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Architectural Overview

Maxim’'s ZLF645 Series of Flash MCU’s are members of the Cril%family of infrared
microcontrollers. This series provides a dthg-compatible code upgrade path to other
Crimzon MCUs, offers a robukarning function, and features up to 64 KB Flash memory
and 1K general-purpose Random Accessrey (RAM). Two timers allow the
generation of complex signals while performing other counting operations.

A Universal Asynchronous Receiver/Trangi@i (UART) allows the ZLF645 MCU to
function as a slave/master database chipemthe UART is not in use, the Baud Rate
Generator (BRG) can h#sed as a third timer. EnhattStop Mode Recovery features
allow the ZLF645 MCU to recover from STOP mode on any change of logic and on any
combination of the 12 SMR inputs. The SMRusze can also be used as an interrupt
source.

Many high-end remote control units offer a learning function. A learning function allows a
replacement remote unit to learn infrargignals from the original remote unit and
regenerate the signal. However, the amptifytcircuits of many learning remotes are
expensive and are not tunedliv&he ZLF645 MCU is the first chip to offer a built-in
tuned amplification circuit ira wide range of positions drbattery voltages. The only
external component required is a photodiode.

The ZLF645 MCU greatly reduces the systeast and improves learning function
reliability. With all new features, the ZLB6 MCU is excellent for infrared remote
control and other MCU applications.

Features

Table 1llists the memory, I/O, and power feasrof the ZLF645 Flash MCU. Additional
features are listed below the table.

Table 1. ZLF645 Flash MCU Features

Voltage
Device Flash (KB) RAM* I/O Lines Range
ZLF645 Flash 32 or 64 512Bor1K 16, 24, or 40 20V-36V
MCU
*General-purpose registers implemented as RAM.
PS026408-1208 Architectural Overview

Downloaded from: http://www.datasheetcataloa.com/


http://www.datasheetcatalog.com/

ZLF645 Series Flash MCUs
Product Specification

MAXIM |

Interrupt Sources

The ZLF645 MCU suppts 23 interrupt sources with 6 interrupt vectors, as given below:

Three external interrupts.

Two from T8, T16 time-out and capture.

Three from UART Tx, UART Rx, and UART BRG.

One from LVD.

Fourteen from SMR source P20-P27, P30-P33, P00, and PQ7:

Any change in logic from P20-P27, P30-P33 can generate an interrupt or SMR

Additional Features

The additional features of ZLF645 MCU include:

PS026408-1208

IR learning amplifier.

Low power consumption—11 mW (typical).

Three standby modes:

STOP—1.7pA (typical)
HALT—O0.6 mA (typical)
Low-voltage reset

Intelligent counter/timer architecture antomate generation or reception and
demodulation of complex waveform, and pulsed signals:

One programmable 8-bit counter/timer withoteapture registers and two
load registers

One programmable 16-bit counténer with one 16-bit capture register pair
and one 16-bit load register pair

Programmable input glitcfilter for pulse reception

The UART baud rate generator can be used as another 8-bit timer, when the
UART is not in use

Six priority interrupts:

Three external/UART interrupts
Two assigned to counter/timers
One low-voltage detection interrupt

Features

Downloaded from: http://www.datasheetcataloa.com/


http://www.datasheetcatalog.com/

ZLF645 Series Flash MCUs
Product Specification

AKX

® 8-bit UART:
— Ry and Ty interrupts
— 4800, 9600, 19200, and 38400 baud rates
— Parity Odd/Even/None
— Stop bits 1/2
® |CP (In-circuit Flash Programming) intade multiplexed with one of the GPIO'’s.

* Intelligent Power-On Reset (POR) tmpide reduced POR time on detection
of stable clock from externatystal oscillator or resonator.

®* Low-voltage and high-voltage detection flags.
®* Programmable Watchdogmer (WDT)/POR circuits.

®* Two on-board analog comparators wittklependent reference voltages and
programmable interrupt polarity.
® User-selectable options throughtiop bit Flash coding (ON/OFF):
— Port 0 pins 0-3 pull-up transistors
— Port 0 pins 4—7 pull-up transistors
— Port 1 pins 0-3 pull-up transistors
— Port 1 pins 4-7 pull-up transistors
— Port 2 pins 0—7 pull-up transistors
— Port 3 pins 0—3 pull-up transistors
— Port 4 pins 0—7 pull-up transistors
— WDT enabled at Power-On Reset
— Flash lowest half main memory protect
— Flash entire main memory protect
— 16-bit addressability for stack pointer

— Nodivision, divide by 2, divide by 16, or divide by 32 of external clock to system
clock

} Note: All signals with an overline, “”, are active Low. For example, B/Wh which WORD is
active Low, and BV, in which BYTE is active Low.

Power connections use the conwvemal descriptions listed ifable 2

Table 2. Power Connections

Connection Device
Power Vpp
Ground Vss
PS026408-1208 Features
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Functional Block Diagram

Figure 1displays the functional blocks of the ZLF645 Flash MCU.

P00 4 Register File
PO1 512 B/1 K x 8-Bit
P02

Machine
Directional P03 Timing & < XTAL2
1/0 Nibble Port 0 g. —» XTAL1
Programmable P04 4 Register Bus Internal Instruction | ¢ 0 RESET

P05 Control
P06 Address Bus

PO7
— Flash
P10 Up to 64 KB x 8-Bit

P11 Internal

P12
Directional P13 8 Data Bus

I/0 Byte — Port 1
Programmable P14 Two
P15 Comparators
P16 Expanded Register Bus

P17 Register
File

Z8% LXMC Core

Power-On Reset

Low-Voltage/
P20 ) High-Voltage
P21 Detection

P22 «—»
Pro ramlr;c;lljglg_ 22 <—>»| Port2 8-Bit Timer
o P25 &> with UART
P26 <>

P27 =—»

Directional

8-Bit Timer
[ P30 —»
P31 —»
Fix CMOS —| P32 — 3

Input P33 >

[ P34 <>
Fix Push Pull P35
ix Push Pull —|
Output P36
P37 --—] i
— IR Learning
Amplification

Port 3 16-Bit Timer

[ P40 <>
P41 w—>»

Directional P42 a—
irectional

: P43

1/0 Bit —| Port 4

Programmable P44 <>

P45 a«—»

P46 -w—»

P47 w—

Figure 1. ZLF645 Flash MCU Functional Block Diagram

PS026408-1208 Functional Block Diagram
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Pin Description

Figure 2displays the pin configuratidior ZLF645 MCU 20-pin QFN packages.

15 14 13 12 11

D -
A
16 F=z3 poovez0 | 10
17 Pz Fag 9
TOP VIEWN
19  px P33 7
FZ7 O P3z 6

=

g 8
(1] 2

Figure 2. 20-Pin QFN Pin Configuration

P

W HTALZ
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19-4572; Rev 0; 4/09 Pin Description
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Table 3lists the function and signal directiooseach pin within the 20-pin QFN package
sequentially by pin number.

Table 3. 20-Pin QFN Sequential Pin Identification

Pin No Symbol Function Signal Direction

1 P07 Port 0, bit 7 Input/Output

2 Vbobp Power Supply Input

3 XTAL2 Crystal oscillator Output

4 XTAL1 Crystal oscillator Input

5 P31 Port 3, bit 1 Input

6 P32 Port 3, bit 2 Input

7 P33 Port 3, bit 3 Input

8 P34 Port 3, bit 4 Input/Output

9 P36 Port 3, bit 6 Output

10 P00 Port 0, bit 0 Input/Output
P30 Port 3, bit 0 Input

11 PO1 Port 0, bit 1 Input/Output

12 GND Ground In put

13 P20 Port 2, bit 0 Input/Output

14 P21 Port 2, bit 1 Input/Output

15 P22 Port 2, bit 2 Input/Output

16 P23 Port 2, bit 3 Input/Output

17 P24 Port 2, bit 4 Input/Output

18 P25 Port 2, bit 5 Input/Output

19 P26 Port 2, bit 6 Input/Output

20 P27 Port 2, bit 7 Input/Output

Note: When the Port 0 low-nibble pull-up option is enabled and the P30 input is Low, current flows
through the pull-up to Ground.

19-4572; Rev 0; 4/09
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Table 4lists the function and signal direction of each pin within the 20-pin QFN package
by function.

Table 4. 20-Pin QFN Functional Pin Identification

Pin No Symbol Function Signal Direction

10 POO Port 0, bit 0 Input/Output
P30 Port 3, bit 0 Input

11 PO1 Port 0, bit 1 Input/Output

1 PO7 Port 0, bit 7 Input/Output

13 P20 Port 2, bit 0 Input/Output

14 P21 Port 2, bit 1 Input/Output

15 P22 Port 2, bit 2 Input/Output

16 P23 Port 2, bit 3 Input/Output

17 P24 Port 2, bit 4 Input/Output

18 P25 Port 2, bit 5 Input/Output

19 P26 Port 2, bit 6 Input/Output

20 P27 Port 2, bit 7 Input/Output

5 P31 Port 3, bit 1 Input

6 P32 Port 3, bit 2 Input

7 P33 Port 3, bit 3 Input

8 P34 Port 3, bit 4 Input/Output

9 P36 Port 3, bit 6 Output

2 Vpp Power Supply Input

12 GND Ground In put

4 XTAL1 Crystal oscillator Input

3 XTAL2 Crystal oscillator Output

Note: When the Port 0 low-nibble pull-up option is enabled and the P30 input is Low, current flows
through the pull-up to Ground.

19-4572; Rev 0; 4/09 Pin Description
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Figure 3displays the pin configuration follE645 MCU 20-pin PDIP, SOIC, and SSOP

packages.
<

-«—>» P2501 20 g P24 >
-<«—>» P26Q2 19 B P23 -
-<«—>» P27 03 18 | P22 >
-<«—>» P07 44 20-Pin 17 B P21 >

Vpp 5 o 16 |3 P20 -
<«—— XTAL2 4 6 SSOP 15 A Vgg
—» XTAL1 Q7 14 B PO1 >
—>» P31 48 13 g POO/P30 -—>»
—» P32Q49 12 B P36 —_—>
—» P33 Q10 11 B P34 e

Figure 3. 20-Pin PDIP/SOIC/ SSOP Pin Configuration
19-4572; Rev 0; 4/09 Pin Description
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Table 5lists the function and signal directionsezfch pin within the 20-pin PDIP, SOIC,
and SSOP packages sequentially by pin number.

Table 5. 20-Pin PDIP/SOIC/SSOP Sequential Pin Identification

Pin No Symbol Function Signal Direction

1 P25 Port 2, bit 5 Input/Output

2 P26 Port 2, bit 6 Input/Output

3 P27 Port 2, bit 7 Input/Output

4 P07 Port 0, bit 7 Input/Output

5 Vbobp Power Supply Input

6 XTAL2 Crystal oscillator Output

7 XTAL1 Crystal oscillator Input

8 P31 Port 3, bit 1 Input

9 P32 Port 3, bit 2 Input

10 P33 Port 3, bit 3 Input

11 P34 Port 3, bit 4 Input/Output

12 P36 Port 3, bit 6 Output

13 P00 Port 0, bit 0 Input/Output
P30 Port 3, bit 0 Input

14 P01 Port 0, bit 1 Input/Output

15 Vgg Ground In put

16 P20 Port 2, bit 0 Input/Output

17 P21 Port 2, bit 1 Input/Output

18 P22 Port 2, bit 2 Input/Output

19 P23 Port 2, bit 3 Input/Output

20 P24 Port 2, bit 4 Input/Output

Note: When the Port 0 low-nibble pull-up option is enabled and the P30 input is Low, current flows
through the pull-up to Ground.

19-4572; Rev 0; 4/09
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Table 6lists the function and signal direction of each pin within the 20-pin PDIP, SOIC,

and SSOP packages by function.

Table 6. 20-Pin PDIP/SOIC/SSOP Functional Pin Identification

Pin No Symbol Function Signal Direction

13 POO Port 0, bit 0 Input/Output
P30 Port 3, bit 0 Input

14 PO1 Port 0, bit 1 Input/Output

4 PO7 Port 0, bit 7 Input/Output

16 P20 Port 2, bit 0 Input/Output

17 P21 Port 2, bit 1 Input/Output

18 P22 Port 2, bit 2 Input/Output

19 P23 Port 2, bit 3 Input/Output

20 P24 Port 2, bit 4 Input/Output

1 P25 Port 2, bit 5 Input/Output

2 P26 Port 2, bit 6 Input/Output

3 P27 Port 2, bit 7 Input/Output

8 P31 Port 3, bit 1 Input

9 P32 Port 3, bit 2 Input

10 P33 Port 3, bit 3 Input

11 P34 Port 3, bit 4 Input/Output

12 P36 Port 3, bit 6 Output

5 Vpp Power Supply Input

15 Vss Ground In put

7 XTAL1 Crystal oscillator Input

6 XTAL2 Crystal oscillator Output

Note: When the Port 0 low-nibble pull-up option is enabled and the P30 input is Low, current flows
through the pull-up to Ground.

19-4572; Rev 0; 4/09 Pin Description
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Figure 4displays the pin configuration of the ZLF645 MCU within the 28-pin PDIP,
SOIC, and SSOP packages.

NV
P25 1 28 @ P24
P26 2 27 @ P23
p270] 3 26 P22
Po4] 4 25 P21
PO5 5 24 A P20
Po6 ™ 6 28-Pin 23 @O P03
Po7 7 PDIP 22 AVsg
VppH 8 SOIC 51 kP02
XTAL2C] 9 SSOP o4 Hpot
XTAL1C] 10 19 B P00
P31 11 18 @ P30
P32 12 17 B P36
P33 13 16 @ P37
P34 14 15 AP35

Figure 4. 28-Pin PDIP/SOIC/ SSOP Pin Configuration

19-4572; Rev 0; 4/09

Downloaded from: http://www.datasheetcataloa.com/

Pin Description


http://www.datasheetcatalog.com/

ZLF645 Series Flash MCUs
Product Specification

MAXIMN |

2

Table 7lists the function and signal directionsezfch pin within the 28-pin PDIP, SOIC,
and SSOP packages sequentially by pin number.

Table 7. 28-Pin PDIP/SOIC/SSOP Sequential Pin Identification

Pin No Symbol Function Signal Direction
1 P25 Port 2, bit 5 Input/Output
2 P26 Port 2, bit 6 Input/Output
3 P27 Port 2, bit 7 Input/Output
4 P04 Port 0, bit 4 Input/Output
5 P05 Port 0, bit 5 Input/Output
6 P06 Port 0, bit 6 Input/Output
7 PO7 Port 0, bit 7 Input/Output
8 Vpp Power supply Input
9 XTAL2 Crystal oscillator Output
10 XTALA1 Crystal oscillator Input
11 P31 Port 3, bit 1 Input
12 P32 Port 3, bit 2 Input
13 P33 Port 3, bit 3 Input
14 P34 Port 3, bit 4 Input/Output
15 P35 Port 3, bit 5 Output
16 P37 Port 3, bit 7 Output
17 P36 Port 3, bit 6 Output
18 P30 Port 3, bit 0; connectto VDD  Input

if not used
19 POO Port 0, bit 0 Input/Output
20 PO1 Port 0, bit 1 Input/Output
21 P02 Port 0, bit 2 Input/Output
22 Vss Ground Input
23 P03 Port 0, bit 3 Input/Output
24 P20 Port 2, bit 0 Input/Output
25 P21 Port 2, bit 1 Input/Output
26 P22 Port 2, bit 2 Input/Output
27 P23 Port 2, bit 3 Input/Output
28 P24 Port 2, bit 4 Input/Output

19-4572; Rev 0; 4/09
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Table 8lists the functions and signal directions of each pin within the 28-pin PDIP, SOIC,

and SSOP packages by function.

Table 8. 28-Pin PDIP/SOIC/SSOP Functional Pin Identification

Pin No Symbol Function Signal Direction
19 P0OO Port 0, bit 0 Input/Output
20 PO1 Port 0, bit 1 Input/Output
21 P02 Port 0, bit 2 Input/Output
23 P03 Port 0, bit 3 Input/Output
4 P04 Port 0, bit 4 Input/Output
P05 Port 0, bit 5 Input/Output
P06 Port 0, bit 6 Input/Output
P07 Port 0, bit 7 Input/Output
24 P20 Port 2, bit 0 Input/Output
25 P21 Port 2, bit 1 Input/Output
26 P22 Port 2, bit 2 Input/Output
27 P23 Port 2, bit 3 Input/Output
28 P24 Port 2, bit 4 Input/Output
1 P25 Port 2, bit 5 Input/Output
2 P26 Port 2, bit 6 Input/Output
3 P27 Port 2, bit 7 Input/Output
18 P30 Port 3, bit 0; connect to VDD Input
if not used
11 P31 Port 3, bit 1 Input
12 P32 Port 3, bit 2 Input
13 P33 Port 3, bit 3 Input
14 P34 Port 3, bit 4 Input/Output
15 P35 Port 3, bit 5 Output
17 P36 Port 3, bit 6 Output
16 P37 Port 3, bit 7 Output
8 Vpp Power supply Input
22 Vssg Ground Input
10 XTALA1 Crystal oscillator Input
9 XTAL2 Crystal oscillator Output

19-4572; Rev 0; 4/09 Pin Description
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Figure 5displays the pin configuration of the ZLF645 MCU within the 48-pin SSOP

package.

<«—>» P40 Q1 - 48 F P47 w-—>»
-<«—>» P25 2 47 B P46 w—>»
-<«—>» P26 43 46 P P24 =—>
-«—>» p27 04 45 B P23 —=—>»
<«—>» po4 05 44 B P22 <—>»
-<«——>» P41 6 43 B P21 =-—>»
-<«——>» P05 7 42 B P20 -—>»
> P06 s 41 B P03 =—>»
<«—>» P14 g 40 B P13 =—>»
-<«—>» P15 10 39 p P12 -—>
-« P07 011 38 P Vss

Vpp E12 48-Pin SSOP 37 P Vss

Vpp H13 36 A P45 w-—>»
<« P42 Q14 358 P02 «—>»
-<«—>» P16 15 34 B P11 w-—>
<«——>» P17 16 33 g P10 w-=—>»

«—— XTAL2 17 32 g P01 =-—>»
—>» XTAL1 18 31 g P00 w-—>»

—» P31 419 30 g P44 <w-—>
—>» P32 20 29 B P30/PREF1 -w——
—» P33 21 28 g P36 —»
-« P34 22 27 g P37 —>»
<« P43 423 26 g P35 —»

Vgg 24 25 B /RESET w—>»

Figure 5. 48-Pin SSOP Pin Configuration

Table 9lists the functions and signal directions of each pin within the 48-pin SSOP
package sequentially by pin number.

Table 9. 48-Pin SSOP Sequential Pin Identification

Pin No Symbol Function Signal Direction
1 P40 Port 4, bit 0 Input/Output
2 P25 Port 2, bit 5 Input/Output
3 P26 Port 2, bit 6 Input/Output
4 P27 Port 2, bit 7 Input/Output
5 P04 Port 0, bit 4 Input/Output
6 P41 Port 4, bit 1 Input/Output
7 P05 Port 0, bit 5 Input/Output

19-4572; Rev 0; 4/09
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Table 9. 48-Pin SSOP Sequential Pin Identification (Continued)

Pin No Symbol Function Signal Direction

8 P06 Port 0, bit 6 Input/Output

9 P14 Port 1, bit 4 Input/Output

10 P15 Port 1, bit 5 Input/Output

11 P07 Port 0, bit 7 Input/Output

12 Vpp Power Supply Input

13 Vbob Power Supply Input

14 P42 Port 4, bit 2 Input/Output

15 P16 Port 1, bit 6 Input/Output

16 P17 Port 1, bit 7 Input/Output

17 XTAL2 Crystal oscillator Output

18 XTALA1 Crystal oscillator Input

19 P31 Port 3, bit 1 Input

20 P32 Port 3, bit 2 Input

21 P33 Port 3, bit 3 Input

22 P34 Port 3, bit 4 Input/Output

23 P43 Port 4, bit 3 Input/Output

24 Vss Ground Input

25 /RESET Bidirectional reset signal Input/Output

26 P35 Port 3, bit 5 Output

27 P37 Port 3, bit 7 Output

28 P36 Port 3, bit 6 Output

29 P30/PREF1 Port 3, bit 0 Input

30 P44 Port 4, bit 4 Input/Output

31 P00 Port 0, bit 0 Input/Output

32 PO1 Port 0, bit 1 Input/Output

33 P10 Port 1, bit 0 Input/Output

34 P11 Port 1, bit 1 Input/Output

35 P02 Port 0, bit 2 Input/Output

36 P45 Port 4, bit 5 Input/Output

37 Vsg Ground Input

38 Vssg Ground Input

39 P12 Port 1, bit 2 Input/Output

40 P13 Port 1, bit 3 Input/Output
19-4572; Rev 0; 4/09 Pin Description
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Table 9. 48-Pin SSOP Sequential Pin Identification (Continued)

Pin No Symbol Function Signal Direction
41 P03 Port 0, bit 3 Input/Output
42 P20 Port 2, bit 0 Input/Output
43 P21 Port 2, bit 1 Input/Output
44 P22 Port 2, bit 2 Input/Output
45 P23 Port 2, bit 3 Input/Output
46 P24 Port 2, bit 4 Input/Output
47 P46 Port 4, bit 6 Input/Output
48 P47 Port 4, bit 7 Input/Output

Table 10lists the functions and signal directianfseach pin within the 48-pin SSOP
package by function.

Table 10. 48-Pin SSOP Functional Pin Identification

Pin No Symbol Function Signal Direction
31 P00 Port 0, bit 0 Input/Output
32 PO1 Port 0, bit 1 Input/Output
35 P02 Port 0, bit 2 Input/Output
41 P03 Port 0, bit 3 Input/Output
5 P04 Port 0, bit 4 Input/Output
7 P05 Port 0, bit 5 Input/Output
8 P06 Port 0, bit 6 Input/Output
11 P07 Port 0, bit 7 Input/Output
33 P10 Port 1, bit 0 Input/Output
34 P11 Port 1, bit 1 Input/Output
39 P12 Port 1, bit 2 Input/Output
40 P13 Port 1, bit 3 Input/Output
9 P14 Port 1, bit 4 Input/Output
10 P15 Port 1, bit 5 Input/Output
15 P16 Port 1, bit 6 Input/Output
16 P17 Port 1, bit 7 Input/Output
42 P20 Port 2, bit 0 Input/Output
43 P21 Port 2, bit 1 Input/Output
44 P22 Port 2, bit 2 Input/Output

19-4572; Rev 0; 4/09
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Table 10. 48-Pin SSOP Functional Pin Identification (Continued)

Pin No Symbol Function Signal Direction
45 P23 Port 2, bit 3 Input/Output
46 P24 Port 2, bit 4 Input/Output
2 P25 Port 2, bit 5 Input/Output
3 P26 Port 2, bit 6 Input/Output
4 P27 Port 2, bit 7 Input/Output
29 P30 Port 3, bit 0; connect to VDD Input

if not used
19 P31 Port 3, bit 1 Input
20 P32 Port 3, bit 2 Input
21 P33 Port 3, bit 3 Input
22 P34 Port 3, bit 4 Input/Output
26 P35 Port 3, bit 5 Output
28 P36 Port 3, bit 6 Output
27 P37 Port 3, bit 7 Output
1 P40 Port 4, bit 0 Input/Output
6 P41 Port 4, bit 1 Input/Output
14 P42 Port 4, bit 2 Input/Output
23 P43 Port 4, bit 3 Input/Output
30 P44 Port 4, bit 4 Input/Output
36 P45 Port 4, bit 5 Input/Output
47 P46 Port 4, bit 6 Input/Output
48 P47 Port 4, bit 7 Input/Output
12 Vpp Power Supply Input
13 Vbp Power Supply Input
24 Vss Ground Input
37 Vssg Ground Input
38 Vss Ground Input
18 XTAL1 Crystal oscillator Input
17 XTAL2 Crystal oscillator Output
25 /RESET Bidirectional reset signal Input/Output

19-4572; Rev 0; 4/09 Pin Description
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/O Port Pin Functions

The ZLF645 MCU features up to fivelBt ports which are described below:

1.

o > W N

Port 0 is nibble-programmaibés either input or output.

Port 1 is byte-programmaldes either input or output.

Port 2 is bit-programmabées either input or output.

Port 3 features four inputs on the lower nibble and four outputs on the upper nibble.

Port 4 is bit-programmabées either input or output.

} Note: Port 0, Port 1, Port 2, and Port 4 internal pull-ups are disabled on any pin or group of pins
when programmed into output mode.

A Caution:

The CMOS input buffer for each Port 0, Port 1, Port 2, or Port 4 pin are always
connected to the pin, even when the pin is cardijas an output. If the pin is configured

as an open-drain output and no external signal is applied, a High output state can cause
the CMOS input buffer to float. This may ldadxcessive leakage current of more than
1004A. To prevent this leakage, connect thetpian external signal with a defined logic
level or ensure that its output stasel ow, especially during STOP mode.

Port 0, Port 1, Port 2, and Port 4 havethanput and output capmlity. The input logic

is always present no matter whether the @onfigured as iput or output. When
executing a READ instruction, the MCU reads #ttual value at ghinput logic but not

from the output buffer. In addition, the instructions of OR, AND, and XOR have the Read-
Modify-Write sequence. The MCU first reads gort, then modifiethe value, and loads

back to the port.

Precaution must be taken, if thert is configured as an opedrain output or if the port

is driving any circuit that mlees the voltage different from the appropriate output logic.
If it is configured as open-drain output with output logic as ONE, it is a floating port and
reads back as ZERO. The followiimgtruction sets PO0-P07 all Low:

AND PO,#%FO0

RESET (Input, Active Low)

Reset initializes the MCU and is accomplished either through Power-On Reset (POR),
Watchdog Time(WDT), Stop Mode Recovery, Low-Vfage detection, or through the
external reset pin in the case of 48-pin packaged products.

PS026408-1208

1/0 Port Pin Functions
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During POR and WDT Reset, the internallyngeated reset drives the reset pin Low for
the POR time. Any device driving the extermaset line must be open-drain to avoid
damage from a possible conflict during reset conditions. A pull-up is provided internally
for the reset pin, if available. When tAeF645 MCU asserts (Low) the RESET pin, the
internal pull-up is disabled. The ZLF645 NdGloes not assert the RESET pin when the
VDD voltage is below the VBO tripoint level (for moe details, seReset and Power
Managemenbn page 137).

The external reset does not initiate an exit from STOP mode.

Table 11lists the registers used to control I/Orggo Some port pin functions can also be
affected by control registefsr other peripheral functions.

Table 11. I/0O Port Control Registers

Address (Hex)

12-Bit Bank 8-Bit Register Description Mnemonic Reset Page No
000 0-3 00 Port 0 Register PO XXh 32
001 0-3 01  Port 1 Register P1 XXh 33
002 0-3 02  Port 2 Register P2 XXh 35
003 0-3 03  Port 3 Register P3 0Xh 37
FO8 0-3 08 Port 4 Register P4 XXh 40
FO9 F 09 Port 4 Mode Register P4M FFh 39
OF6 All F6 Port 2 Mode Register P2M FFh 34
OF7 All F7  Port 3 Mode Register P3M XXXX_X000b 36
OF8 All F8 Port 0/1 Mode Register PO1M X1 XX_XXX1b 31
FOO F 00 Port Configuration Register PCON XXXX_1110b 30
PS026408-1208 RESET (Input, Active Low)
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Port O

Port 0 is an 8-bit bidirectional CMOS-compailport. Its eight 1/O lines are configured
under software control to create a nibble p@t. The output drivers are push/pull or
open-drain, controlled by bit 2 of tiort Configuration Register

If one or both nibbles are required for I/O opiena, they must be configured by writing to
the Port 0/1 Mode RegisteAfter a hardware reset or a Stop Mode Recovery, Port O is
configured as an input port.

Port 0, bit 7 is used as ti@nsmit output of the UART wvén UART Tx is enabled. The

I/0O function of Port 0, bit 7 is overriddeny the UART serial output (TxD) when UART

Tx is enabled (UCTL[7] = 1). The pin must be configured as an output for TxD data to
reach the pin (PO1M[6] = 0).

An optional pull-up transistor is availalds an user-selectable flash programming option
on all Port O bits with nibble sele¢iigure 6displays the Port O configuration.

ZLF645

FLASH MCU — Port 0 (I/0)

Open-Drain _

Vbp

Ta) PY Resistive pull-u
1’0 gtransistor P P
Flash Programming

Option

Pad

—o—

Out ) >: ‘

Figure 6. Port O Configuration

PS026408-1208 Port 0
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Port 1

Port 1 is an 8-bit bidirectional CMOS-contitde 1/O port. It can be configured under
software control as inputs or outputs. Agh programming option bit is available to
connect eight pull-up transistors on this p&its programmed as output are globally
programmed as either push/poitlopen-drain. The power-onset function resets with the
eight bits of Port 1 [P1740] configured as inputsigure 7displays the Port 1

configuration.
ZLF645 8
P —
FLASH MCU Port 1 (/O)
Open-Drain _
Vbb
110 {>c DC q{ l: .—ogﬁgﬁissitsi;/grpuu-up
Flash Programming
Option
Pad
r——
Out i) > l:
4
/77
In |
Figure 7. Port 1 Configuration
PS026408-1208 Port 1
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Port 2
Port 2 is an 8-bit bidiremnal CMOS-compatible 1/0 portts eight I/O lines can be
independently configured under software control as inputs or outputs. Port 2 is always
available for I/O operation. A flash progranmm option bit is available to connect eight
pull-up transistors on this port. Bits pragnmed as outputs are globally programmed as
either push/pull or open-drain. The Power-Reset function resets with the eight bits of
Port 2 [P27:20] configured as inputs.
Port 2 also has an 8-bit inp@R and AND gate and edge detection circuitry, which can be
used to recover from the STOP mode. P20 can be programmed to access the edge-detec-
tion circuitry in DEMODULATION modeFigure 8displays the Port 2 configuration.
—>
— >
ZLF645 |[4—»
FLASH MCU |[¢——» [ Port2(V0)
—>
—>
—>
Open-Drain —_
Vbb
e B i Bz
DG :{ ': Flash Programming
Option
Pad
*r——o—
Out )
77
In |
Figure 8. Port 2 Configuration
PS026408-1208 Port 2
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Port 3

Port 3 is an 8-bit CMOS-compatible 1/0 port. Port 3 consists of four fixed inputs
(P33:P30), three fixed outputs (P37:P36:P35), and one multi-functioned pin (P34) that can
function as an output only or as a bidiienal open-drain 1/O depending on whether the
ZLF645 MCU is in ICP mode.

P30, P31, P32, and P33 are standard CMOS inputs with option enabled pull-up transistors
and can be configured under software dsrinipts, as received data input to the UART
block, as input to comparator circuits, or as input to the IR learning ampilifier.

P37, P36, and P35 are push/pull outpund can be configured as outputs from
counter/timers and/or comparator circuits.

During the ZLF645’s POR time, P38 configured as an inppin with pull-up enabled. If
after completing it's POR period, the ZLF64&smot detected this pin LOW and been put
into ICP mode, this pin will revert back b@ing a push/pull outpuinly. For more details
on the function of pin P34, sé€P Interfaceon page 53.

PS026408-1208 Port 3
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Figure 9displays the Port 3 configuration.

~—— P30
~<—— P31
~<—— P32

ZLF645 < P33
FLASH MCU Port 3 (1/0)

<—> P34
—> P35
—> P36
——> P37

P3M Register, OF7h
|D2|D1| | 1 =Apglog; IR Amp On
0 = Digital; IR Amp Off

Digital
P31 (AN1) D1

————>0 |RQ2, P31 Data Latch

Comp1 °

P31 — .
—
leee — 177 IR1

|
|
Learning Amplifier |
|
|

|
I_o*o—o IRQO, P32 Data Latch

P30 (Prer1)

Y

A\

Comp2

|

|

|

|

|

Y
From Stop Mode a\°—° IRQ1, P33 Data Latch
Recovery Source of SMR |

/

Figure 9. Port 3 Configuration

P31 can be used as an interrupt, analog eoatpr input, infraredelarning amplifier input,
normal digital input pin, and as a Stop Mode Recovery soMvten bit 2 of the Port 3
Mode register (P3M) is set, P31 is used asitifrared learning amplifier, IR1. The refer-
ence source for IR1 is GND. The infraredrning amplifier iddisabled during STOP
mode. When bit 1 of P3M is set, the parmifANALOG mode and the analog comparator,

PS026408-1208 Port 3

Downloaded from: http://www.datasheetcatalog.com/


http://www.datasheetcatalog.com/

ZLF645 Series Flash MCUs
Product Specification

MAXIM |

5

COMPL1is used. The reference voltage @DMP1is P30 (RRegry). When in ANALOG
mode, P30 cannot be read as a digital input viheiCPU reads bit O de Port 3 register;
such reads always return a value of 1.

Also, when in ANALOG mode, P31 cannot beedss a Stop Mode Recovery source, as in
STOP mode the comparator is disabled ismdutput will not toggt. The programming of

bit 2 of the P3M register takes precedence over the programming of Bit 1 in determining
the function of P31. If both bits are set, P@adtions as an IR learning amplifier instead of

an analog comparator. As displayed-igure 9the output of the function selected for P31

can be used as a source for IRQ2 interruptraisee The IRQ2 interrupt can be configured
based upon detecting a rising, falling, or edge-triggered input change using Bits 6 and 7 of
the IRQ register. The P31 output stage sigisd goes to the Counter/Timer edge detec-
tion circuitry in the same way that P20 does.

P32 can be used as an interrupt, analog comparator, UART receiver, normal digital input
and as Stop Mode Recovery source. When bit 6 of UCTL register is set, P32 functions as a
receive input for the UART. When bit 1 of tR8M register is set, thereby placing Port 3

into ANALOG mode, P32 functions as analog comparator, COMP2. The reference
voltage for COMP2 is P33 fgry). P32 can be used as a rising, falling or edge-triggered
interrupt, IRQO, using IRQ gaster bits 6 and 7. If UART receiver interrupts are not
enabled, the UART receive interrupt is ussdhe source of interrupts for IRQO instead of
P32. When in ANALOG mode P32 cannot be used as SMR source because the compara-
tors are turned OFF in STOP mode.

When in ANALOG mode, P33 cannot be readttyy CPU as a digital input through bit 3
of the Port 3 register. In this case, a readibB of the Port 3 register indicates whether
Stop Mode Recovery conditioniets. Reading a value of 0 indicates an SMR condition; if
the ZLF645 MCU is in STOP mode, it will &8 TOP mode. Reading a value of 1 indi-
cates that no condition exists tateke ZLF645 MCU from STOP mode.

Additionally, when in ANALOG mode, P33 cannot be used as an interrupt source. Instead,
the existence of a SMébndition can generate an interrupt, if enabled. P33 can be used as
a falling-edge interrupt, IRQ1, when not ANALOG mode. IRQL1 is also used as the
UART Ty interrupt and the UART BRG interrugdnly one source is active at a time. If

bit 7 and bit 5 of UCTL are set to 1, IR@4ll transmit an interrupt when the Transmit
Shift register is empty. If bits 0 and 5 of UCTL are set to 1 and bit 6 of UCTL is cleared to
0, the BRG interrupts will activate IRQ1.

} Note: Comparators and the IR gfifier are powered down by entering STOP mode.
For P30:P33 to be used as a Stop Mode Recovery source during STOP mode, these inputs
must be placed into DIGITAL mode. When in ANALOG mode, do not configure any Port 3
input as a SMR source. The configuration of these inputs must be re-initialized after Stop
Mode Recovery or POR.

PS026408-1208 Port 3
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Table 12. Summary of Port 3 Pin Functions

Pin /0 :Dnr(%;;[rjrlltmer Counter/Timers Comparator Interrupt IRAMP UART

P30 IN REF1

P31 IN IN AN1 IRQ2 IR1

P32 IN AN2 IRQO UART Rx
P33 IN REF2 IRQ1

P34 IN/OUT ICP T8 AO1 IROUT

P35 ouT T16

P36 OUT T8/T16

P37 ouT AO2

Port 3 also provides output for eachtbe counter/timers @hAND/OR Logic (see
Figure 10. Control is performed bprogramming CTR1 bit 5 and bit 4, CTRO bit 0, and

CTR2 bit O.

PS026408-1208
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VbD

Resistive
—>‘| Pull-Up

Transistor

ICP 1

CTRO, bit 0
PCON, bit 0
P34 Data o Voo
MUX |
T8_Out A
MUX o—l MUX Pad

P3M D2
P31 —

*See also
In-Circuit
Programmer
chapter on
CTR2, bit 0 P34 usage
Vbp
P30 Comp1 P35 Data
MUX p— g
T16_Out Pad
CTR1, bit 6
l Vbp
P36 Data
MUX p——¢ g
T8/16_Out Pad
PCON, bit 0
l Vob
P37 Data
MUX p— g
P3M D1 Pad
P32
P32
P33 Comp2
Figure 10. Port 3 Counter/Timer Output Configuration
PS026408-1208 Port 3
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Comparator Inputs

In ANALOG mode, P31 and P32 have a compar&bnt end. The comparator reference
is supplied by P33 andgRgs. In ANALOG mode, the P33 ternal data latch and its
corresponding IRQ1 are diverted to the Stgde Recovery sources (excluding P31, P32,
and P33) as displayed kigure 9on page 24. In DIGITAL mode, P33 is used as bit 3 of
the Port 3 input registerhich then generates IRQ1.

} Note: Comparators are powered down by entering STOP mode. For P30:P33 to be used as an
SMR source, these inputs must be placed into DIGITAL mode.

Comparator Outputs

The comparators can be programmed to outpuP34 and P37 by setting bit O of the
PCON register.

Port 4

Port 4 is an 8-bit bidiremnal CMOS-compatible 1/0 portts eight I/O lines can be
independently configured under software control as inputs or outputs. Port 4 is always
available for 1/0 operation. A flash progranmg option bit is available to connect eight
pull-up transistors on this port. Bits pragnmed as outputs are globally programmed as
either push/pull or open-drain. The POR funatresets with the eight bits of Port 4
[P47:40] configured as inputBigure 11on page 29isplays the Port 4 configuration.

PS026408-1208 Port 4
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ZLF645
FLASH MCU

< > — Port 4 (1/0)

Open-Drain

/0 {>¢

Out

Vbp

|_.| Resistive pull-up
transistor
Flash Programming

Option
Pad

r——o—|

Figure 11. Port 4 Configuration

PS026408-1208
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Port Configuration Register

0

The Port Configuration register (séable 13 configures the Port 0 output mode and the

comparator output on Port 3. The PCON registdocated in exparadl register Bank F,

address 00h.

Table 13. Port Configuration Register (PCON)

Bit 7 6 5 4 3 2 1 0
Reserved Port 4 Port 0 Port 1 Comp/IR Amp
Field Output Mode | Output Mode | Output Mode Output Port 3
Reset X X X X 1 1 1 0
R/W — | = = | = w w w w
Address Bank F: 00h; Linear: FOOh
Bit Position  Value  Description
[7:4] — Reserved —Must be written to 1; reads 11111b.
[3] Port 4 Output Mode —Controls the output mode of Port 4.
Open-drain
Push/pull
[2] Port 0 Output Mode —Controls the output mode of Port 0.
Write only; read returns 1.
Open-drain
Push/pull
[1] Port 1 Output Mode —Controls the output mode of Port 1.
Write only; read returns 1
Open-drain
Push/pull
[0] Comparator or IR Amplifier Output Port 3 ~—Select digital outputs or
comparator, and IR amplifier outputs on P34 and P37.
Write only; read returns 1.
P34 and P37 outputs are digital.
P34 is Comparator 1 or IR Amplifier output, P37 is Comparator 2 output.
} Note: PCON register is not reset after a Stop M&Ecovery. Also, for package types other than

the 48-pin package, writes to bit 3 and bit 1 have no effect.

PS026408-1208

Port Configuration Register
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Port 0/1 Mode Register

The Port 0/1 Mode register (s&able 14 determines the 1/O direction of Port 0 and

Port 1. The Port 0 direction is nibble-pragrmable. Bit 6 controls the upper nibble of
Port 0, bits [7:4]. Bit O controls the lower niblof Port 0, bits [3:0]. The Port 1 direction
is byte programmable.

Table 14. Port 0/1 Mode Register (PO1M)

Bit 7 6 5 4 3 2 1 0

Field Reserved | P07:P04 Mode | Reserved | Port1 Mode | Reserved P03:P00 Mode
Reset X 1 X X 1 X X 1

R/W — w — — W — — W
Address Bank Independent: F8h; Linear: OF8h

Bit Position  Value  Description

[7] 0 Reserved —Must be written to 1. Reads 1b.
[6] P07:P04 Mode

0 Output

1 Input
[5:4] — Reserved —Must be written to 1. Reads 1’s.
[3]* Port 1 Mode

0 Output

1 Input
[0] P00:P03 Mode

0 Output

1 Input

“For package types other than the 48-pin package, writes to bit 3 have no effect.

} Note: Only P00, P01, and PO7 are available for ZLF645 Flash MCU 20-pin configuration.

PS026408-1208 Port 0/1 Mode Register
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Port O Register

The Port 0 register (s@able 15 allows read and write access to the Port 0 pins.

Table 15. Port O Register (P0)

Bit 7 6 5 4 3 2 1 0
Field PO7 P06 P05 P04 P03 P02 PO1 P00
Reset X X X X X X X X
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank 0-3: 00h; Linear: 000h

Bit Position R/W Description

[71 Port 0 Pin 7 —Available for I/O if UART Tx is disabled.
Read Pin configured as input or output in PO1M register.
0 Pin level is Low.
1 Pin level is High.

Write  Pin configured as output in PO1M register, UCTL[7]=0.
0 Assert pin Low.
1 Assert pin High if configured as push-pull; make pin high-impedance if it is

open-drain.
[6:0] Port 0 Pins 6-0 —Each bit provides access to the corresponding Port 0 pin.
Read Pin configured as input or output in PO1M register.
0 Pin level is Low.
1 Pin level is High.

Write  Pin configured as output in PO1M register.
0 Assert pin Low.
1 Assert pin High if configured as push-pull; make pin high-impedance if it is
open-drain.

} Note: Only P00, P01, and PO7 are available for ZLF645 Flash MCU 20-pin configuration.

PS026408-1208 Port 0 Register
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Table 16. Port 1 Register (P1)
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The Port 1 register (s@able 1§ allows read and write access to the Port 1 pins.

Bit 7 6 5 4 3 2 1 0
Field P17 P16 P15 P14 P13 P12 P11 P10
Reset X X X X X X X X
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank 0-3: 01h; Linear: 001h

Note: For package types other than the 48-pin package, this register is available as a general-purpose register.

Bit Position  Value  Description
[7:0] Port 1 Pins 7-0 —Each bit provides access to the corresponding Port 1 pin.
Read Pin configured as input or output in PO1M register.
0 Pin level is Low.

1 Pin level is High.
Write  Pin configured as output in PO1M register.
0 Assert pin Low.
1 Assert pin High, if configured as push-pull; make pin high-impedance if it is
open-drain.

Note: For packages other than 48-pin package, this register is available as general-purpose register.

PS026408-1208 Port 1 Register
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Port 2 Mode Register

The Port 2 Mode register (séable 17 determines the 1/O directicof each bit on Port 2.
Bit 0 of the Port 3 Mode register determinwhether the output drive is push/pull or
open-drain.

Table 17. Port 2 Mode Register (P2M)

Bit 7 6 5 4 3 2 1 0

P27 1/0 P26 1/0O P25 1/0 P24 1/0 | P231/0 | P221/0 P21 1/0 P20 I/0
Field Definition | Definition | Definition | Definition | Definition | Definition | Definition | Definition
Reset 1 1 1 1 1 1 1 1
R/W w w w w w w w w
Address Bank Independent: F6h; Linear: OF6h

Bit Position ~ Value  Description

[7]

Defines P27 as output.
Defines P27 as input.

[6] Defines P26 as output.

Defines P26 as input.

[5] Defines P25 as output.

Defines P25 as input.

[4] Defines P24 as output.

Defines P24 as input.

[3] Defines P23 as output.

Defines P23 as input.

[2] Defines P22 as output.

Defines P22 as input.

[1] Defines P21 as output.

Defines P21 as input.

[0] Defines P20 as output.

Defines P20 as input.

-l O ~~rO|~~rO| ~~rO| ~O| ~O| ~0O

} Note: Port 2 Mode register is not reset after a Stop Mode Recovery.

PS026408-1208 Port 2 Mode Register
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Port 2 Register

The Port 2 register (s@able 1§ allows read and write access to the Port 2 pins.

Table 18. Port 2 Register (P2)

Bit 7 6 5 4 3 2 1 0
Field P27 P26 P25 P24 P23 P22 P21 P20
Reset X X X X X X X X
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank 0-3: 02h; Linear: 002h

Bit Position ~ Value  Description

[7:0] Port 2 Pins 7-0 —Each bit provides access to the corresponding Port 2 pin.
Read Pin configured as input or output in P2M register.
0 Pin level is Low.

1 Pin level is High.
Write  Pin configured as output in P2M register.
0 Assert pin Low.
1 Assert pin High if configured as push-pull; make pin high-impedance if it is
open-drain.

PS026408-1208 Port 2 Register
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Port 3 Mode Register

The Port 3 Mode register (sé@able 19 is used to configure the functionality of Port 3
inputs and the output mode of Port 2. Whir2hs set, the IR Learning Amplifier is used
instead of the COMP1 comparator, regardless of the value of bit 1.

Table 19. Port 3 Mode Register (P3M)

Bit 7 6 5 4 3 2 1 0

Reserved IR Learning DIGITAL/ Port 2
Amplifier ANALOG Open-Drain

Field Mode

Reset X X X X X 0 0 0

R/W — — — — — w w w

Address Bank Independent: F7h; Linear: OF7h

Bit Position R/W Value  Description

[7:3] — — Reserved —Must be written to 1. Reads return 11111b.

[2] w 0 IR Learning Amplifier disabled.

—_

IR Learning Amplifier enabled with P31 configured as
amplifier input.

[1] w DIGITAL/ANALOG Mode

0 P30, P31, P32, P33 are digital inputs.

1 P30, P32, and P33 are comparator inputs. If P3M[2]=0, P31 also
function as a comparator input. If P3M[2]=1, P31 is the IR amplifier
input.

[0] W 0 Port 2 open-drain.

—_

Port 2 push/pull.

} Note: Port 3 Mode register is not reset after a Stop Mode Recovery.

PS026408-1208 Port 3 Mode Register
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Port 3 Register

The Port 3 register (sé@ble 20 allows read access to port pins P33 through P30 and
write access to the port pins P37 through P34.

Table 20. Port 3 Register (P3)

Bit 7 6 5 4 3 2 1 0
Field P37 P36 P35 P34 P33 P32 P31 P30
Reset 0 0 0 0 X X X X
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Banks 0-3: 03h; Linear: 003h

Bit Position  Value  Description

[7] Write Port 3, Pin 7 Output —Writes to this bit do not affect the pin state if write-only
register bit PCONJ0] is set to1, which configures P37 as the
Comparator 1 or IR Amplifier output.

0 P37 asserted Low if PCON[0]=0.
1 P37 asserted High if PCON[0]=0.
A read returns the last value written to this bit.

[6] Write Port 3, Pin 6 Output —Writes to this bit do not affect the pin state if register bits
CTRA1[7:6]=01, which configures P36 as the Timer 8 and Timer 16 combined
logic output.

0 P36 asserted Low.
1 P36 asserted High.
A read returns the last value written to this bit.

[5] Write Port 3, Pin 5 Output —Writes to this bit do not affect the pin state if register bit
CTR2[0]=1, which configures P35 as the Timer 16 output.

0 P35 asserted Low.
1 P35 asserted High.
A read returns the last value written to this bit.

[4] Write Port 3, Pin 4 Output —Writes to this bit do not affect the pin state if write only
register bit PCON[0]=1 which configures P34 as a Comparator 2 output, register
bit CTRO[0]=1 which configures P34 as Timer 8 output, or if the device is in ICP
mode as described in the ICP Interface on page 53.

0 P34 asserted Low.

P34 asserted High.
A read returns the last value written to this bit.

PS026408-1208

Port 3 Register
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Bit Position ~ Value  Description
[3] Read Port 3, Pin 3 Input —Writing this bit has no effect.
If P3M[1]=0:
0 P33 is Low.
1 P33 is High.
If P3M[1]=1 or SMR4[4]=1:
0 SMR condition exists.
1 SMR condition does not exist.
[2] Read Port 3, Pin 2 Input —Writing this bit has no effect.
0 If P3M[1]=0:
1 P32 input is Low.
P32 input is High.
0 If P3M[1]=1:
1 Comparator 2 output is Low.
Comparator 2 output is High.
[1] Read Port 3, Pin 1 Input —Writing this bit has no effect.
If P3M[2:1]=00:
0 P31 input is Low.
1 P31 input is High.
If P3M[2:1]=01:
0 Comparator 1 output is Low.
1 Comparator 1 output is High.
If P3M[2:1]=10 or 11:
0 IR amplifier output is Low.
1 IR amplifier output is High.
[0] Read Port 3, Pin 0 Input —Writing this bit has no effect.
If P3M[1]=0:
0 P30 input is Low.

P30 input is High.
If P3M[1]=1:
Reads as 1.

Note:

PS026408-1208

Port 3 register is not reset after a Stop Mode Recovery.

Port 3 Register
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Port 4 Mode Register

The Port 4 Mode register (séable 2) determines the 1/O directicof each bit on Port 4.
Bit 3 of the Port Configuration register (P@Pdetermines whethehe output drive is
push/pull or open-drain.

Table 21. Port 4 Mode Register (P4M)

Bit 7 6 5 4 3 2 1 0

P47 1/0 P46 1/0 P45 1/0 P44 1/0 P43 1/0 P42 1/0 P41 1/0 P40 1/0
Field Definition | Definition | Definition | Definition | Definition | Definition | Definition | Definition
Reset 1 1 1 1 1 1 1 1
R/W W W W W W w w W
Address Bank F: 09h; Linear: FO9h

Bit Position ~ Value  Description

[7]

Defines P47 as output.
Defines P47 as input.

[6] Defines P46 as output.

Defines P46 as input.

[5] Defines P45 as output.

Defines P45 as input.

[4] Defines P44 as output.

Defines P44 as input.

[3] Defines P43 as output.

Defines P43 as input.

[2] Defines P42 as output.

Defines P42 as input.

[1] Defines P41 as output.

Defines P41 as input.

[0] Defines P40 as output.

Defines P40 as input.

-l O ~~rO|~~rO| ~rO| ~O| ~O| ~0

} Note: Port 4 Mode register is not reset after a Stop Mode Recovery.

PS026408-1208 Port 4 Mode Register
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The Port 4 register (s@able 22 allows read and write access to the Port 4 pins.

0

Bit 7 6 5 4 3 2 1 0
Field P47 P46 P45 P44 P43 P42 P41 P40
Reset X X X X X X X X
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Banks 0-3: 04h; Linear: 004h
Bit Position  Value Description
[7:0] Port 4 Pins 7-0 —Each bit provides access to the corresponding Port 4 pin.

Read Pin configured as input or output in P4M register.

0 Pin level is Low.

1 Pin level is High.
Write  Pin configured as output in P4M register.
0 Assert pin Low.
1 Assert pin High if configured as push-pull; make pin high-impedance if it is
open-drain.

PS026408-1208 Port 4 Register
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Memory and Registers

The z& LXMC CPU used in the ZLF645 Series of Flash MCUs incorporates special
features to extend the available memory space while maintaining the benefits®f a z8
CPU core in battery-operated applications.

Flash Program/Constant Memory

The ZLF645 Series of Flash MCldan address up to 64 KB of Flash memory for object
code (program instructions and immediate Hatad constant data (ROM tables and data
constants). The first 12 bytes of the memory are reserved for the six available 16-bit inter-
rupt request (IRQ) vectors. On resgtpgram execution begins at addre88ch in the
memory. Execution rolls over to the begingiof the memory if the program counter
address exceeds the Flash memory size.

The entire Flash memory is available for eithesgram code or constant data. Outside of
normal instruction fetches, the CPU caress the Flash memory by using LDC and

LDCI instructions. The LDC and LDCI insfctions use 16-bit addresses to access the
memory.Figure 12displays the Program/Constant memory map for the device.

FLASH Memory
Up to 64 KB

Program
or
Constants

000Ch (Reset)

IRQ 0-5
Vectors

0000h = 16-bit Address (Not to Scale)

Figure 12. Program/Constant Memory Map

PS026408-1208 Memory and Registers
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Register File

The ZLF645 Series of Flash MCUs featuresauft024 bytes of register file space,
organized in 256-byte banks. Bank O cama235 or 237 bytes of RAM addressed as
general purpose registers, 5 or 3 port addresses, and 16 control register addresses. For
20- or 28-pin packages, Port 1 and Poredisters of Bank 0 are not implemented and
there locations are available as general-pwpegisters. Bank 1, Bank 2, and Bank 3;
each contain 256 general-purpose regibiges. Bank D and Bank F; each contain 16
addresses for control registers. All otbanks are reserved and must not be selected.

The current bank is selected for 8-bit directindirect addressing by writing Register
Pointer bits RP[3:0]. In theurrent bank, a 16-byte working register group (addressed as
RO-R15) is selected by writing RP[7:4]. A working register operand requires only 4 bits
of Program Memory. There are 16 working register groups per bankipee 13and
Figure 13.

The 8-bit addresses in the rangeh—FFh (and the equivalent 4-bit addresses) are
bank-independent, meaning they always access the control registers in Bank 0, regardless
of the RP[3:0] value. Addresses in the rae@e—03h always access the Bank 0 Port
registers unless Bank D or Bank F is sele¢Ratt 01h is not implemented in this device).
When Bank D or Bank F is selected, addresses 10h—EFh access the Bank 0 general-
purpose registers.

The LDX and LDXI instruction®r indirect addressing is used to access the Bank 1-3
registers not accessible by 8-bit or working register addré$2dsit addresses—100h—
103h, 1FOh-1FFh, 200h—203h, 2FOh—-2FFh, 300h—-303h, and 3FOh—-3FFh)n&se
Memory Addressingn page 45.

Stack

The Stack Pointer register provides eithetbitéor 8-bit of stack pointer addressability
depending upon the programming of bit 3 afeld Option Byte 1 (for more details, see
Flash Option Biton page 171).

16-bit Stack Addressability

When programmed for 16-bit stack addredggbthe stack address is formed as a
combination of the SPL and SPH registers ledatt addresses Fahd FEh. For 1K and

512 B RAM products, the most significant 6 or 5 bits, respectively of the SPH register are
ignored. The stack address is mapped particular RAM memory location by the

following formula:

Bank = {2'b0, SPH[1:0]}
Group = SPL[7:4]
Register number = SPL[3:0]

With the ZLF645 MCU configured for 16-bitastk addressability, stack reads or writes to
Bank 3, 2, 1, or 0 Group F Registers oratoy of the Port igisters actually accesses

PS026408-1208 Register File
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shadow registers implemented within the RAMmory. This enables the entire 1K or 512
B, depending on the product, of tR&AM memory to be used for the stack.

8-bit Stack Addressability

For 8-bit stack addressability, only the SPL remgisd used for stack addressing and stack
operations that use the stack pointer alwegdress Bank 0, independent of the RP[3:0]
setting. For more detalon the stack, refer 8% LXMC CPU Core User Manual
(UM0215)

When in 8-bit stack addressability mode, the Bank 0 registeckile used to store user
data. Se&tack Pointer Registen page 48.

Banks 1-3 CPU Control
FOh-FFh
CPU Control
FOh-FFh
Bank 0 Bank D Bank F
CPU Control CPU Control CPU Control CPU Control
FOh-FFh FOh-FFh FOh-FFh FOh-FFh
Bank D Bank F
General General
Purpose Purpose
Registers Registers
General General 10h-EFh 10h-EFh
Purpose Purpose
Registers Registers
05h-EFh 05h-EFh
. Peripheral Peripheral
Control Control
Ports 00h-04h | ** Ports 00h-04h | ** 00h-0Fh 00h-0Fh
[ ]=Bank-Independent Address (Always Accesses Bank 0)
** For 20 and 28 pin parts, the Port01 and Port04 locations
become available for use as general purpose registers
Figure 13. Register File 8-Bit Banked Address Map
PS026408-1208 Register File
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R7 R6 R5 R4 | R3 R2 R1 RO

Register Pointer (RP), OFDh

The upper nibble of the register file address
Provided by the register pointer specifies

The active working group register

Register Group F

The lower nibble of the register

Specified Working
Register Group

file address provided by the
— instruction points to the specified
register

Register Group 2

Register Group 1

:I— R15 to RO

Register Group 0

1/0 Ports (Banks 0-3 Only)

:|— R15to R5

:|— R4 to RO*

* RP=00: selects Register Bank 0, Working Register Group 0

PS026408-1208
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Register Pointer Example

R253 RP = 00h
RO = Port 0
R1 =Port 1
R2 = Port 2
R3 = Port 3
R4 = Port 4

But if:

R253 RP = 0Dh
RO = CTRO
R1=CTR1
R2 = CTR2
R3 =CTR3
R4 = TC8L

The counter/timers are mapped into ERF @rBu Access is easily performed using the
following code segment:

LD RP, #0Dh ; Select ERF D for access toBank D
; (working register group 0)

LD RO,#xx ; load CTRO

LD 1, #xx ; load CTR1

LDR1,2 ; CTR2 — CTR1

LD RP, #7Dh ; Select Expanded Register Bank D and working
; register group 7 of Bank 0O for access.

LD 71h, 2 ; CTR2 — register 71h

LDR1, 2 ; CTR2 — register 71h

Linear Memory Addressing

PS026408-1208

In addition to using the RP register to designate a bank and working register group for
8-bit or 4-bit addressing, progres can use 12-bit linear addressing to load a register in
any other bank to or from a register in therent bank. Linear addressing is implemented
through the LDX and LDXI instructions only. Linear addressing tre&sebister file as

if all the registers are logically ordereddeto-end, as opposed to being grouped into
banks and working register groups, as displayeligure 150n page 47. For linear
addressing, register file addresses are numbsrgdentially from BanR, register 00h to
Bank 0, register FFh, then continuing wiglnk 1, register 00h, and so on up to Bank F,
register FFh.

Using the LDX and/or the LDXI instructionsjther the target or destination register
location can be addressed through a 12-bit linddress value stored in a general-purpose
register pair.

Register File
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Example

For example, the following codeses linear addressing for tha@urce of a register transfer
operation and uses a working register address for the target:

SRP #%23 ;Set working register group 2 in bank 3

LD RO, #%55 ;Load 55 into working register RO in the current
;group and bank (linear address 320h)

SRP #%12 ;Set working register group 1 in bank 2

LD R6, #%03 ;Load high byte of source linear address (0320h)

LD R7, #%20 ;Load low byte of source linear address (0320h)

LD RO, @RR6 ;Load linear address 320h contents (55h) into

;working register RO in the current group and
;bank (linear address 210h)

In the above code, the source registerfiarred through a linear address value contained
within registers R6 and R7, whereas the dasitin is referenced via the SRP setting and a
working register. For more fiarmation about instructioren the usage of LDX and LDXI
instructions, refer tZ8® LXMC CPU Core User Manual (UMO0215)

} Note: The LDE and LDEI instructions that existed in the Z8 CP&rar longer valid; they have
been replaced by the LDX and LDXI instructions.

PS026408-1208 Register File
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Banks 1-3
Bank 0 Bank D Bank F
CPU Control
FOh-FFh
General Purpose
Registers
Reserved Reserved
100n-3FFh D10h-DFFh F10h-FFFh
General
Purpose
Registers
05h-EFh
— Peripheral Peripheral
Control Control
Ports 00h-04h | *# *% D00Oh-DOFh FOOh-FOFh
** For 20 and 28 pin parts, the Port01 and Port04 locations
become available for use as general purpose registers
Figure 15. Register File LDX, LDXI Linear 12-Bit Address Map
PS026408-1208 Register File
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Register Pointer Register

The upper nibble of the Register Pointer register {a&ée 23 selects which working

register group is accessed. A working registeugrconsists of 16 bytes. The lower nibble
selects the expanded register file bank; for ZLF645 MCU, Banks 0, 1, 2, 3, F, and D are
implemented. A0h in the lower nibble allows the normal register file (Bank 0) to be
addressed. Any other value fradmh to OFh exchanges the lower 16 registers to an
expanded register bank.

Table 23. Register Pointer Register (RP)
Bit 7 6 5 4 3 2 1 0
Field Working Register Group Pointer Register Bank Pointer
Reset 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank Independent: FDh; Linear: OFDh
Bit Position  Value  Description
[7:4] Working Register Group Pointer

Oh-Fh  Determines which 16-byte working group is addressed.
[3:0] Register Bank Pointer

Oh-Fh  Determines which bank is active.

Stack Pointer Register

Through a Flash programmable option bige Btack Pointer register of the ZLF645 MCU

is either one or two bytes providing eithebi8-or 16-bit of stacladdressing. When not
enabled through the option Ihitr 16-bit stack addressability,dfSPH register can be used
as a User Data register (USER). The stpolnter resides in the RAM and when the
ZLF645 MCU is programmed for 8-bit addressitiys stack pointer resides in Bank 0 of
the RAM only. With 16-bit ddressing, the entire RAM’s address space is available for use
as the stack.

The stack address is decremented priorR&J&H operation and incremented after a POP
operation. The stack address always points to the data stored at the ‘top’ of the stack (the
lowest stack address). Durilagcall instruction, the contents the Program Counter are
saved on the stack. Interrupts cause theerustof the Program Counter and Flags regis-
ters to be saved on the stack. An overftmwinderflow can occur when the stack address

is incremented or decremented during noroprations. You must prevent this occur-
rence or unpredictable operations may result {séée 24on page 49).

PS026408-1208 Register Pointer Register
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Table 24. Stack Pointer Register Low Byte (SPL)

Bit 7 6 5 4 3 2 1 0
Field Stack Pointer

Reset X X X X X X X X
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank Independent: FFh; Linear: OFFh

Bit Position  Value  Description

[7:0] 00-FF  Stack Pointer

Table 25. Stack Pointer Register High Byte (SPH) or User Data Register (USER)

Bit 7 6 5 4 3 2 1 0
Field Stack Pointer

Reset X X X X X X X X
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank Independent: FEh; Linear: OFEh

} Notes: 1. For devices with 1K bytes of RAM andhn16-bit stack pointer mode enabled,

the upper 6 bits of this register areused for stack addresgj. For devices with
512 bytes of RAM and with 16-bit stack pointer mode enabled, the upper 7 bits of
this register are unused for stack addressing.

2. When ZLF645 MCU is not in 16-bit stack pointer mode, this register is available
to store use user data and its fuocility is identical to other Maxifh Crimzon
products such as the ZLP12840 and BURO0 MCUs. When available for user
data, this register mustot be used as a counter for the DINZ instruction.

PS026408-1208 Stack Pointer Register
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Register File Summary

Table 26lists each linear (12-bit) register filedrdss to the associated register, mnemonic,
and reset value. The table also lists the register bank (or banks) and corresponding 8-bit
address (if any) for each register arngbge link to the detailed register table.

Throughout this document, an ‘X’ denotesuardefined digit. A ‘—' (dash) in a table cell
indicates that the correspondiatyribute does not apply todhisted item. Reset value dig-
its (highlighted in grey) araot reset by a Stop Mode Recovery. Register bit SMR[7]
(shown inboldface) is set to 1 instead of reset by a Stop Mode recovery.

Table 26. Register File Address Summary

Address (Hex)

12-Bit Bank 8-Bit  Register Description Mnemonic Reset Psge
000 0-3 00 Port 0 Register PO XXh 32
001 0-3 01 Port 1 Register P1 XXh 33
002 0-3 02 Port 2 Register P2 XXh 35
003 0-3 03 Port 3 Register P3 0Xh 37
004 0-3 04 Port 4 Register P4 XXh 37
005-00F O 05-0F General-Purpose Registers — XXh —
(Bank 0 Only)
010-0EF 0,D,F 10-EF General-Purpose Registers — XXh —
(Banks 0, D, F)
OF0 All FO Reserved — — —
OF1 All F1 UART Receive/Transmit Data Register URDATA/ XXh 95
UTDATA
O0F2 Al F2 UART Status Register UST 0000_0010b 95
OF3 Al F3 UART Control Register UCTL 00h 97
OF4 All  F4 UART Baud Rate Generator Constant BCNST FFh 98
Register
OF5 All F5 Reserved — — —
OF6 All  F6 Port 2 Mode Register P2M FFh 34
OF7 Al F7 Port 3 Mode Register P3M XXXX_X000b 36
OF8 Al F8 Port 0/1 Mode Register PO1M X1XX_1XX1b 31
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Table 26. Register File Address Summary (Continued)

Address (Hex)

12-Bit Bank 8-Bit  Register Description Mnemonic Reset Psge
0F9 All F9 Interrupt Priority Register IPR XXh 130
OFA All FA Interrupt Request Register IRQ 00h 131
OFB All FB Interrupt Mask Register IMR OXXX_XXXXb 133
OFC All FC Flags Register FLAGS XXh 160
OFD All FD Register Pointer Register RP 00h 48
OFE All FE User Data Register/Stack Pointer USER/SPH XXh 49
Register High Byte'
OFF All FF Stack Pointer Register Low Byte SPL XXh 49
100-103 — — General-Purpose Registers — XXh —
(12-Bit Only)
104—1EF 1 04—-EF General-Purpose Registers — XXh —
1F0-203 — — General-Purpose Registers — XXh —
(12-Bit Only)
204-2EF 2 04—-EF General-Purpose Registers — XXh —
2F0-303 — — General-Purpose Registers — XXh —
(12-Bit Only)
304-3EF 3 04—-EF General-Purpose Registers — XXh —
3FO0-3FF — — General-Purpose Registers — XXh —
(12-Bit Only)
400-CFF — — Reserved — — —
D00 D 00 Counter/Timer 8 Control Register CTRO 0000_0000b 119
D01 D 01 Timer 8 and Timer 16 Common CTR1 0000_0000b 121
Functions Register
D02 D 02 Counter/Timer 16 Control Register CTR2 0000_0000b 124
D03 D 03 Timer 8/Timer 16 Control Register CTR3 0000 _O0XXXb 126
D04 D 04 Counter/Timer 8 Low Hold Register TC8L 00h 118
D05 D 05 Counter/Timer 8 High Hold Register TC8H 00h 117
D06 D 06 Counter/Timer 16 Low Hold Register ~ TC16L 00h 117
Do7 D 07 Counter/Timer 16 High Hold Register ~ TC16H 00h 116
Do8 D 08 Timer 16 Capture Low Register LO16 00h 116
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Table 26. Register File Address Summary (Continued)

Address (Hex)

12-Bit Bank 8-Bit  Register Description Mnemonic Reset Psge
D09 D 09 Timer 16 Capture High Register HI16 00h 115
DOA D 0A Timer 8 Capture Low Register LO8 00h 115
D0OB D 0B Timer 8 Capture High Register HI8 00h 114
DoC D 0oC Low-Voltage Detection Register LVD 1111_1000b 140
DOD — — Reserv ed — — —
DOE D OE User Option Byte 0 OPTO FFH 172
DOF D OF User Option Byte 1 OPT1 FFH 174
D10-DFF — — Reserved (8-Bit access goes to Bank 0) — — —
FOO0 F 00 Port Configuration Register PCON XXXX_1110b 30
FO1 F 01 Flash Control and Flash Status Register FCTL/FSTAT 0000 0000b 76/77
F02 F 02 Flash Page Select and Sector Protect FPS/FSEC 0000 0000b 78/79
Register
FO3 F 03 Flash Frequency High Byte Register FFREQH 0000_0000Ob 80
FO4 F 04 Flash Frequency Low Byte Register FFREQL 0000_0000Ob 80
FO05-F08 — — Reserved — — —
F09 F 09 Port 4 Mode Register P4M FFh 39
FOA F 0A Stop Mode Recovery Register 4 SMR4 XXX0_0000b 156
FOB F 0B Stop Mode Recovery Register SMR 0010_0000b 146
FoC F 0oC Stop Mode Recovery Register 1 SMR1 00h 150
FOD F 0D Stop Mode Recovery Register 2 SMR2 X0X0_00XXb 152
FOE F OE Stop Mode Recovery Register 3 SMR3 X0h 155
FOF F OF Watchdog Timer Mode Register WDTMR 0000_1101b 142
F10-FFF — — Reserved (8-Bit access goes to Bank 0) — — —

"When ZLF645 is programmed for 16-bit stack addressability, the value in this register is used as the high byte of a
16-bit stack pointer.
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ICP Interface

The ICP interface of the ZLF645 is a singlm RS-232 like interface for performing
programming, reads, and memory erasures to the ZLF645's Flash memory. For enabling
the ZLF645 into ICP mode and for perfomgilCP operations, the ZLF645’s P34 pin
which normally functions as an output only is used.

Enabling ICP Mode

As mentioned previously, the ZLF645’s GPpih P34 is multi-functioned to be used for
putting the ZLF645 into ICP mode and for ICP communications once it is in that mode.
Entry into ICP mode takes place during the ZLF645’s power on reset period. During the
ZLF645’s power on reset period, the P34 pin which normally is an output only pin is
configured by the ZLF645 as an input withlpup enabled. If during this time this pin is
driven LOW and held LOW untthe end of the power on reset period, the ZLF645 will be
put into ICP mode. Once I€P mode, the P34 pin operates as an open-drain output
bidirectional pin with pull-up enabled. The power on reset period as can be seen from the
electrical specs section of this documentftave a duration range of between 2.5 ms and

10 ms. To ensure proper entry into ICP mode, the P34 pin should be driven LOW and held
low a minimum of 10 ms after power up.

If during the ZLF645’s power on reset peritide P34 pin is never driven LOW, pin p34

will be pulled HIGH through itpull-up device. In this cas#,P34 remains HIGH until the

end of the power on reset period, the ZLF@4bgo into normal user mode and P34 will
revert back to being an output pin only. To ensure proper entry into user mode when it is
not intended to put the ZLF645 into ICP deg it is important that in the customer

application P34 only be connected to capacitivedo@dis is due to thweak nature of its
pull-up device, which can have a resistance ranging betweer(10p to 600 K

depending on voltage, temperature, and process.

State of ZLF645 in ICP Mode
The operating characteristics of the device in ICP mode are:
®* The CPU stops executing instructions.
® All on-chip peripherals are disabled.
® The ZLF645 constantlsefreshes the Watchddgmer, if enabled.

®* The P34 pinis configured as a bidirectibpia with pull-up enabled and with the
output stage configured as open-drain. The bidirectional control of the pins comes from
the ICP Tx/RXx logic.

19-4572; Rev 0; 4/09 ICP Interface
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Enabling Flash Accesses Through the ICP

After the ZLF645 is in ICP mode, tlASHCTLDiIt of the ICP Control register must be
programmed to 1 before Flash accesgesenabled through the ICP interface.

ICP Interface Logic Architecture
The ICP logic within the ZLF64MCU consists of four primry functional blocks: trans-

mitter, receiver, auto-bautktector/generator, and Flash Controller interf&igure 16
displays the architégre of the ICP.

System Clock Auto-Baud
> Detector/Generator
°
A 5
O
<
2]
©
('
0]
N
o—>
Transmitter <
Flash Controller
_ Interface
ICP Pin -
- PA > Receiver >

Figure 16. In-Circuit Programmer Block Diagram

ICP Interface Operation

After the ZLF645 MCU is in ICP mode, pirB® acts a bidirectiom@pen-drain interface
with internal pull-ups used for transmittingdareceiving the data. Data transmission is
half-duplex, in that transmit drreceive cannot occur simultaneously. Serial data on P34 is
sent using the standard asynchronous datagbdefined in RS-232. This pin creates an
interface from the ZLF645 MCU to the serfart of a host PC using minimal external
hardwareFigure 17displays the recommended method of connecting P34 pin to an
RS-232 connection using an open-drain buffée ICP pin must always be connected to
Vpp through an external pull-up resistor.

19-4572; Rev 0; 4/09 Enabling Flash Accesses Through the ICP
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A Caution: For operation of the ICP, all power pins M and A\hp) must be supplied with power
and all ground pins (¥sand A9 must be properly grounded.

VbD
RS-232
Transceiver Open-Drain 10 KQ
Buffer
RS-232 TX ICP Pin
RS-232 RX Q@

Figure 17. Interfacing the In-Circuit Programming Pin P34 with an RS-232 Interface (2)

ICP Data Format

The ICP interface uses the asynchronous fiaitaat defined for RS-232. Each character
is transmitted as 1 Start bit, 8 data bitsgtesagnificant bit first), and 1.5 Stop bits
(seeFigure 18.

—‘ START DO D1 D2 D3 D4 D5 D6 D7 STOP

Figure 18. ICP Data Format

ICP Auto-Baud Detector/Generator

To run over a range of baud rates (data p#s second) with various system clock
frequencies, the ICP contains an Auto-Baudeb®r/Generator. After a reset, the ICP is
non-active until it receives data. The ICP requiheg the first charactesent from the host
is characteBOH. The characte80H has eight continuous bitow (one Start bit plus 7
data bits), framed betweétigh bits. The Auto-Baud Detemt measures this period and
sets the ICP Baud Rate Generator accordingly.

The Auto-Baud Detector/Generator is dded by the system clock. The minimum baud
rate is the system clock frequency dividgd512. If the datastream can be synchronized
with the system clock, thauto-baud generator can run as high as the system clock
frequency divided by 2.
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For optimal operation with asynchronougasareams, the maximum recommended baud
rate is the system clock frequency divddey 8. The maximum possible baud rate for
asynchronous datastreams is the system clogkémecy divided by 4, but this theoretical
maximum is possible only for low me designs with clean signalBable 27lists
minimum and recommended maximum baaies for sample crystal frequencies.

Table 27. ICP Baud-Rate Limits

System Clock Recommended Recommended
Frequency Maximum Baud Standard PC Baud Minimum Baud
(MHz) Rate (Kbps) Rate (bps) Rate (Kbps)
8.0 1000.0 737280 15.6
1.0 125.0 115,200 1.95
0.032768 (32 kHz) 4.096 2400 0.064

If the ICP receives a Seri8reak (nine or more continuswits Low) the Auto-Baud
Detector/Generator resetsoly can reconfigure the Auto-Baud Detector/Generator by
sending charact&oH.

ICP Serial Errors

The ICP can detect any of the following eromnditions on the P34 pin when in ICP
mode:

® Serial Break (a minimum of nine continuous bits Low).
®* Framing Error (receive8top bit is Low).
® Transmit Collision (ICP and host simultansdtansmission detected by the ICP).

When the ICP detects one of these errorabdrts any command currently in progress,
transmits a four character long Serial Bréalck to the host, and resets the Auto-Baud
Detector/Generator. A Framing Error orafismit Collision can be caused by the host
sending a Serial Break to the ICP. Becaokthe open-drain nature of the interface,
returning a Serial Break breakdk to the host only extenttse length of the Serial Break,

if the host releases the Serial Break eatrly.

The host transmits a Serial Break on th® I@n when first connecting to the device or
recovering from an error. A Serial Breakm the host resets the Auto-Baud Generator/
Detector but does not resets tii# Control RegistelA Serial Break leaves the device in
DEBUG mode if that is the current mode. The ICP is held in Reset until the end of the
Serial Break when the ICP pin returns Highc8ease of the open-drain nature of the ICP
pin, the host can send a Serial Break td@ even if the ICP igansmitting a character.
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As the ICP interface uses a single pin for bretteive and transmit, it can only receive or
transmit at a given time. For the most paris ik not a problem, as the ICP uses a host
driven protocol (Z@ does not send any data without the host asking for it).

To aid the ICP in avoiding collisions, the tsamitter waits an additional 1/2 bit times after
a Stop bit is fully received or transmitted before it startsstrassion of a character. On
the other hand, the receiver starts searching &ad bit as soon as the middle of the Stop
bit has been sampled and is valid. The tratiemdoes not start if another character is
being received.

ICP In-Circuit Programming Commands

The host communicates to the ICP by sending ICP commands using the ICP interface.
During normal operation, only a subset of fiCP commands are available. In FLASH
CONTROL mode, all ICP commands are avada but for few commands their access to

the Flash is qualified based upon the programg of the Flash Read/Write Protect Option

bit (FLRWP or the Lower Half Flash Read/Write Protect Option BItRROTY). When

either of these bits is enabled, somehef ICP commands will have reduced Flash

memory access or will bidisabled completely.

Table 28is a summary of the ICP commands. Each ICP command is described in further
detail in the bulleted list following this tabl@able 28also indicates those commands that
operate when the device is not in FLABINTROL mode (normal operation) and how
those commands are effectey programming of theLRWPandFLPROT1Option bits.

Table 28. In-Circuit Programmer Commands

Disabled by
Enabled when NOT  Flash Read/Write Protect
Command in FLASH CONTROL Option Bits (FLRWP and/or
ICP Command Byte mode? FLPROT1)
Read ICP Revision 00H Yes —
Reserved 01H —
Read ICP Status Register 02H Yes —
Reserved 03H No —
Write ICP Control Register 04H Yes —
Read ICP Control Register 05H Yes —
Reserved 06H - 07H No
Write Flash Controller 08H No —
Registers
19-4572; Rev 0; 4/09 ICP In-Circuit Programming Commands
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Enabled when NOT

Disabled by
Flash Read/Write Protect

Command in FLASH CONTROL Option Bits (FLRWP and/or

ICP Command Byte mode? FLPROT1)

Read Flash Controller 09H No —

Registers

Write Flash Memory 0AH No If FLRWRen abled, comm and is
disabled for en tire Flash main
memory an d p age 3 of the
Information Ar ea. If FLPROT1
enabled, command disab led for
page 3 of the Information Are a
and lower half of main me mory
only.

Read Flash Memory 0BH No If FLRWRen abled, comm and is
disabled fo rt he F lash m ain
memory. If FLPROT1ena bled,
command disabled for the lower
half of main memory only.

Reserved 0CH - ODH — Disabled

Read Program Memory CRC  OEH No —

Reserved OFH -1AH — —

Read ICP Autobaud Register 1BH Yes —

Reserved 1CH - EFH — —

Write Test Mode Register FOH Yes —

Read Test Mode Register F1H Yes —

Reserved F2H - FFH — —

In the following bulleted list of CP commands, data and comams sent from the host to
the ICP are identified byCP «— Command/Data’. Data sent from the ICP back to the
host is identified bylCP — Data "

® Read ICP Revision (00H) —The Read ICP Revision command determines the version
of the ICP. If ICP commands are addednoeed, or changed, the revision humber

changes.

ICP « OOH
ICP — ICPRev[15:8] (Major revision number)
ICP — ICPRev[7:0] (Minor revision number)

19-4572; Rev 0; 4/09
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This command when executed returns a valuE.82H which is the revision ID
assigned for the ZLF645 MCU.

® Read ICP Status Register (02H) —The Read ICP Status register command reads the
ICPSTAT register.

ICP <« 02H
ICP — ICPSTAT[7:0]

® Write ICP Control Register (04H) —The Write ICP Control register command writes
the data that follows the oonand to the ICPCTL register.

ICP <« 04H
ICP <« ICPCTL[7:0]

® Read ICP Control Register (05H) —The Read ICP Control register command reads
the value of the ICPCTL register.

ICP <« 05H
ICP — ICPCTL[7:0]

® Write Flash Controller Registers (08H) —The Write Flash Controller register
command allows writes to the Flash Contnotlegisters. This command configures the
Flash Controller for Flash memory accesses througkvthe Flash Memory and
Read Flash Memory commands. If the device is not in FLASH CONTROL mode,
the register address and data values are discarded.

ICP « 08H

ICP <« Register Address[15:0] ("OFH" for all Flash Ctrl Regs)
ICP <« Register Address[7:0]

ICP <« Size[7:0]

ICP <« 1-256 data bytes

® Read Flash Controller Registers (09H) —The Read Flash Controller command al-
lows reads of the Flash Controller registers. If the device is not in FLASH CONTROL
mode this command returf&H for all the register values.

ICP « Q9H

ICP <« Register Address[15:0] ("OFH" for all Flash Ctrl Regs)
ICP <« Register Address[7:0]

ICP <« Size[7:0]

ICP — 1-256 data bytes

®  Write Flash Memory (OAH) —The Write Flash Memory comand is used to write data
to the main memory area or Information Area of the Flash memory. The command has
equivalent functionality to the CPU wriginthe memory through the LDC and LDCI
instructions. Data can be written lrtemsize bytes at a time whereemsize repre-
sents the size (32 KB or 64 KB) of the Flash memory for the product option chosen
(Thememsize number of bytes can be written byttsey the size to 0). Should a size
value greater than the maximum memory begiven by the user, the actual size value

19-4572; Rev 0; 4/09 ICP In-Circuit Programming Commands
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for the command will default to the mimmum memory sizeThe on-chip Flash
Controller must be written to and unlocked for the programming operation to occur.
If the Flash Controller is not unlocked, the data is discarllsd, data is discarded for
writes to protected areas of the Flash’s n@imformation Page 3 areas based upon
the settings of the read/ig protect option bits iiser Option Byte 1 (OPTXggister.

ICP <« OAH

ICP « Flash Memory Address[15:8]
ICP <« Flash Memory Address[7:0]
ICP <« Size[15:8]

ICP <« Size[7:0]

ICP <« 1-memsize data bytes

® Read Flash Memory (OBH) —The Read Flash Memory command is used to read data
from the Flash’s main memory area or Imf@tion Area. This command is equivalent
to the CPU reading the memory through the LDC and LDCI instructions. Data can be
read 1 to ‘memsizedytes at a time whereemsize represents the size (32 KB or
64 KB) of the Flash memory for the product option chosen (fdrasize number of
bytes can be written by setting the size td®pending on the settings of the read/write
protect option bits in User Option Byte 1 register, reads to protected areas of the Flash’s
main memory area will retuFH for the data.

ICP « OBH

ICP <« Flash Memory Address[15:8]
ICP <« Flash Memory Address[7:0]
ICP < Size[15:8]

ICP <« Size[7:0]

ICP — 1-65536 data bytes

® Read Flash Main Memory CRC (OEH) —The Read FlasMain Memory CRC

command computes and returns the CyRledundancy CheclCRC) of the Flash’s
Main Memory using the 16-bit CRC-CCITT polomial. If the device is not in ICP
mode, this command returf&FFH for the CRC value. Unlike most other ICP Read
commands, there is a delay from issuinghefcommand until the ICP returns the data.
The ICP reads the Main Memory, calculates@RC value, and returns the result. The
delay is a function of the Flash main memsize and is approximately equal to the
system clock period multiplied by the nuemtof bytes in the Flash main memory.

ICP <« OEH
ICP —> CRC[15:8]
ICP —> CRCJ[7:0]

®* Read ICP Autobaud Register (1BH— The Read ICP Autobaud register command
reads the 12-bit ICP autobaud vaket during autobaud detection.

ICP <« 1BH
ICP — (4’b0000, Autobaud[11:8])

19-4572; Rev 0; 4/09 ICP In-Circuit Programming Commands
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ICP — Autobaud[7:0]

®* Write Test Mode Register (FOH}— The Write Test Mod®&egister command writes
the data that followthe command to thEEST Mode RegistefTESTMODE).
ICP <« FOH

ICP <« TESTMODE[7:0]
®* Read Test Mode Register (F1H)}- The Read Test Mode register command reads the
value of the TESTMODE register.
ICP <« F1H
ICP — TESTMODE[7:0]
ICP — Autobaud[7:0]

Flash Programming through the ICP Interface

Differences Between CPU Based a nd ICP Based Flash Programming/
Erase Access

Following are the differences for the allowed access capabilitieseba Flash accesses
initiated by the CPU throughstruction code and tise initiated through the ICP
interface:

1. The settings of the Flash Controller’s ®edtrotect Register (SPR) are ignored for
Flash programming or page erase ofiens initiated through the ICP interface.

2. Mass erase operations can be executed through the ICP interface.

Using ICP Commands for Flash Programming/Read Operations

As described in the ICP In#€uit Programming Commands die are two commands that

can be used for Flash pregnming and Flash data read operations. These commands are
theWrite Flash Memory (OAH) and Read Flash Memory (0BH) commands. To minimize

the programming time geiired to program the Flash Mergausing the ICP interface the
following considerations conaang the use of these commands should be kept in mind:

®* TheWwrite Flash Memory command can be used in tdifferent ways for transmitting
Flash programming data. When 1 or more data bytes are to be programmed to one or
more non-sequential Flash Memory address locations, a vahoe1d for the
Size [15:8] and Size [7:0] arguments mustbed. Using the conmand in this way re-
quires that, for each byte of data to beggammed, 6 bytes lieansmitted across the
ICP. Following is an example of the ICP transmit sequence using the command, for
programming two bytes of data:
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ICP <« OAH

ICP <« Flash Memory Address1[15:8]
ICP <« Flash Memory Address1[7:0]
ICP « OOH

ICP « O1H

ICP <« Bytel[7:0]

ICP <« OAH

ICP <« Flash Memory Address2[15:8]
ICP <« Flash Memory Address2[7:0]
ICP « OOH

ICP « 01H

ICP « Byte2[7:0]

If multiple bytes are to be programmed istuential address locations in the Flash
Memory, thewrite Flash Memory command can be used satkach byte of data to

be programmed only 1 byte be transmitted across the ICP, after the initial execution of
the command. This is done simply byeexting the command with a ‘Size’ value

other thard001H and providing the starting addressloé Flash Memory area to be
programmed. Following is an exampletbé ICP transmit sequence using the
command, for programming 3 bytes of datthi@e sequential address locations of the
Flash Memory:

ICP « OAH

ICP <« Starting Flash Memory Address[15:8]
ICP <« Starting Flash Memory Address[7:0]
ICP <« OOH

ICP « O3H

ICP <« Bytel[7:0]

ICP <« Byte2[7:0]

ICP <« Byte3[7:0]

®* When using th&Vrite Flash Memory command to program byte$§data into the Flash
memory, there is no buffering of the datatttakes place between the ICP interface and
the Flash Memory. As a result the maximum edte/hich data is programmed into the
Flash Memory through the ICP interfaisedependent up on how long it takes the
ZLF645 to complete a Flagiemory byte programming @pation, once it is initiated
by the ICP. For the ZLF645, the total pragrraing time required to program one byte
of data is approximately 65 ps. When tWéte Flash Memory command is used to
program multiple bytes of data to sequdrgiddress locations in the Flash, then the
maximum baud rate for Flash programmithgpugh the ICP is calculated as follows:

Max Programming Baud Rate 1 ICP byte 10 ICP bits/b§teps/byte= 153.8 kbauc

* If multiple non-sequential locations of tikash Memory are to be programmed, the
Write Flash Memory command can be still be used. Hawe as previously explained,
each byte to be programmed requires @&béyte transmitted on the ICP interface. To
keep the ICP interface data rate fromiting how quickly multiple bytes can be
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programmed in this case a higher Baud catebe used. Considering the ZLF645'’s sys-
tem clock is of high frequency to supporgier ICP Baud rates. The Baud rate neces-
sary to support maximum programmiefficiency is calculated as follows:

Max Baud Rate= 6 ICP byte 10 ICP bits/by6s us/byte= 922.8 kbaud

® TheRead Flash Memory command can be used in the same two ways as described
above for thévrite Flash Memory command. When usingelcommand to read mul-
tiple bytes of data from sequential addriesstions within the Flash memory, every
byte read requires only 1 byte be receiaerbss the ICP interfacAs described for the
Write Flash Memory , there is no buffering of data that takes place between the ICP
interface and the Flash Memaityring memory reads. Thiseans, as described for the
Write Flash Memory command, the maximum Baud rét@t memory read operations
can occur at is dependamon how quickly the ZLF646ompletes a Flash Memory
read operation, once it is initiated the ICP. A ZLF645 memory read operation
requires two system clock cycles tangalete. Considering a ZLF645 system clock
period of 250 ns, the theoretical maxmmuBaud rate reduces to the maximum Baud
rate supported by the devices system cfoefjuency, which is calculated as follows:

Max Baud Rate= 2( 500 ns bit= 2 Mbaud

The ICP baud rate for reagherations is significantly higher than for programming
operations.

19-4572; Rev 0; 4/09 Flash Programming through the ICP Interface
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In-Circuit Programming Cont rol Register Definitions

ICP Control Register

The ICP Control register (s@@able 29 controls the state of the ICP interface. This regis-
ter is used to enter or exit FLASH CONTROL mode.

Table 29. ICP Control Register (ICPCTL)

Bits 7 6 5 4 3 2 1 0
Field FLASHCTL Reserved
Reset 0 0 0 0
R/W R/W R R/W R R R R R
Bit Position Value  Description
FLASHCTL FLASH CONTROL Mode
[7] When this bit is programmed to 1, the device enters FLASH CONTROL
mode. When programmed to 1, this bit enables the ICP to perform Flash
memory accesses through the devices Flash Controller.
0 The device is operating in NORMAL mode.
1 The device is in FLASH CONTROL mode.
[6:0] — Reserved —Must be written to 1.

19-4572; Rev 0; 4/09
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ICP Status Register

The ICP Status register (s&able 30 reports status informaticbout the current state of
the ICP and the device.

Table 30. ICP Status Register (ICPSTAT)

Bits 7 6 5 4 3 2 1 0
Field FLASHCTL | FLPROT1| FLRWP | Reserved | FLWAIT Reserved

Reset 0 0 0 0 0 0 0

R/W R R R R R R R R
Bit Position Value  Description

[7] FLASHCTL —When read, this bit indicates whether the device is in FLASH

CONTROL mode.
The device is operating in NORMAL mode.
The device is in FLASH CONTROL mode.

[6] FLPROT1—When read, this bit indicates the value of the devices FLPROT1
option bit as read from the User Option Byte 1 Shadow Register (OPT1SR)
on page 175.
0 FLPROT1 mode is enabled.
1 FLPROT1 mode is disabled.

- O

[5] FLRWP—When read, this bit indicates the value of the devices FLRWP
option bit as read from the User Option Byte 1 shadow register.
FLRWP mode is enabled.

FLRWP mode is disabled.

- O

[4] — Reserved —Must be written to 1.

[3] FLWAIT—When read, this bit indicates whether an ICP initiated Flash
program, page erase, or mass erase operation is completed or not.
0 An initiated Flash programming, page erase, or mass erase operation is now
complete.
1 A Flash programming, page erase, or mass erase operation is still in
progress and has not yet completed. No new Flash operations must be
started until this bit reads as a 0.

[2:0] — Reserved —Must be written to 1.

19-4572; Rev 0; 4/09 In-Circuit Programming Control Register Definitions
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TEST Mode Register

The TEST Mode register is used to eleavarious device test or Flash memory access
modes. At present this regstonly provides configuratiofor a single mode where, once
programmed, Flash memory accesses bypass the devices Flash Controller and are done
through the devices I/O pins. A complete descriptibthis mode is available in the Flash

Byte Programming Interface section. This regjistan only be read or written using the

ICP Read/Write Test Mode Register commands.

Table 31. TEST Mode Register (TESTMODE)

Bits 7 6 5 4 3 2 1 0
Reserved F lash Controller Reserved

Field Bypass Mode

Reset 0 0 0 0 0 0

R/W R/W R R R R R/W R R

Bit Position Value  Description

[7:3] — Reserved — Must be written to 1. Reads return 0.

[2] Flash Controller Bypass Mode

The device is not in Flash Controller Bypass Mode.
The device is in Flash Controller Bypass mode.

- O

[1:0]

— Reserved —Must be written to 1. Reads return 0.

Exiting ICP Mode

The ZLF645 MCU is taken owff ICP mode under any of the following conditions:
® Initiating a POR with P36 held High dog the entire reset period.
® Lowering Vpp until the ZLF645 MCU reaches a Wage Brownout reset state.

19-4572; Rev 0; 4/09 Exiting ICP Mode
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Flash Controller

Flash Memory Overview

The ZLF645 products feature either 32 KB6dr KB of non-volatile Flash memory with
read/write/erase capability. The Flash memory provides a 16-bit data interface but
supports both 16-bit and 8-bit programming and read operations. The Flash memory can
be programmed, read, or erased by thelFl@asntroller directed by either the CPU
through user code or through the In-Circeiogrammer (ICP) interface pin with the
ZLF645 in ICP mode. All user code or ICP Flash Accesses use the Flash’s byte access
mode where programs and reads occur 8 bits at a time. A Flash Byte Programming inter-
face, as described in the sectiglash Byte Programming Interface page 82, is also
available for Flash accesses through theas/GPI1O pins and bypassing the Flash
Controller. When the Flash Byte Programminterface is used, Flash programming and
reads can be done either 8-bits or 16-bita fine, depending on the package type of the
device.

The Flash memory consists of two blocks, Main Memory and thelnformation

Block. The Flash main memory is arranged in pages with 512 bytes per page. Flash era-
sures are not allowed on a byte/word basis and a 512-byte page is the minimum Flash
block size that can be erased. Each page is divided into 8 rows of 64 bytes.

} Note: The term ‘page’ in the coaxt of the Flash Controller is not equivalent to th&ZXMC
CPU architecture’s Program Memory page. For Flash contents protection, the Flash main
memory is also divided into sectorschaector containind6 consecutive pages.

In addition to the Flash main memory, there is a 256-byte Information block, arranged
as 4 rows of 64 bytes. Each row is defiaasda page. User access is only allowed to Page
3, where user definable Option bits reside. Pages 2-0 are for fanietnal use.

} Note:  Information block does not have a Afasontents sector protection mechanism.
Table 32lists the Flash main memory configtiomn for each device in the family of

ZLF645 products. The size and cigniration of the Informatiomlock is the same for all
devicesFigure 19displays the Flash memory arrangement.

Table 32. ZLF645 Products Flash Memory Configurations

Flash Size Flash Program Memory Flash Sector
Part Number KBytes Pages Addresses Size
ZLF645xxxxx32 32 KB 64 0000H-7FFFH 8 KB
ZLF645xxxxx64 64 KB 128 0000H-FFFFH 8 KB
19-4572; Rev 0; 4/09 Flash Controller

Downloaded from: http://www.datasheetcataloa.com/


http://www.datasheetcatalog.com/

ZLF645 Series Flash MCUs
Product Specification

MAXIMN |

8

Up to 64 KB Flash
Main Program Memory

Addresses (hex)

256 B Flash

Information Memory
Addresses (hex)

! FFFF ! 00FF
/ / Page 3
Sector 7 00CO
/ E000 / 00BF ™ ~
/ DFFF ! Page 2 0080 .
/ Sector 6 4 Pages 007F For Maxim
/ €000 64 Bytes each Page 1 Internal Use
\ 0400
/ BFFF \ 003F /
Sector 5 \ Page 0 /
/ A000 \ 0000 »
/ 9FFF
/ Sector 4
Up to 8 Sectors 8000
16 512-Byte Pages 7TFFF
pgr Sector Sector 3
\ 6000
\ 5FFF
Sector 2
\ 4000
\ 3FFF
\ Sector 1
\ 2000
\ 1FFF
\ Sector 0
\ 0000
Figure 19. Flash Memory Arrangement
Flash Information Block

19-4572; Rev 0; 4/09

The Flash Information Block of Flash memasydivided into two sections. Page 3 of the
Information Block is accessible by you Blash programmer vendor for programming,
reading, or erasure through the ZLF645’s ICP interface or it's Flash Byte Programming
Interface only, as desbed in the sectioflash Byte Programming Interface page 82.

The CPU has no access to this area of ngntdser Option Bytes 0 and 1 use addresses
O00FE andO0OFF respectively of the Page 3 area and contain programmable bits with
pre-defined functions.

The Flash read/write protect bits in Usertiop Byte 1 control théevel of Page 3 access
allowed to you along wittthe User’s level of access to the Flash’s main memory. Bytes
00CO0 throughOOFD of Page 3 have no pre-definath€tion and are available to you for
other operations.

Flash Memory Overview
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Pages 0 through 2 (addresse80 throughOO0BF), of the Information Area are reserved
for Maxim® internal use and are inaccessible by goprogrammer vemd, either through
the ICP interface or by using tRéash Byte Programming interface.

Flash Controller Overview

The Flash Controller provides the appromiktash controls and timing for byte/word
programming, Page Erase, Mass Erasel eading of the Flash memory for Flash
accesses made by either the CPU or throughQPR interface. It also limits programming,
erase, and read access to the Flash mebasgd upon certain register and/or option bit
settings. External acsses through the ZLF645'’s ICP elash Byte Programming Inter-
faces are limited by the Flash Controller based upon the programming of the ZLF645’s
Flash read/write protect bits in User OptiByte 1. Accesses by the CPU during code exe-
cution is limited based upon the programmbpf the Flash Controller’'s Sector Protect
(FSEC) registers. All Flash memory accegbesugh the Flash Comtler are prevented
unless the Flash Controller is in ‘unlocked’ state.

Executing Flash Memory Access es Through the FI ash Controller

Flash Access Timing Control Programming Requirements

Before a program or erase operation caexeruted by the Flash Controller on the Flash
memory, you must first configure the Flasbr@roller’s Flash frequency High and Low
Byte registers. These registexsmbine to forma 16-bit value FFREQ that is used by the
Flash Controller to control timing for Flashogiram and erase operations. For proper tim-
ing, the 16-bit binary Flash Frequency vailnest be programmed with the system clock
frequency (in kHz).

This 16-bit binary Flash Frequency value is calculated using the following equation:

FFREQ[15:0] = System Cloc:<0F0r0equency (Hz)

Using a 16-bit value FFREQ value, the Flasimi@aller is able to provide correct program
and erase operation timing across a CRiglcfrequency range of 1 MHz to 8 MHz.

A Caution: The System Clock Frequency depends on the Flash memory programming of bit 2 of the
User Option Byte 1 and on the register programming of bit O of the SMR register and can
be equal to the clock input frequency on the XTAL1 pin, a divide by 2 of that input, a divide
by 16 of that input, or a divide by 32 of that input. Flash programming and erasure are not
supported for CPU clock frequencies beloMHBz or above 8 MHz. The Flash Frequency
High and Low Byte registers must be loaded with the correct values.

19-4572; Rev 0; 4/09 Flash Controller Overview
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Enabling the Flash Controller For Flash Memory Accesses

Upon ZLF645 reset, the Flash Controller is jpiid a ‘locked’ state where Flash Accesses
through the controller are disabled. Befargy Flash memory accesses can take place
through the Flash Controller it must be ‘unlodkeT his functionality is designed to help
protect against accidental programming @sere of the Flash memory by Flash accesses
initiated by the ICP interface or by the CPUidg code execution. To ‘unlock’ the Flash
Controller the ICP or CPlhust perform the following sequence of Flash Controller
Register write operations:

1. Program the Flash Controller’'s Page Select (PGS) register with the page to be
programmed or erased.

2. Program the Flash Controller’s Flash GohRegister (FCTL) with a value Gf3H.
Program the Flash Controller’s Flash GohRegister (FCTL) with a value &CH

4. Program the Flash Controller’'s Page SelB&S) register with the same value as
programmed in step 1 above.

Failure to follow the exact register prognaiing sequence as described above causes the
Flash Controller to revert back to ‘lockedast and the sequence mhstrepeated starting
from step 1. For instance, if the two PagéeBeregister writesn steps 1 and 4 do not
match, the controller reverts to ‘locked’ state.

After ‘unlocking’ the Flash Controller, a pragmming or page erase operation can now be
initiated through the Flash Controller to theypaointed to by the Page Select (PGS)
register. For example, once the Fl&introller is ‘unlocked’, writing &5H to the Flash
Control (FCTL) register initiates a pagese. For a description of how to execute
programming, seByte Programmin®n page 74.

As mentioned in th&lash Memory Overviewn page 67, CPU initiated programming or
erase operations may be limited by thashl Controller baskupon the values

programmed in the Flash Controller’'s Sed®ootect (FSEC) regist. For CPU initiated
operations, the operation musttoea non-protected sector for the Flash Controller to exe-
cute the operation. For ICP initiated programgnim erase operations, or if the page to be
programmed/erased is in the Flash inforoathrea, the operation is executed indepen-
dent of the Sector Protect (FSEC) register settings.

After unlocking a specific page, the ICP@PU can program any byte on that page or
erase that page. For progranmg, after a byte is writtethe page remains unlocked,
allowing for subsequent writes to other bytes on the same page. Once ‘unlocked’, the
Flash Controller will revert to ‘locked’ state under thiédwing conditions:

1. The Flash Controller has completed any programming operations in progress and the
ICP or CPU writes the Flash Control (FCTL) register with a value otheottaor
63H.

2. The Flash Controller has successfully congulea page erase or mass erase operation.

19-4572; Rev 0; 4/09 Flash Controller Overview
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3. The CPU writes to the Page Select (PGS) register.

Figure 20displays the basic Flash Controller ogg@n considering code based CPU Flash
accesses and based upon the programming dflish Controllers Flash Control (FCTL),
Sector Protect (FSEC), and Page Select (IReg)sters. As mentioned previously for ICP
based Flash accesses, the only modificatidfigare 20is that the programming of the

Sector Protect (FSEC) register is ignored and the ICP has programming and erase access
to a page independent of whetiteesides in a protected sectBigure 20does not

display the effects of the Flash read/wptetect bits of User Option byte 1.

If either of these bits is enkal, their function takes priorityver the operation description
displayed inFigure 20in terms of when a page erase or byte programming access is
allowed (for more details, sédash Code Protection Against External Acamspage 73).

19-4572; Rev 0; 4/09 Flash Controller Overview
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Figure 20. Flash Controller Operation Flow Chart
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Flash Code Protection Ag ainst External Access

The Flash Controllertiits Flash Access capabilitiestbie ICP and Flash Byte Program-
ming Interfaces based upon the Flash read/vpritéect bits in User Option Byte 1. By
programming these bits, you can configure thesFkIController to block page 3 informa-
tion area erasures, main memory readsnaaith memory page erasures and programming
as initiated through the ICP or Byte Programming Interfaces of the ZLF645. For more
information, sedable 850n page 174.

Flash Code Protection Against  Accidental Program and Erasure

As mentioned previously, the ZLF645 products provide several levels of protection
against accidental program and erasure of the Flash main memory contents by ICP and
CPU accesses through the Flash Controller. Through the Flash Controller’s register
locking mechanism, page select redundamey sector level ptection control, the
ZLF645 products prdde protection against accidental program and erasure of the Flash
main memory contents by CPU and ICP accgsercept that for the ICP sector level
protection is ignored. Simildevels of protection are in place for the Flash Information
Area, minus the sector level protection.

Sector Based Flash Protection

For CPU initiated Flash main memory accespasgjramming/erase pmdtion is possible
on a sector level basis through programming of the Flash Controller’'s Sector Protect
(FSEC) register. For all ZLF645 producésch sector contains 16 pages (of 512 bytes

each).

Part Number Numb er of Sectors
ZLFB645xxxxx32 4
ZLF645xxxxx64 8

The Sector Protect (FSEC) register controls the protection state of each Flash sector. This
register is address-shared with the Page@ekgister. It can only be accessed with the
Flash Controller in ‘locked’ state. With theaSh Controller in ‘locke’ state, writing the

Flash Control (FCTL) register with a vald&H enables the Flash Controllers Sector
Protect register to be writte The next write performei Bank F, Register AddresgH

then targets the Flash ControleBector Protect (FSEC) register.

The Sector Protect register is initializeddton reset, putting each sector into an
unprotected state. When a bit in the SedProtect register is written to 1, the
corresponding sector within the Flash memony ©a longer be prognamed or erased if

for operations initiated by &hCPU. Operations through the ICP are unaffected by the

19-4572; Rev 0; 4/09 Flash Controller Overview
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settings of the Sector Protect (FSEC) register. After a bit of the Sector Protect register has
been set, it cannot be clearedext by powering down the device.

Byte Programming

All Flash accesses either tlugh CPU code execution or through the ICP interface occur
using the Flash memory byte mode of gieon. The Flash Controller allows CPU
programming access to the Flash’s main ngnaoea only whereas the ICP has access to
both the main memory and the page 3 information area for programming. The Flash
memory is enabled for byte programming kiher the CPU or the ICP after unlocking the
Flash Controller and executing either a Mass Erase or Page Erase operation. When the
Flash Controller is unlocked and a main meyndass Erase is executed, all Flash Main
Memory locations are available for byte pragrming by the CPU. In contrast, when the
Flash Controller is unlocked and a mainmrey Page Erase is executed, only the
locations of the selected page as per the Badgct (PGS) register are available for byte
programming by the CPU. An erased Flash byte contains alFAr.(

The programming operation can only be usedtange bits from 1 to 0. To change a
Flash bit (or multiple bits) from 0 to 1 reigels an erase operation through execution of
either a Page Erase or Massderaommand to the Flash Controller.

Byte Programming can be accomplished through the ICP by using the Write Memory
command or by the Z8 LXMC CPU through exgon of the LDC or LDCI instructions.

For a description of the LDC and LDCI instructions, refez& LXMC CPUUser

Manual (UM0215) During execution of a CPU initiad programming operation the

system clock to the CPU is halted prevenfungher code execution, however the system
clock and the on-chip peripherals continueperate. Once the pragnming operation is
complete, the CPU resumesde execution. To exit programming mode and lock the
Flash the CPU can perform a write of anyueato the Flash Control (FCTL) register,
except the Mass Erase or Page Erase commands.

Page Erase

The Flash main memory can be erasedpmage (512 bytes) at a time. Page Erasing the
Flash memory sets all bytes in that page to the v&ie The Flash Page Select (PGS)
register identifies the page to be erageat. CPU initiated page erase operations, only a
page residing in an unprotected sector carrbsed. With the Flash Controller unlocked
and the active page set, writing the vadgel to the Flash Control (FCTL) register initi-

ates the Page Erase operation. As with programming, during execution of a CPU initiated
page erase operation the system clockecQRU is halted preventing further code execu-
tion, however the system clock and the on-gieppherals continue to operate. Once the
page erase operation is complete, the CPU resumes code execution.

If a Page Erase operation to the Flash’s maémory is performed using the ICP, bit 3 of
the ICP Status register can be polled to determine when the operation is complete. When
the Page Erase is completeg fHlash Controller returns to itscked state. Although the

19-4572; Rev 0; 4/09 Flash Controller Overview
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Flash Controller prevents CPU accesses td-thgh’s Information block, the ICP can ini-

tiate a Page erase to page 3 of Informafiora by a similar process as used for the main
memory. The only difference is that the ICPanfirst write bit 7 of the Flash Page Select
(PGS) register to a 1 before writing the page erase command to the Flash Control (FCTL)
register. For more details, s@@able 34on page 77.

Mass Erase

The Flash main memory can also be Mass Erased using the Flash Controller, but only
through the ICP interface and not by the CPU. Mass Erasing the Flash memory sets all
bytes to the valueFH. With the Flash Controller unlocked, writing the vaéa# to the

Flash Control register initiates the Mdssase operation. If a Mass Erase operation is
performed using the ICP, bit 3 of the ICP 8tategister is polletb determine when the
operation is complete. When the Mass Eraseisplete, the Flash Controller returns to its
locked state. You cannot mass erase the Information Area.

A Caution: If either of the Flash Memory Protect OptiBits are set as defined in the Flash Op-
tion Bits section, a mass erase of the Flashain memory must be performed before
Page 3 of the Flash's Information Areancle erased. These two operations must be
done when the device is@terating voltage. That is, & mass erase is followed with
a power-down then power-up sequence, performing an Information Area Page 3 erase
will not erase its contents.

Flash Control Regi ster Definitions

Flash Control Register

The Flash Controller must henlocked using the Flash Control (FCTL) register (see
Table 33 before the Flash Controller is etath for programming or erasing the Flash
memory. Writing values of3H and ther8BCH sequentially to the Bsh Control register
unlocks the Flash Controller, as loag the other conditions describeddnabling the
Flash Controller For Flash Memory Accessaspage 70 have been met. When the Flash
Controller is unlocked, a Mass Erase initthtey the ICP, or Page Erase initiated by the
ICP or CPU can be executed by the Flasht@®ller by writing tle appropriate command
value to this register. Execution of a Page Ei@splies only to the tice page selected in
Flash Page Select (FPS) register. Writingramalid value or an invalid sequence returns
the Flash Controller to its locked state.eTWrite-only Flash Control register shares its
Register File address with the Read-only Flash Status register.

19-4572; Rev 0; 4/09 Flash Control Register Definitions
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Bits 7 6 5 4 3 2 1 0
Field FCMD
Reset 0 0 0 0 0 0 0 0
R/W w w w w w w w w
Address Bank F, Register address: 01H
Bit Position Value  Description
[7:0] FCMD—Flash Command
73H First unlock command.
8CH Second unlock command.
95H Page Erase command (From Flash Controller ‘Locked’ state, must be the
third command written to this register to initiate Page Erase).
63H Mass Erase command (Ignored by Flash Controller if written by the CPU and
executed by Flash Controller if ICP writes the command. From Flash
Controller ‘Locked’ state, must be the third command written to this register
to initiate Mass Erase).
5EH Enable Flash Sector Protect Register Access.

19-4572; Rev 0; 4/09
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Flash Status Register

The Flash Status (FSTAT) register (Sedble 34 indicates the current state of the Flash
Controller. This register can be read/éime. The read-only Flash Status (FSTAT)
register shares its Register File address with the Write-only Flash Control (FCTL) register.

Table 34. Flash Status Register (FSTAT)

Bits 7 6 5 4 3 2 1 0
Field Reserved FSTAT
Reset 0 0
R/W R R R R R R R R
Address Bank F, Register address: 01H
Bit Position Value Description
[7:6] — Reserved —Reads as 0’s.
[5:0] FSTAT—Flash Controller Status
000000  Flash Controller locked.
000001 First unlock command received (73H written).
000010  Second unlock command received (8CH written).
000011 Flash Controller unlocked.
000100  Sector protect register selected.
001xxx  Program operation in progress.
010xxx  Page erase operation in progress.
100xxx  Mass erase operation in progress.
Flash Page Select Register
The Flash Page Select (FPS) register Tsdae 35 shares address space with the Flash
Sector Protect (FSEC) register. Unless thelF@entroller is in ‘locked’ state and its
Flash Control (FCTL) register is written witttH, writes to this address target the Flash
Page Select (FPS) register.
The FPS register is used to select one patienithe Flash Main Memory or Information
Block for programming or erase depending upon whether itEIR bit is O or 1 respec-
tively. Each Flash Main Memory Page contains 512 bytes of Flash memory. During a Page
Erase operation to the Main Memory, the page will be erased is the one containing the
512 Flash memory locations where bits 15 thto@gof their addresses is equal to bits 6
through 0 of FPS register. For Main Memory programming operations, bits 15 through 9
of the address to be programmed must equal bits 6 through O of the FPS register for the
Flash Controller to execute tloperation. For page erase or programming operations to
the Flash’s Information Block as indicated by the IFEN bit being 1, the programming or
19-4572; Rev 0; 4/09 Flash Control Register Definitions
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page erase command must be initiated by the ICP. Information Block page erase or pro-
gramming operations initiated llge CPU are ignored by the Flash Controller. In the case

of an Information Block programming or page erase operation initiated by the ICP, the
FPS register must first be programmed w88 to point to page of the Information

Block or else the operation will be ignored by the Flash Controller. For Information Block
programming through the ICP, bits 12 through 6 of the address must equal

bits 6 through 0 of the FPS register for the Flash Controllereoute the operation.

Table 35. Flash Page Select Register (FPS)

Bits 7 6 5 4 3 2 1 0
Field IFEN PAGE
Reset 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank F, Register address: 02H
Bit Position Value  Description
[7] IFEN—Information Area Enable

0 Operation to be performed on Flash main memory.

1 Operation to be performed on Flash Information Area.
[6:0] PAGE—Page Select

0 This 7-bit field identifies the Flash main memory page for Page Erase and

Page unlocking. Program Memory Address[15:9] = PAGE[6:0].
1 The least significant 2 bits of Page identifies the Flash Information page for

Page Erase and Page unlocking. The upper significant bits must be logic 0’s.

Flash Sector Protect Register

The Flash Sector Protect (FSEC) register {(&d#e 3§ address is shared with the Flash
Page Select (FPS) register. It is accessed by first watkgo the Flash Control (FCTL)
register with the Flash Contrell in ‘locked’ state, and then writing to the register file
address location given for the Flash Page Select (FPS) register.

The FSEC register selects which of the eiglatilable Flash memory sectors is to be pro-
tected from CPU initiated programming orgeaerase operations. For ICP initiated pro-
gramming or page erase operations, the ggttinithin the FSEC regier are ignored by
the Flash Controller. The reset state of eachdd@&tiotect bit in the FSEC register is its
unprotected state or 0 value. After a sectgratected by setting its corresponding regis-
ter bit to 1, it cannot be unprotected (the s&gi bit cannot be cleared) without powering
down the device.

19-4572; Rev 0; 4/09 Flash Control Register Definitions
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Table 36. Flash Sector Protect Register (FSEC)

Bits 7 6 5 4 3 2 1 0
Field SPROT7 | SPROT6 | SPROT5 | SPROT4 | SPROT3 | SPROT2 | SPROT1 | SPROTO
Reset 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank F, Register address 02H

Bit Position Value  Description

[7:0] SPROT7-SPROT0—Sector Protection

Each bit corresponds to an 16-page Flash sector. For the ZLF645xxxxx64, all
bits are used. Only bits 3-0 are used in the ZLF645xxxxx32. For ICP initiated
operations, no sector protection exists.

Flash Frequency High and Low Byte Registers

The Flash Frequency High and Low Byte regist@eb(e 37andTable 3§ combine to
form a 16-bit value, FFREQ, to control ting for Flash program and erase operations.
The 16-bit binary Flash frequengglue must contain the system clock frequency (in kHz)
and is calculated ugjnthe following equation:

FFREQ[15:0] = {FFREQH[7:0], FFREQL[7:0]} = SyStem C'OC:‘Ozrgq“e“Cy (Hz)

Programming the Flash Frequency High aod Byte Registers as per the formula
provides a Flash programming time of approximately8@nd an erase time of
approximately 10 ms.

A Caution:  Flash programming and erasure is not sugpd for system clock frequencies below
1 MHz or above 8 MHz. The Flash Frequency High and Low Byte registers must be
loaded with the correct value to ®ure proper operation of the device.

19-4572; Rev 0; 4/09 Flash Control Register Definitions
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Table 37. Flash Frequency High Byte Register (FFREQH)

Bits 7 6 5 4 3 2 1 0
Field FFREQH
Reset 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank F, Register address: 03H
Bit Position Value  Description
[7:0] FFREQH—FIlash Frequency High Byte
High byte of the 16-bit Flash Frequency value.
Table 38. Flash Frequency Low Byte Register (FFREQL)
Bits 7 6 5 4 3 2 1 0
Field FFREQL
Reset 0
R/W R/W
Address Bank F, Register address: 04H
Bit Position Value  Description
[7:0] FFREQL—Flash Frequency Low Byte

Low byte of the 16-bit Flash Frequency value.

Flash Controller Functions Summary

The Flash Controller performs its functions, dieecby either the ICP interface or by the
CPU through instruction code$able 39lists the functions that will or will not be
performed by the Flash Contraille@ccording to whether the CPU or ICP is the initiator,
whether the operation is performed on thaskls Main Memory or Information Block,
and whether either of the two read/write aitbits of User Option Byte 1 have been
enabled or not.

19-4572; Rev 0; 4/09 Flash Control Register Definitions
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Table 39. Flash Controller Functions Summary

Flash Memory Page Mass
Control Source Block Program Read Erase Erase Flash Protect
Main 1
Memory Yes Yes Yes Yes Yes
P Inf ti P 3 P 3 P 3
nformation age age age 2
Area Only Only Only No Yes
Main 3
CPU through Memory Yes Yes Yes No No
Instruction i "
Code nformation 3
Area No No No No No
Notes
1. FLPROT1 = 0, cannot read or write lowest half of memory. FLRWP = 0, cannot read or write entire main
memory.
2. FLRWP/FLPROT1 = 0, cannot write or erase Page 3.
3. FLPROT1 =0, no effect. FLRWP = 0, no effect.

19-4572; Rev 0; 4/09
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Flash Byte Programming Interface

Using the ZLF645's Flash Byte Programmingerface, the on-chip Flash controller can
be bypassed, allowing direct control of thiaash signals through registered values of
certain of the ZLF645’s GPIO pins. Bypassitig Flash controller allows faster row
programming algorithms to hesed by controlling the Flagitogramming signals directly.
This method is beneficial when programmen¢arge number of devices and can be used
for Flash programming by third party vemdavho manufacture gang programmers. For
more information on how to use this interface, refefhaod-Party Flash Programming
Support for Z8 Crimzon Flash Paytavailable for download agww.maxim-ic.com

Enabling The Flash Byte Programming Interface

The Flash Byte Programming Interface isigled by writing three bytes to the ICP
interface:

1. 80H — initiates auto-baud calculationtb& ICP interface data and clock rate.
2. FOH — ICP Write Test Mode Register command.

3. 04H — Data to be written to the Test 8#oRegister. This enables the Flash Byte
Programming interface.

} Note: Since Flash Byte Programngjrinterface is enabled witthe ZLF645 MCU in ICP mode,
the CPU clock will stop and no CPat¢cesses to the Flash memory will occur.

Flash Byte Programming Interface Flash Access Restrictions

The types of Flash access allowed te tHlash memory through the Flash Byte
Programming interface is qualified similarttee ICP, by the settings of the Flash Memory
Protection Bits in User Option Byte 1. liteer of the Flash protect bits are set, the
program memory has to be mass erased before full read/program access is allowed to
either the main memory orflormation area page 3 sections of the Flash memory, respec-
tively. Flash memory access allowed throdlgg Flash Byte Prognaming interface is
summarized irmable 40

19-4572; Rev 0; 4/09 Flash Byte Programming Interface
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Table 40.Flash Byte Programming Functions Summary

Flash Memory Flash Protect
Block Program Read Page Erase Mass Erase Option Bits
Main FLRWP=1,

Memory ves ves ves ves FLPROT1=1
Main FLRWP=0,
Memory No No No ves FLPROT1=X
Main 1 1 1 FLRWP=1,
Memory ves ves ves ves FLPROT1=0
Information 2 2 2 FLRWP=1,
Area ves ves ves ves FLPROT1=1
Information 2 FLRWP=1,
Area No ves No ves FLPROT1=0
Information 2 FLRWP=0,
Area No ves No ves FLPROT1=1
Notes

1. Program, Read, and Page Erase access is limited to the upper half address space of the main memory

only.

2. Only Page 3 of the Information Area is accessible for Program, Read, and Page Erase operations.

19-4572; Rev 0; 4/09 Flash Byte Programming Interface Flash Access Restrictions
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Infrared Learning Amplifier

The ZLF645 MCU'’s infrared learning amplifiatlows you to detect and decode infrared
transmissions directly from the output of tlegeiving diode without the need for external
circuitry (seePort 3on page 23).

An IR diode can be connectedtte IR amplifier as displayed Figure 21 When the IR
amplifier is enabled and an input currentié&tected on Port 3, Pin 1 (P31), the IR ampli-
fier outputs a logical High value. When timput current is below the switching threshold
of the IR amplifier, the ampligr outputs a logical Low value.

Within the MCU, the IR amp output goestlte capture/timer tpc, which can be
programmed to demodu&athe IR signal. The IR amplifi@utput can also be read by the
CPU, or drive the Port 3, Pin 4 (P34) outpuwifte-only register bit PCONJ0] is set to 1.

For the maximum current input that is clgarécognized by th@LF645 as a 0 and the
minimum current input that isehrly recognized as a 1, seg+ o and betn)
parameters, respectively, Table 80on page 165.

The IR learning amplifier can demodulate sifgnup to a frequency of 500 kHz. A special
mode exists that allows you ¢apture the third, fourth, and fifth edges of the IR amplifier
output and generate an interrupt.

D1
ZS Photodiode

p P310of MCU

Figure 21. Learning Amplification Circuitry within the ZLF645 Flash MCU

For details on programming the timdossdemodulate a received signal, §émerson
page 99.
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Universal Asynchronous Receiver/
Transmitter

The Universal Asynchronoueceiver/Transmitter (UAR is a full-duplex
communication channel capaldthandling asynchronous data transfers. The two UARTs
use a single 8-bit data me with selectable parity.

The UART interface when enabled uses @flO pins P07 for the UART transmit and
P32 for the UART receive.

The features of the UART include:

® 8-bit asynchronous data transfer

® Selectable even- and odd-parity generation and checking
®* One or two Stop bits

® Separate transmit and receive interrupts

®* Framing, overrun, and break detection

® Separate transmit and receive enables

® 8-bit Baud Rate Generator

®* Baud Rate Generator timer mode

®* UART operational during HALT mode

Table 41. UART Control Registers

Address (Hex)

Page
12-Bit Bank 8-Bit Register Description Mnemonic Reset No
OF1 All F1  UART Receive/Transmit Data Register URDATA/ XXh 95

UTDATA
0F2 All F2  UART Status Register UsST 0000_0010b 95
OF3 All F3  UART Control Register UCTL 00h 97
OF4 All F4 UART Baud Rate Generator Constant BCNST FFh 98
Register
19-4572; Rev 0; 4/09 Universal Asynchronous Receiver/Transmitter
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The UARTSs consist of three primary functional blodkansmitter, receiver, andBaud
Rate Generator The UART transmitter and receivemfttion independently, but employ
the same baud rate and data forrRajure 22displays the UART architecture.

RxD —p

Receive Shifter

'

Receive Data
Register

System Bus

Transmit Data
Register

I

TXD €—

Transmit Shift
Register

Control Register

T

Status Register

Baud Rate
Generator

A

r .

Parity Generator

<

Operation

Transmitter Control

Figure 22. UART Block Diagram

The UART channel can be used to communigadth a master microprocessor or a slave
microprocessor, both of which exhibit transmitd receive functionality. You can either
operate the UART channel by polling the UART Status register or via interrupts. The
UART remains active during HALT mode. If ileer the transmitter nor the receiver is
enabled, the UART baud rate generator can be used as an additional timer. The UART
contains a noise filter for the receivbat can be enabled by the user.

19-4572; Rev 0; 4/09
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Data Format

The UART transmits and receives data in ant&#ta format, with the least significant bit
(Isb) occurring first. Areven- or odd-parity bit can betamally added to the data stream.
Each character begins with an active Low Stdrand ends with either 1 or 2 active High
Stop bits Figure 23andFigure 24display the asynchronous data format employed by the
UARTSs with or without parity, respectively.

I < Data field > I
Idle state | | ‘
of line : LSB Msg! Stop bit(s)
Y T 1
\Start/BitOXBit1XBit2XBit3XBit4XBit5XBit6X Bit7/ | |
|
0 | |
: —>: 1 e— |
|
:4— 2 —»:
1
Figure 23. UART Asynchronous Data Format without Parity
1 o |
< Data field >
Idle state I I ‘
of line I s Mmsg ! Stop bit(s)
it7

REY 0 ) ) 0, €0, €0 o A

I
0
— 1 e
I

Figure 24. UART Asynchronous Data Format with Parity

Transmitting Data Using Polled Method

Follow the steps below to transmit datsing the polled method of operation:

1. Write to the Baud Rate Genera@wnstant (BCNST) register, addr&sih, to set the
appropriate baud rate.

Write O to bit 6 of the PO1M register.

3. Write to the UART Control register (UCTL) to:
(a) Set the transmit enable bit, UCTL][7], to enable the UART for data transmission.

(b) If parity is appropriate, set the parity enable bit, UCTL[4] to 1 and select either
even- or odd-parity (UCTL[3]).

19-4572; Rev 0; 4/09 Operation
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Check the Transmit Status register bigT[2], to determine if the Transmit Data
register is empty (indicated . If empty, continue t&tep 6 If the Transmit Data
register is full (indicated by 0), conting@ monitor the UST([2] bit until the Transmit
Data register is avalitde to receive new data.

Write the data byte to the UART Transmit Data registeth. The transmitter
automatically transfers the datathe internal transmit shift register and transmits the
data.

To transmit additional bytes, return3tep 4

Before disabling the transmitter, read thensmit completion status bit, UST[1]. If
USTI[1]=0, continue to monitor the bit until it changesltovhich indicates that all
data in the Transmit Data and intershift registers has been transmitted.

Data written while the transménable bit is clear (UCTL[AO) will not be transmitted.
Data written while the transmit data stathi is clear (UST[2]=0) overwrites the
previous value written, so the previous wntiealue will not be transmitted. Disabling
the UART transmitter while the transmit contigle status bit is clear (UST[1]=0) can
corrupt the byte being transmitted.

Transmitting Data Usi ng Interrupt-Driven Method

The UART transmitter interrupt indicates the auaiiity of the TransmitData register to
accept new data for transmission.

Follow the steps below to configure the URRr interrupt-driven data transmission:

1.

2
3.
4

19-4572; Rev 0; 4/09

Write to the BCNST register to set the appropriate baud rate.
Write O to bit 6 of the PO1M register.
Execute DI instruction to disable interrupts.

Write to the Interrupt Control registersdnable the UART Transmitter interrupt and
set the appropriate priority.

Write to the UART Control register to:
(a) Set the transmit enable bit (UCTL bit@)enable the UART for data transmission.
(b) Enable parity, if appropriatand select either even- or odd-parity.

Execute an El instruction to enable interrupts as the transmit buffer is empty, an
interrupt is immediately executed.

Write the data byte to the UART Transmitt®aegister. The transmitter automatically
transfers the data to the Internal Traitsshift register and transmits the data.

Execute the IRET instruction to returnrrahe interrupt service routine (ISR) and
wait for the Transmit Data register to again become empty.

Operation
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9. Before disabling the transmitter, read thansmit completion status bit, UST[1]. If
UST[1]=0, continue to monitor the bit until it changesltovhich indicates that all
data in the Transmit Data and InterGlift registers has been transmitted.

A Caution: Data written while the transménable bit is clear (UCTL[AO) will not be transmitted.
Data written while the transmitata status bit is clear (UST[2]=0) overwrites the pre-
vious value written, so the previous writteriueawill not be transmitted. Disabling the
UART transmitter while the transmit completistatus bit is clear (UST[1]=0) can
corrupt the byte being transmitted.

Receiving Data Using the Polled Method

Follow the steps below to configuthe UART for polled data reception:

1. Write to the BCNST register to set the appropriate baud rate.

2. Write to the UART Control register (UCTL) to:
(a) Set the receive enable bit (UCB])[to enable the UARfor data reception
(b) Enable parity (if appropriate) and select either even- or odd-parity

3. Check the receive status bit in the UAR&tS$ register, bit UST[7], to determine if
the Receive Data register contains a valid data byte (indicated by a 1). If UST[7] is set
to 1 to indicate availde data, continue t6tep 4 If the Receive Data register is empty
(indicated by a 0), continue to monitor tH&T[7] bit awaiting reception of the valid
data.

4. Read data from the UART Receive Data register.
5. Return tdStep 3to receive additional data.

Receiving Data Using the Interrupt-Driven Method

The UART Receiver interrupndicates the availability of new data (as well as error
conditions).

Follow the steps below to configure the URReceiver for interrpt-driven operation:

1. Write to the UART BRG Constant registers to set the appropriate baud rate.

2. Execute Dl instruction to disable interrupts.

3. Write to the Interrupt Control registersdnable the UART receiver interrupt and set
the appropriate priority.

4. Clear the UART Receiver interrupt irethpplicable InterrupRequest register.

5. Write to the UART Control register (UCTL) to:
(a) Set the receive enable bit (UCB][to enable the UARfor data reception
(b) Enable parity, if appropriatand select either even- or odd-parity

6. Execute an El instrtion to enable interrupts.

19-4572; Rev 0; 4/09 Operation
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The UART is now configuretbr interrupt-driven dateeception. When the UART
Receiver interrupt is detected, thgsociated ISR performs the following:

1. Checks the UART Status register to deteanire source of the interrupt, whether it is
an error, break, or received data.

2. Reads the data from the UART Receive Detister, if the interrupt was caused by
data available.

Clears the UART receiver interrupt irethpplicable InterrugRequest register.

4. Executes the IRET instruction to metdrom the ISR and await more data.

UART Interrupts

The UART features separate interrupts for the transmitter and the receiver. In addition,
when the UART primary functionality is disigll, the BRG can also function as a basic
timer with interrupt capability.

} Note: When the UART is set to run at higher bautksathe UART receiver’s service routine
may not have enough time to read and malaifguall bits in the UART Status register
(especially bits generating error conditionsy o received byte before the next byte is
received. You can devise yaawn hand-shaking protocol fwrevent the transmitter from
transmitting more data while current data is being serviced.

Transmitter Interrupts

The transmitter generates a single interrupgmvthe Transmit Status bit, UST[2], is set
to 1. This indicates that the transmitteraady to accept new data for transmission. The
Transmit Status interrupt occuaiier the internal transmit shiegister has shifted the first
bit of data out. At this pointhe Transmit Data register can be written with the next char-
acter to send. This provides 7 bit perioddaténcy to load th&ransmit Data register
before the transmit shift register compleségting the current dracter. Writing to the
UART Transmit Data register clears the UZ[Tljit to 0. The iterrupt is cleared by

writing a 0 to the Transmit Data register.

Receiver Interrupts

The receiver generates an interrpen any of the following occurs:

* A data byte is received and availbale in the UART Receive Data register—Fhis
interrupt can be disabled independent of the other receiver interrupt sources. The
received data interrupt occurs once theeive character has been received and placed
in the Receive Data register. Software mmestpond to this received data available
condition before the next character is cortgdiereceived to avoid an overrun error.

The interrupt is cleared by readifrgm the UART Receive Data register.

®* A break is received—A break is detected when a Osisnt to the receiver for the full
byte plus the parity and stop bits. t&f a break is detected, it will interrupt

19-4572; Rev 0; 4/09 Operation
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immediately if there is no valid data in tReceive Data register. If data is present in
the Receive Data register, an interruptl occur after the UART Receive Data
register is read.

®* An overrun is detected—An overrun occurs when a byte of data is received while
there is valid data in the UART Receive Daggister that has not been read by the
user. The interrupt will be generated whibe user reads the UART Receive Data
register. The interrupt isehred by reading the UART Receive Data register. When an
overrun error occurs, the atidnal data byte will not osrwrite the data currently
stored in the UART Receive Data register.

* A data framing error is detected—A data framing error isletected when the first
stop bit is 0 instead of 1. When configured for 2 stop bits, a data framing error is only
detected when the first stop bit is 0. Arfriag error interrupt is generated when the
framing error is detected. Reading thRART Receive Data register clears the
interrupt.

} Note: Ensure that the transmitter uses the satep bit configuration as the receiver.

UART Overrun Errors

When an overrun error conditiatcurs the UART prevents overwriting of the valid data
currently in the Receive Data register. Thed¢ Detect and Overrun status bits are not
displayed until after the \id data has been read.

After the valid data has beerark the UART Status (UST) resgier is updated to indicate
the overrun condition (and Break Detect, iplpable). The UST[7] bitis setto 1 to
indicate that the Receive Data register corsta data byte. However, because the overrun
error occurred, this byte may not contain valéda and must be ignored. The Break Detect
bit, USTI[3], indicates if the overrun wasused by a break condition on the line. After
reading the status byte indicating an overmunrethe Receive Data register must be read
again to clear the error bits is the UART 8&0 register. Updates to the Receive Data reg-
ister occur only when the nedita word is received.

UART Data and Error Handling Procedure

Figure 250n page 92 displays the recommended procedure for use in UART receiver
interrupt service routine.

19-4572; Rev 0; 4/09 Operation
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Figure 25. UART Receiver In terrupt Service Routine Flow
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Baud Rate Generator Interrupts

If the BRG interrupt enable is set, the UAREceiver interrupt asserts when the UART
Baud Rate Generator reloads. This actiboves the BRG to function as an additional
counter if the UART functinality is not employed.

UART Baud Rate Generator

The UART Baud Rate Generator createsveelofrequency baud rate clock for data
transmission. The input to tlBaud Rate Generator is the system clock. The UART Baud
Rate Constant register contains an 8-hitchieate divisor value (BCNST[7:0]) that sets the
data transmission rate (baud rate) of the WAFRr programmed register values other than
00h, the UART data rate is cal@iked using the below equation:

System Clock Frequency (Hz)
16 x UART Baud Rate Divisor Value (BCNST)

UART Data Rate (bps) =

When the UART Baud Rate Lowegister isprogrammed t@0h, the UART data rate is
calculated as follows:

System Clock Frequency (Hz)
4096

UART Data Rate (bps) =

When the UART Baud Rate Generator is uas general-purpose counter, the counters
time-out period can be computed as follows based upon the counters clock input being a
divide by 16 of the system clock and the maximum count value being 255:

16 x UART Baud Rate Divisor Value (BCNST)

Time-Out Period (us) =
System Clock Frequency (MHz)

} Note:  The relationship between the XTAL1 clock tiepy and the system clock frequency must
be considered before making this computation and is dependent upon the programming of
bit 2 of User Option Byte 1 as well athrogramming of bit 0 of the SMR register.
Depending on the programmed values, the systeok frequency can be a divide by 1, a
divide by 2, or a divide by 16 of the XTALL1 clock.

When the UART is disabled, the BRG can functas a basic 8-bit timer with interrupt on
time-out.

19-4572; Rev 0; 4/09 Operation
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Follow the steps below to configure tBRG as a timer with interrupt on time-out:
1. Disable the UART by clearing the receasd transmit enabldtb, UCTL[7:6] to O.

2. Load the appropriate 8-bit count value itite UART Baud Rate Generator Constant
register. The count frequenty/the system clock frequency (in Hz) divided by 16.

3. Enable the Baud Rate Generator timer function and assddnterrupt by setting the
Baud Rate Generator bit (UCTL bit O)time UART Control register to 1. When
configured as an 8-bit timer, the count valmstead of the reload value, is read, and
the counter begins counting down from its initial programmed value. On timing out
(reaching a value of 1), if the time-out interrupt is enabled, an interrupt will be
produced. The counter will theeload its programmedast value and begin counting
down again.

Table 42ists a number of BCNST register settirggsvarious baud rates and system clock
frequencies.

Table 42. BCNST Register Settings Examples

Target UART Data  System Clock = 4 MHz, System Clock = 3 MHz,
Rate (baud) Crystal Clock = 8 MHz Crystal Clock = 6 MHz
2400 BCNST = 01101000 BCNST = 01001110
Actual baud rate = 2403 Actual baud rate = 2403
4800 BCNST = 00110100 BCNST = 00100111
Actual baud rate = 4807 Actual baud rate = 4807
9600 BCNST = 00011010 BCNST = 00010100
Actual baud rate = 9615 Actual baud rate = 9375
19200 BCNST = 00001101 BCNST = 00001010
Actual baud rate = 19230 Actual baud rate = 18750
19-4572; Rev 0; 4/09 Operation
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UART Receive Data Register/U ART Transmit Data Register

The UART Receive/Transmit Data register ($able 43 is used to send and retrieve data
from the UART channel. When the UART receives a data byte, it can be read from this
register. The UART receive interrupt is aled when this register is used. Data

written to this register is transmitted by the UART.

Table 43. UART Receive/Transmit Data Register (URDATA/UTDATA)

Bit 7 6 5 4 3 2 1 0
Field UART Receive/Transmit

Reset X X X X X X X X
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank Independent: F1h; Linear: OF1h

Bit Position Description

[7:0] UART Receive/Transmit
When read, returns received data.
When written, transmits written data.

UART Status Register

The UART Status register (sé@able 44 displays the status of the UART. Bits [6:3] are
cleared by reading the UART Receive/Transmit registe ),

Table 44. UART Status Register (UST)

Bit 7 6 5 4 3 2 1 0

Receive Parity Overrun | Framing Break Transmit | Transmit Noise
Field Status Error Error Error Data Complete Filter
Reset 0 0 0 0 0 0 1 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank Independent: F2h; Linear: OF2h

Bit Position  Value Description

[7] Receive Status —Set when data is received; cleared when URDATA is read.
0 UART Receive Data register empty.
1 UART Receive Data register full.

19-4572; Rev 0; 4/09 UART Receive Data Register/UART Transmit Data
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Bit Position ~ Value Description

[6] Parity Error —Set when a parity error occurs; cleared when URDATA is read.
No parity error occurs.
Parity error occurs.

- O

[5] Overrun Error —Set when an overrun error occurs; cleared when
URDATA is read.

No overrun error occurs.

Overrun error occurs.

- O

[4] Framing Error —Set when a framing error occurs; cleared when
URDATA is read.

No framing error occurs.

Framing error occurs.

[3] Break —Set when a break is detected; cleared when URDATA is read.

- O

0 No break occurs.
1 Break occurs.
[2] Transmit Data Status —Set when the UART is ready to transmit; cleared when
TRDATA is written.
0 Do not write to the UART Transmit Data register.
1 UART Transmit Data register ready to receive additional data.
[1] Transmit Completion Status
Data is currently transmitting.
1 Transmission is complete.
[0] Read Noise Filter —Detects noise during data reception.
0 No noise detected.
1 Noise detected.
Write
0 Turn off noise filter.
1 Turn on noise filter.

UART Control Register

The UART Control register controls the UARTM. addition to settingib5, you must also
set appropriate bit in the Interrupt Mask register {&d#e 650n page 133).

} Note: This register is not reset after a Stop Mode Recovery.

19-4572; Rev 0; 4/09 UART Control Register
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Bit 7 6 5 4 3 2 1 0
Transmitter| Receiver UART Parity Parity Send Stop Bits |Baud Rate
Enable Enable | Interrupts | Enable Select Break Generator
Field Enable
Reset 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank Independent: F3h; Linear: OF3h
Bit Position  Value Description
[7] Transmitter disabled.
Transmitter enabled.
[6] Receiver disabled.
Receiver enabled.
[5] UART Interrupts disabled.
UART Interrupts enabled.
[4] Parity disabled.
Parity enabled.

3]

Even parity selected.
Odd parity selected.

No break is sent.

(2]

Send Break (force Tx output to 0).

[1] One stop bit.

Two stop bits.

Ol 0O ~r Ol ~O O  ~0O| -0

[0]

Baud Rate Generator —\When the transmitter and receiver are disabled, the

BRG can be used as an additional timer. When setting this bit, clear bits [7:6] in
this register. Also set bit [5] if an interrupt is required when the BRG is reloaded.
0 BRG used as Baud Rate Generator for UART.

1 BRG used as timer.

UART Baud Rate Generator Constant Register

The UART baud rate generatdetermines the frequency at it UART data is received

and transmitted. This baud ratedstermined by the flowing equation:

System Clock Frequency (Hz)

UART Data Rate (bps) =

19-4572; Rev 0; 4/09
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The system clock is usually the crystal clock divided by 2. When the UART baud rate gen-
erator is used as an additional timer, a Rieawth this register retms the actual value of
the count of the BRG in progreaad not the reload value. Seable 46

} Note: This register is not reset after a Stop Mode Recovery.

Table 46. UART Baud Rate Generator Constant Register (BCNST)

Bit 7 6 5 4 3 2 1 0
Field Baud Rate Generator Constant

Reset 1 1 1 1 1 1 1 1
R/W R/W RIW RIW R/W R/W R/W R/W R/W
Address Bank Independent: F4h; Linear: OF4h

Bit Position  Description

[7:0] Baud Rate Generator Constant
When read, returns the actual timer count value (when UCTL[0]=1).
When written, sets the Baud Rate Generator Constant.
The actual baud rate frequency = XTAL + (32 x BCNST).

19-4572; Rev 0; 4/09 UART Baud Rate Generator Constant Register
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Timers

The ZLF645 MCU infrared timer features a hié-and an 8-bit counter/timer, each of
which can be used simultaneously for trait8ng. Both timers can be used for demodu-
lating an input carrier wave and share a single input pin.

Figure 26displays the counter/timer architectuwehich is designed to help unburden the
program from coping with real-time problems like generating complex waveforms or
receiving and demodulating mplex waveforms and pulses.

In addition to the 16-bit and 8-bit timers, the UART’s baud rate generator can be used as
an additional 8-bit timer when the UART reosivs not in use (for more details, see
Universal Asynchronous Receiver/Transmitarpage 85).

> 16-Bit Timer 16 @ » Timer 16

A

16
y

_>_x
—> N
—
—» o

\

A A

8
sCLk —»|  Clock | I Y
Divider TC16H TC16L
AND/OR L3 Timer 8/16
HI8 | LO8 I

Logic
O
A

8
4

i

NS &

Y Y

N e Edge

Filter Detect T
Circuit 8-Bit Timer 8 > Timer 8

A A

8 8
A A

| TC8H | | TC8L I

Figure 26. Counter/Timers Block Diagram

Y
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Table 47summarizes the timer control registersm@dimer functions can also be affected
by control registers for ber peripheral functions.

Table 47. Timer Control Registers

Address (Hex)

12-Bit Bank 8-Bit Register Description Mnemonic Reset Psge
D00 D 00 Counter/Timer 8 Control Register CTRO 0000_0000b 119
D01 D 01  Timer 8 and Timer 16 Common Functions CTR1 0000_0000b 121
D02 D 02 Counter/Timer 16 Control Register CTR2 0000_0000b 124
D03 D 03 Timer 8/Timer 16 Control Register CTR3 0000_0XXXb 126
D04 D 04 Counter/Timer 8 Low Hold Register TC8L 00h 118
D05 D 05 Counter/Timer 8 High Hold Register TC8H 00h 117
D06 D 06 Counter/Timer 16 Low Hold Register TC16L 00h 117
D07 D 07 Counter/Timer 16 High Hold Register TC16H 00h 116
D08 D 08 Timer 16 Capture Low Register LO16 00h 116
D09 D 09 Timer 16 Capture High Register HI16 00h 115
DOA D OA Timer 8 Capture Low Register LO8 00h 115
DOB D 0B Timer 8 Capture High Register HI8 00h 114

Counter/Timer Functional Blocks

The ZLF645 MCU infrared timer edains a glitch filter for removing noise from the input
when demodulating an input carrier. Eacher features its own demodulating mode and
can be simultaneously usedgenerate a signal output. @A 8 timer has the ability to
capture only one cycle of a carrigave of a high-frequency waveform.

Input Circuit

Depending on the setting of register bitdv#3.1] and CTR1[6], tle timer/counter input
circuit monitors one ofhe following conditions:

®* The P31 digital signal, if CTR1[6]=0 and P3M[2:1]=00.

®* The P31 analog comparator output, if CTR1[6]=0 and P3M[2:1]=01.
®* The P31 IR amplifier output, if CTR1[6]=0 and P3M[2]=1.

®* The P20 digital signal, if CTR1[6]=1.

19-4572; Rev 0; 4/09 Counter/Timer Functional Blocks
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Based on register bits CTR1[5:4], a pulse is generated at when a rising edge, falling edge,

or any edge is detected. Glitghia the input signal are filteraxit if they are shorter than
the glitch filter width specifieth register bits CTR1[3:2Figure 27displays the input cir-
cuit.
P3M[1]
:
P31 —> 0 PS'\;A[Z]
1
3 CTR1[6]
1y 0 X CTR1[3:2] CTR1[5:4]
P30 —> (_30mp. ' ! ! Edge Detection
g 1 0 Glitch Filter % CTR1[0]
IR
. Amp, —{4 scix] 10 Rising Edge |—» CTR1[1]
REF | 01 A
P20 Reserved 11 —Reserved

Figure 27. Counter/Timer Input Circuit

The timers can be configured to operate in following modes:

T8 TRANSMIT Mode

T8 DEMODULATION Mode
T16 TRANSMIT Mode

T16 DEMODULATION Mode
PING-PONG Mode

T8 TRANSMIT Mode
Before T8 is enabled, the output of T8 depends on CTR1, bit 1. If the bit is 0, T8_OUT is

1

;ifitis 1, T8_OUT is 0. Sekigure 28

19-4572; Rev 0; 4/09 Counter/Timer Functional Blocks
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Reset T8_ENABLE Bit

A

A

Load TC8L
Reset T8_OUT

T8_Enable Bit Set
CTRO, bit 7

CTR1, bit 1
Value

:

Load TC8H
Set T8_OUT

Y

Set Time-Out Status Bit Enable T8
(CTRO bit 5) and generate
TIMEOUT_INT if enabled >
X Y.
No
T8_TIMEOUT
Single Pass Yes

19-4572; Rev 0; 4/09
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Load TC8L
Reset T8_OUT

Single Pass?

Modulo-N

L

Load TC8H
Set T8_OUT

\

Enable T8

No

-
>

Y

T8_TIMEOUT

Set Time-Out Status Bit
(CTRO, bit 5) and generate
TIMEOUT_INT if enabled

A

Figure 28. TRANSMIT Mode Flowchart
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When T8 is enabled, the outpT8 OUT switches to the initial value (CTR1, bit 1). If the
initial value (CTR1, bit 1) is 0, TC8L is load; otherwise, TC8H is loaded into the coun-
ter.

In SINGLE-PASS mode (CTRO, bit 6), T8 counts down to 0 and stops, T8_OUT toggles,
the time-out status bit (CTRO, bit 5) is set, arttme-out interrupt can bgenerated if it is
enabled (CTRO, bit 1).

In MODULO-N mode, on reaching terminal coum8_OUT is toggled, but no interrupt is
generated. From that point, T8 loads a new count (if the T8 _OUT level now is 0), TC8L is
loaded; if it is 1, TC8H is loaded. T8 cdasrdown to 0, toggles T8 OUT, and sets the
time-out status bit (CTRO, bit 5), thereby gexing an interrupt if enabled (CTRO, bit 1).
One cycle is thus completed. T8 theads from TC8H or TC8L according to the

T8_OUT level and repeats the cycle. Ségpure 29

Z8 LXMC Data Bus
CTRO data bit 2

Positive Edge

IRQ4

Negative Edge *

CTRO data bits [4:3] —; CTRO data bit 1

Clock 8-Bit
SCelloecckt »| Counter T8

(TC8) > T8_OUT

it

TC8H TC8L

Z8 LXMC Data Bus 1? 1\

Figure 29. 8-Bit Counter/Timer Circuits

SCLK —>

You can modify the values in TC8H or TC&It any time. The new values take effect
when they are loaded.

A Caution: Aninitial count of 1 is not allowed (a nonaittion occurs). An initial count of O causes TC8
to count from O t&-Fh to FEh.

19-4572; Rev 0; 4/09 Counter/Timer Functional Blocks
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} Notes: 1. The “h” suffix denotehexadecimal values.
2. Transition from O td~Fh is not a time-out condition.

A Caution: Using the same instructions for stopping tharger/timers and setting the status bits is not
recommended.

Two successive commands arecessary. First, the countigmers must be stopped.
Second, the status bits must be reset. Tb@senands are required iasakes one counter/
timer clock interval for the initiated event to actually occur. Sgare 30andFigure 31

<4—— TC8HCounts —»

Counter Enable command,; T8_OUT toggles;
T8_OUT switches to its time-out interrupt
initial value (CTR1 data bit 1)

Figure 30. T8_OUT in SINGLE-PASS Mode

T8_OUT toggles

T8 _OUT TCaL TCSL eee

"

Counter Enable command; Time-out interrupt Time-out interrupt
T8_OUT, switches to its
initial value (CTR1 data bit 1)

Figure 31. T8_OUT in MODULO-N Mode

19-4572; Rev 0; 4/09 Counter/Timer Functional Blocks
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T8 DEMODULATION Mode

You must program TC8L and TC8H k&h. After T8 is enabled, when the first edge (ris-
ing, falling, or both depending on CTR1 bits4} is detected, it starts to count down.
When a subsequent edge (risifadling, or both depending d@TR1 bits [5:4]) is detected
during counting, the current value of T8&@mplemented and put into one of the capture
registers.

If it is a positive edge, data gt into LO8; if it is a negate edge, data is put into HI8.
From that point, one of the edge detect sthitss(CTR1, bits [1:0]) is set, and an interrupt
can be generated if enabled (CTR®,%). Meanwhile, T8 is loaded withFh and starts
counting again. If T8 reachestie time-out status bit (CTRO,tl&) is set, and an interrupt
can be generated if enabled (CTRQ,1). T8 then continues counting froRFh( see
Figure 32on page 106).

19-4572; Rev 0; 4/09 Counter/Timer Functional Blocks
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T8 (8-bit)
Count Capture

T8 _Enable

A

No (Set by User)
< Edge Present?
No
Pos Neg

What Kind of Edge?

T8 — LO8 T8 — HI8

%FF — T8

Figure 32. DEMODULATION Mode Count Capture Flowchart

When bit 4 of CTR3 is enabled, the flofthe demodulatiosequence is altered.
The third edge makes T8 active, and the fourth and fifth edges are captured.
The capture interrupt is activated after th#hfevent occurs. This mode is useful for
capturing the carrier duty cycle as wellths frequency at which the first cycle is
corrupted. Se€igure 33andFigure 34

19-4572; Rev 0; 4/09 Counter/Timer Functional Blocks
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T8 (8-Bit)
DEMODULATION Mode

C) < T8_Enable
i No CTRO, D77
%FF —>TC8
First
~ Edge Present?
No
Disable T8 Enable TC8
A
T8_Enable Bit Set?
No

Edge Present?

T8 Time Out?

Set Edge Present Status 1
Bit and Trigger Data
Capture Int. if Enabled
Set Time-Out Status
Bit and Trigger Time
Out Int. if Enabled
Continue Counting
.
Figure 33. DEMODULATION Mode Flowchart
19-4572; Rev 0; 4/09 Counter/Timer Functional Blocks
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DEMODULATION Mode

T8_Enable
CTRO bit 7

FFh —> TC8

Third

A

Disable T8

\

No

Edge Present

Enable TC8
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No

T8_Enable Bit Set

Fourth No

Edge Present

Set Edge Present Status
Bit and Trigger Data

Fifth
Edge Present

Set Edge Present Status
Capture interrupt
if enabled

T8 Time Out

Set Time-Out Status
Bit and Trigger Time
Out Interrupt if enabled

Y

I Continue Counting I

B

Ay

Figure 34. DEMODULATION Mode FI owchart with Bit 4 of CTR3 Set
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T16 TRANSMIT Mode

In NORMAL or PING-PONG mode, the outpaf T16 when not enabled depends on
CTR1, bit 0. If this bitis setto 0, T16_OUJF a 1; if setto 1, T16_OUT is 0. You can
force the output of T16 to either O or 1 whetit is enabled or ndy programming CTR1
bits [3:2] to a 10 or 11.

When bit 4 of CTR3 is set, the T16 outpgises not update. However, time-out interrupts
(flags) are still updated. In addition, the @&rier is not disrupted by timing out of the
T16 timer.

When T16 is enabled, a value of (TC16H * 256) + TC16L is loaded, and T16_OUT is
switched to its initial value (CTR1, bit O)vhen T16 counts down to 0, T16 _OUT is

toggled (in NORMAL or PING-PONG mode), amterrupt (CTR2, bitl) is generated (if
enabled), and a status bit (CTR2, bit 5) is set.Fsgare 35

Z8 LXMC Data Bus
CTR2 data bit 2

Positive Edge
||
Negative Edge l I l ) IRQ3
HI1é6 LO16
CTR2 data bits [4:3] —l T T CTR2 data bit 1
Clock 16-Bit
sclk  —»| Clock >|counterT16
Select
(TC16) T16_OUT
[ |
TC16 TC16

Z8 LXMC Data Bus {? {T

Figure 35. 16-Bit Counter/Timer Circuits

} Note: Global interrupts override this function as described inltiterruptson page 127.
If T16 is in SINGLE-PASS mode, i$ stopped at this point (s€egure 36on page 110). If
it is in MODULO-N mode, it is loaded with TC16H * 256 + TC16L, and the counting

continues (se€igure 37on page 110). You can modify the values in TC16H and TC16L
at any time. The new values tad#ect when they are loaded.

19-4572; Rev 0; 4/09 Counter/Timer Functional Blocks
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A Caution: Do not load these registers at the time the valredo be loaded o the counter/timer to
ensure known operation. An initial count of 1 is not allowed. An initial count of O causes
T16to count from O t&FFEh. Transition from O t&-FFFh is not a time-out condition.

<4—— TC16H * 256 + TC16L Counts —p

\aN Yl
Counter Enable command,; T16_OUT toggles,
T16_OUT, switches to its Time-out interrupt

initial value (CTR1 data bit 0)
Figure 36. T16_OUT in SINGLE-PASS Mode

TC16H * 256 + TC16L TC16H * 256 + TC16L
T16 OUT TC16H * 256 + TC16L o060
Counter Enable command; T16_OUT toggles, T16_OUT toggles,
T16_OUT, switches to its Time-out interrupt Time-out interrupt

initial value (CTR1 data bit 0)
Figure 37. T16_OUT in MODULO-N Mode
T16 DEMODULATION Mode
You must program TC16L and TC16HRE&h. After T16 is enabled, and the first edge

(rising, falling, or both depending on CTR1%j5:4]) is detected, T16 captures HI16 and
LO16, reloads, and begins counting.

19-4572; Rev 0; 4/09 Counter/Timer Functional Blocks
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If Bit 6 of CTR2 Is 0— When a subsequent edge (rising, falling, or both depending on
CTR1 bits [5:4]) is detected during counting, the current count in T16 is complemented
and loaded into HI16 and LO1®/hen data is captured, onetbé edge detect status bits
(CTR1, bit 1; bit 0) is set, and an interrupigenerated if enabl€TR2, Bit 2). T16 is
loaded withFFFFh and starts again. This T16 mode is generally used to measure space
time, the length of time between bursts of carrier signal (marks).

If Bit 6 of CTR2 Is 1— T16 ignores the subsequent edges in the input signal and continues
counting down. A time-out of T8 causes T1&#pture its current value and generate an
interrupt if enabled (CTR2, Bit 2). In thésise, T16 does not r@ld and continues count-

ing. If CTR2 bit 6 is toggled (by writing a Ogh a 1 to it), T16 captures and reloads on the
next edge (rising, falling, or both depending on CTRL1 bits [5:4]), continuing to ignore sub-
sequent edges. This T16 mode generally measmark time, the length of an active car-
rier signal burst.

If T16 reaches 0, T16 continues counting freRFFh. Meanwhile, a status bit (CTR2 bit
5) is set, and an interrupt time-out dagenerated, if enabled (CTR2 bit 1).

PING-PONG Mode

PING-PONGmode is only valid in TRANSMIT modd8 and T16 must be programmed

in SINGLE-PASS mode (CTRO, bit 6; CTR2, bit 6), and PING-PONG mode must be pro-
grammed in CTR1 bits [3:2]. You can begiive operation by enabling either T8 or T16
(CTRO, D7 or CTR2, D7). For exple, if T8 is enabled, T®OUT is set to this initial
value (CTR1, bit 1).

According to T8_OUT's level, TC8H or TC8& loaded into T8. Akr the terminal count

is reached, T8 is disablegind T16 is enabled. T16_OUTeih switches to its initial value
(CTR1, bit 0), data from TC16H and TC16L is loaded, and T16 starts to count. After T16
reaches the terminal count, it stops, T8 is &thhgain, repeating the entire cycle. Inter-
rupts can be allowed when T8 or T16 reaches terminal control (CTRO, bit 1; CTR2, bit 1).
To stop the PING-PONG operation, write 00 to bits CTR1 bits [3:2].Fspee 38on

page 112.

) Note: Enabling PING-PONG operatiowhile the counter/timergre running may cause
intermittent counter/timer function. Disaltlee counter/timers and reset the status flags
before instituting this operation.

19-4572; Rev 0; 4/09 Counter/Timer Functional Blocks

Downloaded from: http://www.datasheetcataloa.com/


http://www.datasheetcatalog.com/

ZLF645 Series Flash MCUs
Product Specification

MAXIMN |

12

Enable

L TC8

Enable

Time-out

{ Ping-Pong
NG

CTR1 data bits [3:2]

TC16

Time-out

Figure 38. PING-PONG Mode Diagram

Initiating PING-PONG Mode
First, ensure that both goter/timers are not running.
Follow the steps below toitiate the PING-PONG mode:
1. Set T8 into SINGLE-PASS mode (CTRO, bit 6)
2. SetT16 into SINGLE-PASS mode (CTR2, bit 6)
3. Set the PING-PONG mode (CTR1 bits [3:2])
These instructions are not consecaitand can occur in random order.

4. Finally, start PING-PONG mode by enabling either T8 (CTRO, D7) or T16 (CTR2,
D7). The initial value of T8 or T16 must not be

If you stop the timer and restart the timelpael the initial valugéo avoid an unknown
previous value.

During PING-PONG Mode

The enable bits of T8 and T16 (CTRO, ¥fR2, D7) are set and cleared alternately by
hardware. The time-out bits (CTRO, bit&TR2, bit 5) are set every time the counter/
timers reach the terminal count.

Timer Output

The output logic for thimers is displayed ifrigure 39on page 113. P34 is used to output
T8_OUT when bit 0 of CTRO is set. P35 i&ed to output the value of T16_OUT when bit

19-4572; Rev 0; 4/09 Counter/Timer Functional Blocks
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0 of CTR2 is set. When bit 6 of CTR1 set, P36 outputs the logic combination of
T8 OUT and T16_OUT via bits [4:5] of CTR1.

P34_INTERNAL — )

> MUX —» P34

|

CTRO data bit 0

T8_OUT —L )
AND/OR/NOR/NAND | P36_INTERNAL ——p]
Logic - MUX |—» P36
T16_OUT —Pp
CTR1 data bit 2 —— MUX q T
T T CTR1 data bit 6

) CTR1 data bits [5:4]
CTR1 data bit 3

P35_INTERNAL ——p

> MUX —» P35

|

CTR2 data bit 0

Figure 39. Timer Output Circuit
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Counter/Timer Registers

The following sections describe eachtloé Timer/Counter registers in detail.

Timer 8 Capture High Register

The Timer 8 Capture High register (seble 48 holds the captured data from the output
of the 8-bit Counter/Timer 0. This register contains the number of counts when the input
signal is 1.

} Note: This register is not reset after a Stop Mode Recovery.

Table 48. Timer 8 Capture High Register (HI8)

Bit 7 6 5 4 3 2 1 0
Field T8 Capture_HI

Reset 0 0 0 0 0 0 0 0
R/W R R R R R R R R
Address Bank D: 0Bh; Linear: DOBh

Bit Position Value Description

[7:0] Ohh—-FFh T8 Capture_HI —Reads return captured data. Writes have no effect.

Timer 8 Capture Low Register

The Timer 8 Capture Low register (sé&ble 49on page 115) holds the captured data
from the output of the 8-bit Counter/TimerQpically, this register contains the number
of counts when the input signal is 0.

} Note: This register is not reset after a Stop Mode Recovery.

19-4572; Rev 0; 4/09 Counter/Timer Registers
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Table 49. Timer 8 Capture Low Register (LO8)

Bit 7 6 5 4 3 2 1 0
Field T8 Capture_LO

Reset 0 0 0 0 0 0 0 0
R/W R R R R R R R R
Address Bank D: OAh; Linear: DOAh

Bit

Position Value  Description

[7:0] Ohh—FFh T8 Capture LO —Read returns captured data. Writes have no effect.

Timer 16 Capture High Register

The Timer 16 Capture High register (Sexble 50 holds the captured data from the
output of the 16-bit Counter/Timer 16. Thigyigter contains the most significant byte
(MSB) of the data.

} Note: This register is not reset after a Stop Mode Recovery.

Table 50. Timer 16 Capture High Register (HI16)

Bit 7 6 5 4 3 2 1 0
Field T16_Capture_HI

Reset 0 0 0 0 0 0 0 0
R/W R R R R R R R R
Address Bank D: 09h; Linear: DOSh

Bit Position  Value  Description

[7:0]

Ohh—-FFh T16_ Capture_Hl—Read returns captured data. Writes have no effect.

19-4572; Rev 0; 4/09 Counter/Timer Registers
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Timer 16 Capture Low Register

The Timer 16 Capture Low register (Sksble 5) holds the captured data from the
output of the 16-bit Counter/Timer 16. Thisgister contains the least significant byte
(LSB) of the data.

} Note: This register is not reset after a Stop Mode Recovery.

Table 51. Timer 16 Capture Low Register (LO16)

Bit 7 6 5 4 3 2 1 0
Field T16_Capture_LO

Reset 0 0 0 0 0 0 0 0
R/W R R R R R R R R
Address Bank D: 08h; Linear: D08h

Bit Position Value  Description
[7:0] Ohh-FFh T16_ Capture LO —Read returns captured data. Writes have no effect.

Counter/Timer 16 High Hold Register

The Counter/Timer 16 High Hold register (skble 53 contains the high byte of the
value loaded into the T16 timer.

} Note: This register is not reset after a Stop Mode Recovery.

Table 52. Counter/Timer 16 High Hold Register (TC16H)

Bit 7 6 5 4 3 2 1 0
Field T16_Data_HI

Reset 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank D: 07h; Linear: DO7h

Bit Position  Value  Description
[7:0] Ohh—FFh T16 Data HI—Read/Write Data.

19-4572; Rev 0; 4/09 Counter/Timer Registers
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Counter/Timer 16 Low Hold Register

The Counter/Timer 16 lw Hold register (se&able 53 contains the low byte of the value
loaded into the T16 timer.

} Note: This register is not reset after a Stop Mode Recovery.

Table 53. Counter/Timer 16 Low Hold Register (TC16L)

Bit 7 6 5 4 3 2 1 0
Field T16_Data_LO

Reset 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank D: 06h; Linear: DO6h

Bit Position  Value Description
[7:0] Ohh—FFh T16_ Data LO—Read/Write Data.

Counter/Timer 8 Hi gh Hold Register

The Counter/Timer 8 High Hold register (seble 54 contains the value to be counted
while the T8 output is 1.

} Note: This register is not reset after a Stop Mode Recovery.

Table 54. Counter/Timer 8 High Hold Register (TC8H)

Bit 7 6 5 4 3 2 1 0
Field T8_Level_HI

Reset 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank D: 05h; Linear: DO5h

Bit Position Value  Description
[7:0] Ohh—FFh T8 Level HI—Read/Write Data.

19-4572; Rev 0; 4/09 Counter/Timer Registers
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Counter/Timer 8 Low Hold Register

The Counter/Timer 8 Low Hold register (sézble 59 contains the value to be counted
while the T8 output is 0.

} Note: This register is not reset after a Stop Mode Recovery.

Table 55. Counter/Timer 8 Low Hold Register (TC8L)

Bit 7 6 5 4 3 2 1 0
Field T8 Level LO

Reset 0 0 0 0 0 0 0 0
R/W Bank D: 04h; Linear: DO4h

Address R/W R/W R/W R/W R/W R/W R/W R/W

Bit Position Value Description
[7:0] Ohh—FFh T8 Level LO—Read/Write Data.

19-4572; Rev 0; 4/09 Counter/Timer Registers
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Counter/Timer 8 Control Register

The Counter/Timer 8 Gurol register (se&able 56 controls the timer function of the
T8 timer.

A Caution: Writing 1 to CTRO[5] is the only way to régbe Terminal Count status condition. Reset

this bit before using/abling the counter/timers.

You must be careful when using the OR or AND commands to manipulate CTRO, bit 5 and
CTR1, bits 0 and 1 (DEMODULATION Mod@hese instructions use a Read-Modify-
Write sequence in which the current status fttmmCTRO and CTR1 registers is ORed or
ANDed with the designated valuedainen written back into the registers.

Example: When the status of bit 5 is 1, a timer reset condition occurs.

Table 56. Counter/Timer 8 Control Register (CTRO)

Bit 7 6 5 4 3 2 1 0
SINGLE-

T8 _Enable PASS/ Time_Out | T8 Clock | Capture INT_Mask [Counter INT_Mask| P34 Out
Field MODULO-N
Reset 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W |R/W R/W R/W R/W
Address Bank D: 00h; Linear: DOOh
19-4572; Rev 0; 4/09 Counter/Timer Registers
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Bit Position Value

Description

[7]

—_

T8_Enable— Disable/enable the T8 counter. (Note: This register bit duplicates
the function of register bit 6 of the CTR3 register).

Disables the T8 counter if bit 6 of the CTRS3 register is also 0.
Enables the T8 counter if bit 6 of the CTRS3 register is also 0 and has no effect if
the T8 counter is already enabled by bit 6 of the CTR3 register being 1.

(6]

SINGLE-PASS/MODULO-N

MODULO-N mode. Counter reloads the initial value when terminal count is
reached.
SINGLE-PASS mode. Counter stops when the terminal count is reached.

[3]

Time_Out —This bit is set when the T8 terminal count is reached.

No counter time-out occurred.
Counter time-out occurred.

No effect.
Reset flag to 0. Software must reset this flag before using counter/timers.

[4:3]

00
01
10
11

T8 _Clock —Select the T8 input clock frequency.These bits are not reset upon
Stop Mode Recovery.

SCLK

SCLK + 2
SCLK +4
SCLK + 8

(2]

—_

Capture_INT_Mask —Disable/enable interrupt when data is captured into either
LO8 or HI8 on a positive or negative edge detection in DEMODULATION mode.
This bit is not reset upon Stop Mode Recovery.

Disable data capture interrupt.
Enable data capture interrupt.

(1]

Counter_INT_Mask —Disable/enable T8 time-out interrupt. This bit is not reset
upon Stop Mode Recovery.

Disable time-out interrupt.
Enable time-out interrupt.

[0]

N

P34_Out—Select normal I/O or T8 output function for Port 3, pin 4.

P34 as port output.
T8 output on P34.

19-4572; Rev 0; 4/09
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T8 and T16 Common Functions Register

} Note:

The T8 and T16 Common Functions regig@fR1) controls the functions in common
with Timer 8 and Timer 16lable 57describes the bits for this register.

Be careful to differentiate TRANSMIT mode from DEMODULATION mode, as set by
CTR1][7]. The functions of CTR1[6:0] ar@TR2[6] are different depending on which
mode is selected. Do not change from one mode to another without first disabling the
counter/timers.

Table 57. Timer 8 and Timer 16 Common Functions Register (CTR1)

Bit 7 6 5 4 3 2 1 0
P36 Out T8/T16 Logic/ | Transmit Submode/ | ™tal TMer8 |y ol Timer 16 Out
Mode|  Demodulator | 4.0 petect Glitch Filter Ouy Falling Edge
Field Input 9 Rising Edge 9 =g
Reset 0 0 0 0 0 0 0 0
R/W R/W R/W R/W | RIW R/W R/W R/W R/W
Address Bank D: 01h; Linear: DO1h
Bit Position Value Description
[7:0] Mode—Selects the timer mode for signal transmission or demodulation.
0 TRANSMIT mode.
1 DEMODULATION mode.
[6] TRANSMIT Mode
P36 Out—Select normal I/O or timer output on Port 3, Pin 6.
0 P36 acts as normal 1/O port output.
1 P36 acts as combined Timer 8/Timer 16 output.
DEMODULATION Mode
Demodulator Input—Select Port 2, Pin 0 or Port 3, Pin 1 as the counter/timer
input.
0 P31 acts as the demodulator input. If IMR[2] = 1, a P31 event can also generate
an IRQ1 interrupt. To prevent this, clear IMR[2] or select P20 as input instead.
1 P20 acts as the demodulator input.
19-4572; Rev 0; 4/09 Counter/Timer Registers
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Bit Position Value

Description

[5:4] TRANSMIT Mode

T8/T16 Logic—Defines how the Timer 8/Timer 16 outputs are combined logically.
These bits are not reset upon Stop Mode Recovery.

00 Output is T8 AND T16.

01 Output is T8 OR T16.

10 Output is T8 NOR T16.

11 Output is T8 NAND T16.
DEMODULATION Mode
Edge Detect—Define the behavior of the edge detector.

00 Falling edge detection.

01 Rising edge detection.

10 Falling and rising edge detection.

11 Reserved.

[3:2] TRANSMIT Mode

Submode Selection—Select NORMAL or PING-PONG mode operation, or force
T16 output. When these bits are written to 00b (NORMAL mode) or 01b
(PING-PONG mode), T16_OUT assumes the opposite state of bit CTR1[0] until
the timer begins counting.

00 Normal operation. Writing 00 terminates PING-PONG mode, if it is active.

01 PING-PONG mode.

10 Force T16_OUT =0

11 Force T16_OUT =1
DEMODULATION Mode
Glitch Filter—Define the maximum glitch width to be rejected by the
counter/timer.

00 No filter.

01 4 SCLK cycle filter.

10 8 SCLK cycle filter.

11 Reserved.

19-4572; Rev 0; 4/09
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Bit Position Value Description
[11 TRANSMIT Mode
Initial Timer 8 Out—Select the initial T8_OUT state when Timer 8 is enabled.
While the timer is disabled, the opposite state is asserted on the pin to ensure
that a transition occurs when the timer is enabled. Changing this bit while the
counter is enabled can cause unpredictable output on T8 _OUT.
0 T8_OUT transitions from High to Low when Timer 8 is enabled.
1 T8_OUT transitions from Low to High when Timer 8 is enabled.
DEMODULATION Mode
Rising Edge—Indicates whether a rising edge was detected on the input signal.
Write 1 to this flag to reset it.
Read
0 No rising edge detection.
1 Rising edge detection.
Write
0 No effect.
1 Reset flag to 0.
[0] TRANSMIT Mode
Initial Timer 16 Out—In NORMAL or PING-PONG mode, this bit selects the initial
T16_OUT state when Timer 16 is enabled. While the timer is disabled, the
opposite state is asserted on the pin to ensure that a transition occurs when the
timer is enabled. Changing this bit while the counter is enabled can cause
unpredictable output on T16_OUT.
0 If CTR1[3]=0, T16_OUT transitions from High to Low when Timer 16 is enabled.
1 If CTR1[3]=0, T16_OUT transitions from Low to High when Timer 16 is enabled.
DEMODULATION Mode
Falling Edge—Indicates whether a falling edge was detected on the input signal.
Write 1 to this flag to reset it.
Read
0 No falling edge detection.
1 Falling edge detection.
Write
0 No effect.

Reset flag to 0.

19-4572; Rev 0; 4/09
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Counter/Timer 16 Control Register

Table 58describes the bits foéhe Counter/Timer 16 Gurol register (CTR2).

Table 58. Counter/Timer 16 Control Register (CTR2)

Bit

7

6 5 4 3 2 1 0

Field

T16_Enable

Single/ Capture_INT |Counter_INT

Modulo-N | T'me-Out _Mask _Mask

T16 _Clock P35_Out

Reset

0

0 0 0 0 0 0 0

R/W

R/W

R/W R/W R/W | R/W R/W R/W R/W

Address

Bank D: 02h; Linear: D02h

Bit Position

Value

Description

[7]

T16_Enable —Disable/enable the T16 counter. (Note: This register bit
duplicates the function of register bit 7 of the CTR3 register).

Disables the T16 counter if bit 7 of the CTR3 register is also 0.

Enables the T16 counter if bit 7 of the CTR3 register is also 0 and has no
effect if the T16 counter is already enabled by bit 7of the CTR3 register being
1.

(6]

TRANSMIT Mode (CTR1[7]=0)

Single/Modulo-N—Selects Timer 16 terminal count action.
MODULO-N mode. T16 reloads the initial value when terminal count is
reached.

SINGLE-PASS mode. T16 stops when the terminal count is reached.

DEMODULATION Mode (CTR1[7]=1)
Enable single-edge capture. See T16 DEMODULATION Mode on page 110.

Timer 16 captures and reloads on all edges.
Timer 16 captures and reloads on first edge only.

(3]

Time_Out —This bit is set when the T16 terminal count is reached.

Time_Out—This bit is set when the T16 terminal count is reached.
No counter time-out occurs.
Counter time-out occurred.

No effect.
Reset flag to 0. Software must reset this flag before using counter/timers.

19-4572; Rev 0; 4/09
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Bit Position Value  Description
[4:3] T16 _Clock —Select T16 input clock frequency. These bits are not reset upon Stop
Mode Recovery.
00 SCLK
01 SCLK +2
10 SCLK +4
11 SCLK + 8
[2] Capture_INT_Mask —Disable/enable interrupt when data is captured into
either LO16 or HI16 upon a positive or negative edge detection in
DEMODULATION mode. This bit is not reset upon Stop Mode Recovery.
0 Disable data capture interrupt.
1 Enable data capture interrupt.
[1] Counter_INT_Mask —Disable/enable T16 time-out interrupt.
0 Disable T16 time-out interrupt.
1 Enable T16 time-out interrupt.
[0] P35 Out—Select normal I/0O or T8 output function for Port 3, Pin 5.
0 P35 as port output.

P35 is T16 output.

Timer 8/Timer 16 Control Register

The Timer 8/Timer 16 Counter/Timer registlows the start time of the T8 and T16
counters to be synchronized by simultaneoustg@mming bits 7 and 6 to ‘1’. It also can
freeze the T16 output value and changeDEBVODULATION mode tocapture one cycle
of a carrierTable 59briefly describes the bifer this Bank D register.

19-4572; Rev 0; 4/09
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Table 59. Timer 8/Timer 16 Control Register (CTR3)

Bit 7 6 5 4 3 1
T16_Out T8

Field T16_Enable | T8 Enable Sync_Mode Disable | Demodulate Reserve

Reset 0 0 0 0 0 X

R/W R/W R/W R/W R/W R/W —

Address Bank D: 03h; Linear: DO3h

Bit Position  Value  Description

[7] T16_Enable —Disable/enable the T16 counter. (Note: This register bit
duplicates the function of register bit 7 of the CTR2 register).

0 Disables the T16 counter if bit 7 of the CTR2 register is also 0.

1 Enables the T16 counter if bit 7 of the CTR2 register is also 0 and has no effect
if the T16 counter is already enabled by bit 7of the CTR2 register being 1.

[6] T8_Enable —Disable/enable the T8 counter. (Note: This register bit duplicates
the function of register bit 7of the CTRO register).

0 Disables the T8 counter if bit 7of the CTRO register is also 0.

1 Enables the T8 counter if bit 7of the CTRO register is also 0 and has no effect if
the T8 counter is already enabled by bit 7of the CTRO register being 1.

[5] Sync_Mode —When enabled, the first pulse of Timer 8 (the carrier) is always
synchronized with Timer 16 (the demodulated signal). It can always provide a
full carrier pulse. This bit is not reset upon Stop Mode Recovery.

0 Disable SYNC mode.

1 Enable SYNC mode.

[4] T16_Out Disable —Set this bit to disable toggling of the Timer 16 output. Time-
out interrupts are still generated. This bit is not reset upon Stop Mode Recovery.

0 T16 toggles normally.

1 T16 toggle is disabled.

[3] T8 Demodulate —(Capture one cycle) This bit is not reset upon Stop Mode
Recovery.

0 T8 captures events normally.

1 T8 becomes active on the third edge, captures events on the fourth and fifth
edges, and generates an interrupt on the fifth edge. After a T8 time-out the
event count resets to 0 and the fourth and fifth edges are captured again.

[2:0] — Reserved —Always reads 111b. Must be written to 1.

19-4572; Rev 0; 4/09
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Interrupts

The ZLF645 MCU features six interrupts (Seble 61on page 129). These interrupts are
maskable and foritized (sed-igure 40on page 128).

The six interrupt sources are divided as follows:

® Three sources are claimed by Port 3 lines P33:P31
®* Two by the counter/timers (s@able 6)

®* One for low-voltage detection

P32 and UART receiver share the same interrupt. Only one interrupt can be selected as a
source. When the UART receiver is enable8 i3 no longer used as an interrupt source.

The UART transmit interrupt and UART baudeganterrupt use the same interrupt as the

P33 interrupt. The user selects which souriggérs the interrupt. When bit 7 of UCTL is

1, the UART transmit interrupt is the sour@éhen bit 7 of UCTL is 0 and bit 5 of UCTL

is 1, the BRG interrupt is selected. Tingerrupt Mask Registgglobally or individually)

enables or disables the six interrupt requédte. source for IRQ1 is determined by bit 1

of the Port 3 Mode register (P3M) and bit 4 of the SMR4 register.

If P3M[1]=0 (DIGITAL mode) and SMRA4[K-0, pin P33 is the IRQ1 source.

If PSM[1]=1 (ANALOG mode) or SMR4[4]=1 (SMR interrupt @bled), the output of the
Stop Mode Recovery source logic is usethassource for the inteupt. For more details,
seeStop Mode Recovery Interruph page 144.

Table 60. Interrupt Control Registers

Address (Hex)

12-Bit Bank  8-Bit Register Description Mnemonic Reset Page No

0F9 All F9 Interrupt Priority Register IPR XXh 130
OFA All FA Interrupt Request Register IRQ 00h 131
OFB All FB Interrupt Mask Register IMR OXXX_XXXXb 133
19-4572; Rev 0; 4/09 Interrupts
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P33 Stop Mode Recovery Source

\0_|_1H P3M[1] OR SMR4[4]

UART BRG Interrupt

UCTL bits 7, 6,and 0 = 001

UART Ty
P31 \* 1/ UCTL bits 5and 7 = 11
—»| Interrupt Edge Timer 16 Timer 8 Low-Voltage
Select Detection
IRQ2 IRQO IRQ1 IRQ3 IRQ4 IRQ5
Interrupt Request
o0 e o D—
Interrupt Mask
Register
4
Interrupt Priority
Global Register
Interrupt
Enable l
Interrupt — o .
Request ® Priority Logic

l

Vector Select

Figure 40. Interrupt Block Diagram
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Table 61. Interrupt Types, Sources, and Vectors

Vector Location

Name  Source (Program Memory) Comments

IRQO P32, UART Rx 0,1 External (P32), Rising, Falling
Edge Triggered

IRQ1 P33, UART Tx, BRG, 2,3 External (P33), Falling Edge

SMR Event Triggered

IRQ2 P31 4,5 External (P31), Rising, Falling
Edge Triggered

IRQ3 Timer 16 6,7 Internal

IRQ4 Timer 8 8,9 Internal

IRQ5 Low-Voltage Detection 10, 11 Internal

When more than one interrupt is pendipgiorities are resolved by a programmable
priority encoder controlled by theterrupt Priority RegisterAn interrupt machine cycle
activates when an interrupt request is grdnfes a result, all subsequent interrupts are
disabled, and the Program Counter and Stalaugs are saved. Theatg then branches to
the Program Memory vector location reserved for that interrupt.

All ZLF645 MCU interrupts are vectored thrdugpcations in the Program Memory. This
memory location and the next byte contttie 16-bit address of the interrupt service
routine for that particulainterrupt request. To accommodate polled interrupt systems,
interrupt inputs are masked, and théerrupt Request Registés polled to determine
which of the interrupt requests require service.

An interrupt resulting from AN1 is mappedtanlRQ2, and an interrupt from AN2 is
mapped into IRQO. Interrupts IRQ2 and IRQ&n be rising, falling, or both edge
triggered. These interrupts are user-programmable. The software can poll to identify the
state of the pin.

19-4572; Rev 0; 4/09 Interrupts
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Programming bits for the InteptEdge Select are located in the IRQ register (R250),
bit 6 and bit 7Table 62provides the configuration.

Table 62. Interrupt Request Register

IRQ Bit Interrupt Edge

7 6 IRQ2 (P31) IRQO (P32)
0 0 F F

0 1 F R

1 0 R F

1 1 R/F R/F

Note: F = Falling Edge; R = Rising Edge.

Interrupt Priority Register

The Interrupt Priority register (sd@ble 63 defines which interrupt holds the highest
priority. Interrupts are divided into three groups of two—Group A, Group B, and Group C.

IPR bits 4, 3, and 0 determimdnich interrupt group has prity. For example, if interrupts
IRQ5, IRQ1, and IRQO occwimultaneously when IPR[4@3=001b, the interrupts are
serviced in the followingrder: IRQ1, IRQO, IRQ5.

IPR bits 5, 2, and 1 determine which interrupt within each group has higher priority.

Table 63. Interrupt Priority Register (IPR)

Bit 7 6 5 4 3 2 1 0
Reserved Group A Group Priority GroupB | Group C Group Priority
Field Priority [2:1] Priority Priority [0]
Reset X X X X X X X X
R/W — w w w w w
Address Bank Independent: F9h; Linear: OFSh
Bit Position  Value Description
[7:6] — Reserved
Reads are undefined; writes must be 00b.

[5] Group A Priority (IRQ3, IRQ5)

0 IRQ5 > IRQ3

1 IRQ3 > IRQ5

19-4572; Rev 0; 4/09
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Bit Position  Value Description

{[4:3], [O]} Group Priority
000 Reserved
001 C>A>B
010 A>B>C
011 A>C>B
100 B>C>A
101 C>B>A
110 B>A>C
11 Reserved

[2] Group B Priority (IRQO, IRQ2)
IRQ2 > IRQO
IRQO > IRQ2

[1] Group C Priority (IRQ1, IRQ4)
IRQ1 > IRQ4
IRQ4 > IRQ1

- O

- O

Interrupt Request Register

Bit 7 and Bit 6 of the Inteupt Request register (séable 64 are used to configure the
edge detection of the interrupts for Port 3, bit 1 and Port 3, bit 2. The remaining bits (5
through 0) indicate the status of the interrupt. When an interrgptyiced, the hardware
automatically clears the bit to 0. Writing 1doy of these bits generatan interrupt if the
appropriate bits in the Interrupt Mask registee enabled. Writing O to these bits clears
the interrupts.

Table 64. Interrupt Request Register (IRQ)

Bit 7 6 5 4 3 2 1 0
Field Interrupt Edge IRQ5 IRQ4 IRQ3 IRQ2 IRQ1 IRQO
Reset 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank Independent: FAh; Linear: OFAh

Bit Position  Value Description

[7:6] Interrupt Edge
00 P31 P32)
01 P31l p32?T
10 P31T P32l
11 P31 P32Tl

19-4572; Rev 0; 4/09 Interrupt Request Register
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Bit Position  Value Description

[5] Read IRQ5 (Low-Voltage Detection)
0 Interrupt did not occur.
1 Interrupt occurred.
Write

0 Clear interrupt.
1 Set interrupt.

[4] Read IRQ4 (T8 Counter)
0 Interrupt did not occur.
1 Interrupt occurred.
Write

0 Clear interrupt.
1 Set interrupt.

[3] Read IRQ3 (T16 Counter)
0 Interrupt did not occur.
1 Interrupt occurred.
Write

0 Clear interrupt.
1 Set interrupt.

[2] Read IRQ2 (Port 3 Bit 1 Input)
0 Interrupt did not occur.
1 Interrupt occurred.
Write
0 Clear interrupt.
1 Set interrupt.
[1] Read IRQ1 (Port 3 Bit 3 Input/SMR Event/UART T y/UART BRG)
0 Interrupt did not occur.
1 Interrupt occurred.
Write
0 Clear interrupt.
1 Set interrupt.
[0] Read IRQO (Port 3 Bit 2 Input/UART R )
0 Interrupt did not occur.
1 Interrupt occurred.
Write
0 Clear interrupt.

1 Set interrupt.

} Note: The IRQ register is protected from changgil an El instruction is executed once.

19-4572; Rev 0; 4/09 Interrupt Request Register
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Interrupt Mask Register

Bits [5:0] are used to enabilee interrupt. Bit 7 is the statw$ the master interrupt. When
reset, all interrupts are disabled. When wgtihto bit 7, you must also execute the El
instruction to enable interrupts (séable 63.

Table 65. Interrupt Mask Register (IMR)

Bit 7 6 5 4 3 2 1 0

Master Interrupt | Reserved | IRQ5 IRQ4 IRQ3 IRQ2 IRQ1 IRQO
Field Enable Enable | Enable | Enable | Enable | Enable | Enable
Reset 0 X X X X X X X
R/W R/W — R/W R/W R/W R/W R/W R/W
Address Bank Independent: FBh; Linear: OFBh

Bit Position Value Description

[7] Master Interrupt Enable
Use only DI and El instructions to alter this bit. Always disable interrupts (DI
instruction) before writing this register.

0 All interrupts are disabled.
1 Interrupts are enabled/disabled individually in bits [5:0].
[6] 0 Reserved
Reads are undefined; Must be written to 1.
[5] 0 Disables IRQ5.
1 Enables IRQ5.
[4] 0 Disables IRQ4.
1 Enables IRQ4.
[3] 0 Disables IRQ3.
1 Enables IRQ3.
[2] 0 Disables IRQ2.
1 Enables IRQ2.
[1] 0 Disables IRQ1.
1 Enables IRQ1.
[0] 0 Disables IRQO.
1 Enables IRQO.
19-4572; Rev 0; 4/09 Interrupt Mask Register
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Clock

ZLF645 MCUs on-chip oscillator has a highin, parallel-resonant amplifier for
connecting to a crystal, ceramic resonatoigny suitable external clock source
(XTALL = Input, XTAL2 = Output).

Crystal Specification

The crystal must be AT cut, 1 MHz to 8 MKmaximum), with a series resistance (RS)
less than or equal to 102 The on-chip osdiator can be driven wh a suitable external
clock source.

The crystal must be connected across XTAInd XTAL2 pins using the recommended
capacitors from each pin to ground. The typical capacitor value is 10 pF for 8 MHz. Check
with the crystal supplier fahe optimum capacitance.

XTAL1

XTAL1 —DO— XTAL1

C1

.

—
7

} XTAL2 — XTAL2 XTAL2
°T
Ceramic Resonator or Crystal External Clock Ceramic Resonator f = 8 MHz

C1,C2=10pF*
f=8MHz

*Note: preliminary value, including pin parasitics.

Figure 41. Oscillator Configuration

Maxim’s IR MCU supports crystal, resonator, and oscillator. Most resonators have a
frequency tolerance of less th&ad.5%, which is enough forr@mote control application.
Resonator has a very fast startup timkich is around few hundred microseconds. Most
crystals have a frequency tolerance of lggs 50 ppm (£0.005%). However, crystal
needs longer startup time than the reson@ta.large loading cap#ance slows down the
oscillation startup time. Clocksaillation must be stable before the CPU begins instruction
execution. If oscillation is not present or not &dtefore the chip completes timeout of its
Power-On Reset (POR) period, the chip’s behavior could be indeterminate.
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Maxin®® recommends not to use more than 10 pF loading capacitor for the crystal. If the
stray capacitance of the PCB or the crygaiigh, the loadingapacitance C1 and C2
must be reduced furthéo ensure stable oflation before the g (POR time is typically

5-6 ms. For more details, séable 81on page 169.).

For Stop Mode Recovery operation, bit 5SMR register allows you to select the Stop
Mode Recovery delay, which is thedg If Stop Mode Recovery delay is not selected, the
MCU executes instruction immediately after it wakes up from the STOP mode. If
resonator or crystal is used as a clock sotirea STOP mode recovery delay needs to be
selected (Bit 5 of SMR = 1).

For both resonator and crystal oscillator, tseillation ground must go directly to the
ground pin of the microcontroller. The oscillation ground must use the shortest distance
from the microcontroller ground pin and it must be isolated from other connections.

Crystal 1 Oscillator Pin (XTAL1)

The Crystal 1 Oscillator timbased input pin connects arplel-resonantrystal or
ceramic resonator to the on-chip oscillator ingdditionally, an ogional external single-
phase clock can be connected to the on-chip oscillator input.

Crystal 2 Oscillator Pin (XTAL2)

The Crystal 2 Oscillator timbased output pin connectgarallel-resonant crystal or
ceramic resonant to tlen-chip oscillator output.

Internal Clock Signals (SCLK and TCLK)

The CPU and internal peripherals are dribgrthe internal SCLK signal during normal
execution. During HALT modehe interrupt logic is driveby the internal TCLK signal.
The frequency of these signalith respect to the XTAL1 cldcinput is selectable either

by programming bit 2 of the Flash’s User Option Byte 1 for no division of the XTAL1
signal input, dividing it by a factor of two, and optionally by applying an additional
divide-by-16 prescaler enabled through SMR register bit OT@kle 69on page 146), as
displayed inFigure 42 Selecting the divide-by-16 prescaler reduces device power draw-
during normal operation and HALT mode. & prescaler is disabled by a POR or Stop
Mode Recovery.

19-4572; Rev 0; 4/09 Crystal 1 Oscillator Pin (XTAL1)
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User Option
Byte 1, Bit #2 SMB[O]
i 0
i o i
9 L SCLK
N\. TCLK
16 —e
OSC 2 —e 1
1

Figure 42. SCLK/TCLK Circuit
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Reset and Power Management

} Note:

The ZLF645 MCU provides the lfowing reduced-power mas$, power monitoring, and
reset features:

Voltage Brownout Standby—Stops the oscillator and imteal clock when the power
level drops below the VBO low voltage detgoint. Initiates a power-on reset when
power is restored above the VBO detect point.

STOP Mode—Stops the clock and oscillator,duces the MCU supply current to a
very low level until a power-on reset Stop Mode Recovery occurs.

HALT Mode —Stops the internal clock to the CPU until an enabled interrupt request
is received.

Voltage Detectior—Optionally sets a flag if a low- or high-voltage condition occurs.
The low-voltage detection flag can gesite an interrupt request, if enabled.

Power-On Reset-Starts the oscillator and internal clock, and initiedi the system to
its power-on reset defaults.

Watchdog Timer—Optionally generates a Power-On Reset if the program fails to
execute the WDT instruction witha specified time interval.

Stop Mode Recovery—Restarts the oscillator and intafrclock, and initializes most
of the system to its power-on reset defaubsme register values are not reset by a
Stop Mode Recovery.

For supply current valuesnder various conditions, s&C Characteristicen page 165.

Figure 43on page 138 displays the Power-On Reset soufabk 66lists control
registers for reset and power management feat@ome features are affected by registers
described in other chapters.

Table 66. Reset and Power Management Registers

Address (Hex)

12-Bit Bank 8-Bit Register Description Mnemonic Reset Page No

DOC D oC Low-Voltage Detection Register LVD 1111_1000b 140
FOA F 0A Stop Mode Recovery Register 4 SMR4 XXX0_0000b 156
FOB F 0B Stop Mode Recovery Register SMR 0010_0000b 146
FOC F oC Stop Mode Recovery Register 1 SMR1 00h 150
FOD F 0D Stop Mode Recovery Register 2 SMR2 X0X0_00XXb 152

19-4572; Rev 0; 4/09
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Table 66. Reset and Power Management Registers (Continued)

Address (Hex)

12-Bit Bank 8-Bit Register Description Mnemonic Reset Page No
FOE F OE Stop Mode Recovery Register 3 SMR3 X0h 155
FOF F OF Watchdog Timer Mode Register WDTMR 0000_1101b 142

’ > O 5-Clock S Dox
CLR2*
Filter 18-Clock Reset RESET
RESET Generator
\[ Internal
XTAL /s RESET
g Active
High
WDT TAP Select
POR/WDT 1 2 3 4
Internal
RC CLK WDT/POR Counter Chain
Oscillator
CLR1
Low Operating
Vpp Voltage Detection
VBO
WDT VDD
12 ns
Glitch Filter 1
From 0
Stop Mode —
Recovery I
I
SMRJ[5] ]
——— -
CLR1 and CLR2 enable the WDT/POR and 18 Clock Reset timers, respectively, on a Low-to-High input transition.
Figure 43. Resets and Watchdog Timer
19-4572; Rev 0; 4/09 Reset and Power Management
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Voltage Brownout Standby

An on-chip voltage comparatorcuit (VBO) checks that the pf is at the required level
for correct operation of the device in teyrof Flash memory reads. A second on-chip
comparator circuit (subVBO) checks that thgpMevel is high enough for proper opera-
tion of the VBO circuit. If the Y level drops below the VBO trip point, the ZLF645 will
be held in a reset state as long gg,Vemains below this tripoint value, and the XTAL1
and XTALZ2 oscillator circuitry will be disded thereby stopping the clock input to the
ZLF645 and saving power. If thepy level continues to drop below the subVBO trip
point, the ZLF645 will remain in a reseatd and the VBO comparator circuit will be
disabled for further power savings. Whee thower level returns to a value above the
VBO trip point, the device performspmwer-on reset and functions normally.

STOP Mode

STOPiInstruction turns OFF the internal clock and external crystzillation, thus reduc-
ing the MCU supply current to a very lowtd. For STOP mode current specifications,
seeTable 80on page 165.

To enter STOP mode, first flush the instrantpipeline to avoid suspending execution in
mid-instruction. Execute BOP instruction (OpCode EFh) immediately before the
appropriate sleep instruction, as given below:

FF NOP ; Clear the pipeline
6F STOP ; enter STOP mode

STOP mode is terminated only by a reset, @xWDT time-out, POR, or one of the Stop
Mode Recovery events as describe®iop Mode Recovery Event Souraas page 144.
This condition causes the processorgstart the application program at addi@s¥Ch.

Unlike a normal POR or WDT reset, a Stop Mode Recovery reset does not reset the
contents of some registers and bits. Regisitsrnot reset by a Stop Mode Recovery are
highlighted in grey in the register tables. Retgi bit SMR[7] is set to 1 by a Stop Mode
Recovery.

HALT Mode

HALT instruction turns off the internal CPclock, but not the XTAL oscillation.

The counter/timers, UART, and interruptRQO0, IRQ1, IRQ2, IRQ3, IRQ4, and IRQ5)
remain active. The devices are recovered Brinpts, either exteatly or internally
generated. An interrupt requesust be executed (enab)ed exit HALT mode. After the
interrupt service routine, ¢hprogram continues from tiestruction after HALT mode.

19-4572; Rev 0; 4/09 Voltage Brownout Standby

Downloaded from: http://www.datasheetcataloa.com/


http://www.datasheetcatalog.com/

ZLF645 Series Flash MCUs
Product Specification

MAXIMN |

40

To enter HALT mode, first flush the instruatigipeline to avoid suspending execution in
mid-instruction. Execute HOP instruction (OpCode EFh) immediately before the
appropriate sleep instruction, as given below:

FF NOP
7F HALT

; Clear the pipeline
; enter HALT mode

Power consumption during HALMode can be reduced fiyst setting SMR[0]=1 to
enable the divide-by-16 clock prescaler.

Voltage Detection

} Note:

The Low-Voltage Detection register (LVD, regist®Ch at the expanded register bank
0Dh) provides an option to monitor the;4 voltage. The voltage detection is enabled
when bit O of LVD register is set. f&r voltage detection is enabled, thgpvevel is
monitored in real time. The HVD flag (k2 of the LVD register) is set only if pf is
higher than Y,yp The LVD flag (bit 1 of the LVD register) is set only ifp¥ is lower

than the Yy p. When voltage detection is enabléug LVD flag also triggers IRQ5.

The IRQ bit 5 latches the low voltage conditiomtil it is cleared by instructions or reset.
The IRQ5 interrupt is served if it is enabled in the IMR register. Otherwise, bit 5 of IRQ
register is latched as a flag only.

Do not modify register PO1M while checgia low voltage condition. Switching noise
from Port O can trigger the LVD flag.

Table 67. Low-Voltage Detection Register (LVD)

Bit 7 6 5 4 3 2 1 0
High-Battery | Low-Battery Voltage

Field Reserved Detect Detect Detect Enable

Reset 1 1 1 1 1 0 0 0

R/W R R R R R R R R/W

Address Bank D: OCh; Linear: DOCh

Bit Position Value  Description

[7:3] — Reserved—Reads 11111b. Must be written to 1.

(2]

0 HVD clear.
1 High-voltage detected (Vpp>Vhyp)

19-4572; Rev 0; 4/09
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Bit Position Value  Description
[1] 0 LVD clear.

1 Low-voltage detected (Vpp<Vyyp)
[0] 0 Voltage detection disabled.

1 Voltage detection enabled.

Power-On Reset Timer

When power is initially applied to the device, a timer circuit clocked by a dedicated
on-board RC-oscillator provides the POR timanction. The POR timer circuit is a one-
shot timer that keeps the internadeesignal asserted long enough fgyp\and the
oscillator circuit to stabilize befe instruction execution begins.

The reset timer is triggered by one the following conditions:
® |nitial power-on or recoverfrom a VBO/standby condition.
®* Stop Mode Recovery (if register bit SMR[5] = 1).

®* Watchdog Timer time-out.

SMR([5] can be cleared to 0 to bypass the POR timer on a Stop Mode Recovery. This must
only be done when using an external clock that does not require a startup delay.

A Caution: Failure of an application to provide a staldecillating clock input to XTAL1 before the
end of the ZLF645's POR perioday result in an indetermée chip behavior and must
be avoided. For details othe POR timing range, sé@ble 81on page 169 in the
Electrical Characteristioshapter.

Watchdog Timer

The Watchdog Timer (WDT) is a retriggeratiine-shot timer that resets the Z8 LXMC
CPU if it reaches its terminal count. The Winust initially be eabled by executing the
WDT instruction. On subsequent exeouns of the WDT instruction, the WDT is

refreshed. The WDT circuit is driven by an on-board RC-oscillator. The WDT instruction
affects the Zero (Z), Sign }Sand Overflow (V) flags.

The POR clock source is amternal RC-oscillator. Bits 0 and 1 of the WDT register
control a tap circuit that determines timénimum time-out period. Bit 2 determines
whether the WDT is active during HALT, and B determines WDT activity during STOP
mode. Bits 4 through 7 are reserved (Balele 68on page 142). This register is accessible
only during the first 60 processor cycles (2ZDAL clocks) from the execution of the first
instruction after power-on reset, watchdogdirReset, or a Stop Mode Recovery (Sast
Stop Mode Recove)yAfter this point, the register oaot be modified by any means. The

19-4572; Rev 0; 4/09 Power-On Reset Timer
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WDTMR register cannot be read. The register is located in Bank F of the Expanded Reg-

ister G

roup at address locatioRh.

This register is not reset after a Stop Mode Recovery.

Table 68. Watchdog Timer Mode Register (WDTMR)

Bit 7 6 5 4 3 2 1 0
— Time-Out Select WDT During STOP | WDT During HALT | Time-Out Select
Field Mode Mode
Reset 0 0 0 0 1 1 0 1
R/W w w w w w w w w
Address Bank F: OFh; Linear: FOFh
Bit Position  Value Description
[7] — Reserved —Reads are undefined; must write 0000.
[3] WDT During STOP Mode —Determines if WDT is active during STOP mode.
0 Off.
1 WDT active during STOP mode.
[2] WDT During HALT Mode —Determines if WDT is active during HALT mode.
See Figure 43 on page 138.
0 Off.
1 WDT active during HALT mode.
[6:4], [1:0] Time-Out Select —Selects the WDT time period (see Note below).
000_00 5 ms minimum
000_01 10 ms minimum
000_10 20 ms minimum
000_11 80 ms minimum
001_XX 320 ms minimum
010_XX 1, 280 ms minimum
100_XX 5,120 ms minimum
} Note: Although not explicithishown above, if any two bits afd6 through 4 are programmed to

1 or if all three bits are programmed to Oeththe time-out period depends on bits 1 and 0
only as shown for the [6:4]=000 case.

Using the Watchdog Timer Asa  Stop Mode Recovery Source

As mentioned previously, timeout of the Watchdog Timer generates a chip reset that
removes the ZLF645 from STOP mode. This deatis used to configure the ZLF645 to

automatically exit STOP mode, once it is in STOP mode. This is done within a set maxi-
mum period of time based upon the Watchdog Timer timeout setting. In this way, the

19-4572; Rev 0; 4/09
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ZLF645 is configured to periodically enter and exit STOP mode until some action is nec-
essary by the application. Follow the stepWweo configure the ZLF645 for this mode
of operation:

1. Provide program code thatithin 60 processor clock cycles of the start of code exe-
cution after reset, programs bits 6 throughtband bit 1 through 0 of the Watchdog
Timer Register (WDTMR) with the time-outttieg required. Also ensure bit 3 of the
WDTMR register is ‘1’, configuring the WD for counting once abled, even with
the ZLF645 in STOP mode.

Execute the WDT instruction to etaltounting of te Watchdog Timer.

3. Include a STOP instruction after the progieode for steps 1 & 2 alve, that puts the
ZLF645 into STOP mode when @agtion is required by the ZLF645.

Once the Watchdog Timer has been enableautth the WDT instruadn it will begin
counting and continue counting even after #LF645 has entered SP mode, due to the
bit 3 of the WDTMR register being ‘1’. Ondke WDT has reached its time-out value, it
will initiate a reset condition that takes the ZLF645 out oD8Tmode. This reset condi-
tion will not cause the WDTMR register to teset and it will retain its previous program-
ming. Upon completion ahe reset the WDT will enter asdibled state and stop counting.
Execution of a new WDT instruction is necessargause the Watchddgmer to reset to
its start count state and to staounting again. It is important to note that if a time-out of
the Watchdog Timer occurs with STOP modaditive, the reset generated will cause a
reset of the WDTMR register and it will ngtain its previously programmed value. In
either case of STOP mode being activénactive during Watchdog Timer time-out, the
WDT will go to a disabled ate upon completion of reset.

Reset/Stop Mode Recovery Status

Read-only bit SMR[7]=0, if the previous reset was initiated by a Power-On Reset (includ-
ing Voltage Brownout or WDT resets). SMR[7]4fl.the previous reset was initiated by a
Stop Mode Recovery. A power-on, Voltage Browt, or WDT reset restores all registers

to their Power-On Reset defaults. A Stop M&tkxovery restores most registers to their
Power-On Reset defaults. Register bits neetéy a Stop Mode Recovery are highlighted

in grey in the register tables. Register bit SMR[7] is set to 1 instead of reset by a Stop
Mode Recovery.

Fast Stop Mode Recovery

SMRI5] can be cleared to 0 before emigrETOP mode to bypass the defaypg reset
timer on Stop Mode Recovery. Sealtage Brownout Standbgn page 139.

If SMR[5]=0, the Stop Mode Recovery sourcegnbe kept active for at least 10 input
clock periods (TpC).

19-4572; Rev 0; 4/09 Reset/Stop Mode Recovery Status
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} Note: SMR[5] must be set to 1 if using a crystal or resonator clock source. fhg delay
ote: allows the clock source to stabilize before executing instructions.

Stop Mode Recovery Interrupt

Software can set register bit SMR4[4] = 1 talele routing of Stop Mode Recovery events
to IRQ1 and to Port 3, Pin 3. In this configtion, if an IRQ1 intermot occurs, register bit
P3[3] = 0 indicates that a Stop Bl® Recovery event is occurring.

Stop Mode Recovery Event Sources

Any Port 2 or Port 3 input pin can be configured to generate a Stop Mode Recovery event,
either individually or in various logical combinations. The ZLF645 MCU provides the
following registers for Stop Mode Recovery source configuration and status:

®* SMR Register—Selects one Port 3, Pin 1-3 pin state or one of three Port 2 pin logical
combinations to generaga event when a defined O or 1 level occurs.

®* SMR1 Register—Configures one or more Port 2 input pins (0-7) to latch the latest
read or write value and generateearent when the pin state changes.

®* SMR2 Registe—Selects one of seven Port 2 and 3 pin logical combinations to
generate an event when a defined 0 or 1 level occurs.

®* SMR3 Register—Configures one or more Port 3 input pins (0-3) to latch the latest
read or write value and generateseaent when the pin state changes.

®* SMR4 Register—Enables routing of SMR events to IRQ1. Indicates whether port data
has been latched for SMR1 or SMR3 ev&onitoring, and whether the latch was on
a port read or write.

A Stop Mode Recovery event occurs if any of the sources defined in the SMR, SMR1,
SMR2, and SMR3 registers are active.

SMR Register Events

The SMR register function ismilar to the standard Stopdde Recovery feature used in
previous Z& CPU-compatible parts. Register bBMR[4:2] are set to select one of six
event modes, as displayedrigure 44on page 145. The output of the corresponding logic
is compared to the state of SMR[6]; whenytlare the same, a Stop Mode Recovery event
is generated. If SMR[4:2]=000, no event source is selected by SMR.

The state SMR[4:2]=001 is reserved and seleotsvent in this device. The logic config-
ured by the SMR register ignores any port pived are configured asutput or selected as
source pins in registers SMR1 or SMR31e SMR register is summarizedTiable 69on
page 146.
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Vee |

SMR[4:2] = 010
P31

SMR[4:2] = 011 This SMR register logic ignores any pin configured

\I\ as an output in the P2M or P3M registers or

P32 as a source in the SMR1 or SMR3 registers.

SMRI[4:2] = 100
P33

T\
To IRQ1
o7 = And PO[3]
SMR[4:2] = 101 P3M[1] OR 0e
SMR4[4] ® >
le

P27 I

SMR[4:2] = 110
P20 p—

SMR SMR1 —
P23 — —>
SMR2 —
SMR[4:2] = 111 —_— To RESET and WDT
SMR3 — Circuitry (Active Low)
P20
SMRIE] ﬁD—
Figure 44. SMR Register-Controlled Event Sources
19-4572; Rev 0; 4/09 Reset/Stop Mode Recovery Status
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Table 69. Stop Mode Recovery Register (SMR)

Bit 7 6 5 4 3 2 1 0
Stop Stop Mode Stop Stop Mode Recovery | Reset Time SCLK/TCLK

Field Flag Recovery Level Delay Source Reduction Divide-by-16

Reset 0 0 1 0 0 0 0 0

R/W R w w w w w w w

Address Bank F: OBh; Linear: FOBh

Bit Position  Value Description

[7] Stop Flag —Indicates whether last startup was power-on reset or Stop Mode
Recovery. A write to this bit has no effect.

0 Power-on reset.
1 Stop Mode Recovery.

[6] Stop Mode Recovery Level —Selects whether an SMR[4:2]-selected SMR is
initiated by a Low or High level at the XOR-gate input
(see Figure 44 on page 145).

0 Low.
1 High.

[5] Stop Delay —Controls the reset delay after recovery. Must be 1 if using a crystal

or resonator clock source.
0 Off.
1 On.

[4:2] Stop Mode Recovery Source —Specifies a Stop Mode Recovery wake-up
source at the XOR gate input (see Figure 44 on page 145). This value is not
changed by a Stop Mode Recovery. The following equations ignore any Port pin
configured as output or selected in SMR1 or SMR3.

000 No SMR register source selected.
001 Reserved.

010 P31.

011 P32.

100 P33.

101 P27.

110 Port 2 NOR 0-3.

111 Port 2 NOR 0-7.

19-4572; Rev 0; 4/09
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Bit Position ~ Value Description

[1] SMR Short Reset Time —Controls whether the devices SMR reset period is
equivalent to the RC oscillator based POR reset period or whether it depends on
the detection of XTAL1 clock oscillation.

0 Unless SMR[5]=1, the SMR reset period is equivalent to the devices
RC oscillator based POR reset period and falls in the range of 2.5 ms to 10 ms.

1 Unless SMR[5]=1, the SMR reset period falls in a range of a minimum of 2.5 ms
from chip power up or a maximum of 2.5 ms from when the XTAL1 clock reaches
a peak-to-peak amplitude of oscillation greater than 250 mV.

[0] SCLK/TCLK Divide-by-16 Select —Controls a divide-by-16 prescaler of the
internal SCLK/TCLK signal (see Internal Clock Signals (SCLK and TCLK) on
page 135). A power-on reset or Stop Mode Recovery clears this bit to 0.
0 Off.
1 On.

SMR1 Register Events

The SMRL1 register can be used to configure one or more Port 2 pins to be compared with
a written or sampled reference value and geeexrstop Mode Recovery event when the
pin state differs from the reference value.

To configure a Port 2 pin as an SMR1 event source, ensure it is configured as an input in
the P2M register, then set the corresponding SMR1 register bit. By default, a Stop Mode
Recovery event occurs when the pin’s state is zero.

After a Port 2 pin is configured as an SM&durce, any subsequent read from or write to
the P2 register latches the read or write @dar reference. A Stoplode Recovery event
occurs when the pin’s state differs from thstlreference value latched. The SMR1 source
logic is displayed ifrigure 450n page 149.

The program can read register bits SMR4[100]etermine whether the Port 2 pins trigger
a Stop Mode Recovery on a change fromlgst read value (SMR4[1:0]=01), or on a
change from the last written value (SMR4[£D]). Software can ear SMR4[1:0] to 00
to restore the default behavior (configuredspirigger when their state is 0). The SMR1
register is summarized ifable 70on page 150.
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After the following exampleode is executed, a 1 on P20 will wake the part from

STOP mode:

LD P2M, #%FF ;Set Port 2 to inputs.

SRP #%0F ;Point to expanded bank F

LD SMR1, #%01 ;Select P20 for SMR1.

SRP #%00 ;Point to bank 0

LD P2, #%00 ;Write 00h to Port 2, so the P20 reference
;value is 0, and a 1 on P20 wakes the part.

NOP

STOP

After the following example code is executed when the value of P2 is 00h, a 1 on P20
will wake the part from STOP mode:

LD P2M, #%FF ;Set ports to inputs.

SRP #%0F ;Point to expanded bank F
LD SMR1, #%01 ;Select P20 for SMR1.
SRP #%00 ;Point to bank 0
LD R6, P2 ;If a 0 is read from Port 2, the P20 reference
;value is 0, so a 1 on P20 wakes the part.
NOP
STOP
19-4572; Rev 0; 4/09 Reset/Stop Mode Recovery Status
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Individual Port 2 Pin SMR Logic, n=0-7

Bit P2M [n] 4I>O—

- A To SMR1
Bit SMR1 [n] >

—2
) e
Port 2, Pin n
Bit P2[ n] b Q

Port 2 Read/Write — |

P33

—» IRQ1
P3M[1I]IOR 0 e
SMRA4[4] ~—eo—
le
P20 Logic —— —) Register P3, bit 3
P21 Logic —
P22 Logic ___|
P23 Logic
P24 Logic | e
_ SMR1 SMR
P25 Logic —— >
P26 Logic — SMR2
. SMR3 — To RESET and WDT
P27 Logic —— Circuitry (Active Low)
Figure 45. SMR1 Register-Controlled Event Sources
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Table 70. Stop Mode Recovery Register 1 (SMR1)

Bit 7 6 5 4 3 2 1 0

P27 Stop | P26 Stop | P25 Stop | P24 Stop | P23 Stop | P22 Stop | P21 Stop | P20 Stop
Field Select Select Select Select Select Select Select Select
Reset 0 0 0 0 0 0 0 0
R/W W W W W W W W W
Address Bank F: OCh; Linear: FOCh

Bit Position Value  Description

[7] 0 P27 not selected.

1 P27 selected as an SMR source.
[6] 0 P26 not selected.

1 P26 selected as an SMR source.
[5] 0 P25 not selected.

1 P25 selected as an SMR source.
[4] 0 P24 not selected.

1 P24 selected as an SMR source.
[3] 0 P23 not selected.

1 P23 selected as an SMR source.
[2] 0 P22 not selected.

1 P22 selected as an SMR source.
[1] 0 P21 not selected.

1 P21 selected as an SMR source.
[0] 0 P20 not selected.

1 P20 selected as an SMR source.

} Note: This register is not reset after a Stop Mode Recovery.

SMR2 Register Events

The SMR2 register function is similar to tharslard Stop Mode Recovery feature used in
previous Z8 CPU-compatible parts. Registies SMR2[4:2] are set to select one of seven
event modes, as displayedrigure 46 The output of the corresponding logic is

compared to the state of SMER, when they are the same, a Stop Mode Recovery event
is generated. If SMR2[4}2000, no event source is selected by SMR2.

19-4572; Rev 0; 4/09 Reset/Stop Mode Recovery Status
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The logic configured by the SMR2 register ige@any port pins that are configured as an
output, or that are selected as source pimsegisters SMR1 or SMR3. The SMR2 register

is summarized ifable 71on page 152.

SMR2[4:2] = 000

o
[

SMR2[4:2] = 001

SMR2[4:2] = 010

il
u_

SMR2[4:2] = 011

v

SMR2[4:2] = 100

This SMR2 register logic ignores any pin configured
as an output in the P2M or P3M registers or
as a source in the SMR1 or SMR3 registers.

SMR2[4:2] = 101

J

SMR2[4:2] = 110

SMR2[4:2]

il
u,

19-4572; Rev 0; 4/09

S —

P33
To IRQ1
0 And PO[3]
P3M[1] OR '~ )
SMRA4[4] 1e
SMR  ——
SMR1 ——
—>
=111 SMR2 —_— To RESET and WDT
SMR3 — Circuitry (Active Low)

Figure 46. SMR2 Register-Controlled Event Sources
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Table 71. Stop Mode Recovery Register 2 (SMR2)

Bit 7 6 5 4 3 2 1 0
Reserved | Stop Mode Recovery | Reserved Stop Mode Recovery Reserved

Field Level 2 Source

Reset X 0 X 0 0 0 X X

R/W — w — W W W —

Address Bank F: ODh; Linear: FODh

Bit Position Value Description

[71 — Reserved —Read is undefined; write must be 0.

[6] Stop Mode Recovery Level 2
Selects whether an SMR2[4:2]-selected SMR is initiated by a Low or High level at
the XOR-gate input (see Figure 46 on page 151).

0 Low.

1 High.
[5] — Reserved —Read is undefined; Must be written to 1.
[4:2] Stop Mode Recovery Source

Specifies a Stop Mode Recovery wake-up source at the XOR gate input (see
Figure 46 on page 151). Additional sources can be selected by SMR, SMR1, and
SMR3 registers. If more than one source is selected, any selected source event
causes a Stop Mode Recovery. The following equations ignore any Port pin that
is selected in register SMR1 or configured as an output.

000 No SMR2 register source selected.

001  NAND of P23:P20.

010  NAND of P27:P20.

011 NOR of P33:P31.

100  NAND of P33:P31.

101  NOR of P33:P31, P00, PO7.

110  NAND of P33:P31, P00, PO7.

111 NAND of P33:P31, P22:P20.

[1:0] — Reserved —Read is undefined; write must be 00b.

} Note: This register is not reset after a Stop Mode Recovery.

SMR3 Register Events

The SMR3 register can be used to configure one or more of Port 3, pins 0-3 to be
compared to a written or sampled referewvalue and generate a Stop Mode Recovery
event when the pin state difs from the reference value.

19-4572; Rev 0; 4/09 Reset/Stop Mode Recovery Status
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To configure a Port 3 input pin as an SMR3 event source set the corresponding SMR3
register bit. By default, a Stop Mode Recgvevent occurs when the pin’'s state is zero.

After a Port 3 pin is configured as an SM&3&irce, any subsequent read from or write to
the P2 register latches the read or writtalue for referencéd Stop Mode Recovery
event occurs when the pin’s state differs fribrm last reference vaduatched. The SMR3
source logic is displayed figure 47

The program can read register bits SMR4[802]etermine whether the Port 3 pins trigger
a Stop Mode Recovery on a change froml#st read value (SMR4[3:2]=01), or on a
change from the last written value (SMR4[3:20). Software can ear SMR4[3:2] to 00
to restore the default behavior (configured pins trigger when their state is 0).

The SMR3 register is summarizedTiable 69on page 146.

After the following example code is executed, a 1 on P30 will wake the part from STOP
mode.

LD SMR3, #%01 :Select P30 from SMR3.
LD P3, #%00 :Write 00h to Port 3, so the P30 reference

;value is 0, and a 1 on P30 wakes the part.
NOP
STOP

After the following example codis executed when the value of P3 is 00h, a 1 on P30 will
wake the part from STOP mode.

LD SMR3, #%01 :Select P30 for SMR3.
LD R6, P3 :If a 0 is read from Port 3, the P30 reference

;value is 0, so a 1 on P30 wakes the part.
NOP
STOP

19-4572; Rev 0; 4/09 Reset/Stop Mode Recovery Status
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Individual Port 3 Pin SMR Logic, n=0-3

Bit SMR3 [n] @_T"Sims
o

Port 3, Pin n
Bit P3[n] D Q
| N\
: P33
Port 3 Read/Write — |
To IRQ1
And PO[3]

P3M[]]OR 0 e

SMRA4[4] T~—»

P30 Logic —— Le
P31 Logic —
P32 Logic —
P33 Logic —
SMR —
SMR1 — I
_ SMR2 —
SMR3 To RESET and WDT
Circuitry (Active Low)
Figure 47. SMR3 Register-Controlled Event Sources
19-4572; Rev 0; 4/09 Reset/Stop Mode Recovery Status
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Table 72. Stop Mode Recovery Register 3 (SMR3)

Bit 7 6 5 4 3 2 1 0
— P33 MR P32 SMB P31 SMR P30 SMR

Field Select Select Select Select
Reset X X X X 0 0 0 0
R/W — — — — w w w w
Address Bank F: OEh; Linear: FOEh
Bit Position Value Description
[7:4] — Reserved —Reads undefined; Must be written to 1.
[3] 0 P33 not selected.

1 P33 SMR source selected.
[2] 0 P32 not selected.

1 P32 SMR source selected.
[1] 0 P31 not selected.

1 P31 SMR source selected.
[0] 0 P30 not selected.

1 P30 SMR source selected.

} Note: This register is not reset after a Stop Mode Recovery.

19-4572; Rev 0; 4/09 Reset/Stop Mode Recovery Status
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Stop Mode Recovery Register 4

The Stop Mode Recovery register 4 (3able 73 enables the SMR interrupt source and
indicates the reference value agtafor registers SMR1 and SMR3.

Table 73. Stop Mode Recovery Register 4 (SMR4)

Bit 7 6 5 4 3 2 1 0
Field Reserved SMR IRQ Enable | Port 3 SMR Status | Port 2 SMR Status
Reset X X X 0 0 0 0 0
R/W — — — R/W R/W R/W R/W R/W
Address Bank F: OAh; Linear: FOAh

Bit Position  Value Description

[7:5] — Reserved —Reads are undefined; must write 000b.

[4] SMR IRQ Enable
0 If P3M[1]=0, SMR events do not generate an interrupt.
SMR events generate an interrupt on IRQ1.

[3:2] Port 3 SMR Status
00 No Read or Write of the P3 register occurs.
01 P3 Read occurs; used as SMR3 reference.
10 P3 Write occurs; used as SMR3 reference.
11 Reserved.

[1:0] Port 2 SMR Status
00 No Read or Write of the P2 register occurs.
01 P2 Read occurs; use P2 Read as SMR1 reference.
10 P2 Write occurs; use P2 Write as SMR1 reference.
11 Reserved.

—_

} Note: This register is not reset after a Stop Mode Recovery.

19-4572; Rev 0; 4/09 Reset/Stop Mode Recovery Status
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Z8 LXMC CPU Programming Summary

The following sections provide a summaryioformation usefufor programming the
Z8 LXMC CPU included in this device. Farore details on the ZBXMC CPU and its
instruction set, refer td8® LXMC CPU Core User Manual (UM0215)

Addressing Notation

Table 74summarizes Z8 LXMC CPU addressimgpdes and symbolic notation. The text
variablen represents a decimal numbag represents a hexadecimal address;LakBEL
represents a label defined elsewhere in the assembly source.

In reference notatiomnly lowercase is used to disgnish 4-bit addressed working
registers (r1, r2) from 8-baddressed registers (R1, R2). The numerals 1 and 2,
respectively, indicate whether the registensed for destination or source addressing.

Table 74. Symbolic Notation for Operands

Assembly

Symbol  Operand Description

cc - Condition Code
cc represents a condition code mnemonic. See Condition Codes on page 161.

M #n Immediate Data
IM represents an Immediate Data value, prefixed by # in assembly language
where n = 0 to 255.
The immediate value follows the instruction opcode in Program Memory.

r1 Rn Working Register

r2 r1 or r2 represents the name, Rn, of a working register, where n =0, 1, 2,..., 15.
The equivalent 12-bit address is {RP[3:0], RP[7:4], n}.

re1 RRn Working Register Pair

re2 rr1 or rr2 represents the name, Rn, of a working register pair, where
n=0, 2, 4,..., 14. The equivalent 12-bit address is {RP[3:0], RP[7:4], n}.

R1 Y%aa Register

R2 R1 or R2 represents an 8-bit register address. For addresses 00h—DFh or
FOh—FFh, the equivalent 12-bit address is {RP[3:0], %aa}. For addresses
EOh—EFh (escaped mode), the equivalent 12-bit address is
{RP[3:0], RP[7:4], %ad3:0]}.

19-4572; Rev 0; 4/09 Z8 LXMC CPU Programming Summary
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Table 74. Symbolic Notation for Operands (Continued)

Symbol

Assembly
Operand Description

RR1
RR2

%aa Register Pair (8-bit Address)
RR1 or RR2 represents the 8-bit address of a register pair. For addresses
00h-DFh or FOh—FFh, the equivalent 12-bit address is {RP[3:0], %aa}.
For addresses EOh—EFh (escaped mode), the equivalent 12-bit address is
{RPI[3:0], RP[7:4], %ad3:0]}.

Ir1
Ir2

@Rn Indirect Working Register
Ir1 or Ir2 represents the name a working register, Rn, where n =0, 1, 2,..., 15.
@ indicates Indirect Working register addressing using an 8-bit effective
address contained in the specified working register. The accessed register’s
equivalent 12-bit address is {RP[3:0], 8-bit effective address}.

Irr1
Irr2

@RRnN Indirect Working Register Pair
Irr1 or Irr2 represents the name of a working register pair, RRn, where n =0, 2,
4,..,14.
@ indicates Indirect Working register addressing using an effective address in
the specified working register pair. Depending on the instruction, the effective
address is in the register file (12-bit address) or Program/Constant Memory
(16-bit address).

IR1
IR2

@%aa Indirect Register
IR1 or IR2 represents the 8-bit address of a register.
@ indicates Indirect register addressing using an 8-bit effective address
contained in the specified register. The accessed register’s equivalent 12-bit
address is {RP[3:0], 8-hit effective address}.

IRR1

@%aa Indirect Register Pair
IRR1 represents the 8-bit address of a register.
@ indicates Indirect register addressing with a 16-bit effective address (in
Program Memory) contained in the specified register pair.

X(r1)
X(r2)

%aa(Rn) Indexed (X) Addressing
X represents the 8-bit base address to which the offset is added.
r1 or r2 represents the name, Rn, of a working register containing the 8-bit
signed offset. The 8-bit effective address is the sum of X and the contents of
working register Rn. The accessed register’s equivalent 12-bit address is
{RP[3:0], 8-bit effective address

19-4572; Rev 0; 4/09 Addressing Notation
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Table 74. Symbolic Notation for Operands (Continued)

Assembly

Symbol  Operand Description

DA LABEL Direct Address (JP, CALL)
In a JP or CALL operand, DA is a 16-bit Program Memory address in the range
of 0000H to FFFFH. DA replaces the contents of the Program Counter for
execution to continue at a new location in Program Memory. In assembly
source, the address is represented as a label.

RA LABEL Relative Address (JR, DINZ)

RA is a signed 8-bit Program Memory offset in the range +127 to —128, relative
to the address of the next instruction in Program Memory. In a JR or DJNZ
operation, RA is added to the program counter to cause execution to continue
at a new location in Program Memory. In assembly source, the jump address is
represented as an absolute label, and the assembler calculates RA.

Table 75lists additional symbols that are ugbdoughout the instiction set summary.

Table 75. Additional Symbols

Symbol

Definition

dst

Destination Operand

Src

Source Operand

@

Indirect Address Prefix

C

Carry Flag

SP

Stack Pointer Value

PC

Program Counter

FLAGS

Flags Register

Register Pointer

Immediate Operand Prefix

Binary Number Suffix

Hexadecimal Number Prefix

Hexadecimal Number Suffix

Assignment of a value. For example,
dst < dst + src
indicates the result is stored in the destination

19-4572; Rev 0; 4/09
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Table 75. Additional Symbols (Continued)

Symbol

Definition

A d

Exchange of two values

One’s complement unary operator

Flags Register

The Flags register (s@@ble 76 informs the current status of theZ8PU. It contains six
bits of status information.

Table 76. Flags Register (FLAGS)

Bit 7 6 5 4 3 2 1 0
Field C @) D H F1 F2
Reset X X X X X X
R/W R/IW R/IW R/W R/W R/W R/IW R/IW R/IW
Address Bank Independent: FCh; Linear: OFCh

Bit Position Value

Description

[7]

—_

Carry Flag (C)

Set when the result of an arithmetic operation generates a carry out of or a
borrow into the high-order bit (bit 7) of the result. Also used in rotate and shift
instructions.

Flag Clear

Flag Set

6]

—_

Zero Flag (2)

Set when the result of an arithmetic operation is 0.
Flag Clear

Flag Set

(5]

—_

Sign Flag (S)

Stores the value of the most significant bit (msb) following an arithmetic, logical,
rotate, or shift instruction.

Flag Clear

Flag Set

(4]

—_

Overflow Flag (O)

Set when the result of an arithmetic operation is greater than 127.
Flag Clear

Flag Set

19-4572; Rev 0; 4/09
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Bit Position

Value Description

(3]

Decimal Adjust Flag (D)

Used for binary-coded decimal (BCD) arithmetic.
0 Flag Clear
Flag Set

—_

(2]

Half Carry Flag (H)

Set when a carry out of or borrow into bit 3 of an arithmetic operation occurs.
0 Flag Clear
1 Flag Set

(1]

User Flag 1 (F1)

Available to software for use as a general-purpose bit.
0 Bit Clear
1 Bit Set

[0]

User Flag 2 (F2)

Available to software for use as a general-purpose bit.
0 Bit Clear
1 Bit Set

Condition Codes

The C, Z, S, and V #igs control the operation of thenthtional jump (JP cc and JR cc)
instructions. Sixteen frequentlgeful functions of the flag settings are encoded in a 4-bit
field called the ondition code (cc)Table 77summarizes the condition codes. Some
binary condition codes can be created usitge than one assembly code mnemonic. The
result of the flag test operation detenes if the conditional jump executes.

Table 77. Condition Codes

Assembly
Binary Hex Mnemonic Definition Flag Test Operation
0000 0 F Always False -
0001 1 LT Less than (SXORV)=1
0010 2 LE Less than or Equal (ZOR (S XOR V)) =1
0011 3 ULE Unsigned Less than or Equal (CORZ)=1
0100 4 oV Overflow V=1
0101 5 M Minus S=1
0110 6 4 Zero Z=1
0110 6 EQ Equal Z=1
19-4572; Rev 0; 4/09 Condition Codes

Downloaded from: http://www.datasheetcataloa.com/


http://www.datasheetcatalog.com/

Table 77. Condition Codes (Continued)

ZLF645 Series Flash MCUs
Product Specification

MAXIMN |

Assembly
Binary Hex Mnemonic Definition Flag Test Operation
0111 7 C Carry C=1
0111 7 ULT Unsigned Less than c=1
1000 8 T (or blank) Always True -
1001 9 GE Greater than or Equal (SXORV)=0
1010 A GT Greater than (ZOR(SXORV))=0
1011 B UGT Unsigned Greater than (C=0AND Z=0)
1100 C NOV No Overflow V=0
1101 D PL Plus S=0
1110 E NZ Non-Zero Z=0
1110 E NE Not Equal Z=0
1111 F NC No Carry C=0
1111 F UGE Unsigned Greater than or Equal C=0

19-4572; Rev 0; 4/09
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Electrical Characteristics

Absolute Maximum Ratings

A stress greater than listed Tiable 78may cause permanent damage to the device.
Functional operation of the device at amndition outside thse indicated in the
operational sections of these specificationsoisimplied. Exposure to absolute maximum
rating conditions for extendgzkriods may affect device reliability. For improved
reliability, unused inputs must thied to one of the supply voltagesgy or Vgg).

Table 78. Absolute Maximum Ratings

Parameter Min Max Units
Ambient temperature under bias 0 +70 C
Storage temperature -65 +150 C
Voltage on any pin with respect to Vgg* -0.3 +4.0 V
Voltage on Vpp pin with respect to Vgg -0.3 +3.6 \Y
Maximum current on input and/or inactive output pin -5 +5 WA
Maximum output current from active output pin -25 +25 mA
Maximum current into Vpp or out of Vgg — 75 mA

*This voltage applies to all pins except Vpp, P32, and P33.

19-4572; Rev 0; 4/09 Electrical Characteristics

Downloaded from: http://www.datasheetcataloa.com/


http://www.datasheetcatalog.com/

ZLF645 Series Flash MCUs
Product Specification

MAXIMN |

64

Standard Test Conditions

The characteristics listed in this product sfieation apply for stadard test conditions.
All voltages are referenced to Ground. Positive currentdlimio the referenced pin
(seeFigure 48.

From Output
Under Test

(e, @

@IT == 150 pF

Figure 48. Test Load Diagram

Capacitance

Table 79lists the capacitance.

Table 79. Capacitance

Parameter Maximum
Input capacitance 12 pF
Output capacitance 12 pF
I/O capacitance 12 pF

Note: Tp =25°C,Vy=GND =0V, f=1.0 MHz, unmeasured pins
return to GND. This voltage applies to all pins except Vpp, P32,
and P33.

19-4572; Rev 0; 4/09 Standard Test Conditions
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Tpo=0°Cto +70°C

Symbol  Parameter V cc Min Typ Max Units Conditions
Vee Supply Voltage' — 1.9 — 3.6 V  See Note 5.
VeH Clock Input High 1.9-3.6 0.8Vcc — Vec+0.3  V  Driven by External
Voltage Clock Generator
VoL Clock Input Low 1.9-3.6 Vgs—0.3 — 04 V  Driven by External
Voltage Clock Generator
V4 Input High Voltage 1.9-3.6 0.7 Ve — Vegc+03 V. —
Vi Input Low Voltage 1.9-3.6 Vgs0.3 — 0.2 Vg vV —
VoH1 Output High Voltage 1.9-3.6 Vc-0.4 — — V  lpy=-0.5mA
VoH2 Output High Voltage 1.9-3.6 V0.8 — — V oy =-7 mA
(P36, P37, P00, and
PO1)
Vor1 Output Low Voltage 1.9-3.6 — — 0.4 V o, =4.0 mA
Vor2 Output Low Voltage 1.9-3.6 — — 0.8 V  lo.=10 mA
(P0OO, PO1, P36, and
P37)
Vorrser Comparator Input 1.9-3.6 — — 25 mv —
Offset Voltage
VREF Comparator 1.9-3.6 0 — Vee vV —
Reference Voltage -1.75
e Input Leakage 1.9-3.6 -1 — 1 pA  ViN=0V, Ve
pull-ups disabled
liL4 Input Leakage IR 1.9-3.6 -2.5 — -12 pA  Viy=0V,IRamp
Amp (P31) enabled
loL Output Leakage 1.9-3.6 -1 — 1 pA  VIN=0V, Ve
lcc Supply Current? 3 1.9 — 1 2 mA  See Note 7.
3.6 — 2 4 mA
1.9 — 2 3 mA See Note 8.
3.6 — 4 6 mA

19-4572; Rev 0; 4/09
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To=0°Cto+70°C

Symbol  Parameter V cc Min Typ Max Units Conditions
lec Standby Current? 3 1.9 — 0.7 1.6 mA V=0V, Ve
(HALT mode) 36 . 12 20 mA See Note 7.
1.9 — 0.9 2 mA ViN=0V, Ve
36 N 5 3 mA See Note 8.
lcc2 Standby Current? 1.9 — 1.6 MA V=0V, Ve
(STOP mode) 36 . 18 10 uA WDT is not running
1.9 — 20 MA  V|N=0V, Ve
36 - 30 uA WDT is running
v Standby Current® — — 1.2 6 UwA  Measured at 1.3V
(Low Voltage)
Veo Ve Low Voltage — 1.8 1.85 1.9 vV  —
Protection
Vivp V. Low Voltage — 23 24 2.5 vV —
Detection
Vuvbp V. High Voltage — — 2.7 — vV —
Detection
Toniravp  Wake-up time from  1.9-3.6 — — 20 s —

disabled mode

19-4572; Rev 0; 4/09
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Table 80. DC Characteristics (Continued)

To=0°Cto+70°C

Symbol Parameter V cc Min Typ Max Units Conditions

IpETLO IR amp current input  1.9-3.6 — — 10 pA IR amp enabled

guaranteed to be
detected as a 0 (see
Note 6)

IDETHI IR amp current input  1.9-3.6 100 — — pA IR amp enabled

guaranteed to be
detected as a 1 (see
Note 6)

Notes

1.

ook wd

© N

Maxim® recommends adding a filter capacitor (minimum 0.1 UF), physically close to Vpp and Vgg if operating
voltage fluctuations are anticipated, such as those resulting from driving an infrared LED.

All outputs unloaded, inputs at rail.

CL1=CL2 =100 pF.

Oscillator stopped.

Oscillator stops when Vpp falls below Vg limit.

For reference, under typical process, 25 °C temperature, and a voltage of 2.8 V, the voltage that would be seen at
P31 under an input current of 10 uA or 100 uA would be ~480 mV or .560 mV, respectively.

8.0-MHz XTAL1 input clock frequency with 4-MHz system clock

8.0-MHz XTAL1 input clock frequency with 8-MHz system clock

19-4572; Rev 0; 4/09 DC Characteristics
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AC Characteristics

Figure 49andTable 8llists the alternating current (3 characteristics of ZLF645 Flash
MCU.

Clock

o _\HZ
o
Clock
Setup
47)
Stop-Mode 4
Recovery Source K

® |

Figure 49. AC Timing Diagram

19-4572; Rev 0; 4/09 AC Characteristics
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To=0°Cto+70°C

8.0 MHz WDTMR
(Bits 6, 5, 4,
No Symbol Parameter V cc Min Max Units 1,0)
1 To,C Input Clock Period’ 1.9-3.6 121 DC ns —
2 TRrC, TEC Clock Input Rise and  1.9-3.6 — 25 ns —
Fall Times'
TwC Input Clock Width' 1.9-3.6 37 — ns —
4  TwTNL Timer Inpu1t 1.9 100 — ns —
Low Width 36 70 - ns _
5 TwTinH Timer Input High 1.9-3.6 3TpC — — —
Width'
TpTiN Timer Input Period’ 1.9-3.6 8TpC — — —
7  TrTino TETN Timer Input Rise and  1.9-3.6 — 100 ns —
Fall Timers'
8 TwliL Interrupt R;ezquest 1.9 100 — ns —
Low Time" 36 70 - ns -
9 TwiH Interrupt Request Input 1.9-3.6 5TpC — — —
High Time"?
10 Twsm Stop Mode Recovery  1.9-3.6 1238 — ns —
Width Spec
10 TpC*
11 Tost Oscillator 1.9-3.6 — 5TpC — —
Startup Time*
12 TwpT Watchdog Timer 1.9-3.6 5 — ms 0,0,0,0,0
Delay Time 1.9-3.6 10 _ ms  0,0,0,0,1
1.9-3.6 20 — ms 0,0,0,1,0
1.9-3.6 80 — ms 0,0,0,1,1
1.9-3.6 320 — ms 0,0,1, X, X
1.9-3.6 1,280 — ms 0,1,0, X, X
1.9-3.6 5,120 — ms 1,0,0, X, X
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Table 81. Clock, Reset, Timers, and SMR Timing (Continued)

To=0°Cto+70°C

8.0 MHz WDTMR
(Bits 6, 5, 4,
No Symbol Parameter V cc Min Max Units 1,0)
13 Tpor Power-on reset 1.9-3.6 2.5 10 ms —
14 firamp Frequency of input — 0 500 kHz —
signal for IR amplifier

Notes

1. Timing Reference uses 0.9 V¢ for a logic 1 and 0.1 V¢ for a logic 0.

2. Interrupt request through Port 3 (P33:P31).

3. SMR-bit5=1.

4. SMR-bit5=0.

5. If bit 1 of the SMR register is programmed to 1, this value is 2.5 ms as measured from the time the

oscillator input to XTAL1 reaches a peak to peak voltage oscillation of at least 300 mV.

Table 82. Flash Memory Electrical Characteristics and Timing

Tpo=0°Cto +70°C

8.0 MHz
No Symbol Parameter Min Max Units  Condition
1 lFLp Flash Memory Programming — 10 mA —
Current
2 lFLE Flash Memory Page/Mass — 6 mA —
Erase Current
3 IrD Flash Dynamic Read Current — 420 a Assumes reads
every clock cycle
with a 1 MHz clock
4 VELpPE Flash Memory Program/ 23 3.6 \Y —
Erase Voltage
5 VELR Flash Memory Read Voltage 1.8 3.6 \Y —
6 TrroOG Flash Programming Time 30 60 us —
7 Tpe Flash Page Erase Time 10 — ms —
8 Tme Flash Mass Erase Time 10 — ms —
9 Tdr Flash Data Retention Time 10 — years Temp=25°C
10 Fen Flash Program/Erase 20,000 — cycles —

Endurance
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Flash Option Bits

Programmable Flash Option Bits allow usenfiguration of certairaspects of ZLF645
MCU functionality. This configuration data is stored in the Flash memory Information
Block and then read into option byte shadow registers during the last portion of the
ZLF645 MCUs reset period.

Features available for control tlugh the Flash Option Bits include:
®* Port 0 low nibble pull-ups

® Port 0 high nibble pull-ups

® Port 1 low nibble pull-ups

® Port 1 high nibble pull-ups

® Port 2 pull-ups

® Port 3 low nibble pull-ups

®* Port 4 pull-ups

* WDT always enabled

® Flash protect entire main memory

® Flash protect lower half main memory

® XTAL1 to System Clock (no division enable)
® 16-bit Stack addressiblity enable

Operation

Option Bit Shadow Regist er Loading By Reset

For each Flash memory option bit, there isaasociated option bit shadow register that is
used to register the value thfe option bit. The output dhe option bit shadow registers
are used by the ZLF645 MCU to enable varitemures and functions for the ZLF645
MCU. Each time the Flash Memory Infortian Block Option Bits are programmed or
erased, the device must be reset for the gham ZLF645 configuration to take effect.

A POR or Stop Mode Recovery Reset with BMit 5 set to 1, loalthe option bits from

the Flash memory to the Opti®it Shadow registers durirthe last few clock cycles of

the reset period. In some cases, in ord@rtwide a required value before being loaded,
the Option Bit Shadow registease reset to a predefined value on the start of the reset
period.

19-4572; Rev 0; 4/09 Flash Option Bits
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The Option Bit Shadow registers are parthef ZLF645’s Register File and are accessible
for read/write access.

User Option Bit Locations in Flash Memory

The user option bits are located in the ugpear bytes of the Information block, address
FFh and FEh.

User Option Bit Shadow Register Access

Except for bits 0 and 1 of the User QptiByte 1 Shadow register, the CPU has full
read/write access to all the User Option BSteadow registers at the address locations
given in register tables for each register.

User Option Byte 0 and Option Byte 0 Shadow
Register Definitions

This option byte allows us@ontrol over the enabling of the ZLF645's 1/O pull-ups and
the conditions under which the devices vitog timer is enabled. For its associated
shadow registers, until the registers are émb@ith their corresponding option bit values,
their outputs will be in an unknown state.

Table 83. User Option Byte 0 (OPTO)

Bit 7 6 5 4 3 2 1 0
Field WDT P4PU P3PU P2PU P1HPU | P1LPU | POHPU | POLPU
Erased State 1 1 1 1 1 1 1 1
Flash Address Flash Memory Information Area address: FEH
Bit Position Value  Description
[7] WDT—Watchdog Timer Enable

1 WDT = 1: WDT is enabled by WDT instruction only.

0 WDT = 0: WDT is always enabled.
[6:0] P4PU through POLPU—GPIO Pin Pull-Up Enables

P4PU = 1: Port 4 Pull-ups disabled.
P4PU = 0: Port 4 Pull-ups enabled.
P3PU = 1: Port 3 Pull-ups disabled.
P3PU = 0: Port 3 Pull-ups enabled.

19-4572; Rev 0; 4/09
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P2PU = 1: Port 2 Pull-ups disabled.

P2PU = 0: Port 2 Pull-ups enabled.

P1HPU = 1: Port 1 high nibble Pull-ups disabled
P1HPU = 0: Port 1 high nibble Pull-ups enabled.
P1LPU = 1: Port 1 low nibble Pull-ups disabled.
P1LPU = 0: Port 1 low nibble Pull-ups enabled.
POHPU = 1: Port 0 high nibble Pull-ups disabled.
POHPU = 0: Port 0 high nibble Pull-ups enabled.
POLPU = 1: Port 0 low nibble Pull-ups disabled.
POLPU = 0: Port 0 low nibble Pull-ups enabled.

Table 84. User Option Byte 0 Shadow Register (OPTOSR)

Bit 7 6 5 4 3 2 1 0
Field WDT | P4PU | P3PU | P2PU |P1HPU | P1LPU | POHPU | POLPU
Reset State X X X X X X X X
CPU Access (R/W) R/W R/W R/W R/W R/W R/IW R/W R/W
Register Address (R/W) Bank D: OEh; Linear: DOEh

User Option Byte 1 and Option Byte 1 Shadow Register
Definitions

} Note:

} Note:

User Option byte allows the enabling of war$ features includingrotecting the Flash’s

main memory from read operations through either of the ZLF645’s Flash access inter-
faces. For it's associated shadow registers| tne registers are loaded with their corre-
sponding option bit values, their outp will be in an unknown state.

Table 85describes User Option byte 1 function.
This byte can be programmed and erased (by Page 3 erase) only through the ICP.
During device Power-on Reset, bit 1 and bit 0 value of this Flash Option byte are sampled

into flip-flops, whose outputsontrol the Flash memory protect function. User codes can
read the flip-flop values, by reading from aqurely assigned peripheral register address.

User codes cannot over-write the flip-flop values to change this Flash memory protect
function.

19-4572; Rev 0; 4/09 Operation
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Table 85. User Option Byte 1 (OPT1)

Bit 7 6 5 4 3 2 1 0
Field Reserved 16BITSTK| DIVBY1 |[FLPROT1| FLRWP
Erased State 1 1 1 1 1 1 1 1

Flash Address

Flash Memory Information Area address: FFH

Bit Position

Description

[7:4]

Reserved —Must be written 1.

(3]

16BITSTK—16 bit Stack Pointer Addressiblity Enable

The ZLF645 is enabled for 8-bits of stack pointer addressiblity allowing usage
of Bank 0 only of the devices general-purpose RAM space as the CPU stack.

The ZLF645 is enabled for 16-bits of stack pointer addressiblity allowing usage
of all of the devices general-purpose RAM space as the CPU stack.

(2]

DIVBY1—System Clock Divide By 1 Enable

If SMR register bit 0 is also programmed to 0, the system clock frequency is
equal to the external clock frequency input on the XTAL1 pin divided by 2.
If SMR register bit 0 is also programmed to 0, the system clock frequency is
equal to the external clock frequency input on the XTAL1 pin.

(1]

FLPROT1—Flash Main Memory Lower Half Protect

The Flash main memory and all of Information Area Page 3 can be read,
written, and erased by both the Flash Byte Programming interface or through
the ICP interface as long as FLRWP is also 1.

Reads and Writes to the lower half of Flash main memory and writes and
erasures to Information Area Page 3, by the ICP or Flash Byte Programming
interfaces is disabled unless, with this bit 0, a main memory mass erase is
completed first. A main memory mass erase causes resetting of this bit value
in the Option Byte 1 shadow register to a 1 but does not effect the
corresponding Flash memory bit. Once the Option Byte 1 shadow register bit
is reset, the ICP or Flash Byte Programming interface is allowed full read,
write, and erase access to the Flash's main memory and to Page 3 of the
Information Area and can reset the corresponding Flash memory bit.

19-4572; Rev 0; 4/09
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[0] FLRWP—Flash Main Memory Protect
1 Flash Main Memory and Information Area Page 3 can be read, programmed,
and erased by both the Flash Byte Programming interface or through the ICP
interface.
0 Reads and writes to the Flash main memory and writes and erasures to

Information Area Page 3 by the ICP or Flash Byte Programming interfaces is
disabled unless, with this bit 0, a main memory mass erase is completed first.
A main memory mass erase causes resetting of this bit value in the Option
Byte 1 shadow register to a 1 but does not effect the corresponding Flash
memory bit. Once the Option Byte 1 shadow register bit is reset, the ICP or
Flash Byte Programming interface is allowed full read, write, and erase access
to the Flash’s main memory and to Page 3 of the Information Area and can
reset the corresponding Flash memory bit.

Table 86. User Option Byte 1 Shadow Register (OPT1SR)

Bit 7 6 5 4 3 2 1 0
Field RESERVED 16BITSTK| DIVBY1 |FLPROT1 | FLRWP
Reset State X X X X X 1 X X
CPU Access (R/W) R/wW R/W R R
Register Address (R/W) Bank D: OFh; Linear: DOFh

} Note: RESERVED bits when read by the CPU willra 0 and when written have no effect.

19-4572; Rev 0; 4/09 Operation
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Packaging

Figure 50displays the 20-pin quad flat no-le@@dFN) package for the ZLF645 Series of

Flash MCUs.
MILLIMETER INCH
SYMBOL
A MIN MAX MIN MAX
L
I D | A 0.80 1.00 0.031 0.039
_ 11 15 _L
UUUUU 1 A1 - 0.05 - 0.002
b 0.25 0.35 0.010 0.014
100D 16
=) - D 4.95 5.05 0.195 0.199
E ) = E 4.95 5.05 0.195 0.199
) = 0.65 BSC 0.026 BSC
6 D 20 L 0.35 0.45 0.014 0.018
20 O
A aMaMa Nl

1 A J ke

A1
Notch or chamfer

1. CONTROLLING DIMENSIONS : mm

2. MAX. COPLANARITY : 0.08 mm
0.003"

Figure 50. 20-Pin QFN Package Diagram

19-4572; Rev 0; 4/09 Packaging
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Figure 51displays the 20-pin shrink small oudtipackage (SSOP) for the ZLF645 Series
of Flash MCUs.

D *ﬁ*
20 i MILLIMETER INCH

SYMBOL
H H H H H H H H F H MIN NOM MAX MIN NOM MAX
A 173 185 1.98 0.068 | 0.073 0.078
A 0.05 0.13 0.21 0.002 | 0005 0.008
£ H Iy 168 173 1.83 0.066 | 0068 0.072
B 0.5 0.30 0.38 0.010 | 0012 0.015
Q} C 0.13 0.15 0.22 0.005 | 0.006 0.009
D 7.07 7.20 7.33 0.278 | 0.283 0.289
H H H H H H H H % H E 5.20 530 5.38 0.205 | 0209 0.212
w N 0.65 BSC 0.0256 BSC
DETAL A i 765 780 790 0301 | 0307 | 0311
L 0.56 0.75 0.94 0.022 0.030 0.037
T Q1 0.74 0.78 0.82 0.029 0.031 0.032
|
J—L@ »J—LB SEATING PLANE
J CONTROLLING DIMENSIONS : M
LEADS ARE COPLANAR WITHIN 004 INCH,

DETAIL A

Figure 51. 20-Pin SSOP Package Diagram

19-4572; Rev 0; 4/09 Packaging
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Figure 52displays the 20-pin small outline imgeted circuit (SOIC) package for the
ZLF645 Series of Flash MCUs.

D
SYMBOL MILLIMETER INCH
20 11 MIN MAX MIN MAX
H H H H H H H H H H A 2.40 2.65 094 104
Al 0.10 0.30 004 012
A2 2.24 2.44 088 096
B 0.36 0.46 014 018
¢ 023 0.30 009 012
) i D 12.60 12.95 496 510
3 7.40 7.60 291 299
S ® 1.27 BSC .050 BSC
H 10.00 10.65 394 419
H EEEERERE PR B YN TR T
OPTONAL 1 L 0.60 1.00 024 039
P1 IDENTIFIER Q1 097 1.07 038 042

&
1—p f

f CONTROLLING DIMENSIONS : MM
%: } 4 LEADS ARE COPLANAR WITHIN .004 INCH.
I—-I —l—l—a SEATING PLANE
El

0-8

DETAL A

Figure 52. 20-Pin SOIC Package Diagram
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Figure 53displays the 20-pin plastic dual inlipackage (PDIP) for thZLF645 Series of

Flash MCUs.
sruBoL | MLUNETER INCH

MIN NAX MIN MAX

Al 038 | 081 | 015 | 032

20 " A2 3.25 3.68 128 145
I e e e e e s s S B 041 | 051 | o016 | .020
B 147 | 157 | 058 | .062

c 020 | 030 | 008 | 012
) £ D 2565 | 2616 | 1.010 | 1.030
E 749 | 826 | 295 | 325

£l 610 | 665 | 240 | 262

‘—1"—"—"—"—"—"—"—"—"?'| = 2.54 BSC 100 BSC
A 787 | 914 | 310 | .360

0 1 L 318 | 343 | 125 | 135

ai 142 | 165 | 056 | .065

S 152 | 165 | 060 | .065

B B1

Figure 53. 20-Pin PDIP Package Diagram
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Figure 54displays the 28-pin shrink small oudtipackage (SSOP) for the ZLF645 Series
of Flash MCUs.

- D .
C
28 15 == MILLIMETER INCH
ARAAAAARAARAAA SYVEOL
MIN NOM MAX MIN NOM MAX
T A 173 186 199 0.068 0073 0078
E H Al 005 013 021 0.002 0.005 0.008
@ A2 168 173 178 0.066 0.068 0.070
B 025 038 0010 0015
HH HH H H H H H H H H H C 009 - 020 0,004 0,006 0008
! 14 / D 1007 1020 1033 0397 0402 0407
DETAILA
E 520 530 538 0205 0209 0212
& 065TYP 00256 TYP
_ H 765 780 790 0301 0307 0311
C; + L 063 0.75 095 0025 0030 0037
: f
\_ AR > *
€ B
SEATING PLANE
CONTROLLING DIMENSIONS: MM
* LEADS ARE COPLANARWITHIN .004 INCHES.
*L
0-8° N
DETAIL'A'
Figure 54. 28-Pin SSOP Package Diagram
19-4572; Rev 0; 4/09 Packaging
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Figure 55displays the 28-pin small outline imgeted circuit (SOIC) package for the

ZLF645 Series of Flash MCUSs.

RAARAAARAARAAR

D

7~

\

E/HHHHHHHHHHHHE

%HER
3
= L]
I__I ‘I-l-—a i Sedting Ap1lune

L

DETAIL A
08
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SYMBOL MILLIMETER INCH
MIN MAX MIN MAX
A 2.40 2.64 094 104
A 0.10 0.30 .004 012
A2 2.24 2.44 .088 .096
B 0.36 0.46 014 018
c 0.23 0.30 .009 012
D 17.78 18.00 .700 710
E 7.40 7.60 .291 .299
1.27 BSC .050 BSC
H 10.00 10.65 394 419
h 0.30 0.71 012 028
L 0.61 1.00 .024 039
Q1 0.97 1.09 .038 043

Figure 55. 28-Pin SOIC Package Diagram

19-4572; Rev 0; 4/09

Downloaded from: http://www.datasheetcatalog.com/

CONTROLLING DIMENSIONS : MM
LEADS ARE COPLANAR WITHIN .004 INCH.

Packaging


http://www.datasheetcatalog.com/

Figure 56displays the 28-pin plastic dual inlipackage (PDIP) for thZLF645 Series of
Flash MCUs.

28

15

| e A e e e e Y s e s 0

D

| N N I N N N N N [y N N [ N N N B |
1

14|

ISR A He

OPTION TABLE
QPTION # PACKAGE
01 STANDARD
02 IDF

Q1
!
|
L] —c
A

S T

Note: Zilog supplies both options for production. Component layout

PCB design should cover bigger option 01.

19-4572; Rev 0; 4/09
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SYMBOL| OPT # MILLIMETER INCH
MIN MAX MIN MAX
A 0.38 1.02 015 040
A2 3.18 4.19 125 .165
B 0.38 0.53 .015 .021
B1 01 1.40 1.65 055 065
02 1.14 140 .045 .055
C 0.23 0.38 .009 015
D 01 36.58 37.34 1.440 1.470
02 35.31 3594 1.390 1415
E 15.24 15.75 .600 .620
E1 01 13.59 14.10 .535 565
02 12.83 13.08 505 515
[e] 2.54 TYP .100 BSC
eA 15.49 16.76 610 .660
L 3.05 3.81 120 150
ot 01 1.40 191 .055 075
02 1.40 1.78 .055 .070
01 1.52 2.29 .060 .090
s 02 1.02 1.52 .040 .060
CONTROLLING DIMENSIONS : INCH
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Figure 57displays the 48-pin shrink smallitline package (SSOP) for the ZLF645

Series of Flash MCUs.

D

TRARRRRRARAAAARRRRRRAAE

O

LEELLLEEELEEEELERELELLEE

DETAIL ‘A’

-

|

Detail A

SYMBOL MILLIMETER INCH

MIN MAX MN | ax
A 241 | 279 0085 | 0.110
A 023 | 038 0.009 | 0.015
a2 218 | 2.3 0085 | 0094
b 020 | 034 0.008 | 0.0135
c 013 | 025 0005 | 0010
0 1575 | 1600 | 0620 | 0630
3 739 | 7.5 0291 | 0299
® 0635 BSC 0.025 BSC
H 1016 [ 1041 | 0400 | 0.410
L 051 | 1016 | 0020 | 0040

CONTROLLING DIMENSIONS : MM
LEADS ARE COPLANAR WITHIN .004 INCH

Figure 57. 48-Pin SSOP Package Diagram
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Ordering Information

Table 87lists the part numbers for ZLF645 Seradd-lash MCUs and a brief description
of each part.

Table 87. ZLF645 Flash MCU Part Numbers Description

Part Number Flash (KB) RAM Description
ZLF645 Flash MCU with 512 B RAM
ZLF645S0H2064G 64 512 B SSOP 20-pin package
ZLF645S0H2864G 64 512 B SSOP 28-pin package
ZLF645S0H4864G 64 512 B SSOP 48-pin package
ZLF645S50P2064G 64 512B  PDIP 20-pin package
ZLF64550P2864G 64 512B  PDIP 28-pin package
ZLF64550S2064G 64 512B  SOIC 20-pin package
ZLF64550S2864G 64 512B  SOIC 28-pin package
ZLF64550Q2064G 64 512 B QFN 20-pin package
ZLF645S0H2032G 32 512 B SSOP 20-pin package
ZLF645S0H2832G 32 512 B SSOP 28-pin package
ZLF645S0H4832G 32 512 B SSOP 48-pin package
ZLF645S50P2032G 32 512B  PDIP 20-pin package
ZLF64550P2832G 32 512B  PDIP 28-pin package
ZLF64550S2032G 32 512B  SOIC 20-pin package
ZLF64550S2832G 32 512B  SOIC 28-pin package
ZLF645S0Q2032G 32 512B QFN 20-pin package
ZLF645 Flash MCU with 1K RAM
ZLF645E0H2064G 64 1K SSOP 20-pin package
ZLF645E0H2864G 64 1K SSOP 28-pin package
ZLF645E0H4864G 64 1K SSOP 48-pin package
ZLF645E0P2064G 64 1K PDIP 20-pin package
ZLF645E0P2864G 64 1K PDIP 28-pin package
ZLF645E0S2064G 64 1K SOIC 20-pin package
ZLF645E0S2864G 64 1K SOIC 28-pin package
19-4572; Rev 0; 4/09 Ordering Information

Downloaded from: http://www.datasheetcataloa.com/


http://www.datasheetcatalog.com/

ZLF645 Series Flash MCUs
Product Specification

MAXIMN |

85

Table 87. ZLF645 Flash MCU Part Numbers Description (Continued)

Part Number Flash (KB) RAM Description
ZLF645E0Q2064G 64 1K QFN 20-pin package
ZLFB645E0H2032G 32 1K SSOP 20-pin package
ZLFB645E0H2832G 32 1K SSOP 28-pin package
ZLFB645E0H4832G 32 1K SSOP 48-pin package
ZLFB645E0P2032G 32 1K PDIP 20-pin package
ZLFB645E0P2832G 32 1K PDIP 28-pin package
ZLFB645E0S2032G 32 1K SOIC 20-pin package
ZLFB645E0S2832G 32 1K SOIC 28-pin package
ZLF645E0Q2032G 32 1K QFN 20-pin package
ZCRMZNICEO1ZEMG Crimzon ICE Kit (includes Smart

Cable for ZLF645 in-circuit
programming)

ZCRMZNOO100KITG Crimzon/ZLF645 IR
Development Board Kit

ZCRMZNICEO1ZACG Crimzon/ZLF645 20-Pin
Accessory Kit

ZCRMZNICEO02ZACG Crimzon/ZLF645 40-/48-Pin

Accessory Kit

19-4572; Rev 0; 4/09 Ordering Information
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Part Number Description

Maxin® part numbers consist of a number of components as shown below:

Z L F 645 EO H 48 64 G

Environmental Flow

G = Lead Free (Green part)

Flash Memory
64 = 64 KB
32 =32 KB

Number of Pins in Package
48 = 48-Pin
28 = 28-Pin
20 = 20-Pin

Package Type

H = SSOP

P = PDIP

S =80IC

Q=QFN

RAM Size

EO = Extended 1K RAM
S0 = Standard 512 B RAM

Family Series

Memory Type
F = Flash

Low Voltage

Maxim Index

19-4572; Rev 0; 4/09 Part Number Description
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UART 86
brown-out, voltagel43
brownout, voltagel 39

Table 32. Stop Mode Recovery Regis-

ter 2155
64329
Table Title

Table 37. Stop Mode Recovery Regis-

ter 4156
8-bit counter/timer circuit4 03

A

absolute maximum ratingk63
AC characteristic468, 169
AC timing 168
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caution
stopping timert 04
timer count103
timer modesi21
timer registersi10
UART transmit88, 89
characteristics
AC 168, 169
DC 165
clock 134
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internal signalsl 35
comparator

inputs28

outputs28
condition coded 61
conditions, test 64
connection, powes
constant memorg1
constant, baud ra&y/, 98
counter/timer

block diagran®9

capture flowchart 06

input circuit101

output configuratior27
crystal134
crystal oscillator pins (XTAL1, XTAL2)134, 135
Customer Support93

D

data format, UARTB7
data handling, UARD1
DC characteristic$65
demodulation
changing modd 21
flowchart106, 107
timer 105, 110
demodulation mode flowchat08
device
block diagramd
featurest
diagram, packag&76, 177, 178, 179, 180, 181,
182, 183
divisor, baud rat®7, 98

E

electrical characteristick63
error handling, UART91
example
BCNST registe©4
register pointe#5
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F

fast recovery, stop modit3
features, devicé
flags register1 60
flash
option bit configuration - reset71
flash memony67, 82
arrrangemen®8
byte programming 4
code protectiorr3
configuration67
control register definitiong5
flash status registet7
flow chart72
frequency high and low byte regist&ig
mass eraséb
operation69
operation timings9
page erasé4
page select regist&i7, 78
flowchart
demodulation modé06, 107, 108
timer transmit102
UART receive92
format, UART dateB7
FPS register7, 78
FSTAT registei77
functional block diagrard

H

h suffix 104

HALT mode 143
handshaking, UARBO

ICP
architectureb4
auto-baud detector/generatil
baud rate limitH6
block diagranmb4
command$7
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control registe64
data formab5
debug modé&4
serial errorH6
status registe5
ICP commands
read ICP control register (05139
read ICP revision (00H)8
read ICP status register (0269
read program memory (OBHD
read program memory CRC (OEB)
read register (09HH9
read runtime counter (030
write ICP control register (04H9
write program memory (0AH)9, 61
write register (08HH9
ICP Interfaceb3
infrared learning amplifie84
input
comparato28
counter/timer 01
timers100
instruction set summar{62
instruction symbols159
internal clock135
interrupt
baud rate generat&3
block diagran 28
description127
mask registed 33
priority register130
request registet30, 131
source129
stop-mode recovery44
type 129
UART 90
UART receive89, 90, 92
UART transmit88, 90
vector129
Interrupt Mask Register (IMR)33
Interrupt Priority Register (IPR)30
Interrupt Request Register (IRQ30, 131
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L

LDE and LDEI instructions removetb
LDX, LDXI instruction addresse47
learning amplifier, infrare@4

linear addres45

load, test164

Low-Voltage Detection Register (LVD0

M
map
program/constant memo#
register 12-bigd7
register 8-bid3
register file summarys0
maximum ratings! 63
MCU
block diagramd
featuresl
memory
address, linea45
program/constant magf
register 12-bit mag7
register file mapt3
register file summarg0
modulo-N model04, 110

N

notation
addressind 57
operand 157

@)
operand symbol$57
operation, UART86
Operational Descriptiof7, 171
OR caution119
oscillator134
output
comparato28
timer/counter1 12
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timer/counter circuitl 13
timer/counter configuratio&7
overline, in text3
overrun, UART91

P

package diagramh76, 177, 178, 179, 180, 181,
182, 183
package informationi76
parity, UART data87
pin descriptiorb
pin function
port 020
port 221, 28
port 323
port 3 summary6
ping-pong modd 11, 112
pins
20-pin package®6, 8, 9
28-pin package11, 13, 16
polled UART receive89
polled UART transmiB7
port O
configuration20
pin function20
Port 0 Mode Register (PO1N3)!
Port 0 Register (P(®2
port 2
configuration22
pin function21, 28
Port 2 Mode Register (P2\84, 39
Port 2 Register (P33, 35, 40
port 3
configuration24
counter/timer outpu®7
pin function23
pin function 26
Port 3 Mode Register (P3N36
Port 3 Register (PH7
Port Configuration Register (PCOI®8, 30
power connectiord
power management37
power-on reset timet39
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map41
programming summarys7
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ratings, maximum 63
register

BCNST98

CTR1121

CTR3126

flash high and low byte (FFREQH and FRE-

EQL) 79

flash page select (FP3Y, 78

flash status (FSTAT}7

HI16 115

HI8 114

ICP control64

ICP statu$5

IMR 133

IPR130

IRQ 130, 131

LO16116

LO8 115

LVD 140

P032

PO1M 31

P233, 35, 40

P2M 34, 39

P337

P3M 36

PCONZ28, 30

Register Pointer registdi8

RP48

SMR 146

SMR1150

SMR2152

SMR3155

SMR4156

SPLA48, 49

UCTL 96, 97

URDATA 95

USER48

UST 95
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UTDATA 95

WDTMR 142
register file

12-bit addresd7

address summai§0

descriptiord2

memory mapt3
register pointer

detail44

example45
Register Pointer RegistdB
Register Pointer Register (R#3
Register Pointer register (R&§
reset

block diagranm 38

delay bypasd443

features1 37

POR timer139

status143

timer terminal count 19

S

SCLK signal135
single-pass mod&04
source

interrupt129

stop mode recovery44

stop-mode recovery45, 149, 151
stack42
Stack Pointer Register (SP43, 49
standard test conditiori$4
standby, brown-out39
standby, brownout43
status

reset143

UART 95
stop bit, UART91
stop mode

fast recoveryl43
Stop Mode Recovery Register (SMR)6
Stop Mode Recovery Register 1 (SMRB0
Stop Mode Recovery Register 2 (SMRIZ2
Stop Mode Recovery Register 3 (SMRI%5
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Stop Mode Recovery Register 4 (SMR46
stop-mode
description143
recovery event$44, 147, 150, 152
recovery interrupt 44
recovery sourcd44, 145, 149, 151
recovery statud43
Stop-Mode Recovery Register 4 (SMRG6
suffix, h 104
symbols
addressl 57
instruction159
operand157

T

T16_OUT signal
modulo-N model 10

T8_OUT signal
modulo-N model 04
single-pass mod&04

TCLK signal135

terminal count, reset19

test conditionsl 64

test load164

timer
block diagramd9
changing modd 21
description99
input circuit100, 101
output circuit113
output configuratior27
output descriptiori 12
reset139
starting count cautiohm03
stopping cautiori 04
T16 demodulatiori 10
T16 transmit109
T16_OUT signah10
T8 demodulatiorl 05
T8 transmit101
T8 OUT signal04
transmit flowchart1 02
transmit versus demodulation moti21
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Timer 16 Capture High Register (HI16)5
Timer 16 Capture Low Register (LO16)6
Timer 16 Control register (CTRAR4
Timer 16 High Hold register (TC16H)16
Timer 16 Low HoldRegister (TC16L117

Timer 8 and Timer 16 Common Functions Register

(CTR1)121
Timer 8 Capture High Register (HI8)14
Timer 8 Capture Low Register (LO8)5
Timer 8 Control Register (CTRAY19
Timer 8 High Hold Register (TC8H)17
Timer 8 Low Hold Register (TC8L)18
Timer 8/Timer 16 Control Register (CTR326
timing, AC 168
transmit caution, UARBS, 89
transmit mode

caution121

flowchart 102

timer 101, 109

U

UART

architecture6

baud rate generat&3

block diagran6

data and error handlirféy

data forma87

interrupts90

operation86

overrun erroi91

polled receive39

polled transmiB7

receive interrup89, 90, 92

stop bit91

transmit cautior88, 89

transmit interrup88, 90
UART Control Register (UCTLY6, 97
UART Receive/Transmit Data Register (URDA-
TA/UTDATA) 95
UART Status Register (USBH
User Data Register (USERSB
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Vv

vector, interrupt! 29
voltage

brown-out139, 143
detection143
detection registet40

w

Watchdog Timer
description141
watchdog timer
diagram138
Watchdog Timer Mode Register (WDTMR#%2

X

XTALL pin 134
XTAL2 pin 135

Z

ZLR64400 MCU
block diagram4
featuresl
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Customer Support

For any comments, detail techal questions, or reporting problems, please visit Maxim’s
Technical Support dtttps://support.mdm-ic.com/micro
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