ghipsmall

Chipsmall Limited consists of a professional team with an average of over 10 year of expertise in the distribution
of electronic components. Based in Hongkong, we have already established firm and mutual-benefit business
relationships with customers from,Europe,America and south Asia,supplying obsolete and hard-to-find components
to meet their specific needs.

With the principle of “Quality Parts,Customers Priority,Honest Operation,and Considerate Service”,our business
mainly focus on the distribution of electronic components. Line cards we deal with include
Microchip,ALPS,ROHM, Xilinx,Pulse,ON,Everlight and Freescale. Main products comprise
IC,Modules,Potentiometer,IC Socket,Relay,Connector.Our parts cover such applications as commercial,industrial,
and automotives areas.

We are looking forward to setting up business relationship with you and hope to provide you with the best service
and solution. Let us make a better world for our industry!

Contact us

Tel: +86-755-8981 8866 Fax: +86-755-8427 6832
Email & Skype: info@chipsmall.com Web: www.chipsmall.com
Address: A1208, Overseas Decoration Building, #122 Zhenhua RD., Futian, Shenzhen, China

iy [0



| l
Embedded in Life

AnEIIXYS Company
High-Performance 8-Bit Microcontrollers

Z8 Encore!® F0830 Series

Product Specification

PS025113-1212

Copyright ©2012 Zilog®, Inc. All rights reserved.
www.zilog.com



Z8 Encore!® F0830 Series
Product Specification

A Warning: DO NOT USE THIS PRODUCT IN LIFE SUPPORT SYSTEMS.

LIFE SUPPORT POLICY

ZILOG’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE
SUPPORT DEVICES OR SYSTEMS WITHOUT THE EXPRESS PRIOR WRITTEN APPROVAL OF
THE PRESIDENT AND GENERAL COUNSEL OF ZILOG CORPORATION.

As used herein

Life support devices or systems are devices which (a) are intended for surgical implant into the body or (b)
support or sustain life and whose failure to perform when properly used in accordance with instructions for
use provided in the labeling can be reasonably expected to result in a significant injury to the user. A criti-
cal component is any component in a life support device or system whose failure to perform can be reason-
ably expected to cause the failure of the life support device or system or to affect its safety or effectiveness.

Document Disclaimer

©2012 Zilog, Inc. All rights reserved. Information in this publication concerning the devices, applications
or technology described is intended to suggest possible uses and may be superseded. ZILOG, INC. DOES
NOT ASSUME LIABILITY FOR OR PROVIDE A REPRESENTATION OF ACCURACY OF THE
INFORMATION, DEVICES or TECHNOLOGY DESCRIBED IN THIS DOCUMENT. ZILOG ALSO
DOES NOT ASSUME LIABILITY FOR INTELLECTUAL PROPERTY INFRINGEMENT RELATED
IN ANY MANNER TO USE OF INFORMATION, DEVICES or TECHNOLOGY DESCRIBED
HEREIN OR OTHERWISE. The information contained within this document has been verified according
to the general principles of electrical and mechanical engineering.

78,78 Encore! and Z8 Encore! XP are trademarks or registered trademarks of Zilog, Inc. All other product
or service names are the property of their respective owners.

PS025113-1212 Disclaimer



Revision History

Z8 Encore!® F0830 Series
Product Specification

ilog

OIXYS: 1]

Each instance in this document’s revision history reflects a change from its previous edi-
tion. For more details, refer to the corresponding page(s) or appropriate links furnished in

the table below.
Revision Page
Date Level Chapter/Section Description No.
Dec 13 GPIO Modified GPIO Port DO language in Shared 35, 36
2012 Reset Pin section and Port Alternate Func-
tion Mapping table.
Sep 12 LED Drive Enable Register Clarified statement surrounding the Alternate 51,
2011 Function Register as it relates to the LED 115,
function; revised Sector Based Flash Protec- 199
tion description; revised Packaging chapter.
Dec 11 n/a Updated all instances of Z8 Encore! XP All
2007 F0830 to Z8 Encore! FO830.
Nov 10 DC Characteristics, On-Chip  Updated Tables 116 and and 122. 185,
2007 Peripheral AC and DC Electri- 193
cal Characteristics
Sep 09 Timers, PWM SINGLE OUT- Updated Figures 2 and 4, Table 4. 8,9,
2007 PUT Mode, PWM DUAL OUT- 11, 68,
PUT Mode, Analog-to-Digital 74,75,
Converter, Reference Buffer. 98,
101
Apr 08 Optimizing NVDS Memory Added a note under Table 93 in Nonvolatile 137,
2007 Usage for Execution Speed, Data Storage chapter. Updated Table 121 193,
On-Chip Peripheral AC and DC and Table 122 in Electrical Characteristics 193
Electrical Characteristics chapter. Other style updates.
Dec 07 General Purpose Input/Output  Added PDO in Table 16. 38
2006 Overview, Interrupt Controller Changed the number of interrupts to 17. 15,53
Nonvolatile Data Storage Updated chapter. 136
Oscillator Control Register Defi- Updated Tables 117 and 122. Added 156,
nitions, AC Characteristics, On- Figure 24. 189,
Chip Peripheral AC and DC 193
Electrical Characteristics
Ordering Information Updated Part Number Suffix Designations. 205
n/a Removed Preliminary stamp from footer. All

PS025113-1212

Revision History



Z8 Encore!® F0830 Series
Product Specification

ilog

OIXYS!

Table of Contents

Revision HiStory ... ... . . e iii
List Of Figures ... ..o e X
Listof Tables . ... ... Xil
OVEIVIEW . ot 1
Features . ..o 1
Part Selection Guide . ........ ... i 2
Block Diagram . ... ... .. e 3
CPU and Peripheral Overview . ... ... ... .. it 4
General Purpose Input/Output . ............ . i 4

Flash Controller ... .. ... ... ottt i e 4
Nonvolatile Data Storage . .......... .ot 5
Internal Precision Oscillator . ............ . ... 5
External Crystal Oscillator ... ........... ..ttt i, 5

10-Bit Analog-to-Digital Converter . ..............c. .ottt inenenenan.. 5

Analog Comparator . . .. ... vttt e 5

TIMETS . . oot 5
Interrupt Controller . . ... ... ... e 5

Reset Controller ... ... ... .. e 6
On-Chip Debugger . ......c.iii i e e et et 6
Acronyms and EXpansions . ... ......... .. 6

Pin DesCription . . . . ..ot 7
Available Packages .. ..... ... .. 7

Pin Configurations . . . ... ...ttt e 7
Signal DesCriptions . ... .. ...ttt 11

Pin CharacteriStiCs . . ... ..ottt e e 13
AdAress SPacCe .. ..ot e 14
Register File . . ... ... e 14
Program Memory . . ... ... . e 15
Data MeMOTY . ..ottt e e 16
Flash Information Area . .. ... ...ttt e e 16
Register Map . ... i 17
Reset and Stop Mode Recovery . ... ... 21
ReSet Ty PeS . oottt 21
Reset Sources . .. ..o e 23
Power-On Reset . ... .. .. i 23

PS025113-1212 Table of Contents



Z8 Encore!® F0830 Series
Product Specification

Voltage Brown-Out Reset . .. ... .. i 24
Watchdog Timer Reset . ....... ... i 25
External Reset Input ... ... ... e 25
External Reset Indicator . ........ ... ... .. i 26
On-Chip Debugger Initiated Reset . .......... ... . . .. 26
Stop Mode ReCOVETY . . ..ot e e 26
Stop Mode Recovery using WDT Time-Out .............. ... .. ..., 27
Stop Mode Recovery using GPIO Port Pin Transition ....................... 27
Stop Mode Recovery Using the External RESET Pin ....................... 28
Debug Pin Driven LOW . ... .. . e 28
Reset Register Definitions . ... ....... ... . . 28
Low-Power Modes . . ... e 30
STOPMOdE . . ..ot e e e e e e e 30
HALT Mode . ... e e e e e e e e et e e e 31
Peripheral Level Power Control . ....... ... ... . . . .. 31
Power Control Register Definitions ................ ... i, 31
General Purpose Input/Output ... ..... ... 33
GPIO Port Availability by Device . . . ... . i 33
ATChIteCture . . . ... .. e 34
GPIO Alternate FUNCHONS . ... ..ottt e 34
Direct LED Drive ... ... e 35
Shared Reset Pin . ... ... 35
Crystal Oscillator Override . ...........o i i e 35
SVTOLErance . . .. ..ottt e e e e e e 35
External Clock Setup . . ... i e 36
GPIO INterrupts . ..o ottt e e e et e e 39
GPIO Control Register Definitions . ............c.c. ... 39
Port A—D Address RegiSters . . ...ttt 40
Port A—D Control Registers ............... i 41
Port A—D Data Direction Subregisters . .............coiuininiinnnan... 41
Port A-D Alternate Function Subregisters . ..............c.viiirinennen... 42
Port A-C Input Data Registers ... ...ttt 49
Port A-D Output Data Register .......... .. ... .. . ... 50
LED Drive Enable Register ............ ..ttt 51
LED Drive Level High Register ............. ... .. ... 51
LED Drive Level Low Register. .. ........... i 52
Interrupt Controller . ... ... .. ... 53
Interrupt Vector Listing . ... ...t e e 53
ATChItecture . . . ... ... . e 55
OPEIation . .. ..ottt 55

PS025113-1212 Table of Contents



Z8 Encore!® F0830 Series
Product Specification

Master Interrupt Enable . ....... ... .. . . . . 55
Interrupt Vectors and Priority . ......... . . 56
Interrupt ASSEItiON . ... ...ttt 56
Software Interrupt ASSEItiON . . ... oottt vttt et et 57
Interrupt Control Register Definitions . . ............ ... . .. 57
Interrupt Request O Register . ...... ... . 58
Interrupt Request 1 Register . ... ... i 59
Interrupt Request 2 Register .. ... 60
IRQO Enable High and Low Bit Registers ............... ... ..o, 60
IRQ1 Enable High and Low Bit Registers .....................oiuuuin... 62
IRQ2 Enable High and Low Bit Registers ............ ... ... ... ........ 63
Interrupt Edge Select Register ............ .o it 65
Shared Interrupt Select Register . ......... .. ... ..., 66
Interrupt Control Register ... ... e 67
TIMETS . .ottt e 68
ATChItECUTE . . . . oot e 68
OPEration . .. ...t 69
Timer Operating Modes .. ....... ... i 69
Reading the Timer Count Values ........... ... .. . ..., 82
Timer Pin Signal Operation . ............. ... .ttt 82
Timer Control Register Definitions . .. .......... ... .. .. .. . . . i .. 83
Timer 0—1 High and Low Byte Registers ............ .. ... .. ... ... ... 83
Timer Reload High and Low Byte Registers ........... ... ... .. ... .. .... 85
Timer 0-1 PWM High and Low Byte Registers .. .......... ... ... ... .... 86
Timer 0—1 Control Registers . .. ... e 87
Watchdog Timer .. ... ... ... 92
OPEIation . . . ..ottt 92
Watchdog Timer Refresh . ....... ... ... . ... . . . . . . 93
Watchdog Timer Time-Out Response .......... ... ... . .. 93
Watchdog Timer Reload Unlock Sequence .............. ... ... ... ..... 94
Watchdog Timer Control Register Definitions . ................ ... ... ... ..... 95
Watchdog Timer Control Register ........... .. .. .. .. ... 95
Watchdog Timer Reload Upper, High and Low Byte Registers ............... 96
Analog-to-Digital Converter ............ ...t e 98
ATChItECUTE . . . . oottt e 98
OPEration . . ... ..t 99
ADC TIMING . o .ot e e e e e e 100
ADCINtEITUPL . . . oot e 101
Reference Buffer .. ... ... ... . 101
Internal Voltage Reference Generator ............. .. .. .. . . ... 101

PS025113-1212 Table of Contents

Vi



Z8 Encore!® F0830 Series
Product Specification

1LOoQ

aixys o |V
Calibration and Compensation . ... .........c.uueterenmeerenennennnnnnn. 101
ADC Control Register Definitions . ........... ... oot 101
ADC Control Register O . ......... i e 102
ADC Data High Byte Register . ......... ... .. 103
ADC Data Low Bits Register .. ....... ... . .. 103
Sample Settling Time Register ............... ..., 104
Sample Time Register . . . ...t e e 105
COMPATALOL . . . . ettt ettt e e e e e e e e e 106
OPEIatioN . . . oottt e e 106
Comparator Control Register Definitions ............... ... ... ... oo, .. 107
Flash Memory . ... ... e e et e et 108
Data Memory Address Space . ... 111
Flash Information Area . ........ ...ttt 111
OPEIatION . .\ttt et e e e e e 112
Flash Operation Timing Using the Flash Frequency Registers ............... 114
Flash Code Protection Against External Access .. ........... ..., 114
Flash Code Protection Against Accidental Program and Erasure ............. 114
Byte Programming . .......... ... 116
Page Brase . . ... e 117
Mass Brase .. ...t e 117
Flash Controller Bypass . ... ... ..., 117
Flash Controller Behaviorin DebugMode .. ............................. 117
NVDS Operational Requirements . ................cuitiuint e .. 118
Flash Control Register Definitions ......... ... . . . i, 118
Flash Control Register . ......... ... ..ot 119
Flash Status Register . .. ... i e 120
Flash Page Select Register ........... ..o i, 121
Flash Sector Protect Register ........... ... ...ttt 122
Flash Frequency High and Low Byte Registers ........................... 123
Flash Option Bits . . ... ... . e e e 124
OPEIation . . . ..ottt et e e e 124
Option Bit Configurationby Reset ........... ... .. ... ... ... ... 124
Option Bit TyPes . . . . oot 125
Flash Option Bit Control Register Definitions ............ ... ... ... .. .. ... 126
Trim Bit Address Register .............. ... i, 126
Trim Bit Data Register ... .. ... ... . . e 126
Flash Option Bit Address Space . .......... ... 127
Trim Bit Address Space . . ...t 129
Nonvolatile Data StOrage . . ... ..ottt e 134

PS025113-1212 Table of Contents



Z8 Encore!® F0830 Series
Product Specification

1LOoQ

aiys o | Vil
OPEIaAtION . .\ttt et e e e e e 134
NVDS Code Interface .. ..........o.iii e 134
Byte WIite . . ..o e 135
Byte Read . ... .. 136
Power Failure Protection . . .. ......... .. ... i 137
Optimizing NVDS Memory Usage for Execution Speed . ................... 137
On-Chip Debugger . . ..o oot e e e e e 139
ATChItECTUIE . . . . ot e e e e e e 139
OPETatiON . . . .ottt et e e e e 140
OCD INterface . . .. ..ottt e e e e e e e 140
DEBUG Mode .. ...t e e e 141
OCD Data Format . . ...... .. .. et 142
OCD Autobaud Detector/Generator . .............c.eueienenenenenenen.. 142
OCD Serial Brrors . . ... ..o 143
Breakpoints . .. ... .. 143
Runtime COUNLer . . .. ...t e e e 144
On-Chip Debugger Commands . .......... ..., 144
On-Chip Debugger Control Register Definitions .............. ... ... ....... 148
OCD Control Register . . .. ... .ot e e e e 148
OCD Status RegISter . . .. ..o i i e e e 150
Oscillator Control . . ... .. e 151
OPEIation . . . . vttt ettt e e e 151
System Clock Selection . ..............o it 151
Clock Failure Detection and Recovery ......... ... ... ... . . ... 153
Oscillator Control Register Definitions . ............. ... . ... ... 154
Crystal OsCIllator . . ... ...t e et et 157
Operating Modes . . ...ttt e e 157
Crystal Oscillator Operation . ............c.iuininiin i 157
Oscillator Operation with an External RC Network . .......................... 159
Internal Precision Oscillator . . ... ... . 161
OPEIation . . . ..ottt ettt e e e e 161
eZ8 CPU Instruction Set . . ... ...ttt e e et 162
Assembly Language Programming Introduction . .. .......... ... .. ... .. ..... 162
Assembly Language Syntax . .......... .. 163
eZ8 CPU Instruction NOtation . . . .. .o .u ittt ettt 164
eZ8 CPU Instruction Classes . . .. ..ottt e 166
eZ8 CPU Instruction SUMMATY . . ... ..ottt 171
Op Code Maps . ..o vttt e e e e 180

PS025113-1212 Table of Contents



Z8 Encore!® F0830 Series
Product Specification

Electrical CharacteriStiCs . . .. .. .. ..ttt ittt e et et et e e e e e 184
Absolute Maximum Ratings ........... ... 184

DC CharacteriStiCs . . . . v vttt ettt e e e e e e 185

AC CharacteriStiCs . . . . vttt ettt e e e e e e e e 189
On-Chip Peripheral AC and DC Electrical Characteristics .. .................... 190
General Purpose I/O Port Input Data Sample Timing . ..................... 195
General Purpose I/O Port Output Timing ... ........... ..., 196
On-Chip Debugger Timing . . ...... ..ottt i 197
Packaging . ... ... e 199
Ordering Information . ... ... ...ttt e e 200
Part Number Suffix Designations . ................ .t .. 205
Appendix A. Register Tables ... ... ... . 208
General Purpose RAM . ... 208
Timer O ..o 208
Analog-to-Digital Converter . ... ... ... ...ttt 213
Low Power Control ... ... ... . . 216
LED Controller . . ... ...ttt e e e e 216
Oscillator Control . .. .. ... 217
Comparator 0 . . ... 218
Interrupt Controller . ... ... ... 218
GPIO Port A . 222
Watchdog Timer . ... ... e 226
Trim Bit Control . ... ... . . e 228
Flash Memory Controller . ........ ... .. 228
Index . .o e 231
CUSLOMET SUPPOIT . o . ottt ettt e e e e e e e e e e e 239

PS025113-1212

Table of Contents

ix



Z8 Encore!® F0830 Series
Product Specification

List of Figures

PS025113-1212

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20.
Figure 21.

Figure 22.

Figure 23.
Figure 24.
Figure 25.
Figure 26.

ilog

BIxYS:
78 Encore! FO830 Series Block Diagram ........................... 3
Z8F0830 Series in 20-Pin SOIC, SSOP, PDIP Package ................ 8
Z8F0830 Series in 28-Pin SOIC, SSOP, PDIP Package ................ 8
Z8F0830 Series in 20-Pin QFN Package . ........................... 9
Z8F0830 Series in 28-Pin QFN Package ........................... 10
Power-On Reset Operation ...............ciuiuiiiinnnenennan.. 24
Voltage Brown-Out Reset Operation . . ............ ... ..., 25
GPIO Port Pin Block Diagram . .. ........ ... . . ... 34
Interrupt Controller Block Diagram . ......... ... ... ... .. .. .... 55
Timer Block Diagram ............ ... .. ... 69
Analog-to-Digital Converter Block Diagram ....................... 99
ADC Timing Diagram .. .......... .. it 100
ADC Convert Timing . ....... ... 100
IKFlash with NVDS . ... 108
2KFlashwith NVDS . ... . 109
4K Flash with NVDS .. ... o 109
8K Flashwith NVDS ... ... 110
12K Flash without NVDS ... ... .. 111
Flash Controller Operation Flow Chart .. ........... ... ... .. ... 113
On-Chip Debugger Block Diagram ............. ... ... ... ..... 139

Interfacing the On-Chip Debugger’s DBG Pin with an RS-232 Interface,
HLoof 2 e 140

Interfacing the On-Chip Debugger’s DBG Pin with an RS-232 Interface,
B2 o 2 141
OCD DataFormat ............. . ... 142
Oscillator Control Clock Switching Flow Chart .................... 156
Recommended 20MHz Crystal Oscillator Configuration . ............ 158
Connecting the On-Chip Oscillator to an External RC Network .. ...... 159

List of Figures



PS025113-1212

Figure 27.

Figure 28.
Figure 29.
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.

Z8 Encore!® F0830 Series
Product Specification

i1loa

'
—

Typical RC Oscillator Frequency as a Function of External Capacitance

witha45 kKQ Resistor . ... .. i 160
Op Code Map Cell Description . ...........c..uiiitinenneneene... 180
First OpCode Map ...... ...ttt 182
Second Op Code Map after IFH ................................ 183
Icc Versus System Clock Frequency (HALT Mode) ................ 187
Icc Versus System Clock Frequency (NORMAL Mode) ............. 188
Port Input Sample Timing . ...........ciiiiniinini e, 195
GPIO Port Output Timing . ....... ..., 196
On-Chip Debugger Timing ..............oiiiiiii .. 197
Flash Current Diagram . . .......... ... .t 198

List of Figures

Xi



Z8 Encore!® F0830 Series
Product Specification

ilog

OIXYS!

List of Tables

PS025113-1212

Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.
Table 8.
Table 9.

Table 10.
Table 11.
Table 12.
Table 13.
Table 14.
Table 15.
Table 16.
Table 17.
Table 18.
Table 19.
Table 20.
Table 21.
Table 22.
Table 23.
Table 24.
Table 25.
Table 26.
Table 27.
Table 28.

78 Encore! FO830 Series Family Part Selection Guide . ................ 2
Acronyms and EXpansions . . ......... .. i 6
7.8 Encore! FO830 Series Package Options . ......................... 7
Signal DesCriptions . .. .....utitn e 11
Pin Characteristics (20- and 28-pin Devices) ....................... 13
78 Encore! FO830 Series Program Memory Maps ................... 15
7.8 Encore! FO830 Series Flash Memory Information Area Map ........ 16
Register File Address Map ....... ... ... 17
Reset and Stop Mode Recovery Characteristics and Latency ........... 22
Reset Sources and Resulting Reset Type ... ........................ 23
Stop Mode Recovery Sources and Resulting Action .. ................ 27
POR Indicator Values .......... ... . .. ... 29
Reset Status Register (RSTSTAT) ... i 29
Power Control Register 0 (PWRCTLO) . ......... . ... ... ... . ... 32
Port Availability by Device and Package Type . ..................... 33
Port Alternate Function Mapping .............. ..o iiiiieienn.... 36
GPIO Port Registers and Subregisters . .................cc.ouv.... 39
Port A-D GPIO Address Registers (PXADDR) ..................... 40
Port Control Subregister ACCESS .. ....covitiniininin ... 40
Port A-D Control Registers (PXCTL) ........ ... . ... .o ... 41
Port A-D Data Direction Subregisters (PxDD) ...................... 41
Port A-D Alternate Function Subregisters (PXAF) ................... 42
Port A-D Output Control Subregisters (PxOC) ..................... 43
Port A—D High Drive Enable Subregisters (PxHDE) ................. 44
Port A—D Stop Mode Recovery Source Enable Subregisters (PXSMRE) .. 45
Port A—D Pull-Up Enable Subregisters (PXPUE) .................... 46
Port A-D Alternate Function Set 1 Subregisters (PxAFS1) ............ 47
Port A-D Alternate Function Set 2 Subregisters (PXAFS2) ............ 48

List of Tables

Xii



PS025113-1212

Table 29.
Table 30.
Table 31.
Table 32.
Table 33.
Table 34.
Table 35.
Table 36.
Table 37.
Table 38.
Table 39.
Table 40.
Table 41.
Table 42.
Table 43.
Table 44.
Table 45.
Table 46.
Table 47.
Table 48.
Table 49.
Table 50.
Table 51.
Table 52.
Table 53.
Table 54.
Table 55.
Table 56.
Table 57.
Table 58.

Z8 Encore!® F0830 Series
Product Specification

ilog
arxys:

Port A—C Input Data Registers (PXIN) ............................ 49
Port A-D Output Data Register (PxOUT) .......... ... ... ... ..... 50
LED Drive Enable (LEDEN) .. ... ... ... . . .. 51
LED Drive Level High Register (LEDLVLH) ...................... 51
LED Drive Level Low Register (LEDLVLL) ....................... 52
Trap and Interrupt Vectors in Order of Priority .. ...... ... ... .. .. .. 54
Interrupt Request 0 Register IRQO) ......... ... ... ... ... ...... 58
Interrupt Request 1 Register IRQ1) .......... ... ... ... ... .... 59
Interrupt Request 2 Register JRQ2) ......... ... ... ... 60
IRQO Enable and Priority Encoding ............. .. ... ... ... .. 60
IRQO Enable Low Bit Register IRQOENL) ........................ 61
IRQO Enable High Bit Register IRQOENH) ....................... 61
IRQ1 Enable and Priority Encoding . ............................. 62
IRQI1 Enable High Bit Register IRQIENH) ....................... 62
IRQ2 Enable and Priority Encoding .. ........... .. ... ... ... .. 63
IRQ1 Enable Low Bit Register IRQIENL) ........................ 63
IRQ2 Enable Low Bit Register IRQ2ENL) ........................ 64
IRQ2 Enable High Bit Register IRQ2ENH) ....................... 64
Interrupt Edge Select Register IRQES) ........................... 65
Shared Interrupt Select Register (IRQSS) .......... ... .. ... ... ... 66
Interrupt Control Register IRQCTL) ....... ... ... ... ... . ... ... 67
Timer 0-1 High Byte Register (TxH) .......... ... ... ... .. .. ... 83
Timer O—1 Low Byte Register (TxL) . ........... ... .. ... ... .. ..... 83
Timer 0—1 Reload High Byte Register (TXRH) ............ ... ... .. 85
Timer 0-1 Reload Low Byte Register (TXRL) ...................... 85
Timer 0-1 PWM High Byte Register (TxPWMH) ................... 86
Timer 0-1 PWM Low Byte Register (TXPWML) .................... 86
Timer 0-1 Control Register O (TXCTLO) .......... .. ... ... ... .... 87
Timer 0—1 Control Register 1 (TxCTL1) ............ ... ... ... .... 88
Watchdog Timer Approximate Time-Out Delays .................... 92
List of Tables

xiii



PS025113-1212

Table 59.
Table 60.
Table 61.
Table 62.
Table 63.
Table 64.
Table 65.
Table 66.
Table 67.
Table 68.
Table 69.
Table 70.
Table 71.
Table 72.
Table 73.
Table 74.
Table 75.
Table 76.
Table 77.
Table 78.
Table 79.
Table 80.
Table 81.
Table 82.
Table 83.
Table 84.
Table 85.
Table 86.
Table 87.
Table 88.

Z8 Encore!® F0830 Series
Product Specification

ilog
arxys:

Watchdog Timer Control Register (WDTCTL) ..................... 95
Watchdog Timer Reload Upper Byte Register (WDTU) .............. 96
Watchdog Timer Reload High Byte Register ( WDTH) ............... 96
Watchdog Timer Reload Low Byte Register (WDTL) ................ 97
ADC Control Register 0 (ADCCTLO) .. .......cooiiiiiin. .. 102
ADC Data High Byte Register (ADCD_H) . .......... ... ... .. ... 103
ADC Data Low Bits Register (ADCD_L) ......................... 103
Sample Settling Time (ADCSST) ........ . i 104
Sample Time (ADCST) ... .. e 105
Comparator Control Register (CMPO) . ........ ... . ... ... ..... 107
7.8 Encore! FO830 Series Flash Memory Configuration .............. 108
Z8F083 Flash Memory AreaMap ...........coiiiiiirnnennnnn. 112
Flash Code Protection using the Flash Option Bits .................. 115
Flash Control Register (FCTL) ........... .. .. .. .. .. ... oo o... 119
Flash Status Register (FSTAT) ....... ... i 120
Flash Page Select Register (FPS) .. ... ... . . . .. 121
Flash Sector Protect Register (FPROT) ........................... 122
Flash Frequency High Byte Register (FFREQH) ................... 123
Flash Frequency Low Byte Register (FFREQL) .................... 123
Trim Bit Address Register (TRMADR) ............ ... ... ... ... 126
TrimBit Address Map . ........ o 126
Trim Bit Data Register (TRMDR) ......... ... .. ... ... .. ... .... 127
Flash Option Bits at Program Memory Address 0000H .............. 127
Flash Options Bits at Program Memory Address 0001H ............. 128
Trim Option Bits at 0000H (ADCREF) . .......................... 130
Trim Option Bits at 0001H (TADC_COMP) ...................... 130
Trim Bit Address Space .. ... 130
Trim Option Bits at 0002H (TIPO) ......... ... ... ... . . oo, 131
Trim Option Bits at 0003H (TVBO) ........ ... . ... ... . ... ... 131
VBO Trim Definition . . ......... . 132
List of Tables

Xiv



PS025113-1212

Table 89.
Table 90.
Table 91.
Table 92.
Table 93.
Table 94.
Table 95.
Table 96.
Table 97.
Table 98.
Table 99.

Table 100.
Table 101.
Table 102.
Table 103.
Table 104.
Table 105.
Table 106.
Table 107.
Table 108.
Table 109.
Table 110.
Table 111.
Table 112.
Table 113.
Table 114.
Table 115.
Table 116.
Table 117.
Table 118.

Z8 Encore!® F0830 Series
Product Specification

ilog
aIxys:

Trim Option Bits at 0006H (TCLKFLT) ......... ... ... ... ..... 132
CIkFIt Delay Control Definition ............. .. .. .. .. ... ..., 133
Write Status Byte . ... ... 135
Read Status Byte . ....... ... 136
NVDSRead Time . ...... ..ottt 137
OCD Baud-Rate Limits ............c.ciiiiiii .. 142
On-Chip Debugger Command Summary ......................... 144
OCD Control Register (OCDCTL) ........... ... 149
OCD Status Register (OCDSTAT) . ...t 150
Oscillator Configuration and Selection ........................... 152
Oscillator Control Register (OSCCTL) ........ ..., 154
Recommended Crystal Oscillator Specifications ................... 158
Assembly Language Syntax Example 1 .......................... 163
Assembly Language Syntax Example 2 .......................... 164
Notational Shorthand .. ...... .. ... . .. . . . . i 164
Additional Symbols . ... ... 165
Arithmetic InsStructions . .......... ... ittt 166
Bit Manipulation Instructions .............. ... .. ..., 167
Block Transfer Instructions . ............. ... 167
CPU Control InStructions . . . .. ... vttt i e 168
Load InStructions . . ........ it e 168
Rotate and Shift Instructions . ......... ... . .. . i i 169
Logical InStructions . ............ouuiiti it 169
Program Control InStructions . . ... .......vit vt 169
eZ8 CPU Instruction SUmmary ..............c.ouiuunrennnnenn... 171
Op Code Map Abbreviations . ................ouiuininananann.. 181
Absolute Maximum Ratings ........ ... ... . . . . 184
DC CharacteristiCs . . . ..ottt e e e 185
AC CharacteriStiCs . . .. ..ottt ittt ettt et e e e e 189

Power-On Reset and Voltage Brown-Out Electrical Characteristics and Tim-
ing 190

List of Tables

XV



PS025113-1212

Table 119.
Table 120.
Table 121.
Table 122.
Table 123.
Table 124.
Table 125.
Table 126.
Table 127.
Table 128.
Table 129.
Table 130.
Table 131.
Table 132.
Table 133.
Table 134.
Table 135.
Table 136.
Table 137.
Table 138.
Table 139.
Table 140.
Table 141.
Table 142.
Table 143.
Table 144.
Table 145.
Table 146.
Table 147.
Table 148.

Z8 Encore!® F0830 Series
Product Specification

ilog
arxys:

Flash Memory Electrical Characteristics and Timing ................ 192
Watchdog Timer Electrical Characteristics and Timing .............. 192
Nonvolatile Data Storage . ........... ... ... 193
Analog-to-Digital Converter Electrical Characteristics and Timing . . . .. 193
Comparator Electrical Characteristics ... ..................oou... 194
GPIO Port Input Timing . .............co i, 195
GPIO Port Output Timing . ...ttt 196
On-Chip Debugger Timing ............c.oouiiiiiniiiinnennan.. 197
Power Consumption Reference Table ............................ 198
78 Encore! XP FO830 Series Ordering Matrix ..................... 200
Package and Pin Count Description . . ............. ... .. ... .. .. 207
Timer O High Byte Register (TOH) .............................. 208
Timer O Low Byte Register (TOL) ... ........... ... .. ... ..., 209
Timer 0 Reload High Byte Register (TORH) ....................... 209
Timer O Reload Low Byte Register (TORL) ....................... 209
Timer 0 PWM High Byte Register (TOPWMH) ................. ... 209
Timer 0 PWM Low Byte Register (TOPWML) ..................... 210
Timer 0 Control Register 0 (TOCTLO) ............ .. ... ..., 210
Timer 0 Control Register 1 (TOCTL1) ..................c...o.... 210
Timer 1 High Byte Register (TIH) .......... ... .. .. ... .. .. ... 210
Timer 1 Low Byte Register (T1L) . ........ . .. ... .. 211
Timer 1 Reload High Byte Register (TIRH) .................... ... 211
Timer 1 Reload Low Byte Register (TIRL) ....................... 211
Timer 1 PWM High Byte Register (TIPWMH) .................... 211
Timer 1 PWM Low Byte Register (TIPWML) ..................... 212
Timer 1 Control Register O (TICTLO) .......... ... .. .. .. .. ..... 212
Timer 1 Control Register 1 (TICTL1) ......... ... ... ... ... 212
ADC Control Register 0 (ADCCTLO) .. ... .. 213
ADC Data High Byte Register ( ADCD_H) ........................ 214
ADC Data Low Bits Register ( ADCD_L) ......................... 214
List of Tables

XVi



PS025113-1212

Table 149.
Table 150.
Table 151.
Table 152.
Table 153.
Table 154.
Table 155.
Table 156.
Table 157.
Table 158.
Table 159.
Table 160.
Table 161.
Table 162.
Table 163.
Table 164.
Table 165.
Table 166.
Table 167.
Table 168.
Table 169.
Table 170.
Table 171.
Table 172.
Table 173.
Table 174.
Table 175.
Table 176.
Table 177.
Table 178.

Z8 Encore!® F0830 Series
Product Specification

ilog
aIxys:

ADC Sample Settling Time (ADCSST) ......... ... ... ... ... 215
ADC Sample Time (ADCST) ... .. i 215
Power Control Register 0 (PWRCTLO) . ........ .. ... ... .. ... 216
LED Drive Enable (LEDEN) . . ........ .. .. .. 216
LED Drive Level High Register (LEDLVLH) ..................... 217
LED Drive Level Low Register (LEDLVLL) ...................... 217
Oscillator Control Register (OSCCTL) .........cooiiiiinnn.. 217
Comparator Control Register (CMPO) . ........................... 218
Interrupt Request 0 Register IRQO) ........ ... ... ... ... ... .. ... 218
IRQO Enable High Bit Register IRQOENH) ...................... 219
IRQO Enable Low Bit Register IRQOENL) .............. ... .. ... 219
Interrupt Request 1 Register IRQ1) ........ ... ... ... ... ... ..... 219
IRQ1 Enable High Bit Register IRQIENH) ...................... 219
IRQI1 Enable Low Bit Register IRQIENL) ....................... 220
Interrupt Request 2 Register IRQ2) . ....... ... ... ... ... .. ... 220
IRQ2 Enable High Bit Register IRQ2ENH) ...................... 220
IRQ2 Enable Low Bit Register IRQ2ENL) ....................... 220
Interrupt Edge Select Register IRQES) .......................... 221
Shared Interrupt Select Register (IRQSS) ......................... 221
Interrupt Control Register JIRQCTL) ......... ... ... ... ... ..., 221
Port A GPIO Address Register (PAADDR) ....................... 222
Port A Control Registers (PACTL) .......... ... . ... 222
Port A Input Data Registers (PAIN) ......... ... ... ... ... ... .... 222
Port A Output Data Register (PAOUT) ............ ... ... ........ 223
Port B GPIO Address Register (PBADDR) ....................... 223
Port B Control Registers (PBCTL) ....... ... ... ... ... . .. ... 223
Port B Input Data Registers (PBIN) ........ ... ... ... ... .. ... 223
Port B Output Data Register (PBOUT) ........ ... ... ... ... ... 224
Port C GPIO Address Register (PCADDR) ....................... 224
Port C Control Registers (PCCTL) ............. ... oo ... 224
List of Tables

XVii



PS025113-1212

Table 179.
Table 180.
Table 181.
Table 182.
Table 183.
Table 184.
Table 185.
Table 186.
Table 187.
Table 188.
Table 189.
Table 190.
Table 191.
Table 192.
Table 193.
Table 194.
Table 195.
Table 196.

Z8 Encore!® F0830 Series
Product Specification

ilog
arxys:

Port C Input Data Registers (PCIN) ........ ... ... ... iia.. 224
Port C Output Data Register (PCOUT) ......... ... ... ... ... ..... 225
Port D GPIO Address Register (PDADDR) ....................... 225
Port D Control Registers (PDCTL) .......... ... . ... ... 225
Port D Output Data Register (PDOUT) ........................... 226
Watchdog Timer Control Register (WDTCTL) .................... 226
Reset Status Register (RSTSTAT) ....... ..o, 226
Watchdog Timer Reload Upper Byte Register (WDTU) ............. 227
Watchdog Timer Reload High Byte Register (WDTH) .............. 2217
Watchdog Timer Reload Low Byte Register (WDTL) ............... 227
Trim Bit Address Register (TRMADR) .......................... 228
Trim Bit Data Register (TRMDR) ............................... 228
Flash Control Register (FCTL) .......... ... i .. 228
Flash Status Register (FSTAT) .......... i, 229
Flash Page Select Register (FPS) . ...... ... . . . .. 229
Flash Sector Protect Register (FPROT) .......... ... ... ... ... .... 229
Flash Frequency High Byte Register (FFREQH) ................... 229
Flash Frequency Low Byte Register (FFREQL) .................... 230

List of Tables

XViii



Z8 Encore!® F0830 Series
Product Specification

ilog

OIXYS!

Overview

Zilog’s Z8 Encore! MCU family of products are the first in a line of Zilog microcontroller
products based on the 8-bit eZ8 CPU. The Z8 Encore! FO830 Series products expand on
Zilog’s extensive line of 8-bit microcontrollers. The Flash in-circuit programming capabil-
ity allows for faster development time and program changes in the field. The new eZ8
CPU is upward-compatible with existing Z8 CPU instructions. The rich peripheral set of
7.8 Encore! FO830 Series makes it suitable for a variety of applications including motor
control, security systems, home appliances, personal electronic devices and sensors.

Features

The key features of Z8 Encore! FO830 Series MCU include:

PS025113-1212

20MHz eZ8 CPU

Up to 12KB Flash memory with in-circuit programming capability
Up to 256B register RAM

64 B Nonvolatile Data Storage (NVDS)

Up to 25 I/O pins depending upon package

Internal Precision Oscillator (IPO)

External crystal oscillator

Two enhanced 16-bit timers with capture, compare and PWM capability
Watchdog Timer (WDT) with dedicated internal RC oscillator
Single-pin, On-Chip Debugger (OCD)

Optional 8-channel, 10-bit Analog-to-Digital Converter (ADC)
On-chip analog comparator

Up to 17 interrupt sources

Voltage Brown-Out (VBO) protection

Power-On Reset (POR)

2.7V to 3.6V operating voltage

Up to thirteen 5 V-tolerant input pins

20- and 28-pin packages

0°C to +70°C standard temperature range and —40°C to +105°C extended temperature
operating ranges

Overview
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Part Selection Guide

Table 1 lists the basic features available for each device within the Z8 Encore! FO830
Series product line. See the Ordering Information chapter on page 200 for details.

Table 1. Z8 Encore! F0830 Series Family Part Selection Guide

Part Flash RAM NVDS
Number (KB) (B) (64B) ADC
Z8F1232 12 256 No Yes
Z8F1233 12 256 No No
Z8F0830 8 256 Yes Yes
Z8F0831 8 256 Yes No
Z8F0430 4 256 Yes Yes
Z8F0431 4 256 Yes No
Z8F0230 2 256 Yes Yes
Z8F0231 2 256 Yes No
Z8F0130 1 256 Yes Yes
Z8F0131 1 256 Yes No

PS025113-1212 Part Selection Guide



Block Diagram

Z8

Encore!® F0830 Series
Product Specification

‘.1;“\,"
1toagd

-

AIXYS Can

Figure 1 displays a block diagram of the Z8 Encore! FO830 Series architecture.
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Figure 1. Z8 Encore! F0830 Series Block Diagram
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CPU and Peripheral Overview

The eZ8 CPU, Zilog’s latest 8-bit CPU, meets the continuing demand for faster and more
code-efficient microcontrollers. The eZ8 CPU executes a superset of the original Z8
instruction set. The eZ8 CPU features include:

Direct register-to-register architecture allows each register to function as an accumula-
tor, improving execution time and decreasing the required program memory

Software stack allows much greater depth in subroutine calls and interrupts than hard-
ware stacks

Compatible with existing Z8 CPU code
Expanded internal register file allows access up to 4KB

New instructions improve execution efficiency for code developed using high-level
programming languages, including C

Pipelined instruction fetch and execution

New instructions for improved performance including BIT, BSWAP, BTJ, CPC, LDC,
LDCI, LEA, MULT and SRL

New instructions support 12-bit linear addressing of the register file
Up to 10 MIPS operation
C Compiler-friendly

2 to 9 clock cycles per instruction

For more information about the eZ8 CPU, refer to the eZ8 CPU Core User Manual
(UMO0128), which is available for download on www.zilog.com.

General Purpose Input/Output

The Z8 Encore! FO830 Series features up to 25 port pins (Ports A-D) for general-purpose
input/output (GPIO). The number of GPIO pins available is a function of package. Each
pin is individually programmable.

Flash Controller

The Flash Controller programs and erases the Flash memory. It also supports protection
against accidental programming and erasure.

PS025113-1212
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Nonvolatile Data Storage

The Nonvolatile Data Storage (NVDS) function uses a hybrid hardware/software scheme
to implement a byte-programmable data memory and is capable of storing about 100,000
write cycles.

Internal Precision Oscillator

The Internal Precision Oscillator (IPO) function, with an accuracy of £4% full voltage/
temperature range, is a trimmable clock source that requires no external components.

External Crystal Oscillator

The crystal oscillator circuit provides highly accurate clock frequencies using an external
crystal, ceramic resonator or RC network.

10-Bit Analog-to-Digital Converter

The optional Analog-to-Digital Converter (ADC) converts an analog input signal to a 10-
bit binary number. The ADC accepts inputs from eight different analog input pins.

Analog Comparator

The analog comparator compares the signal at an input pin with either an internal pro-
grammable reference voltage or with a signal at the second input pin. The comparator out-
put is used either to drive a logic output pin or to generate an interrupt.

Timers

Two enhanced 16-bit reloadable timers can be used for timing/counting events or for
motor control operations. These timers provide a 16-bit programmable reload counter and
operate in ONE-SHOT, CONTINUOUS, GATED, CAPTURE, CAPTURE RESTART,
COMPARE, CAPTURE and COMPARE, PWM SINGLE OUTPUT and PWM DUAL
OUTPUT Modes.

Interrupt Controller

The Z8 Encore! FO830 Series products support seventeen interrupt sources with sixteen
interrupt vectors: up to five internal peripheral interrupts and up to twelve GPIO inter-
rupts. These interrupts have three levels of programmable interrupt priority.

PS025113-1212 CPU and Peripheral Overview



Reset Controller

On-Chip Debugger

Z8 Encore!® F0830 Series

Product Specification

The Z8 Encore! FO830 Series products are reset using any one of the following: the

RESET pin, Power-On Reset, Watchdog Timer (WDT) time-out, STOP Mode exit or Volt-
age Brown-Out (VBO) warning signal. The RESET pin is bidirectional; i.e., it functions as
a reset source as well as a reset indicator.

The Z8 Encore! FO830 Series products feature an integrated On-Chip Debugger (OCD).
The OCD provides a rich set of debugging capabilities, such as reading and writing regis-
ters, programming Flash memory, setting breakpoints and executing code. The OCD uses
one single-pin interface for communication with an external host.

Acronyms and Expansions

PS025113-1212

This document references a number of acronyms; each is expanded in Table 2 for the

reader’s understanding.

Table 2. Acronyms and Expansions

Acronyms Expansions

ADC Analog-to-Digital Converter
NVDS Nonvolatile Data Storage

WDT Watchdog Timer

GPIO General-Purpose Input/Output
OCD On-Chip Debugger

POR Power-On Reset

VBO Voltage Brown-Out

IPO Internal Precision Oscillator
PDIP Plastic Dual Inline Package
SOIC Small Outline Integrated Circuit
SSOP Small Shrink Outline Package
QFN Quad Flat No Lead

IRQ Interrupt request

ISR Interrupt service routine

MSB Most significant byte

LSB Least significant byte

PWM Pulse Width Modulation

SAR Successive Approximation Regis-

Acronyms and Expansions
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Pin Description

The Z8 Encore! FO830 Series products are available in a variety of package styles and pin
configurations. This chapter describes the signals and the pin configurations for each of
the package styles. For information about the physical package specifications, see the
Packaging chapter on page 199.

Available Packages

Table 3 lists the package styles that are available for each device in the Z8 Encore! FO830
Series product line.

Table 3. Z8 Encore! F0830 Series Package Options

Part 20-pin  20-pin  20-pin  20-pin  28-pin  28-pin  28-pin  28-pin
Number ADC QFN SolIC SSOP PDIP QFN SoiC SSOP PDIP
Z8F1232 Yes X X X X X X X X
Z8F1233 No X X X X X X X X
Z8F0830 Yes X X X X X X X X
Z8F0831 No X X X X X X X X
Z8F0430 Yes X X X X X X X X
Z8F0431 No X X X X X X X X
Z8F0230 Yes X X X X X X X X
Z8F0231 No X X X X X X X X
Z8F0130 Yes X X X X X X X X
Z8F0131 No X X X X X X X X

Pin Configurations

Figures 2 and 3 display the pin configurations of all of the packages available in the Z8
Encore! FO830 Series. See Table 4 on page 11 for a description of the signals. Analog
input alternate functions (ANAX) are not available on the following devices:

e Z8F0831
e Z8F0431
e Z8F0131
e Z8F0231
e Z8F1233

PS025113-1212 Pin Description
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