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Port 3 Mode Register

The Port 3 Mode register (see Table 19) is used to configure the functionality of Port 3
inputs and the output mode of Port 2. When bit 2 is 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.

1 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.

1 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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shadow registers implemented within the RAM memory. This enables the entire 1K or 512
B, depending on the product, of the RAM memory to be used for the stack.

8-bit Stack Addressability

For 8-bit stack addressability, only the SPL register is used for stack addressing and stack
operations that use the stack pointer always address Bank 0, independent of the RP[3:0]
setting. For more details on the stack, refer to Z8® LXMC CPU Core User Manual
(UM0215).

When in 8-bit stack addressability mode, the Bank 0 register FEh can be used to store user
data. See Stack Pointer Register on 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

PS026408-1208

Figure 13. Register File 8-Bit Banked Address Map

Register File
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As the ICP interface uses a single pin for both receive and transmit, it can only receive or
transmit at a given time. For the most part, this is not a problem, as the ICP uses a host
driven protocol (28® does not send any data without the host asking for it).

To aid the ICP in avoiding collisions, the transmitter waits an additional 1/2 bit times after
a Stop bit is fully received or transmitted before it starts transmission of a character. On
the other hand, the receiver starts searching for a Start bit as soon as the middle of the Stop
bit has been sampled and is valid. The transmitter does 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 the ICP commands are available. In FLASH
CONTROL mode, all ICP commands are available, but for few commands their access to
the Flash is qualified based upon the programming of the Flash Read/Write Protect Option
bit (FLRWP) or the Lower Half Flash Read/Write Protect Option bit (FLPROT1). When
either of these bits is enabled, some of the ICP commands will have reduced Flash
memory access or will be disabled completely.

Table 28 is a summary of the ICP commands. Each ICP command is described in further
detail in the bulleted list following this table. Table 28 also indicates those commands that
operate when the device is not in FLASH CONTROL mode (normal operation) and how
those commands are effected by programming of the FLRWP and FLPROT1 Option 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 OOH Yes —
Reserved 01H —
Read ICP Status Register 02H Yes —
Reserved O3H 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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Flash Status Register

The Flash Status (FSTAT) register (see Table 34) indicates the current state of the Flash
Controller. This register can be read any time. 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

19-4572; Rev 0; 4/09

The Flash Page Select (FPS) register (see Table 35) shares address space with the Flash
Sector Protect (FSEC) register. Unless the Flash Controller is in ‘locked’ state and its
Flash Control (FCTL) register is written with SEH, writes to this address target the Flash
Page Select (FPS) register.

The FPS register is used to select one page within the Flash Main Memory or Information
Block for programming or erasure depending upon whether its IFEN 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 that will be erased is the one containing the
512 Flash memory locations where bits 15 through 9 of 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 0 of the FPS register for the
Flash Controller to execute the operation. For page erase or programming operations to
the Flash’s Information Block as indicated by the IFEN bit being 1, the programming or

Flash Control Register Definitions

77
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Flash Byte Programming Interface

Using the ZLF645’s Flash Byte Programming interface, the on-chip Flash controller can
be bypassed, allowing direct control of the Flash signals through registered values of
certain of the ZLF645’s GPIO pins. Bypassing the Flash controller allows faster row
programming algorithms to be used by controlling the Flash programming signals directly.
This method is beneficial when programming a large number of devices and can be used
for Flash programming by third party vendors who manufacture gang programmers. For
more information on how to use this interface, refer to Third-Party Flash Programming
Support for Z8 Crimzon Flash Parts, available for download at www.maxim-ic.com.

Enabling The Flash Byte Programming Interface

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

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

3. 04H — Data to be written to the Test Mode Register. This enables the Flash Byte
Programming interface.

} Note: Since Flash Byte Programming Interface is enabled with the ZLF645 MCU in ICP mode,
the CPU clock will stop and no CPU accesses to the Flash memory will occur.

Flash Byte Programming Interface Flash Access Restrictions

The types of Flash access allowed to the Flash memory through the Flash Byte
Programming interface is qualified similar to the ICP, by the settings of the Flash Memory
Protection Bits in User Option Byte 1. If either 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 or Information area page 3 sections of the Flash memory, respec-
tively. Flash memory access allowed through the Flash Byte Programming interface is
summarized in Table 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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Architecture

The UARTSs consist of three primary functional blocks: transmitter, receiver, and Baud
Rate Generator. The UART transmitter and receiver function independently, but employ
the same baud rate and data format. Figure 22 displays the UART architecture.

RxD —p| Receive Shifter

'

Receive Data
Register

Control Register

System Bus T

A 4

Transmit Data . Baud Rate
Register Status Register Generator

I

XD < Transmit Shift
Register

A

A
l Transmitter Control <

Parity Generator |«

Figure 22. UART Block Diagram

Operation

The UART channel can be used to communicate with a master microprocessor or a slave
microprocessor, both of which exhibit transmit and 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 neither 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 receiver that can be enabled by the user.

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

Single Pass?

Modulo-N

T8_OUT Value

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

Counter/Timer Functional Blocks
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Timer 16 Capture Low Register

The Timer 16 Capture Low register (see Table 51) holds the captured data from the
output of the 16-bit Counter/Timer 16. This register 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 (see Table 52) 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



Counter/Timer 8 Low Hold Register

} Note:

The Counter/Timer 8 Low Hold register (see Table 55) contains the value to be counted

while the T8 output is 0.

This register is not reset after a Stop Mode Recovery.

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

ZLF645 Series Flash MCUs
Product Specification

AKX

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
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P33 Stop Mode Recovery Source

UCTL bits 5& 6 =11 —\o_ 1/

P31

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

Product Specification

UART BRG Interrupt

\* 1/ UCTL bits 7,6, and 0 = 001
UART Ty
\* 1/ UCTL bits 5and 7 =11
Timer 16 Timer 8 Low-Voltage
Detection
IRQ3 IRQ4 IRQ5

Interrupt Request

IRQRegister (bits 6&7) ~ —»| MerruptEdge
Select
IRQ2 IRQO IRQT
Global
Interrupt
Enable
Interrupt
Request bt

ool
|1 11

Interrupt Mask
Register

Interrupt Priority
Register

!

Priority Logic

=D}

l

Vector Select

Figure 40. Interrupt Block Diagram
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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 Tyx/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 Ry)
0 Interrupt did not occur.
1 Interrupt occurred.
Write
0 Clear interrupt.
1 Set interrupt.
} Note:  The IRQ register is protected from change until an El instruction is executed once.

19-4572; Rev 0; 4/09
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Voltage Brownout Standby

An on-chip voltage comparator circuit (VBO) checks that the Vpp is at the required level
for correct operation of the device in terms of Flash memory reads. A second on-chip
comparator circuit (subVBO) checks that the Vpp level is high enough for proper opera-
tion of the VBO circuit. If the Vpp level drops below the VBO trip point, the ZLF645 will
be held in a reset state as long as Vpp remains below this trip point value, and the XTAL1
and XTAL?2 oscillator circuitry will be disabled thereby stopping the clock input to the
ZLF645 and saving power. If the Vpp level continues to drop below the subVBO trip
point, the ZLF645 will remain in a reset state and the VBO comparator circuit will be
disabled for further power savings. When the power level returns to a value above the
VBO trip point, the device performs a power-on reset and functions normally.

STOP Mode

STOP instruction turns OFF the internal clock and external crystal oscillation, thus reduc-
ing the MCU supply current to a very low level. For STOP mode current specifications,
see Table 80 on page 165.

To enter STOP mode, first flush the instruction pipeline to avoid suspending execution in
mid-instruction. Execute a NOP instruction (OpCode = FFh) 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, such as WDT time-out, POR, or one of the Stop
Mode Recovery events as described in Stop Mode Recovery Event Sources on page 144.
This condition causes the processor to restart the application program at address 000Ch.

Unlike a normal POR or WDT reset, a Stop Mode Recovery reset does not reset the
contents of some registers and bits. Register bits not reset by a Stop Mode Recovery are
highlighted in grey in the register tables. Register bit SMR[7] is set to 1 by a Stop Mode
Recovery.

HALT Mode

HALT instruction turns off the internal CPU clock, but not the XTAL oscillation.

The counter/timers, UART, and interrupts (IRQO, IRQ1, IRQ2, IRQ3, IRQ4, and IRQ5)
remain active. The devices are recovered by interrupts, either externally or internally
generated. An interrupt request must be executed (enabled) to exit HALT mode. After the
interrupt service routine, the program continues from the instruction after HALT mode.

19-4572; Rev 0; 4/09 Voltage Brownout Standby
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After the following example code is executed, a 1 on P20 will wake the part from

STOP mode:

LD P2M, #%FF
SRP #%O0F

LD SMR1, #%01
SRP #%00

LD P2, #%00

NOP
STOP

;Set Port 2 to inputs.

;Point to expanded bank F

;Select P20 for SMR1.

;Point to bank 0O

;Write 00h to Port 2, so the P20 reference
;value is 0, and a 1 on P20 wakes the part.

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
SRP #%O0F
LD SMR1, #%01
SRP #%00
LD R6, P2

NOP
STOP

19-4572; Rev 0; 4/09

;Set ports to inputs.

;Point to expanded bank F

;Select P20 for SMR1.

;Point to bank O

;IF a 0 is read from Port 2, the P20 reference
;value is 0, so a 1 on P20 wakes the part.

Reset/Stop Mode Recovery Status
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ZLF645 Series Flash MCUs
Product Specification

MAXIMN |

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
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Standard Test Conditions

The characteristics listed in this product specification apply for standard test conditions.
All voltages are referenced to Ground. Positive current flows into the referenced pin
(see Figure 48).

From Output
Under Test

(e, @

@IT == 150 pF

Figure 48. Test Load Diagram

Capacitance

Table 79 lists the capacitance.

Table 79. Capacitance

Parameter Maximum
Input capacitance 12 pF
Output capacitance 12 pF
I/O capacitance 12 pF

Note: Tp=25°C, V. =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



DC Characteristics

Table 80. DC Characteristics

ZLF645 Series Flash MCUs
Product Specification

MAXIMN |

Table 80 describes the direct current (DC) characteristics of the ZLF645 Flash MCU.

Tp=0°Cto +70°C

Symbol  Parameter Vee Min Typ Max Units Conditions
Vee Supply Voltage' — 1.9 — 3.6 V  See Note 5.
VeH Clock Input High 1.9-3.6 0.8V¢e — 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  log=-7 mA
(P36, P37, POO, and
PO1)
VoL 1 Output Low Voltage 1.9-3.6 — — 0.4 loL =4.0 mA
VoL2 Output Low Voltage 1.9-3.6 — — 0.8 V o, =10 mA
(P00, 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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Table 81. Clock, Reset, Timers, and SMR Timing

To=0°Cto+70°C

8.0 MHz WDTMR
(Bits 6, 5, 4,
No Symbol Parameter Vee Min Max Units 1,0)
1 T,C Input Clock Period’ 1.9-3.6 121 DC ns —
2 TRC, TEC Clock Input Rise and  1.9-3.6 — 25 ns —
Fall Times'
TwC Input Clock Width' 1.9-3.6 37 — ns —
4  TwTiNL Timer Inpu1t 1.9 100 — ns —
Low Width 36 70 - ns -
5 TwTinH Timer Input High 1.9-3.6 3TpC — — —
Width'
6  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 TwiL 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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Figure 57 displays the 48-pin shrink small outline package (SSOP) for the ZLF645
Series of Flash MCUs.

D c
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Figure 57. 48-Pin SSOP Package Diagram
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