High-Performance 8-Bit Microcontrollers

Z8 Encore! XP® F1680
Series

Product Specification

PS025015-1212

PRELIMINARY

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


http://www.ZiLOG.com

Z8 Encore! XP® F1680 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or technology described is intended to suggest possible uses and may be superseded.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.

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

PS025015-1212 PRELIMINARY



Z8 Encore! XP® F1680 Series

Product Specification

Revision History

PS025015-1212

Each instance in the Revision History table below reflects a change to this document from
its previous version. For more details, click the appropriate links in the table.

Revision
Date Level Description Page
Dec 15 Added Timer Clock Source footnote to the TxCTS2 117
2012 Register.
Nov 14 In the Multi-Channel Timer chapter, corrected/ 120
2012 clarified instances of the TINA-TInD and TOutA—
TOutD to TACHA-T4CHD GPIO pins to more
accurately address their relationship to Ty.
Oct 13 Revised Flash Sector Protect Register descriptions 274, 371
2011 per CR 13212; revised Packaging chapter.
May 12 Correction to Trim Bit Address 0001H Register per 283
2011 CR 13091.
Oct 11 Comparator 1 Control Register (CMP1) address 258
2010 formerly showed FOOH; now corrected to F91H.
Sep 10 Removed references to LSBF bit in Master-In/Slave- 199, 207
2010 Out, Master-Out/Slave-In and SPI Master Operation
sections.
Aug 09 Changed the frequency for the Internal Precision RC 316
2010 Oscillator from 1.3842 to 1.3824 in Table 168 per CR
12961.
Jun 08 Updated Trim Option Bits at 0005H (TVREF). 287
2008
Mar 07 Updated Operation of the On-Chip Debugger 296
2008 Interface and Ordering Information sections. Added

Target OCD Connector Interface.

PRELIMINARY

Revision History



PS025015-1212

Z8 Encore! XP® F1680 Series
Product Specification

Revision
Date Level Description Page
Oct 06 Updated Trim Bit Address Description, Trim Bit 282, 288, 288,
2007 Address 0007H, Trim Bit Address 0008H, DC 350, 352, 356,
Characteristics, Supply Current Characteristics, VDD 357, 359, 360,
Versus Maximum System Clock Frequency, 361
Watchdog Timer Electrical Characteristics and
Timing, Analog-to-Digital Converter Electrical
Characteristics and Timing, Comparator Electrical
Characteristics, Low Power Operational Amplifier
Characteristics, IPO Electrical Characteristics and
Low Voltage Detect Electrical Characteristics. Added
Figure 73.
Sep 05 Updated Supply Current Characteristics. 352
2007
Aug 04 Changed description of Z8F16800144ZCOG to Z8 350, 352, 358,
2007 Encore! XP Dual 44-pin F1680 Series Development 359, 360, 374

Kit. Updated electrical characteristics in Table 189,
Table 190, Table 192, Table 193, Table 195, Table
196. Removed VBO_Trim section and table.

PRELIMINARY

Revision History



Z8 Encore! XP® F1680 Series
Product Specification

Table of Contents

PS025015-1212

ReVISION HIStOrY ... e ii
List Of FigUres ... ..o XV
Listof Tables . . ... Xviii
Chapter L. OVeIVIBW ..ottt e e e e 1
L1 ReaUIES .. 1
1.2. PartSelectionGuide .......... . . .. 2
1.3, Block Diagram ... ..ot 3
1.4, An Overview of the eZ8 CPU and its Peripherals ...................... 4
1.4.1. General-Purpose Input/Output . ............ ... .. ... 4

1.42. FlashController ......... .. . . . . . 4

1.4.3. Non-Volatile DataStorage ........... ..., 5

1.4.4. Internal Precision Oscillator .............. ... .. i, 5

1.45. Crystal Oscillator .......... ... .. . i i 5

1.4.6. Secondary Oscillator ......... ... ... i, 5

1.4.7. 10-Bit Analog-to-Digital Converter .......................... 5

1.4.8. Low-Power Operational Amplifier ........................... 5

1.49. Analog Comparator . . ........ouii e 5

1.4.10. Temperature SENSOr . ...t e 6

1.4.11. Low-Voltage Detector ..............ciiiiiiir e, 6

1.4.12. Enhanced SPI ... ... .. . . . 6

1.4.13. UARTWIthLIN ... e 6

1.4.14. Master/Slave 12C ... ... . 6

O = R I 1 £ 6

1.4.16. Multi-Channel Timer .......... .. i 7

1.4.17. InterruptController . ...... ... ... ... . . 7

1.4.18. ResetController ........ ... . . . . . 7

1.4.19. On-Chip Debugger ......... .. i, 7

1.4.20. DireCtLED Drive . ... ... e 7

1.5, Acronymsand EXPansions . . ...t 8
Chapter 2. Pin DesCription . ... ... e 10
2.1. Available Packages ............ 10
2.2. PinConfigurations . .......... . i 10
2.3.  Signal Descriptions . ...t 14
24. PinCharacteristics . ... ..o 17
PRELIMINARY Table of Contents



PS025015-1212

Chapter 3.
3.1
3.2.
3.3.
3.4.

Chapter 4.

Chapter 5.
5.1.
5.2.

5.3.

5.4.
5.5.

Chapter 6.
6.1.
6.2.
6.3.
6.4.

Chapter 7.
7.1.
7.2.
7.3.
7.4,
7.5.
7.6.
1.7.

Z8 Encore! XP® F1680 Series
Product Specification

AdAress SPaCe .. ..ottt 19
Register File ... ... 19
Program MemoOrY . . ... 20
Data MemMOrY . .. 21
Flash Information Area .......... .. . i, 21

RegiSter Map ... ..o 23

Reset, Stop Mode Recovery and Low-Voltage Detection .. ............ 31
ReSEt TYPES . oo 31
RESEt SOUICES . . ..o 33
5.2.1. Power-On ReESet . ...t 34
5.2.2. Voltage Brown-OutReset . ........... ..., 35
5.2.3. Watchdog TimerReset . ..., 36
524. External Resetlnput .......... ... ... ... i, 37
5.2.5. External Reset Indicator ............ ... .. ... 37
5.2.6. On-Chip Debugger Initiated Reset .......................... 37
Stop Mode RECOVENY . ...t e 37
5.3.1. Stop Mode Recovery Using Watchdog Timer Time-Out ......... 38
5.3.2. Stop Mode Recovery Using Timer Interrupt .................. 38
5.3.3. Stop Mode Recovery Using Comparator Interrupt .. ............ 39
5.3.4. Stop Mode Recovery Using GPIO Port Pin Transition .......... 39
5.3.5. Stop Mode Recovery Using External RESET Pin .............. 39
Low-Voltage Detection ......... ...t 39
Reset Register Definitions ............ ... i 40

Low-Power Modes . .. ... 42
STOP MOOE . .o 42
HALT Mode . ... e e 43
Peripheral-Level Power Control ............ ... .. .. .. ... 43
Power Control Register Definitions .. .............. ... .. ... .. ...... 44

General-Purpose Input/Output . . ... 46
GPIO Port Availability by Device ........... .. i 46
ArChIteCIUrE .. oo 47
GPIO Alternate FUNCLIONS . ... ..ot 47
DireCt LED DriVe . .. oo e 48
Shared Reset Pin ... ... . 48
Crystal Oscillator Override ......... ... i, 48
32kHz Secondary Oscillator Override .. ........... ... 48

PRELIMINARY Table of Contents

Vi



PS025015-1212

7.8.
7.9.
7.10.
7.11.

Chapter 8.
8.1.
8.2.
8.3.

8.4.

Chapter 9.
9.1.
9.2.

Z8 Encore! XP® F1680 Series
Product Specification

BV TOIEranCe . ... 48
External Clock Setup . ... 49
GPIO INterrupts . .. ..o 58
GPIO Control Register Definitions .............. ... ... ... oo, 58
7.11.1. Port A-E Address Registers ..., 59
7.11.2. Port A—E Control Registers ............ ... 60
7.11.3. Port A-E Data Direction Subregisters ....................... 60
7.11.4. Port A-E Alternate Function Subregisters .................... 61
7.11.5. Port A—E Output Control Subregisters ....................... 62
7.11.6. Port A-E High Drive Enable Subregisters .................... 62
7.11.7. Port A-E Stop Mode Recovery Source Enable Subregisters . .. ... 63
7.11.8. Port A—E Pull-up Enable Subregisters ....................... 63
7.11.9. Port A-E Alternate Function Set 1 Subregisters ............... 64
7.11.10.Port A-E Alternate Function Set 2 Subregisters ............... 64
7.11.11.Port A—E Input Data Registers ............. ... oo, 65
7.11.12.Port A-E Output Data Register ................. ... ... ... 66
7.11.13.LED Drive Enable Register .......... ... ... .. ... .. ... ..., 66
7.11.14.LED Drive Level Registers . ... ...t 67

Interrupt Controller ......... ... . . . e 68
Interrupt Vector Listing .. ........ .. 68
ArChItECIUrE . . 70
OPeratION .ot 70
8.3.1. Master Interrupt Enable ...... ... .. ... .. 70
8.3.2. Interrupt Vectorsand Priority ......... ... ... .. ... ... ..., 71
8.3.3. Interrupt ASSertion ............. i 71
8.3.4. Software Interrupt Assertion .. .......... .. ... . ... 72
Interrupt Control Register Definitions . ............................. 72
8.4.1. Interrupt RequestORegister ............. ... ... 73
8.4.2. Interrupt Request 1 Register .......... ... ... 74
8.4.3. Interrupt Request 2 Register ...............cc i, 75
8.4.4. IRQO Enable High and Low Bit Registers .................... 76
8.4.5. IRQ1 Enable High and Low Bit Registers .................... 77
8.4.6. IRQ2 Enable High and Low Bit Registers .................... 79
8.4.7. Interrupt Edge Select Register . ......... ... ... ... ... ... ... 82
8.4.8. Shared Interrupt Select Register .............. ... .. ... ...... 82
8.4.9. InterruptControl Register .. .......... ... ... 83

TIMErS o 84
ArChIteCIUrE . .o 85
OPeratiON .. 85

PRELIMINARY Table of Contents

Vii



PS025015-1212

Z8 Encore! XP® F1680 Series
Product Specification

9.2.1. TimerClock Source ...........c.iiiiiii i 85

0.2.2. Low-Power Modes ............iuiiiiiii 86

9.2.3. Timer Operating Modes . ..........c.iiriiiriiniannnenn.. 87

9.2.4. Reading the Timer CountValues .......................... 106

9.2.5. Timer Output Signal Operation ........................... 106

9.26. TimerNoise Filter .......... ... ... i 106

9.2.7. ArChiteCture . ........... i 106

9.3. Timer Control Register Definitions .............. ... ... c..coiin. 108
9.3.1. Timer 0-2 High and Low Byte Registers .................... 109

9.3.2. Timer Reload High and Low Byte Registers ................. 109

9.3.3. Timer 0-2 PWMO High and Low Byte Registers .. ............ 110

9.3.4. Timer 0-2 PWML1 High and Low Byte Registers .. ............ 111

9.35. Timer0-2 Control Registers .. .......... ..., 112

9.3.6. Timer0-2 Status Registers . ..., 118

9.3.7. Timer 0-2 Noise Filter Control Register .................... 119
Chapter 10. Multi-Channel Timer . ....... ... i e 120
10.1. ArChiteCtUIe ... 120
10.2. Timer Operation . . ... ..ot 121
10.2.1. Multi-Channel Timer Counter ............ ... oo, 121
10.2.2. CloCK SOUICE . . ..o 121
10.2.3. Multi-Channel Timer Clock Prescaler ...................... 122
10.2.4. Multi-Channel Timer Start ............ ... . i, 122
10.2.5. Multi-Channel Timer Mode Control ........................ 122
10.2.6. CountModuloMode . ...... ... ... ... 122
10.2.7. CountUp/DownMode ... 123

10.3. Capture/Compare Channel Operation ............. ... ...c.vou... 124
10.3.1. One-Shot Compare Operation .................cciuvnien.n. 124
10.3.2. Continuous Compare Operation .................cvvu.... 124
10.3.3. PWM Output Operation ............ ..., 125
10.3.4. Capture Operation . ........coviiii i 125

10.4. Multi-Channel Timer Interrupts . .. ... 125
10.4.1. Timer Interrupt .. ... 125
10.4.2. Capture/Compare Channel Interrupt .. ...................... 125

10.5. LOW-POWEr MOGES . . . oottt et e e e 126
10.5.1. Operationin HALT Mode .......... .. .. ..., 126
10.5.2. OperationinSTOPMode .......... ... ..., 126
10.5.3. Power Reduction During Operation ........................ 126

10.6. Multi-Channel Timer Applications Examples .. ..................... 126
10.6.1. PWM Programmable Deadband Generation ................. 126
10.6.2. Multiple Timer Intervals Generation ....................... 127

PRELIMINARY Table of Contents

viii



PS025015-1212

Z8 Encore! XP® F1680 Series
Product Specification

10.7. Multi-Channel Timer Control Register Definitions .. ................. 128
10.7.1. Multi-Channel Timer AddressMap ........................ 128
10.7.2. Multi-Channel Timer High and Low Byte Registers ........... 130
10.7.3. Multi-Channel Timer Reload High and Low Byte Registers . . ... 130
10.7.4. Multi-Channel Timer Subaddress Register .. ................. 131
10.7.5. Multi-Channel Timer Subregister x (0,1,0r2) ............... 132
10.7.6. Multi-Channel Timer Control 0, Control 1 Registers .. ......... 132
10.7.7. Multi-Channel Timer Channel Status 0 and Status 1 Registers ... 135
10.7.8. Multi-Channel Timer Channel-y Control Registers ............ 137
10.7.9. Multi-Channel Timer Channel-y High and Low Byte Registers .. 139

Chapter 11. Watchdog TIimer . .......... it 140

11,1, Operation . ... 140
11.1.1. Watchdog Timer Refresh ....... ... ... .. ... .. ... ... ..... 141
11.1.2. Watchdog Timer Time-Out Response ...................... 141
11.1.3. Watchdog Timer Reload Unlock Sequence .................. 142

11.2. Watchdog Timer Register Definitions . ............................ 142
11.2.1. Watchdog Timer Reload High and Low Byte Registers ........ 143

Chapter 12. LIN-UART ... e 144

12.1. LIN-UART Architecture . ........... i, 144
12.1.1. Data Format for Standard UART Modes .................... 145
12.1.2. Transmitting Data using the Polled Method . ................. 146
12.1.3. Transmitting Data Using Interrupt-Driven Method .. .......... 147
12.1.4. Receiving Data Using Polled Method . ..................... 148
12.1.5. Receiving Data Using the Interrupt-Driven Method . .......... 149
12.1.6. Clear To Send Operation .............c.c.ouriiriernnennnn. 150
12.1.7. External Driver Enable .......... ... ... . i 150
12.1.8. LIN-UART Special Modes .. ............ccoiiiiiinn. 151
12.1.9. MULTIPROCESSORMode .. ... 151
12.1.10.LIN Protocol Mode . . ... ..o 153
12. 1011 LIN-UART INterrupts . .. ..ot 157
12.1.12.LIN-UART Baud Rate Generator . .................coov.... 160

12.2. Noise Filter . . ... o 160
12.2.1. Architecture . ... ... 161
12.2.2. Operation . ... 161

12.3. LIN-UART Control Register Definitions .......................... 163
12.3.1. LIN-UART Transmit Data Register ........................ 163
12.3.2. LIN-UART Receive Data Register ......................... 164
12.3.3. LIN-UART Status O Register ............cooiiiiiiininnn. 165
12.3.4. LIN-UART Mode Select and Status Register .. ............... 168

PRELIMINARY Table of Contents



PS025015-1212

Z8 Encore! XP® F1680 Series
Product Specification

12.3.5. LIN-UART Control ORegister ............ ..., 170

12.3.6. LIN-UART Control L Registers ...............ccvviunen... 171

12.3.7. Noise Filter Control Register ................ ..., 174

12.3.8. LIN Control Register ..............coiiiiiiiinnn. 175

12.3.9. LIN-UART Address Compare Register ..................... 177
12.3.10.LIN-UART Baud Rate High and Low Byte Registers .......... 177

Chapter 13. Infrared Encoder/Decoder . ............ciiiiiiiiiinenn. 182
13.1. Architecture .. ... o 182
13,2, OPEratioN ... i e e 182
13.2.1. Transmitting I'rDAData . ............ .. ..., 183

13.2.2. Receiving I'DAData ... ..o 184

13.3. Infrared Encoder/Decoder Control Register Definitions ............... 185
Chapter 14. Analog-to-Digital Converter ..., 186
141, ArChiteCtUre ...ttt e e e 186
14.2, Operation ... ... e e 186
1421 ADCTIMING ..\ttt e 187

1422, ADC Interrupt . ..o 188

14.2.3. Reference Buffer ............ i 188

14.2.4. Internal Voltage Reference Generator ...................... 189

14.2.5. Calibration and Compensation ............. ... ... coovun... 189

14.3. ADC Control Register Definitions . .............. ... .. ... ... ...... 189
14.3.1. ADC Control Register 0 ...........couuiiiiin 189

14.3.2. ADC Raw Data High Byte Register ........................ 191

14.3.3. ADC Data High Byte Register ............................ 191

14.3.4. ADC Data Low BitsRegister ............. .. ... oot 192

14.3.5. Sample Settling Time Register . ........................... 193

14.3.6. Sample Time Register .......... ... ... i, 194

14.3.7. ADC Clock Prescale Register . ..............oiiiiiinn.n. 195

Chapter 15. Low-Power Operational Amplifier .............................. 196
Chapter 16. Enhanced Serial Peripheral Interface .. ............ ... ... ... .... 197
16.1. ArChiteCture . ... .. i 197
16.2. ESPISIgnals . . ... 199
16.2.1. Master-In/Slave-Out ........... .. .. i 199

16.2.2. Master-Out/Slave-In ........ ... i 199

16.2.3. Serial Clock .. ... o 199

16.2.4. Slave SeleCt . ... 200

16.3. Operation . ... ... 200
16.3.1. Throughput . ....... . e 201

PRELIMINARY Table of Contents



PS025015-1212

Z8 Encore! XP® F1680 Series
Product Specification

16.3.2. ESPI Clock Phase and Polarity Control ..................... 201
16.3.3. Slave Select Modes of Operation .......................... 203
16.3.4. SPI Protocol Configuration .. .......... .. ...coiiiiiin.n. 207
16.3.5. Error Detection . ...t 210
16.3.6. ESPlInterrupts . ... ...t 211
16.3.7. ESPI Baud Rate Generator ..............ccoiviennennnnnn. 212
16.4. ESPI Control Register Definitions .. ............. .. ... .. ..., 213
16.4.1. ESPI Data Register . ...... ... 213
16.4.2. ESPI Transmit Data Command and Receive Data Buffer Control
RISt ..o 214
16.4.3. ESPI Control Register . ... 215
16.4.4. ESPI Mode Register . ... 217
16.4.5. ESPI Status Register .. ..., 219
16.4.6. ESPIState Register . ... i 220
16.4.7. ESPI Baud Rate High and Low Byte Registers ............... 221
Chapter 17. 12C Master/Slave Controller ........... ... .. ... ... 223
171, ArchiteCture .. ... o 223
17.1.1. 12C Master/Slave Controller Registers ... ................... 224
17.2. OPeration .. ...t 225
17.21. SDAandSCL Signals . ...........c i 225
17.2.2. PCINMEITUPES .o et e e e e 226
17.2.3. Startand Stop Conditions . ............ .. i 228
17.2.4. Software Control of 12C Transactions ...................... 228
17.2.5. Master Transactions ................uuiieriinnnnann.n. 228
17.2.6. Slave Transactions . ............ccuiiriiiniinnannn. 236
17.3. 12C Control Register Definitions . ........... .. ... .. .. ... ... 243
17.3.1. 12C Data RegiSter .. ... .. e 243
17.3.2. 12C Interrupt Status Register .............. .. ...t 245
17.3.3. 12C Control Register . ..........co i 247
17.3.4. 12C Baud Rate High and Low Byte Registers ................ 248
17.35. I12C State Register . ... i 250
17.3.6. 12C Mode Register . ....... ... 253
17.3.7. 12C Slave Address Register .............coiiiiiiinninnnn. 255
Chapter 18. COmMParator . ... ...ttt 256
18.1. Operation . ... ...t 256
18.2. Comparator Control Register Definitions .......................... 257
18.2.1. Comparator 0 Control Register ... ......... ... ... ........ 257
18.2.2. Comparator 1 Control Register ... ......................... 258
Chapter 19. Temperature SENSOT . . ... oottt e e e 260

PRELIMINARY Table of Contents

Xi



PS025015-1212

Z8 Encore! XP® F1680 Series
Product Specification

101, Operation .. ... . 260
19.1.1. Calibration ....... ... .. 261

Chapter 20. Flash Memory .. ... ... . e 262
20.1. Flash Information Area .......... ..ot 262
20.2. OPEratioNn . ...ttt 265
20.2.1. Flash Operation Timing Using Flash Frequency Registers ...... 267

20.2.2. Flash Code Protection Against External Access . .............. 267

20.2.3. Flash Code Protection Against Accidental Program and Erasure . 267

20.2.4. Byte Programming . ..........uuuutneieneeienenaanas 269

20.2.5. Page Erase . ... ... 270

20.2.6. MaSSErase . .......c.uuiuiii 270

20.2.7. Flash Controller Bypass ......... ..., 270

20.2.8. Flash Controller Behavior in DebugMode .. ................. 271

20.3. Flash Control Register Definitions ................ ... ... .. ..... 271
20.3.1. Flash Control Register ........... ... ..., 271

20.3.2. Flash Status Register . ... 272

20.3.3. Flash Page Select Register ............ ... i, 273

20.3.4. Flash Sector Protect Register ............. ... ... ........ 274

20.3.5. Flash Frequency High and Low Byte Registers ............... 274

Chapter 21. Flash Option Bits . .. ... e 276
210, Operation . ... ... 276
21.1.1. Option Bit Configurationby Reset ......................... 276

21.1.2. OptioN Bit TYPES . . o oot 277

21.2. Flash Option Bit Control Register Definitions ...................... 278
21.2.1. User Option BitS ... ...t 278

21.2.2. TrimBitData Option Bits . ............ ... ... .. 281

21.2.3. Trim Bit Address Option Bits . ................. ... .. ...... 281

21.2.4. Trim Bit Address Space ..., 282

21.2.5. Zilog Calibration Option Bits ............... ... ....co..u. 289

Chapter 22. Nonvolatile Data Storage . . ... ... oot 290
22,0, Operation . ... ... 290
22.2. NVDSCode lnterface ........... ..ot 290
2221 Byte Write . ... o 291

22.22. ByteRead ....... ... 291

22.2.3. Power Failure Protection ........... ... .. ... . . ., 292

22.2.4. Optimizing NVDS Memory Usage for Execution Speed . ... .... 293

Chapter 23. On-Chip Debugger . .. ... 294
23.1. ArChiteCtUre ... ..o e 294

PRELIMINARY Table of Contents

Xii



PS025015-1212

Z8 Encore! XP® F1680 Series
Product Specification

23.2. Operation of the On-Chip Debugger Interface ...................... 295
23.21. DEBUG MOde ... ..o 297

23.2.2. OCDDataFormat . ...t 298

23.2.3. OCD Autobaud Detector/Generator . ................c.covon.. 298

23.2.4. High Speed Synchronous ..............c.coiiiiiiiinn.n.. 299

23.25. OCD Serial Errors . ... e 300

23.2.6. Automatic Reset . ...... ... 301

23.2.7. Transmit Flow Control ........... .. ... .. ... .. .. ... ... 301

23.2.8. Breakpoints .. ... 301

23.2.9. OCDCNTR ReQISter . ..ot e 302

23.3. On-Chip Debugger Commands . .............oiiiiiiiinnannnnn. 303
23.4. On-Chip Debugger Control Register Definitions .................... 309
23.4.1. OCD Control Register ...........cco i, 310

23.4.2. OCD Status Register . ...t 312

23.4.3. LineControl Register .............o i, 313

23.4.4. Baud Reload Register ... 314

Chapter 24. Oscillator Control .......... ... e 315
24.1. OPEratioNn . ...ttt 315
24.1.1. System Clock Selection ............. ... ... ... .. 315

24.1.2. Clock Failure Detection and Recovery ...................... 317

24.2. Peripheral Clock . ...... ... 318
24.3. Oscillator Control Register Definitions ............................ 318
24.3.1. Oscillator Control 0 Register .............. ... ... ... 318

24.3.2. Oscillator Controll Register ............. ... 320

Chapter 25. Crystal Oscillator . ........... e 321
25.1. Operating Modes . ...... ..o 321
25.2. Main Crystal Oscillator Operation . .............. ..., 322
25.3. Main Oscillator Operation with External RC Network . ............... 323
25.4. Secondary Crystal Oscillator Operation ........................... 325
Chapter 26. Internal Precision Oscillator . ........... ... .. ... ... ... ... 327
26.1. Operation . ... . 327
Chapter 27. eZ8 CPU Instruction Set . ......... ... i 328
27.1. Assembly Language Programming Introduction ..................... 328
27.2. Assembly Language Syntax . . ..........iiii 329
27.3. eZ8 CPU Instruction Notation . .............coiuiiiininennn, 330
27.4. eZ8 CPU INstruction Classes . ......cvviiii e 331
27.5. eZ8 CPU Instruction SUMMAary ...............uuiinernnennannnnn. 336

PRELIMINARY Table of Contents

Xiii



PS025015-1212

Z8 Encore! XP® F1680 Series
Product Specification

Chapter 28. Op Code Maps .. ... oot e e 345
Chapter 29. Electrical Characteristics . ...t 349
29.1. Absolute Maximum Ratings ..............uitiiiein 349
29.2. DC CharaCteristiCs ... ..ot e 350
29.3. AC CharaCteristiCs ... ......ou it e 357
29.4. On-Chip Peripheral AC and DC Electrical Characteristics ............. 358
29.4.1. General Purpose 1/O Port Input Data Sample Timing .......... 366

29.4.2. General Purpose I/0O Port Output Timing . ................... 367

29.4.3. On-Chip Debugger Timing .. ... 368

29.4.4. UART TIMING . ..ot e 369

Chapter 30. Packaging . .. ...t 371
Chapter 31. Ordering Information . .............. e 372
31.1. Part Number Suffix Designations ............... ... ... .. .. ..... 375
INdEeX 377
CUSEOMEr SUPPOIT . . o 387

PRELIMINARY Table of Contents

Xiv



Z8 Encore! XP® F1680 Series
Product Specification

List of Figures

PS025015-1212

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.

F1680 Series MCU Block Diagram . ...t 3
Z8F2480, Z8F1680 and Z8F0880 in 20-Pin SOIC, SSOP or PDIP
PaCKAgES . . . ot 11
Z8F2480, Z8F1680 and Z8F0880 in 28-Pin SOIC, SSOP or PDIP
PaCKAgES . . . oot 11

Z8F2480, Z8F1680 and Z8F0880 in 40-Pin Dual Inline Package (PDIP) . 12
Z8F2480, Z8F1680 and Z8F0880 in 44-Pin Low-Profile Quad Flat

Package (LQFP) or Quad Flat No Lead (QFN) ...................... 13
Power-On Reset Operation . ............ouuiiiiiinianenn.. 34
Power-On Reset TIMiNG . ...t e 35
Voltage Brown-Out Reset Operation . .................ccvvvuen.... 36
GPIO Port Pin Block Diagram . . .. ...t 47
Interrupt Controller Block Diagram ............... ... .. ... .. ..... 70
Timer Block Diagram ........... . . 85
Noise Filter System Block Diagram ............. ... ciivin.n, 107
Noise Filter Operation . ........ ... .. . i 108
Multi-Channel Timer Block Diagram ............................ 121
CountModuloMode ........ ... i 123
CountUp/Down Mode . .. ... .ot 123
Count Up/Down Mode with PWM Channel Outputs and Deadband . ... 127
Count Max Mode with Channel Compare .. ....................... 128
LIN-UART Block Diagram .. ...t 145
LIN-UART Asynchronous Data Format without Parity .............. 146
LIN-UART Asynchronous Data Format with Parity . ................ 146

LIN-UART Driver Enable Signal Timing with One Stop Bit and Parity . 151
LIN-UART Asynchronous MULTIPROCESSOR Mode Data Format .. 152

LIN-UART Receiver Interrupt Service Routine Flow ............... 159
Noise Filter System Block Diagram . ............. .. .c.ciiinn.n. 161
Noise Filter Operation . .......... ... . i 162

PRELIMINARY List of Figures

XV



PS025015-1212

Figure 27.
Figure 28.
Figure 29.
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.
Figure 38.
Figure 39.

Figure 40.

Figure 41.
Figure 42.
Figure 43.
Figure 44,
Figure 45.
Figure 46.
Figure 47.
Figure 48.
Figure 49.
Figure 50.
Figure 51.
Figure 52.
Figure 53.
Figure 54.
Figure 55.

Z8 Encore! XP® F1680 Series
Product Specification

Infrared Data Communication System Block Diagram .............. 182
Infrared Data Transmission . ............o i, 183
IrDA DataReception ... ... e 184
Analog-to-Digital Converter Block Diagram . ..................... 187
ADC Timing Diagram .. ...t 188
ADC Convert TImiNg ... ..o e 188
ESPIBlock Diagram . .......... i e 198
ESPI Timingwhen PHASE=0 ......... ... ... .. ... 202
ESPI Timingwhen PHASE =1 ......... ... ... i, 203
SPIMode (SSMD =00) . ...oviiti 205
Synchronous Frame Sync Pulse mode (SSMD=10) ................ 206
Synchronous Message Framing Mode (SSMD = 11), Multiple Frames .. 207

ESPI Configured as an SPI Master in a Single Master, Single Slave

SYS M L e 208
ESPI Configured as an SPI Master in a Single Master, Multiple Slave

SYS M L 208
ESPI Configuredasan SPISlave .......... ... ... ... ... s, 210
12C Controller Block Diagram . .......... ... 224
Data Transfer Format—Master Write Transaction with a 7-Bit Address . 230

Data Transfer Format—Master Write Transaction with a 10-Bit Address 231
Data Transfer Format—Master Read Transaction with a 7-Bit Address . 233
Data Transfer Format—Master Read Transaction with a 10-Bit Address 234
Data Transfer Format—Slave Receive Transaction with 7-Bit Address . . 238
Data Transfer Format—Slave Receive Transaction with 10-Bit Address . 239
Data Transfer Format—Slave Transmit Transaction with 7-bit Address . 240

Data Transfer Format—Slave Transmit Transaction with 10-Bit Address 242

8KB Flash Memory Arrangement . ..., 263
16 KB Flash Memory Arrangement . ..., 264
24KB Flash Memory Arrangement . .............iiitiennenan.. 265
Flowchart: Flash Controller Operation .............. ... ... ... ... 266
On-Chip Debugger Block Diagram ... ............ oo, 294

PRELIMINARY List of Figures

XVi



PS025015-1212

Figure 56.
Figure 57.

Figure 58.

Figure 59.
Figure 60.
Figure 61.
Figure 62.
Figure 63.
Figure 64.
Figure 65.
Figure 66.
Figure 67.
Figure 68.
Figure 69.
Figure 70.
Figure 71.
Figure 72.
Figure 73.

Figure 74.
Figure 75.
Figure 76.
Figure 77.
Figure 78.
Figure 79.

Z8 Encore! XP® F1680 Series
Product Specification

Target OCD Connector Interface . .............. ... .. 296
Interfacing the On-Chip Debugger’s DBG Pin with an RS-232 Interface,
HLOf 2 296
Interfacing the On-Chip Debugger’s DBG Pin with an RS-232 Interface,

B2 0f 2 297
OCD Data Format ....... ..o e 298
Synchronous Operation ............ i 300
Start Bit Flow Control . ........ ... ... 301
Recommended 20MHz Crystal Oscillator Configuration ............. 322
Connecting the On-Chip Oscillator to an External RC Network . . ... ... 323
Typical RC Oscillator Frequency as a Function of External Capacitance 324
Recommended 32kHz Crystal Oscillator Configuration . ............. 325
Op Code Map Cell Description ..., 345
FirstOp Code Map ...t e e 347
Second Op Code Map after IFH ......... ... ... ... ., 348
Typical Active Flash Mode Supply Current (1-20MHz) ............. 353
Typical Active PRAM Mode Supply Current (1-20MHz) ............ 354
Typical Active Flash Mode Supply Current (32-900kHz) ............ 354
Typical Active PRAM Mode Supply Current (32-900kHz) . .......... 355
STOP Mode Current Consumption as a Function of Vpp with

Temperature as a Parameter; all Peripherals Disabled ............... 356
VDD Versus Maximum System Clock Frequency .................. 357
Port Input Sample Timing . ... e 366
GPIO Port Qutput Timing . .....o oot e 367
On-Chip Debugger Timing ..., 368
UART Timing With CTS ... ... . 369
UART Timing Without CTS . ........ ... 370

PRELIMINARY List of Figures

XVii



Z8 Encore! XP® F1680 Series
Product Specification

List of Tables

PS025015-1212

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.

Z8 Encore! XP F1680 Series Part Selection Guide . ................... 2
F1680 Series MCU ACIONYMS . . .. oottt et e 8
Z8 Encore! XP F1680 Series Package Options .. .................... 10
Signal DesCriptions. . ... o v 14
Pin Characteristics (20-, 28-, 40- and 44-pin Devices). . ............... 17
F1680 Series MCU Program Memory Maps . .. .........covivivnnn.. 20
F1680 Series MCU Flash Memory Information AreaMap ............. 22
Register File AddressMap ... .. ... o 23
Reset and Stop Mode Recovery Characteristics and Latency ........... 32
Reset Sources and Resulting Reset Type .. ..., 33
Stop Mode Recovery Sources and Resulting Action . ................. 38
Reset Status Register (RSTSTAT) .. ..o i i e 40
Reset Status Per Event .. ... .. 41
Power Control Register O (PWRCTLO) . ...t 44
Setup Condition for LVD and VBO Circuits in Different Operation Modes 45
Port Availability by Device and Package Type ...................... 46
Port Alternate Function Mapping, 20-PinParts1,2.................... 49
Port Alternate Function Mapping, 28-PinParts1,2. .. ................. 51
Port Alternate Function Mapping, 40-/44-PinParts1,2 . ............... 54
GPIO Port Registers and Subregisters . ........... . ... .. .. ... 58
Port A—E GPIO Address Registers (PXADDR) ...................... 59
Port A—E Control Registers (PXCTL). . ..., 60
Port A—E Data Direction Subregisters (PxDD) ...................... 60
Port A-E Alternate Function Subregisters (PXAF). .. ................. 61
Port A—E Output Control Subreg