note: The blank areas are not defined.
First Second * 2-byte instruction appears
Operand Operand as a 3-byte instruction
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Notes:




