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PRODUCT SPECIFICATION

Z86E21

CMOS z8e OTP
MICROCONTROLLER

T4919-07

FEATURES

B 8-bit CMOS microcontroller, 40- or 44-pin package
B 4.510 5.5 Voltage operaling range

W Low Power consumption - 275 mW (max)

B Faslinstruction pointer - 1.0 microseconds @ 12 MHz
®  Two standby modes - STOP and HALT

B 32 input/output lines

W Full-Duplex UART

B All digital inputs are TTL levels

W Auto latches

®  High voltage proteclién on high voltage inpuls
®  RAM and EPROM prolect

& 8 Kbytes of EPROM

B 256 byles of RAM (236 for general purpose)

W Two programmable 8-bit Counter/Timers each with
6-bit programmable prescaler.

B Six vectored, priority interrupts from eight different
SOUrCes.

m  Clock speeds 12 and 16 MHz

B On-chip oscillator that accepts a crystél. ceramic
resonator, LC or external clock drive.

GENERAL DESCRIPTION

The Z86E21 microcontroller (MCU) introduces the next
level of sophistication to single-chip architecture. The
Z8B6E21 is a member of the Z8 single-chip microcontrofler
family with 8 Kbytes of EPROM and 236 bytes of general
purpose RAM.

The Z86E21 is apin compatible, One-Time-Programmable’

(OTP) version of the Z86C21. The Z86E21 contains 8
Kbytes of EPROM memory in place of the 8 Kbyte of ROM
on the Z86C21,

The MCU is housed in a 40-pin DIP, 44-pin Leaded Chip-
Carrier, or a 44-pin Quad Flat Pack, and is manufactured
in CMOS technology. The ROMless pin option is available
on the 44-pin versions only. The MCU can address both
externalmemory and preprogrammed ROM which enables
this Z8 microcomputer to be used in high volume appli-
cations or where code flexibility is required.

Zilog's CMOS microcontroller offers fast execution, effi- .

cientuse ofmemory, sophisticated interrupts, input/output

bitmanipulation capabilities, and easy hardware/soflware
system expansion along with low cost and low power
consumption. :

The ZBBE21 architecture is based on Zilog's ‘8-bit
micracontroller core. The device offers a flexible 0]
scheme, anefficientregister and address spacesiruclure,
multiplexed capabilities between address/data, /0,and a
numberofancillaryfealuresthatare_useiulinmanyindusln’al
and advanced scientilic applications. :

The device applications demand powerful YO capabilities.
The Z8BE21 fulfills this with 32-pin dedicated to input and
output. These lines are grouped into four ports, Each port
consists of eight lines, and is configurable under software
control to provide timing, stalus signals, serial or parallel
/0 with or without handshake, and an address/data bus
for interfacing external memory. .

:
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GENERAL DESCRIPTION (Continued)

There are three basic address spaces available to support
this wide range of configuration: Program Memory, Data
Memory and 236 General-Purpose registers.

To unburden the program from coping with real-time
problems such as counting/timing and serial data com-
munication, the Z86E21 offers two on-chip counter/timers

Output  Input
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with a large number of user selectable modes, and an
asynchronous receiver/ftransmitter (UART) (Figure 1).

Note: All Signals with a preceding front slash, "/", are aclive
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Figure 1. Functional Block Diagram

Port 0 <:'> Port 1.
Address <;r Vo Address/Data or VO
{Nibble Programmable) (Byte Programmable)

Low, e.g.: B/W (WORD is aclive Low); /B/W (BYTE is
active Low, only); /N//S (NORMAL and SYSTEM are both
active Low).
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PIN DESCRIPTION

Standard Mode . T-49_19-07
vGcC 1 - 40 [ Pas
XTAL2 2 39 [] P31
XTAL1 [] 3 38 {] p27
P37 [] 4 37 [ ] P26
P30 [] 5 36 | ] pas
/RESET [{ & 35 [] P24
rRw [ 7 34 [ pas
ms [} 8 33 [] P22
IAS 9 32 |'] P2y
PSSE 10 2835,21 31 ] p2o
aND [ 11 30 [] paa
Pa2 [ 12 29 |] pas
poo ] 13 28 I'] p17
Po1 [ 14 27 [1 P18
po2 [ 15 26 [ pis
po3 [] 16 25 '] P14
Po4 [ 17 24 [ P13
Pos [1 18 23 ] P12
pos [] 19 22 1] pPit
Po7 ] 20 "2t 1] p1o
Figure 2. 40-Pin Dual-In-Line Pin Assignments
Table 1. 40-Pin Dual-in-Line Pin Identification (Standard Mode)
Pin# Symbol Function Direction Pin# Symbol Function Direction
1 Vg Power Supply input 1" GND Ground, GND Input
2 XTAL1 Crystal, Oscillator Clock Output 12 P32 Port 3 pin 2 Input
3 XTAL2 Crystal, Oscillator Clock  Input 13-20  POO-PO7  Port O pin 0,1,2,3,4,5.6.7 In/Oulput
4 P37 Port 3 pin 7 Output 21-28 P10-P17  Port 1 pin 0.1.2.3,4,5,6,7 InfOutput
5 P30 Port 3 pin 0 Input 29 P34 Port 3 pin 4 Qutput
6 /RESET Reset Input 30 P33 Port 3 pin 3 Input
7 RIW Read/Write Output 31-38 P20-P27  Port 2 pin 0,1,2,3,4,5,6,7 In/Oulput
8 /0S Data Strobe Output 39 P31 Port 3 pin 1 Input
9 IAS Address Strobe Output 40 P36 Port 3 pin 6 Output
10 P35 Port 3 pin 5 Output
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PIN DESCRIPTION (Continued)

Standard Mode

échggdwv—r\wm
ek SRy
L1111y a4 1 17 i3
/' 6 5 4 3 2 1 4443 4241 40 )
IRESETE 7 39 I N
rw (] 8 38 I] P24
- mos || 9 ' a7 [] 23
iAs [} 10 36 [] P22
pas | 11 35 | P21
GND L 12 ngg%; 34 [] P20
Paz2 [} 13 33 J] pas
Poo [} 14 32 [] pas
po1 [] 15 31 ] P17
Po2 [} 16 30 [] P16
R/RL [] 17 29 1 P15
N e e ee—
838852y XxQ
S8R 2aaaanz

Figure 3. 44-Pin Leaded Chip Carrier Pin Assignments

,.‘T_4.9:19~07

Table 2. 44-Pin Leaded Chip Carrier Pin ldentification (Standard Mode)

5 A TR AR 0

Pin# Symbol  Function Direction Pin# Symbol  Function Direction
1 Veo Power Supply Input 14-16 P0OO-PO2 PortQpin0,1,2 . in/Output
2 XTALA Crystal, Oscillator Clock  Output 17 R//RL ROM/ROMIess control Input

3 XTAL2 Crystal, Oscillator Clock  input 18-22 P03-PO7 Port0pin 3,4,5,6,7 In/Output
4 P37 Port 3 pin 7 Output - 23-27 P10-P14  Port 1 pin 0,1,2,3,4 in/Output
5 P30 Port 3 pin 0 Input 28 N/C Not Connected Input

6 N/C Not Connected Input 29-31 P15-P17 Port 1 pin 5,6,7 In/Output
7 /RESET  Reset Input 32 P34 Port 3 pin 4 Output

8 RIW Read/Write Qutput 33 P33 . Port3pin3 Input

9 /DS Data Strobe Output 34-38 P20-P24 Port 2 pin 0,1,2,3,4 ln/Out'pul
10 /AS Address Strobe Output 39 N/C Not Connected Input

1 P35 Port 3 pin 5 Output 40-42 P25-P27 Port 2 pin 5,6,7 n/Cutput
12 GND Ground, GND Input 43 P31 Port 3 pin 1 Input

13 P32 Port 3 pin 2 Input . 44 P36 Port 3 pin 6 Output
292
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59 { T-49-19-07
< Q00 - : ; N
EEELSsEEDRE - :
¢/ 33 32 31 30 20 28 27 26 25 24 23 )
RESET [—TT—| 34 2T e
W L_TT_| 35 21 | =TT pas
S [ TT |36 20 —T1 1 P23 \
/AS [ TI "]a7 191171 P22
Fos % Z86E21 B ———
GND [ T7T | 39 QFP 17 |11 poo
Paz2 LTI 40 16 [ TT ] Pa3
Poo [ TT 7} 41 15 [ TT ] P34
POL L TT |42 14 ::]:' P17
Po2 [T | 43 O 13 [ 111 Pis
R/RL C_TT | 44 2 TT T Pis
\_ 123456780910 11
geggsgezeas
Figure 4. 44-Pin Quad Flat Pack Pin Assignments
Table 3. 44-Pin Quad Flat Pack Pin Identification (Standard Mode)
Pin# Symbol  Function Direction Pin# Symbol  Function Direction
1-5 PO3-PO7 Port 0 pin 3,4,5.6,7 InfOutput 31 XTAL2 Crystal, Oscillator Clock  Input
6 GND Ground, GND Input 32 P37 Port3pin7- Output
7-14  P10-P17 Port 1pin 0,1,2,3,4,5,6,7 In/Output 33 P30 Port 3 pin 0 Input
15 P34 Port 3 pin 4 Output 34 /RESET  Reset Input
16 P33 Port 3 pin 3 Input 3 RIW Read/Write Output
17-21  P20-P24  Port 2 pin 0,1,2,3.4 In/Output 36 /DS Data Strobe Qutput
22 GND Ground, GND Input 37 /AS Address Strobe OQuiput
23-25 P25-P27 Port 2 pin 5,6,7 In/Output 38 P35 Port3pin 5 Output
26 P31 Port 3 pin 1 Input 39 GND * Ground, GND Input
27 P36 Port 3 pin 6 Output 40 P32 Port 3 pin 2 Input
28 GND Ground, GND Input 41-43 PO0-PO2 Port0pin0,1,2 In/Output
29 A/ Power Supply Input 44 R//RL ROM/ROMIess control Input
30 XTALA Crystal, Oscillator Clock  Qutput
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PIN DESCRIPTION (Continued) T-49-19-07
EPROM Mode )
vce 1 ~/ 40 [] we
NG [] 2 39 ] /0E
XTALl [] 3 38 |} /pGM
we 14 a7 {] ne
ice [} s 3 '] ne
/RESET [] & 35 [] A12
’ nve [ 7 34 [ Att
ne [ e 33 [] a0
, . Ne e - 32 [] A9
Ne [ 10 2835,21 31 |] A8
GND |: 1 30 [ ] vpP
EPM [ 12 29 [ ne
Ao [ 13 28 ['] b7
At [] 14 27 []os
a2 [l 26 []bs
A3 [ 16 25 | ] D4
a7 24 [ o3
as [] 18 23 [] b2
as [ 19 22 M b1
A7 [ 20 21 ] oo
Figure 5. 40-Pin Dual-In-Line Pin Assighments
Table 4. 40-Pin Dual-In-Line Pin ldentification (EPROM Mode) :
Pin# Symbol Function Direction Pin# Symbol Function Direction
1 Veo Power Supply Input 13-20 AQ-A7 Address 0.'1.2,3,4.5,6,7 Input
2 N/C Not Connected Input 21-28 DO-D7 Data 0,1,2,3,4,5,6,7 In/Output
3 XTAL1 Crystal, Oscillator Clock  Input 29 N/C Not Connected Input
4 N/C Not Connected Input 30 Vie Prog Voltage Input
5 /CE Chip Enable Input 31-35 A8-A12  Address 8,9,10,11,12 Input
6 /RESET  Reset input 36-37 N/C Not Connected Input
7-10  N/C Not Connected ‘Input 38 /PGM Prog Mode Input
11 GND Ground, GND Input 39 /OE Output Enable Input
12 EPM EPROM Prog Mode Input 40 N/C Not Connected Input
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3 080w T-49-19-07
S83E 38382y |
o 3N v T o 0 ey T s O s O v O e 0 O e O e}
(6 5 43 2 1 4443 42 41 40 )
MESET[] 7 39 N ve
NC ] 8 38 J] A12
nel] o 37 [1 A1
Ne [ 10 36 J}Ato
Ne [ 11 286E21 35 {] A9
GND E 12 ‘PLCC 34 1] A8
EPM [] 12 a3 I vpp
A0 [] 14 32 [ ne
A1 [] 15 31 o7 -
A2 q 16 30 [1ps
Ne [ 17 29 [] b5
18 19 20 21 22 23 24 25 26 27 28 /
| Sl [ R v S v e g S g S g T
232e%35883¢
Figure 6. 44-Pin Leaded‘\Chlp Carrier Pin Assignments
Table 5. 44-Pin Leaded Chip Carrler Pin Identification (EPROM Mode)
Pin# Symbol  Function Direction Pin# Symbol  Function Direction
1 Vee Power Supply Input 18-22 A3-A7 Address 3,4,5,6,7 Input
2 N/C Not Connected input 23-27 DO-D4 Data 0,1,2,3,4 In/QOutput
3 XTAL1 Crystal, Oscillator Clock  Input 28 N/C Not Connected Input
4 N/C Not Connected Input 29-31 D5-D7 Data 5,6,7 InfOutput
5 /CE Chip Enable Input 32 N/C Not Connected Input
6 N/C Not Connected Input 33 Vie Prog Voltage Input
7 /RESET  Reset Input 34-38 AB-A12  Address 8,9,10,11,12 Input
8-11 N/C Not Connected Input 39-41 N/C Not Connecled input
12 GND Ground, GND Input 42 /PGM Prog Mode Input
13 EPM EPROM Prog Mode Input 43 JOE _ Output Enable Input
14-16  AQ-A2 Address 0,1,2 Input 44 N/C Not Connected Input
17 N/C Not Connected Input

P L IR SR 5 IR
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PIN DESCRIPTION (Continued)

EPROM Mode | T-49-19-07
b s . ' -
S8 3Esge8Tgg
4 a3 32 31 ;'50292827 26 25 24 23j
MRESET [T | 34 22 [ TT 1 Nie
NG 1] 35 2t 17 a2
wve [_IT ] se 20 [T At
Ne CIT_f &7 19 [—TT—] ato
Ne CT71 7 as Z86E21 187717 1aA9 :
GND [_TT 1§ 39 QFP 17 [ T17] A j
EPM [TT | 40 16 1T vee-
A0 CIT | 41 % =TT e
At [IT7F 42 14 11 o7 ¢
A2 [ TT T} 43 O 18 1T os ;i
we T 44 12 [ "TT Jos %
L1 2 8 19 1 / ;

Figure 7. 44-Pin Quad Flat Pack Pin Assignments

Table 6. 44-Pin Quad Flat Pack Pin Identification (EPROM Mode)

- 5

Pin# Symbol  Function Direction  Pin# Symbol  Function Direction 2

- - =&

1-5 A3-A7 Address 3,4,5,6,7 Input 29 N/C Not Connected -« Input 1

6-10 DO0-D4 Data 0,1,2,3,4 In/Output 30 XTAL1 Crystal, Oscillator Clock Input g

11 N/C Not Connected Input 31 N/C Not Connected Input b

12-14 D5-D7 Data 5,6,7 In/Output 32 /CE Chip Enable Input %

15 N/C Not Connected input 33 N/C Not Connected Input 27
16 Voo Prog Voltage Input 34 /RESET  Reset input
17-21 A8-A12  Address 8,9,10,11,12 Input 35-38 N/C Not Connected Input
22-24 N/C Not Connected - Input 39 GND Ground, GND Input
25 /PGM Prog Mode Input 40 EPM EPROM Prog Mode InpUl
26 /OE Output Enable Input 41-43  AQ-A2 Address 0,1,2 Input
27 N/C Not Connected Input 44 N/C Not Connected Input

28 Voo Power Supply Input i
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PIN FUNCTIONS

ROMless. (input, active Low). This pin when connected to
GND disables the internal ROM and forces the device to
function as a Z86C91 ROMIless Z8 (note that, when left
unconnected or pulled high to Ve, the part will function as
a normal Z86E21 EPROM version). This pin is only avail-
able on the 44-pin version of the Z86E21.

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

/AS. (output, active Low). Address Strobe is pulsed once
atthe beginning of each machine cycle. Address outputis
via Port 1 for all external programs. Memory address
translers are valid at the trailing edge of /AS. Under
program control, /AS can be placed in the high-imped-
ance state along with Ports 0 and 1, Data Strobe, and
Read/Write.

XTAL1, XTAL2. Crystal 1, Crystal 2(time-based inputand
output, respectively). These pins connect a parallel-reso-
nant crystal, ceramic resonator, LC, or any external single-
phase clock to the on-chip oscillator and buffer.

R//W. (oulput, write Low). The Read/MWrite signal is low
when the MCU is writing to the external program or data
memary.

/RESET. (input, active-Low). To avoid asynchronous and
noisy reset problems, the Z86E21 is equipped with a reset
filter of four external clocks (4TpC). If the external /RESET
signal is less than 4TpC in duration, no reset occurs.

On the 51h 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, /DSis
held active low while /AS cycles at a rate of TpG/2. When
/RESET is deactivated, program execution begins atloca-
tion 000C (HEX). Reset lime must be held low for 50mS, or
untit Ve is stable, whichever is longer.

Port 0 PO0-PO7. Port 0 is an 8-bit, nibble programmable,
bidirectional, TTL compatible port. These eight 1/O lines
can be configured under software control as a nibble 1/O

J0E ]) 9944043 VUD].l:i'm?? T BAZIL
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port, or as an address porl for interfacing external memory.
When used as an I/O port, Port 0 may be placed under
handshake control. In this configuration, Port 3, lines P32
and P35 are used as the handshake control /[DAVO and
RDYO (Data Available and Ready). Handshake signal
assignment is dictated by the I/O direction of the upper
nibble P04-P0O7. The lower nibble must have the same
direction as the upper nibble to be urider handshake
control. For the ROMiess option, Port 0 comes up as A15-
A8 Address lines after /RESET. :

For external memory references, Port O can provide ad-
dress bits A11-A8 (lower nibble) or A15-A8 (lower and
upper nibbles) depending on the required address space.
If the address range requires 12 bils or less, the upper
nibble of Port 0 can be programmed independently as /O
while the lower nibble is used for addressing. if ane or both
nibbles are needed for I/O operation, they must be conlfig-
ured by writing to the Port 0 Mode register. In ROMless
mode, after a hardware reset, Port O lines are defined as
address lines A15-A8, and extended timing is set o
accommodate slow memory access. The initialization rou-
tine can include reconfiguration to eliminate this extended
timing mode (Figure 8).

Port 1 P10-P17. Port 1 Is an 8-bit, byle programmable,
bidirectional, TTL compatible port. ft has multiplexed Ad-
dress (A7-A0) and Data (D7-D0) ports. For Z86E21, these
eightl/Olines canbe programmed as Inputor Outputlines.
or are conligured under software control as an address/
data port for interfacing external memory. When used as
an /O port, Port 1 can be placed under handshake control.
Inthis configuration, Port 3 lines, P33 and P34, are used as
the handshake controls RDY1 and /DAVT., ’

Memorylocations greater than 8192 are referenced through
Port 1. To interface external memory, Port 1 must be
programmed for the multiplexed Address/Data mode. If
more than 256 external locations are required, Port 0 must
output the additional lines.

Port 1 can be placed in high-impedance slate along with
Port 0, /AS, /DS and R//W, allowing the MCU to share
common resources in muitiprocessor and DMA applica-
tions. Data transfers are conlrolled by assigning P33 as a
Bus Acknowledge input, and P34 as a Bus request output
(Figure 9). .
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PIN FUNCTIONS (Continued)

T-49-19-07

PAD

Port 0 (I/O)
286E21
MCU
——————— Handshake Controls
’ /DAVQ and RDYO
————p | (P32and P35)
OEN
Out
TTL Levet Shifter
In A
[t———————————-
i
|
| R=500KQ

Figure 8. Port 0 Configuration

Auto Latch
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(B ) Pont
(/O or AD7-ADO)

Z86E21
MCU
| -g————— Handshake Controls
/DAV1 and RDY1
f—sreee———Pp»- (P33 and P34)
OEN
PAD
Out
TTL Level Shifter
In /I
rF———="="===—"17 :
i | Auto Latch
|
R =500 KQ .
S U |

Figure 9. Port 1 Configuration
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PIN FUNCTIONS (Continued) , © T-49-19-07

Port 2 P20-P27. Port 2 is an 8-bit, bit programmable,  configuration, Port 3 lines P31 and P36 are used as the
bidirectional, CMOS compatible port. Each of these eight  handshake control lines /DAV2 and RDY2. The handshake
I/Olines can be independently programmed as aninputor  signal assignment for Port 3 lines, P31 and P36, is dictaled
output, or globally as anopen-drainoutput. Port 2isalways by the direction (input or output) assigned to P27
available for I/O operation. When used as an 1/O port,  (Figure 10 and Table 7).

Port 2 can be placed under handshake control. In this

< > Port 2 (O}
. Z86E21 [t
MCU o

—————— Handshake Controls
/DAVZ and RDY2
» (P31 and P36)

—
Open Drain ) T
o Do =T
PAD
Out
TTL Level Shifter
In 1
D D S——
| qnp O<| 0< |__ | Auto Latch
I R =500 KQ I
e ]

Figure 10. Port 2 Configuration
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Port 3 P30-P37. Port 3 is an 8-bil, CMOS compatible four output ports. Port 3, when used-as serial /O, is pro-

fixed input and four fixed output port. These 8 /O lines grammed as serial in and senal out respectively

have four-fixed (P33-P30) input and four fixed (P37-P34) (Figure 11). - .
T-49-19-07 '

[ Port3

85k (/Q or Control)

McCU

Figure 11. Port 3 Configuration

Port 3is configured under soltware control to provide the (IRQO-IRQ3); timer input and outputs:gnals (T and Ty,
following control functions: handshake for Ports 0 and 2 Data Memory Select (/OM) and EPROM control signals
(DAV and RDY); four external interrupt request signals  (P30=/CE, P31=/OE, P32=EPM and P33=V, op)-

Table 7. Port 3 Pin Assignments

Pin /10 CTCt Int. PO HS P1 HS P2 HS UART Ext ) EPROM
P30 IN . IRQ3 Serial In CE
P31 IN T IRQ2 D/R . OE
P32 IN IRQO B/R EPM
P33 IN IRQN D/R VP',
P34 ouT R/ID DM
P35 ouT RD
P36 ouT Tour R/D
P37 ouTt Serial Out ~

Notes:

HS = Handshake Signals

D = Data Available
R = Ready
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PIN FUNCTIONS (Continued)

Port 3 lines P30 and P37, are programmed as seriat I/O
lines for (ull-duplex serial asynchronous receiver/trans-
miller operation. The bit rate is controlled by Counter/
Timer 0.

The Z86E21 automalically adds a start bit and two stop
bits to transmitted data (Figure 12). Odd parily is also
available as an option. Eight data bits are always transmit-

Transmitted Data (No Parity)
IsplsplmlDsloslmloalozlmlDo|ST|

L- Start Bit

Eight Data Bits

Two Stop Bits

Transmitted Data (With Parity)
Iﬁlsp' P Ioslos'o4|oa|oz!o1|ool§|
L Start Bt

Seven Data Bits

Odd Parity
Two Stop Bils

T=49-19-07

ted, regardless of parity selection. If parity is enabled, the
eighth bit is the odd parily bit. An interrupt request (IRQ4)
is generaled on all transmitted characters.

Received data must have a start bit, 8 data bits; and at least
one stop bit. If parily is on, bit-7 of the received dala is
replaced by a parity error flag. Recelved characters gen-
erate the IRQ3 interrupt request.

Recsived Data (No Parity)
[SPID7|DS'D5'D4ID3IDZ|D1 Inolsﬂ

I— Start Bit

Eight Data Bits

One Stop Bit

Recelved Data (With Parity)
lsp P IDSIDSID4|DS'DEID1 IDOlSTI

I
l | I— Start Bit

Seven Data Bits

Parily Error Flag
One Stop Bit

Figure 12. Serial Data Formats

Auto-Latch. The auto-latch puts valid CMOS levels on all
CMOS inputs that are not externally driven. This reduces
excessive supply current flow in the input buffer when itis
not driven by any source.

Note: P30-P33inputs differ from the Z86C21 because there
is no clamping diode to V,, due to lhe EPROM high voltage
detection circuits. Exceeding the V,, maximum specifica-
tion during standard operating mode may cause the device
to enter EPROM mode '

ADDRESS SPACE

Program Memory. The Z86E21 can address 56 Kbytes of
external programmemory (Figure 13). The first 12 bytes of
program memory are reserved for the interrupt vectors.
These locations contain six 16-bitvectors that correspond
to the six avaitable interrupts. For EPROM mode, byte 13

to byte 8191 consists of on-chip EPROM. At addregsses
8192 and above, the Z86E21 executes external program
memory fetches. In ROMiess mode, the Z86E21 can ad-
dress up to 64K bytes of program memory. Program
execution begins at external location 000C (HEX) after
areset.
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65535 B—
' 7 External
' ROMand RAM =
8192 - e sk
8191 B
. On-Chip PROM
.Locaﬁon of Ly B
First Byte of
Instruction ~ 11 IRQ5
Executed -
9 IRQ4
8 IRQ4
IRQ3
Interrupt RQ
Vector ¢ - IRQ3
(Lower Byte) \
5 A IRG2
- IR
Interrupt 4‘/ Q2
Vector RQ1
(Upper Byte)
2 IRQ1
1 - IRQO
0 . * IRGO

_ Figure 13. Program Memory Conflgoratlon

Data Memory (IDM) The EPHOM versuon can address up
t0 56 Kbytes of external data memory space beginning at
focation 8192. The ROMIess version can address up to 64
Kbytes of external data memory. 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 pin P34, Is used {o
distinguish between data and program memory space
(Figure 14). The state of the /DM signal is controlied by the
lype instruction being executed. An LDC opcode refer-

ences PROGRAM (/DM Inactive) memory, and an LDE

instruction references DATA (/DM aouve low) memory

Reglster File. The Reglster File cons:sts of four WO port'-
registers, 236 general-purpose registers and 16 control - -
and status registers (Figure 15). The instructions can

i access reglsters dlrectly or lndlrectly V|a an &bltaddress ]
: - field. The Z86E21 also allows short 4-bit fegister address- . -
-Ing using the Register Pointer (Figure 18)..In ihe 4-bit .
mode, the Register File is lelded into 16 working register -
. groups, each occupying 16 conllnuous locations, The
. Register. Pointer addresses the slamng locanon of the
: aouve workmg reglster group

65535 in the EPROM mode. An 8-bil Stack Pointer (R255)

is used for the internal stack that resides within the 236 -
general-purpose registers (R4-R239). The high byte of the e
" Stack Pointer (SPH Bits 8-15) can be use as a general‘ B
R purpose reguster when usmg mternal stack only )

o -

PR

L ste2”
. 8191

: ﬁof Aooreé;able -

“Figure 14. Data Memory configuratlon -

T-49- 19 07

.' Stack The 286E2l hasa 16 bnStack P0|nter(R254 R255),
_ used for external stacks that reside anywhere in the data~ -
memory for the ROMiess mode, but only from 8192 lo
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ZILOG INC 30E D
ADDRESS SPACE (Continued)
LOCATION IDENTIFIERS
255 Stack Pointer (Bits 7-0) SPL
254 Stack Pointer (Bits 15-8) SPH
253 Register Pointer RP
252 Program Control Flags FLAGS
251 Interrupt Mask Register IMR
250 Interrupt Request Register IRQ
249 tnterrupt Priority Register IPR
248 Ports 0-1 Mode PO1M
247 Port 3 Mode P3aM
246 Part 2 Mode P2M
245 T0 Prescaler PREO
244 Timer/Counter 0 To
243 T1 Prescaler PRE1
242 Timer/Counter 1 T
241 Timer Mode T™R
240 Serial VO Silo
239
General-Purpose
Registers

4

3 Port 3 P3

2 Port 2 P2

1 Port1 P1

0 Port 0 Po

Flgure 15. Reglster File

564 7 ERZIL
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L - 7% s !4 0 0 0 0

The upper nibble of the reglster file address
Q@ provided by the register polinter specifies
the active working-register group

Specified Working
Register Group

1O Ports

Figure 16. Register Pointer

. T-49-19-07
R255 .
R253
R240
R239

The lower nibble
of the register
file address

I~ provided by the

instruction points
to the specified
register

15

ARG . R

LR 4

1%, s - 4

il

R W MRS £

=
"
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FUNCTIONAL DESCRIPTION

Counter/Timers. There are two 8-bit programmable counter/
timers (TO-T1), each driven by its own 6-bit programmable
prescaler. The T1 prescaleris driven byinternal or external
clock sources; however, the TO prescaler is driven by the
internal clock only (Figure 17).

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
(110256) thathas been loaded into the counter. When both
the counters and prescalers reach the end of the count,
a timer interrupt request, IRQ4 (T0) or IRQ5 (T1), is
generated.

The counter is programmed to start, stop, restart to con-
tinue, or restart from the initial value. The counters can also

30E D 9984043 00LL5AL O ERZIL
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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 counter, but not the prescalers, are read at any lime
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 can be retriggerable or non-relriggerable, or as
a gate input for the internal clock. Port 3 line P36 also
serves as a timer output (T, ) through which TO, T1, or the
internal clock can be output. The counterftimers are cas-
caded by connecting the TO oulput to the input of T1.

Internal Data'Bus

wioy )

Write ‘ lL . Read ‘ ﬂ

0SsC PREO
Initial Value Initial Value Current Value
* Reglster Register Register
- {4 1|
6-Bit 8-bit
-1 Down -1 Down
Counter Counter .
——» Internal IRQ4
Clock @———> Serial 110
Clock
+2 P TOUuT
External Clock P36
Clock
Logic
6-Bit 8-Bit » [RQ5
> 4 Down - Down
\ Counter Counter
Internal Clock ﬁ ﬁ 1
QGated Clock PRE1 T1 T
Triggered Clock Inital Value Initiaf Value Current Value
Reglster Register Register
Tin P3t

Wrtte4 Tt .erte4 ﬂ . F!ead4 ll .

Intemal Data Bus

Figure 17. Counter/Timers Block Diagram

Y TN T TR r G o

v

LR D R Y
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Interrupts. The Z86E21 has six different interrupls from
eight different sources. The interrupls are maskable and
priorilized. The 8 sources are divided as follows: four
sources are claimed by Port 3 lines P30-P33, one in Serial
Out, one in Serial In, and two in the counter/limers (Figure
18). The Interrupt Mask Register globally or individually
enables or disables the six interrupt requests. When more
than one interrupt is pending, priorities are resolved bya
programmable priority encoder that is controlled by the
Interrupt Priority register.

AllZ86E21 interrupts are vectored through locations in the
program memory. When an interrupt machine cycle is
aclivated, an interrupt request is granted. Thus, this dis-
ables all of the subsequent interrupls, saves the Program
Counter and Status Flags, and then branches to the
programmemory vector location reserved lor that interrupt.
This memory location and the next byte contain the 16-bit
address of the interrupt service routine for that particular
interrupt request.

30E D 9984043 00LL587 2 EIZIL

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 initialed interrupts are-supported by

setling the appropriate bit In the Interrupt Request Reg-
ister (IRQ). . : T_49_19_07

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 currenlly executing instruction.

For the ROMless mode, when the device samples a valid
interrupt request, the next 48 (external) clock cycles are
used lo prioritize the interrupt, and push the two PC byles
and the FLAG regisler on the stack. The following nine
cycles are used to fetch the interrupt vector from external
memory. The first byte of the interrupt service routine is
felched beginning on the 58th TpC cycle following the
internal sample point, which corresponds to the 63rd TpC
cycle following the external interrupt sample point.

IRQO - IRQ5

HiE=DS

Global

\Ol

Interrupt
Enable

IPR

1|}

Interrupt
Request

.

PRIORITY
LOGIC

U

Vector Select

Figure 18. Interrupt Block Diagram
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FUNCTIONAL DESCRIPTION (Continued)

Clock. The Z86E21 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 16 MHz max; series resistance (RS) is less

XTAL1
Ct

N}
T |

||H8|—,

Ceramic Resonator
or Crystal

LC Clock

T-49-19-07

than or equal to 100 Ohms. The crystal should be con-
nected across XTAL1and XTAL2using the recommended
capagcitors (10 pF < CL < 100 pF) from each pin to ground
(Figure 19).

| XTAL1 XTAL1
XTAL2 XTAL2
External Clock

Figure 19. Oscillator Configuration

HALT. Turns off the internal CPU clock but not the XTAL
oscillation. The counter/timers and externalinterrupts IRQO,
IRQ1, IRQ2 and IRQ3 remain active. The devices are
recovered by interrupts, either externally or internally
generated.

STOP. This instruction turns off the internal clock and
external crystal oscillation, and reduces the standby cur-
rent to 10 microamperes or less. The Stop mode is termi-
nated by a reset, which cause the processor to restart the
application program at address 000C (HEX).

Inorder 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=0FFH) 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 moqe

PROGRAMMING
Z86E21 User Modes

The Z86E21 uses separate AC timing cycles for the differ-
entUser Modes available. Table 8 shows the Z86E21 User
Modes. Table 9 shows the timing of the programming
waveforms.

User MODE 1 EPROM Read

The Z86E21 EPROMread cycleis provided so thatthe user
may read the Z86E21 as a standard 2764A EPROM. This
is accomplished by driving the /EPM pin (P32) to Vv, and
activating /CE and /OE. /PGM remains inactive. This mode
Is not valid after execution of an EPROM protect cycle.
Timing for the EPROM read cycle is shown in Figure 20.

User MODE 2 EPROM Program

The Z86E21 Program function conforms to the Inlelligent
programming algorithm. The device Is programmed with
Ve at 8.0V and V,, = 125V, Programming pulses are
applied in 1 msec increments to a maximum of 25 pulses
before proper verification. After verification, a program-
ming pulse of three times the duration of the cycles
necessary toprogram the device isissued to insure proper
programming. After all addresses are programmed, a final
data comparison is executed and the programming cycle
is complete. Timing for the Z86E21 programming cycle is
shown in Figure 21. : ’

————y
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User MODE 3 EPROM Verify
The Program Verily cycle is used as part of the Intelligent
programming algorithm to insure data integrity under
worst-case conditions. It differs from the EPROM read
cycle in that V., is aclive and V, must be driven to 6.0V.
Timing is shown in Figure 21.

User MODES 4 AND 5 EPROM and RAM Protect

To extend program security, EPROM and RAM protect
cycles are provided for the Z86E21. Execution of the
EPROM protect cycle prohibits proper execution of the
EPROM Read, EPROM Verify, and EPROM programming
cycles. Execution of the RAM protect cycle disables ac-
cessestothe upper 128 bytes of regislermemory (excluding
mode and configuration registers), but first the user's
program must set bit-6 of the IMR (R251). Timing is shown
In Figure 22.

User MODE 6 4K/8K Size Selection’
The Z86E21 allows the user toselect the internal ROM size.
This feature is usefulin thatonce programmed, the Z86E21
knows atwhich address boundary to “go external.” The 78
distinguishes internal and external fetches using the data
strobe (/DS). If programmed for 4K ROM, fetch cycles
include /DS beginning at location 4096 (indicating an
external memory fetch). If programmed for 8K ROM, /DS
remains inactive until location 8192 is reached. Once the
4K ROM size option Is selected, the upper 4K of address
space is unusable in the Z86E21.

The timing of the 4K/8K size selection cycle is similar lo the
EPROM and RAM protect cycles. Note that the 4K/8K size
selection cycle requires that address 03 be Indicated on
the address bus during execution, Timing is shown in
Figure 22.

Table 8. OTP Programming Table

Mode Vep EPM CE OE " PGM Ve _ADDR Data
1. EPROM Read X Vi \'A \ Vi 5.0 ADDR DATA QUT
2. Program Vee X v, Vi A 6.0 ADDR . DATAIN
3. Program Verify Vie X A Ve Viu 6.0 ADDR DATA OUT
4. EPROM Protect Vi Vy V, Vi, Ve 6.0 X X
5. RAM Protect Ve X Vi Vi Ve 6.0 X X
6. 4K/8K Size Selection* Vep A Vy Vy \A 6.0 03 X
Notes:
V,=125+05V
Ve = 6.0 during programming
V,=125+£05V
X = irelevant
V,, =50V
V =0V

* 1t not programmed, the EPROM size is 8K.

7-49-19-07
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PROGRAMMING (Continued) T-49-19-07
Table 9. Timing of Programming Waveforms
Parameters Name Min Max Units
1 Address Setup Time 2 us
2 Data Setup Time 2 ps
3 V. Setup 2 us
4 Vec Setup Time 2 us ]
5 Chip Enable Setup Time 2 us
6 Program Pulse Width 0.95 1.05 ms
7 Data Hold Time 2 §s
8 {OE Setup Time 2 is
9 Data Access Time : 200 . 'ns
10 Data Output Float Time . 100 ns
11 Overprogram Pulse Width ) 2.85 78.75 ms
12 EPM Setup Time 2 ps
2
13 /OE Setup Time . 2 us N
14 Address to /OE Setup Time 2 : us
15 Option Program Pulse Width . : 78.75 ms -
VIH :
Address VIL X Address Stable K Address Stable X ,
VIH |<-o Min—p] :7
Data Invalid X Valid )anaudx Valid )L '
VH — @ b— ' p ,
P/ H
EPM —\_
vee ® — : o
5V £
i
VIH ! %
X : 3
ICE VIL ‘ (!_/— %
) i =
VM —»! O0Min |[¢— Py _‘;
I0E b ” z
viL §
Note: : . . §
VPP Is Irrelevant 3
PGMis at VIH =
Figure 20. Programming Waveform (User Mode 1) » ) N
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Address

Data

VPP

Vee

ICE

/PGM

/OE

ViH

30E D

9984043 001659) 4

ZIL

7 1-49-19-07

VIL

Address Stable

ViH

mO,

ViL

Data Stable

VPP L

®

Data Out Valid

VIH

6V

VIH

VIH

ViL

VIH

ViL

VIH

-

viL

[¢——————~Program Cycle

Verify Cycle———

Figure 21. Programming Waveform (User Mode 2, 3)
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PROGRAMMING (Continued) 7 1.49.19-07
VIH . :
Address . trrelevant )( Address 003 N
Vit '
Data X rrelavant )ﬁ Irralevant

vep

ICE

{OE

EPM

PGM

ROM Protect RAM Protect 4K/8K Size
Programming Programming Programming

Figure 22. Programming Waveform (User Mode 4,5,6)
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D0 __214py Pao |21 A0 dof o pol1t___Do
D 22f, poy |22 At 2 A1 LN
D2 23, pas] 33 n2__ sl o |13 D2
D3 24154 paa 34 = nlé i P
D4 25) L., poal 35 M__ 8l paj16__ 04
D5__ 26)pys pas |38 x A S o
DE  27{p4 pae | 3L x pom L ol P
o728, i A7 Sla7 o7 P2 D7
o =l 27
A0 L] FN pao |5 241 po '
Al 14 PO1 P31 39 21 At0
2 T pas |12 EPM 231 At
o 16] e pas L3 vPP 21 Atz
A4 17 PO4 P34 E.ﬁ( ZLC PGM
AS 18] oo P35 _19__x 1K Chm 204 o5
As (L] pas |40 o VW vee
po - 2 1K Ohm 22 4 oE
PO7 P37 | ——x . — VW= GND VPP
¥—TLww  vee Yo =+
¥—2d /s anp [ —
—2dms  xraut -
6d meser XTAL2 _2__)( ' 1K Chm 10KOhm Extormal 0.01pf I
J__ gowelr =
) —E°-1l-"f 12.5 Voit (F'ilgazmended

Figure 23. Z86E21 Z8 OTP Programming Adapter

Voltage: 12.5 Volts)
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PROGRAMMING (Continued)

Addr =
First Location

v

- Vee = 6.0V
gl Vpp=12.5V
y
X=0
y
Prognm

> 1mS Pulss

Incremant
Addrass

Figure 24.

Y

Incrament X

arify
One Byts

Pass

Prog. One Pulse
3Ix mS Duration

Last Addr ?

Vee= Vpp=5V

Varify Byta

Pass

-

< Davice PassatD (Devk{a Failad)

Intelligent Programming Flowchart
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ABSOLUTE MAXIMUM RATINGS

Symbol Description Min  Max Units

Ve Supply Voltage* 03 +70 V

Tsta Storage Temp 65 +150 C

T, Oper Ambient Temp 1 C
Notes:

* Vollages on all pins with respect to GND.
13.0 V Maximum on P30-P33.
t See Ordering Information

. 4

- T-49-19-07

Stresses greater than those listed under Absolute Maxi-
mum Ralings may cause permanent damage o the de-
vice. This is a stress rating only; operation of the device at
any condition above those indicated in the operational
sections of these specificalions is notimplied. 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 vollages are referenced to GND.
Positive current flows into the referenced pin (Figure 25).

From Qutput
Under Test

150 pF ==

Figure 25. Test Load Diagram

Ay A

T

R SRR e

"
478

&
&

Vih.
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DC CHARACTERISTICS : 3 7 1-49-19-07
Sym Parameter T,=0C T,=-40°C Typical Units  Conditions
to 70°C t0105°C at
Min Max Min Max 25°C -
Max Input Voltage 7 7 v l,, 250 pA -
Max Input Vollage 13 13 v P30-P33 Only
Vi Clock Input High Voltage 3.8 Ve 38 Vee v Driven by External Clock Generator
Vo Clock Input Low Voltage -0.03 08 -0.03 08 v DBriven by External Clock Generator
Vu  Input High Voltage 20 Veo 20 Ve v
V. InputLow Vollage 03 08 03 08 v
Ve Output High Voltage 24 24 v I =-20mA
Vo Output Low Voltage 04 04 ) fa=+20mA
Vo Reset Input High Voltage 38V, 38 vV, v ’
Vy  Reset Input Low Voltage -0.03 08 .03 08 v
I Input Leakage -10 10 -10 10 A VYV, +5.25V
l  Output Leakage -10 10 -10 10 pA OVV,, +5.25V
la Reset Input Current -50 -50 A V=525V, V, =0V
le  Supply Current 50 §0 25 mA @12 MHz
60 60 35 mA  @16MHz
le,  Standby Current 15 15 5 mA  HALT Mode V= OV, V. @ 12 MHz
20 20 10 mA  HALT Mode V=0V, V. @ 16 MHz
I, Standoy Current 20 20 5 pA STOP Mode V=0V, V.. @ 12 MHz
20 20 5 - m STOP Mode V,,=QV, V. @ 16 MHz
Notes:

lee, reGUIres loading TMR (%F1H) with any value prior to STOP execution.
Use this sequence:

LD TMR,#C0

NOP

STOP
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AC CHARACTERISTICS | 7 T-49-19-07
External 1/O or Memory Read or Write Timing Diagram

R ' ' ?(
Port 0, /DM ‘ i
N
® :
(
o -

g D7 -DolN
(SR .
A

Port 1

IAS Z‘
Slﬁ ®- ~®—1

/DS
(Read)

A
Port 1 X A-A, 7 D, - D, OUT
K

/DS 3 ]
(Write) :

N

Figure 26. External /O or Memory Read/Write Timing : -

317
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/ = i — = -
AC CHARACTERISTICS ' T-49-19-07
External 1/O or Memory Read and Write Timing Table

No Symbol Parameter T,=0°Cto70°C T,=-40°Cto 105°C Units Notes
12MHz 16 MHz 12 MHz 16 MHz

Min Max Min Max Min Max Min Max
1 TdAAS) Address Valid to /AS Rise Delay 35 20 35 25 ~ons (23]
2 TdAS(A) /AS Rise to Address Float Delay 45 30 45 35 ns 23]
3 TdAS(DR)  /ASRiseto Read Data Req'd Valid 220 180 250 180 ns [1,23)
4  TwAS {AS Low Width §5 35 55 40 ns  [23]
5 TdAZ(DS)  Address Float to /DS Fall . 0 0 0 0 ns
6  TwDSR /DS (Read) Low Width 185 135 185 135 ns [1,23)
7  TwDSW /DS (Write) Low Widih 110 80 110 80 ns [1.23)
8  TdDSR(DR) /DS Fallto Read Data Req'd Valid 130 75 130 15 ns [1,23]
9  ThDR(DS)  Read Datato /DS Rise Hold Time 0 0 0 ] ns 23]
10 TdDS(A) /DS Rise to Address Active Delay 45 3 65 50 ns (23]
11 TdDS(AS) /DS Rise to /AS Fall Delay 55 30 45 3 ns 23]
12 TdRMW(AS)  R//W Valid to /AS Rise Delay 30 20 33 L] ns  {23)
13 TdDS(RW) /DS Rise to R//W Not Valid 35 30 50 35 ns 23]
14 TdDW(DSW) Write Data Valid to /DS Fall (Write) Delay 35 25 35 25 ns [23]
15 TdDS(DW) /DS Rise to Wrile Data Not Valid Delay 35 30 55 35 ns (23]
16  TdA(DR) Address Valid to Read Data Req'd Valid 255 200 310 230 ns. [1,23}
17 TdAS(DS) /AS Rise to /DS Fall Delay 55 40 65 45 ns [23]
18  TdDI(DS) Data Input Setup to /DS Rise 75 60 75 60 ns [1,23]
19 TdDM(AS) /DM Valid to /AS Fall Delay 50 30 50 30 ns (23]
Notes: :
{1} When using extended memory timing add 2 TpC. Clock Dependent Formulas :
2] Timing numbers given are for minimum TpC. :
[3] See clock cycie dependent characteristics table. Number Symbol Equation s
Standard Test Load 1 TdA(AS) 0.40TpC + 0.32 f;
All liming references use 2.0V for a logic 1 and 0.8V for a logic 0. g Eﬁg%)n) ggga‘;g ;_36215 4 i
4 TWAS . 0.66TpC- 1.65 3
6 TWDSR 2.33TpC - 10.56 %
7 TWDSW 1.27TpC + 1.67 g
8 TdDSR(DR) 1.97TpC - 425 §
10 TdDS(A) 0.8TpC g
11 TdDS(AS) 0.59TpC - 3.14 f
12 TdR/W(AS) 0.4TpC - ¥
13 TdDS(R/W) 0.8TpC- 15
14 TdDW(DSW) 0.4TpC %
15 TdDS(DW) 0.88TpC- 19 45
16 TJA(DR) 4TpC- 20 54
17 TdAS(DS) 0.91TpC-10.7 5
18 TsDDS)  , 0.8TpC- 10 &
19 TdDM(AS) 0.9TpC - 26.3 §3




ZILOG INC 306 D 9984043 0016599 9 ERZIL

AC CHARACTERISTICS o T-49-19-07
Additional Timing Diagram

Clock
Tin
IRQ N
Figure 27. Additional Timing
AC CHARACTERISTICS
Additional Timing Table
No Symbol  Parameter T,=0°Cta70°C T, = 40°C to 105°C Units  Notes
: 12 MHz 16 MHz 12MHz 16 MHz
Min  Max Min  Max Min  Max Min  Max
1 TpC Input Clock Period 83 1000 625 1000 83 1000 625 1000 ns [
2  TCTIC Clack Input Rise & Fall Times 15 10 15 10 ns (]
3 TwC Input Clock Width 37 21 37 . 21, ns [1] ;
4 TwlinL Timer Input Low Width 75 50 75 50 ns {2 :
5  TwTinH Timer Input High Width 3TpC 31pC 31pC 31pC [2] ‘
6 TpTin Timer Input Period 8TpC 8TpC 8TpC 8TpC (2] 2
7 TiTin,TfMin  Timer input Rise & Fall Times 100 100 100 100 - s [2) e
BA TwlL Interrupt Request Input Low Times 70 50 70 50 s [24] H
8B TwiL Interrupt Request Input Low Times ~ 3TpC 31pC 31pC 31pC [2.5] i
9 TwH Interrupt Request Input High Times ~ 3TpC 31pC 31pC 31pC - (23] gx
’;ﬁ
Notes: : =
[1] Clock timing references use 3.8V for a logic 1 and 0.8V for a logic 0. 3
[2] Timing references use 2.0V fora logic 1 and 0.8V for a logic 0. =
{3] Interrupt references request via Port 3. *
[4] Interrupt request via Port 3 (P31-P33), §
[5] Interrupt request via Port 30, b
2
§
319 §
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AC CHARACTERISTICS

Handshake Timing Diagrams

Data In

IDAV
(input)

RDY
(Output)

Data Out

/DAV
{Output)

RDY
(input)

e

T-49-19-07

{ .
y) BRI LT ELLEEEO PRI S L ARPRECEER e R
Data In Valid Next Data In Valid
y)
()
" 1
{( X
I Y
Delayed DAV
LT LY Y R P Y P P P T T, weesmenwsanosncand
Delayed RDY A .

{(
V)

Figure 28. Input Handshake Timing

{(

Data Out Valid

nemescemsmessswrmaund

) A

Next Data Out Valid

©®

Figure 29. Output Handshake Timing
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T-49-19-07
AC CHARACTERISTICS . 7
Handshake Timing Table

No Symbol Parameter T,=0°Cto70°C . T,=-40°Ct0105°C  ~  Notes

12 MHz 16 MHz 12 MHz 16 MHz Data
Min  Max Min - Max Min  Max Min  Max Direction

1 TsDI{DAV) Data In Selup Time 0 0 0 0 IN

2 ThDI{DAV) Data In Hold Time 145 145 145 145 IN

3 TwhAv Data Avaitable Width 110 110 10 110 R N

4 TdDAVI(RDY) DAV Fall to RDY Fall Delay 115 115 115 115 IN

5  TdDAVid(RDY) DAV Rise to RDY Rise Defay 15 15 115 115 IN

6  TdDO(DAV) RDY Rise to DAV Falt Delay 0 0 0 0 N

7 TcLDAVO(RDY) Data Out to DAV Fall Delay TpC TpC TpC TpC out
8 TclDAVORDY) DAV Fall to RDY Fall Delay 0 0 0 0 out

9  TdRDYO(DAV) ROY Fall to DAV Rise Delay 15 115 15 1" our

10 TwRDY RDY Width 110 110 110 110 outr

11 TdRDYOd(DAV)  RDY Rise lo DAV Fall Delay - 115 115 15 115 our
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Z8 CONTROL REGISTER DIAGRAMS

R240 SIO
[o7 o] s [oe ]2 o7 0]
; Serial Data (D0~ LSB)

Figure 30. Serial I/O Register
(FOH: Read/Write)

R241 TMR
Im[oslos]mlmlmlm[ml

T T -

No Function
Load TO

Disable TO Count
Enable 70 Count

No Function
Load T1

Disable T1 Count
Enable T1 Count

TriModes

00 Extemal Glock Input

01 Gate Input

10 Trigger Input
(Non-retriggerable)

11 Trigger Input
(Retriggerable)

_-Q =0 -0 ~O

Tour Modes

00 Not Used

01 ToOut

10 T1 Out

11 Internal Clock Out

Figure 31. Timer Mode Register
(F1H: Read/Write)

R242T1

|D7lneloslmlm|m|m|ool

L'—__‘_—' Tt [Initial Value

n Written)
Range: 1-256 Decimal
01-00 HEX)
Tt Current Value
(When Read)

Figure 32. Counter/Timer 1 Register
(F2H: Read/Write)

- T-49-19-07
Eﬂlne]ns'mloa]nz'mlml .
L——- Count Mode

0 T1 Single Pass
1 Tt ModuloN

Clock Source
1 T1Internal
0 T1 Extemal Timing Input
T {Tn) Mode

P lor Modulo

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

Figure 33. Prescaler 1 Register
(F3H: Write Only)

R244 TO -

lD7|DS|DS|04|DSIDZ'Dl'DOl

I—————- TO Initial Value

{When Written)

T0 Current Value
{When Read)

Figure 34. Counter/Timer 0 Register
(F4H: Read/Write) - :

R245 PREO
|D7|Ds|05|04loalnzlmloo|

l—— CountMode -
Q TO Single Pass
1 TOModulo N
Reserved

P ler Modulo
{Range: 1-64 Decimal
01-00 HEX)

Figure 35. Prescaler 0 Register
(F5H: Write Only)

') g 1 VPRI S

PR R




.

ZILOG INC 30E D 9984043 0016603 7 EEZIL

246 P2M R248 POM - T-49-19.07
h)7|nslos|o4|os|oz|m|no1 Iglneloslmloalnzlmlggl

'ﬁ P2y - P27 /O Delinition _L PO - POs Mode ’
0 Defines Bit as Quiput 00 Output -
1 Defines Bit as Input 01 Input
X An-As
L Stack Selectl
Figure 36. Port 2 Mode Register 0 Extomal
(F6H: Write Only) ! fntemal
: : P17-Plo Mode
: ) 00  Byte Output
01  Byte Input
R247 P3M 10 AD7- ADo
11 High-Impedance AD7 - Do,
IE’IDGIMID“IDGIDZID‘IWI IAS, DS, RI, At} - A,
At5- As2, If Selected g
I— 0 Port 2 Pul-Ups Open Drain Extemal Memory Timing H
1 Port2 Pull-Ups Active :’ g:g::’ed . H
Reserved §
0 P32 Input po Poo‘um‘ze H
P35 - Output 01 Input E
1 P32 = /DAVO/RDYo0 X Ams-Aw M
P35 = RDY0/DAVO . : :
00 P33 = Input o ‘ -
P34 = Output Figure 38. Port 0 and 1 Mode Register l
01 } P33 « Input . R
104 Pas - 1 (FBH: Write Only) 4
11 P33 « DAVIRDY1
P34 « RDY1/DAV1 :
0 :g; -'onﬂ;;u(zn(péun R249 IPR -
1 pat - DAY (o7 os] os] o] bo] o2] o1 o] :
P36 = RDY2/DAV2 —r —I: l
0 ";gg -g’P;;u \ Interrupt Group Priority
«u Reserved = 000
1 ggg-:ﬂd;lgm C>A>B=001
= A>B>C=010
. A>C>B=011
g porty Of B>C>A=100
arity On C>B>A=101
B>A>C=110
: Reserved = 111 "
Figure 37. Port 3 Mode Register | I 'Hmimm Priorlty (Group C) :
: te Onl 0 IRQ1 > IRQ4 4
(F7H: Write Only) 1 IR4 > IRQ $
———— IR0, IR2 Prosity (Group B) £
0 iRQ2 > IRQO i
1 IRQO> IRG2 £ i
1IR3, IRGS Priority (Group A) 3
0 IRQ5 > IRQ3 ;
1 IRQ3>IRCS £
Reserved =

Figure 39. Interrupt Priority Register
(F9H: Write Only)
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Z8 CONTROL REGISTER DIAGRAMS (Continued) !

R250 IRQ
ID7I ns| osl 04] D:!| Dz| D1 Iﬂ
——:— IRQO = P32 Input (DO = IRQO)

IRQt =P33 Mnput

IRQ2 =P31 Input

1RQ3 = P30 Input, Serlal Input
IRQ4=TO Sedal Output
IRQ5=T1

Reserved

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

R251 IMR
[D7|DBIDSIDAID3|DZID1IDDI

l l [ .

(Do = IRQO)
Enables RAM Protect

p

-

-

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

R252 FLAGS

|;7lDGIDSID4IDQID2ID‘IIDOI

| |— User Flag F1
User Flag 2

Half Carry Flag
Decimal Adjust Flag
Overflow Flag

Sign Flag

Zoro Flag

Carry Flag

Figure 42. Flag Register
(FCH: Read/Wrtite)

- T-49-19-07

Fﬂlbslnslm]oaloalmlnol

| [ R
r4

Reglster Pointer

&

;]
b 7

Figure 43. Register Pointer Register
(FDH: Read/Write)

F254 SPH
Jo7] vs] D5| D4|Ds| Dzlmlnol

l——-——— Stack Painter Upper

Byte (SP1s- SPe)

Figure 44. Stack Pointer Register
(FEH: Read/Wrtite)

R255 SPL
1 3 2 X A C A )
l-——-—-— Stack Polnter Lower

Byto {SP7 - SPo)

Figure 45. Stack Pointer Register
(FFH: Read/Write)

T VRANPR WS kR o L AR a

e

2 e

. SRS Oy

%

SRR
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' T 1-49-19-07
Ice (mA) T .
40
A .
,/
L] B
30 ,// ]
L1 —1 c
// 4// —
0 ’//"// 1
o
,/// //
rd 1
10 ;é,é/
|~ 1 ;
o
[} 2 4 6 8 10 12 14 16 18 20
) ) Frequency (MHz) -
Legend: '
A-Vec=5.6V
B-Vcc =5.0v
C-Voo= 4.4V '

Figure 46. Typical I vs Frequency

S

e BV o0 A

-5, YT
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Z8 CONTROL REGISTER DIAGRAMS (Continued) . - T—49-19-07
I cet(mA)
12
A
10 ‘ ,/ B
/’//’/
8 ///,/ ] ¢
$ 1 //
o /////‘//
J /ﬁ A L~
a ,/,//;/
P
4 % .
2 ]
vl
2 4 6 8 10 12 14 16 18 20
Frequency (MHz)
Legend:
A-Vee =56V
B-Vcec=5.0V
C-Vcec =44V

Figure 47. Typicall, vs Frequency

: AANT RS R 4 40 S
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INSTRUCTION SET NOTATION

Addressing Modes. The following notation is used to de-
scribe the addressing modes and instruction operations
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-regisler or indirect
working-register address

Ir Indirect working-register address only

RR Register pair or working register pair
address

Symbols. The following symbols are usedin describing the
instruction set.

Symbol Meaning

dst Destination location or contents
src Source location or contents

cc Condition code

@ Indirect address prefix

SP " Stack Painter

PC Program Counter

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

IMR Interrupt mask register (R251)

= T-49-19-07

Flags. Control register (R252) contains the following six
flags: ' :

Symbol Meaning

C Carry flag

V4 Zero flag

S Sign flag )

v Overflow flag

D Decimal-adjust flag
H

Half-carry flag

Affected flages are indicated by:

0 Clear to zero

1 Set to one

* Set to clear according to operation
- Unaffected

X Undefined

30E D 9984043 DULE[:.D?VH E7IL

ki ‘ T e e T
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CONDITION CODES T-49-19-07
Value Mnemonic Meaning Flags Set
1000 Always True
011t C 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 ov Overflow V=1
1100 NOV No Overflow V=0
0110 EQ Equal Z=1
1110 NE Not Equal Z=0 :
1001 GE Greater Than or Equal (SXORV)=0
0001 LT Less than (SXORV)=1
1010 GT Greater Than [ZOR(SXOR V) =0
0010 LE Less Than or Equal [ZOR(SXOR V)] =1
1" UGE Unsigned Greater Than or Equal C=0
0111 ULT Unsigned Less Than C=1
1011 UGT Unsigned Greater Than (C=0ANDZ=0)=1
0011 ULE Unsigned Less Than or Equal (CORZ)=1
0000 Never True

A AT RV Mo | BT

ann.
i

L AR R SRR
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INSTRUCTION FORMATS . a T-49-19-07
oFG CCF, DI, E1, IRET, NOP,
RCF, RET, SCF
One-Byte Instructions
oPc | mobE CLR, GPL, DA, DEC, orc | MODE ADG, ADD, AND, CP,
dstsrc OR| 1110 ] dsverc | PESYEINE oW src orl1110] wo | 12,08 880 sUB.
RR, RRC, SRA, SWAP dst ORi 1110 dst
oPc JP, CALL (Indirect)
dst orf1110] daa | oPc | MoDE ADC, ADD, AND, CP, .
dst or{ 1110] das | oM i . SU, :
OPC . SRP VALUE . H
VALUE :
- | mope [ orc D i
opc | MoDE ADC, ADD, AND, CP, st orf1110] sm N
dst | s ?MR: Yo SUB, ToM, dst orR{1110] a=t i
i
MODE | oPc LD, LDE, LDEI, MODE | opc ) b
dstsrc | src/dst LDC, LDt dsVsre x r
ADDRESS :'
dsvsrc l oPc LD §
sre/dst or[1110] e | " [Cee T ore » £
DAU :
dst | opc ) DAL :
VALUE
oPC CALL
dsvcc | opc DINZ, JR DAU .
RA DAL
FFH STOP/HALT
6FH | 7Fn

Two-Byte Instructions Three-Byte Instructions

INSTRUCTION SUMMARY

Note: Assignment of a value is indicated by the symbot

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
data and the resultis stored in the destination location. The

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

T-49-19-07

D 9984043 003LLL0 4 EBZIL

Instruction Address Opcode  Flags Instruction Address Opcode  Flags
and Operation Mode Byte (Hex) Affected and Operation Mode Byte (Hex) Affected
dst src czs D H dst src CZSVDH
ADC dst, sre 1 1{ ] * ok ok 0 *® INC dst T 1E - ok ok ok - -
dstedst + src +C dste—dst + 1 r=0-F
R 20
ADD dst, src 1 o[ } %k sk 0 * IR 21
dste-dst + src :
INCW dst RR Ao - ok ok ok - -
AND dst, src 1 5[ } - koK - - dste-dst + 1 IR Al
dstedst AND src
IRET BF * sk ok ook sk ok
CALL dst DA De - - - - - FLAGS«@SP; ’
SPSP-2 IRR D4 SP¢«-SP + 1
@SP«PC, PC«@SP; -
PCedst SP«SP + 2;
IMR(7)e1
CCF EF * - - - -
CeNOTC JPce, dst DA cD L
if cc is true c=0-F
CLR dst R BO - - - - - PCe-dst IRR 30
dste-0 iR B1
JR cc, dst RA cB - - e - - -
COM dst R 60 - ok ok - - if cc is true, c=0-F
dste~NOT dst IR 61 PC«PC + dst
Range: +127, i
CP dst, src 1 Al ] % %k ok - - -128
dst - src
LD dst, src r Im 1C - - - - - -
DA dst R 40 %k ok - - dste—src r R 8
dsteDA dst IR 41 R r 1]
r=0-F
DEC dst R 00 -k ok - - r X Cc7
dstedst - 1 IR o1 X r D7
roIr E3
DECW dst RR - 80 - ok ook - - Ir r F3
dstedst - 1 IR 81 R R E4
R IR Es5
DI 8F - - - - - R M E6
IMR(7)<0 R IM E7
IR R F&
DJNZr, dst RA TA - - - - -
rer-1 r=0-F LDC dst, src r Inr C2 R
ifr20
PC«PC + dst LDCI dst, src Ir Irr C3 - - e - - -
Range: +127, dste-src
-128 rer +1;
e+ 1
El oF - - - - -
IMR(7)e-1
HALT 7F - - - - -
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, — ; ' T-49-19-07
INSTRUCTION SUMMARY (Continued) R .
Instruction Address Opcode Flags Instruction Address Opcode Flags
and Operation Mode Byte (Hex) Affected and Operation Mode Byte (Hex) Affected
dst src CZSVDH dst src CZSVDH
NOP FF - - - - . STOP 6F e
OR dst, src 1 4 ] - %k % 0 - - SUB dst, src t 2[ ] * Kok ok 1ok
dste~dst OR src dste-dstesrc )
POP dst R 50 - - - - - . SWAP dst R Fo X % % X - -
dst—@SP; IR 51 [ ] IR F1
SPSP + 1 Y N
[ ]

PUSH src R 70 - - e - - . .
SP«SP - 1; IR 71 TCM dst, src 1 ef ] - % % 0 - -
@SPesrc (NOT dst) - '

AND src
RCF CF 0o - - - - .
Ce0 TM dst, sre 1 7] - k%0 - -

dst AND src
RET AF A
PCe@8P; XOR dst, src 1 B[} - % sk 0 - -
SP«SP + 2 dste—dst

XOR src
RL dst R 920 % ok ok ok . -

o R —
t Thess instructions have an identical set of addressing modes, which
areancoded for brevity. The firstopcode nibble isfoundin the instruction

set table above. The second nibbls is expressed symbolically by a’[ |
ALC dst R 10 ok ok k- in this table, and its value is found in the following table to the left of the
. rﬁ-ﬁ. IR 1 applicable addressing mode pair.

For example, the opcode of an ADC instruction using the addressing
RR dst R EO % ko ok sk - - modes r (destination) and Ir (source) is 13. :

gl

i S
Address Mode -~ Lower £
RRC dst R co * % ok % - - dst src Opcode Nibble fé
<] r r (2] §
SBC dst, src 1 3} ¥ ok ok ok 1 % ' %
dste-dstesrceC : r Ir (8} -
SCF DF 1 - - . .. R R [4]
Ce1 .
R IR 5]
SRA dst R Do ® % %k 0 - - ’ . .
IR Dt 7 R M .8l
o] (71 9] o :
kx IR M 7]
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OPCODE MAP
Lower Nibble (Hex)
0 1 2 3 L) 5 6 7 8 9 A B c [ ] E F
6.5 6.5 6.5 6.5 105 10.5 105 105 6.5 65 [12/10.5]12/10.0]| 6.5- |12.100] 6.5
0 DEC DEC | ADD | ADD | ADD | ADD | ADD | ADD LD LD DINZ | JR LD JP INC
/1 IR1 ri, 2 | r1,r2 § R2,R1[(R2,R1 | R1,IM |IR1, 1M | r1,R2 | 12.R1 | r1,RA { cc. RA| 1, 1M Jcc, DA 11
6.5 8.5 6.5 6.5 10.6 105 10.5 105
1 RLC RLC ADC | ADC | ADC | ADC | ADC | ADC
R1 Rt | .2 | et 2 | R2,R1 [iR2, R1 R, M LIR1, M
6.5 6.5 6.5 6.5 105 105 10.5 105
2 INC INC suB SuUB suB SuB suB suB
Rt R1 r,r2 | £1,1r2 1 R2,R1 |IR2, Rt | R1, IM |IR1, IM
8.0 6.1 6.5 6.5 105 10.5 105 105
3 JP SRP SBC | sBC | SBC | SBG | SBC | SBC
IRR1 M ri,r2 | ri, 12 | R2,R1 |IR2, A1 | R, IM [ IR, IM :
85 | 85 | 65 | 65 | 106 | 105 | 106 | 105
4 DA DA OR OR OR OR OR OR %
R1 R1 | .2 | 1 k2 | R2,R1|IR2,R1 | R1, 1M |IR1, 1M e
10.5 105 6.5 6.5 105 105 105 10.5 i‘
5 POP | POP | AND | AND | AND | AND | AND | AND M
R1 IR1 r,r2 | n, 12 | R2,R1 |IR2, R1 | R1,IM {IR1, IM g
6.5 6.5 6.5 6.5 105 10.5 10.5 105 6.0
6 COM | COM | TCM | TCM | TCM | TCM | TCM | TCM STOP %
g Rt IRt | ri, 2 | 11,2 | R2,R1|IR2, A1 | R1, M }IR1, 1M &
T 10/12.1]12/14.1] 6.5 8.5 105 10.5 10.5 10.5 7.0 §_
o 7 PUSH | PUSH| ™ ™ ™ ™ ™ ™ HALT "M
ﬂ R2 iR2 ri,12 § r1, k2 | R2,R1 |[IR2, R1 | R1,IM {IR1, IM 5
z 105 | 105 | 120 | 180 6.1 ;
% 8 |pEcw|DECW| LDE | LDHE ol .
g RAR1 Rt jr1,Im2 |irt, r2 ;¥
= 65 | 65 | 120 | 180 6.1 £
9 RL AL LDE | LDE! B *
R1 IR1 12, et {1r2, Irrt =
10.5 105 6.5 6.5 105 105 10.5 10.5 14,0 E
A INCW | INCW cP cpP cp cp cp cP RET I
RR1 IRt 1,12 |, ir2 | R2,R1{IR2, R1 | R, IM }IR1, 1M T
6.5 6.5 8.5 6.5 10.5 10.5 10.5 105 16.0 -
B CLR CLR | XOR | XOR | XOR | XOR } XOR | XOR IRET E
R1 IR 2 | M, k2 §R2,R1 |IR2, R1 | R1,IM |iR1, IM .
6.6 66 | 120 | 180 10.5 6.5 b1
c RRC | RRC | LDC | LbCI LD RCF #
A1 IR1 |2 |1t 12 r1.x,R2 _ =
6.5 6.5 12.0 18.0 20.0 20.0 10.5 6.6 -
D SRA | SRA | LDC | LDCI | CALL! CALL | LD SCF
R1 IR1 12,11 {1r2, lv1 | IRR1 DA |r2xR1 ;
6.5 6.5 6.5 106 105 10.5 105 6.5 *
E RR RR LD LD Lo LD LD CCF 3
R1 IRt ri, IR2 | R2, R1 [IR2, R1 | R1, IM [IR1, IM ¢
8.5 8.5 6.5 10.5 6.0
F SWAP | SWAP LD LD NOP
A1 | IRY Ie1, 12 R2, IR1 + YIYIY (Y v *
| - ~ i ~" > ~ AYA ~ w
2 3 2 3
Bytes per Instruction =
Lower Legend:
Opcode R = 8-bit address
Nibble r = 4-bit address
Execution l Pipeline Rior ro=Dstaddress
Cycles Cycles Ryor ro=Src address
4
Sequence:
Upper 105 o
ode, First Operand,
Opcode ——epl  CPe—f—— Mnemonic Sepccond Operanc';i,e
Nibble Ry, Ro .
/ Note: The blank are not defined.
First Second * 2-byte instruction appears as a
Operand Operand . 3-byte instruction




