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1. Introduction

Release Note: Revision bars
changes to the previous edition.

indicate significant

The device is a microcontroller for use in automotive applicq;
tions. The on-chip CPU is an ARM® processor ARM7TDMI"
with 32-bit data and address bus, which supports Thumb™

The chip contains timer/counters, interrupt controller, multi-
channel AD converter, stepper motor and LCD driver, CAN
interfaces and PWM outputs and a crystal clock multiplying
PLL.

format instructions.

1.1. Features

Table 1-1: CDC32xxG-C Family Feature List

This
Device:

ltem o exrliklctd CDC3207G-| CDC3217G-| CDC3257G-| CDC3272G-| CDC3231G-
C C C Cc2 C C
\[ofBEEE T MCM Flash | MCM Flash | MCM Flash | Mask ROM | Mask ROM

Core

CPU 32-bit ARM7TDMI™

CPU-active operation modes DEEP SLOW, SLOW, FAST and PLL

Power-saving operation modes IDLE, WAKE and STANDBY

(CPU inactive)

CPU clock multiplication PLL delivering up to 50 MHz

EMI reduction mode selectable in PLL mode

Oscillators 4 to 5 MHz quartz and 32 kHz internal RC

RAM, zero wait state, 32 bit wide | 32 Kbyte 12 Kbyte 16 Kbyte 6 Kbyte

ROM ROMless, 512-Kbyte 1024-Kbyte | 256-Kbyte 384 Kbyte 128 Kbyte
ext. up to Flash Flash Flash (96 K x 32/ (32 K x 32/
4 M x 32/ (256 Kx 16) | (512Kx16) | (128Kx16) | 192K x 16) | 64 K x 16)
8Mx 16 top-boot top-boot top-boot

conf. conf. conf.

Boot ROM 8 Kbyte (special function ROM)

Digital watchdog 4

Central clock divider (4

Interrupt controller expanding 40 inputs, 16 priority levels 26 inputs,

IRQ 16 priority

levels

Port interrupts including slope 6 inputs 5 inputs

selection

Port wake-up inputs including 10 inputs

slope/level selection

Patch module 10 ROM locations

Micronas Feb. 10, 2005; 6251-579-1DS 7
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Table 1-1: CDC32xxG-C Family Feature List
This
Device:
ltem ohexrlik{ctd CDC3207G-| CDC3217G-| CDC3257G-| CDC3272G-| CDC3231G-
C C C C2 C C
([ BEEE R MCM Flash | MCM Flash | MCM Flash | Mask ROM | Mask ROM
Boot system allows in-system downloading of external code to Flash -
memory via JTAG
Device lock module inhibits access to internal firmware, lock can be set by cus- | -
tomer
Analog
Reset/Alarm combined input for regulator input supervision
Clock and supply supervision v
10-bit ADC, charge balance type | 16 channels (each selectable as digital input)
ADC reference VREF pin, P1.0 pin, P1.1 pin or VREFINT internal bandgap selectable
Comparators P06COMP with 1/2 AVDD reference,
WAITCOMP with internal bandgap reference
LCD internal processing of all analog voltages for the LCD driver
Communication
DMA 3 DMA channels, one each for serving the graphics bus interface, SPI0 -
and SPI1
UART 2: UARTO and UART1 UARTO
Synchronous serial peripheral 2: SPI0 and SPI1, DMA supported
interfaces
Full CAN modules V2.0B 4: CANO, CAN1, CAN2 and CAN3 2: CANO and CAN1 1: CANO
each with a 32-object RAM
(LCANOOOE)
DIGITbus 1 master module -
1’c 2 master modules: 12C0 and 12C1 12C0
Graphics bus interface 8-bit data bus, DMA supported, €e.g., for connection of EPSON SED 1560 -
LCD controller
Input & Output
Universal ports selectable as up to 52 1/0O or 48 LCD segment lines (= 192 segments), up to 50 I/O
4:1-mux LCD segment/back- individually configurable as 1/0O or LCD or 46 LCD
plane lines or digital 1/0 ports segment
lines (= 184
segments)
Universal port slew rate SW-selectable
Stepper motor control modules 7 modules, 4 modules
with high-current ports 32 dl/dt-controlled ports 23 dl/dt-
controlled
ports
Feb. 10, 2005; 6251-579-1DS Micronas
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Table 1-1: CDC32xxG-C Family Feature List

This
Device:
ltem ohexrlikictd CDC3207G-| CDC3217G-| CDC3257G-| CDC3272G-| CDC3231G-
C C C C2 C C
([ BEEE R MCM Flash | MCM Flash | MCM Flash | Mask ROM | Mask ROM
PWM modules, each config- 6 modules: PWMO0/1, PWM2/3, PWM4/5, PWM6/7, PWM8/9 and PWM10/ | 5 modules:
urable as two 8-bit PWMs orone | 11 PWMO/1,
16-bit PWM PWM2/3,
PWM4/5,
PWM6/7,
PWM8/9
Pulse/frequency modulator 2: PFMO and PFM1 -
Audio module with auto-decay v
SW-selectable clock outputs 2
Polling/flash timer output 1 high-current port output operable in power-saving operation modes
Timers & Counters
16-bit free-running counters with | CCCO with 4 CAPCOM CCCO0 with
capture/compare modules CCC1 with 2 CAPCOM 4 CAPCOM
16-bit timers 1: TO
8-bit timers 4:T1, T2, T3and T4
Real-time clock, delivering v
hours, minutes and seconds
Miscellaneous
Scalable layout in CAN, RAM - 4
and ROM
Various HW options selectable set by copy from user program storage during system start-up
at random
JTAG interface allows Flash programming v v
On-chip debug aids Embedded JTAG
trace mod-
ule, JTAG
Core bond-out 4 -
Supply voltage 3.5t0 5.5 V (limited 1/0 performance below 4.5 V)
Case temperature range 0°Cto -40°Cto+105°C
+70 °C
Package
Type ceramic plastic 128QFP
257PGA 0.5 mm pitch
Bonded pins 256 128 128 128 126 111

ARM® and Thumb® are the registered trademarks of ARM Limited.

ARM7TDMI™ js the trademark of ARM Limited.

Micronas
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1.2. Abbreviations

ADC Analog-to-Digital Converter

AM Audio Module

CAN Controller Area Network Module

CAPCOM Capture/Compare Module

CCC Capture/Compare Counter

CPU Central Processing Unit

DMA Direct Memory Access Module

ERM EMI Reduction Mode

ETM Embedded Trace Module

12C I°C Interface Module

LCD Liquid Crystal Display Module

PO6COMP  PO0.6 Alarm Comparator

PWM Pulse Width Modulator Module

SM Stepper Motor Control Module

SPI Serial Synchronous Peripheral Interface

T Timer

UART Universal Asynchronous Receiver Transmitter
WAITCOMP Wait Comparator
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1.3. Block Diagram

r-—-—~— ~— ~— “foo -~ ~uwomm -~ wvwDp /1
FVSS UvSsSs VSS
| Reset/Alarm RESETQ |
EVDD
EVSS 3.3V Reg. 2.5V Reg. Test TEST
TEST2
Data, Address, Control W‘g%’é‘f“)g S |
XTAL1
| PLL/ERM XTAL2
21 ETM RC Oscillator
WAIT
WAITH 40-Input RTC |
! Interrupt
VREFINT ARM7TDMI Controller Power
VREF CPU - Saving
AVDD 2.5V Reg.
AVSS 7
| BVDD JTAG Test |
o ] SRAM and Debug 1 5
8 =R 8K x 32 Interface
g
T o DMA Logic |
E o
8 ~|» S ™ 32 o | 16 Special I = L
o > Function o
Memory 1 = [ ROM >
J_ Q Wait Comp. Controller [*~ = 4K x 16 |
2 O
e Patch =
| P06 Comp. 10 Locations —t 5 +
>
1=
4 _I_ S Bandgap Ref. |
T Device Lock g
i evice Loc o
| 10-bit ADC ——|  Bridge Module = < |_
= - - >
JE: | | ! [ I -1l
£ UART 0 Stepper Motor | 16-bit Timer 0 | 16-bit CCC 0 — O ——
4 —| S |—| LCD Control Control %
— | [ ] |
UART 1 8-bit Timer 1 CAPCOM 0
® Audio Module 8-bit PWM 0 <
4 + e M SP10 8/16-bit PWM 1 8-bit Timer 2 cAPCOM1 | 1 5 J»
= Clock Out 0 — CAPCOM 2 35
<L = SPI 1 o-b1t PWM 2 8-bit Timer 3 CAPCOM 3 |
4 S == Clock Out 1 :
o _ 8/16-bit PWM 3 | _bit Ti | o
T CANO 8-bit Timer 4 16-bit CCC 1 ] ¢
| 9 CAN 1 Phase/Freq. 8-bit PWM 4 =) 1>
4 — & fw Modulator 0 CAPCOM 4
| % o = 8/16-bit PWM 5
| CAN 2 | ase/Freq. |
Modulator 1 . CAPCOM 5 e
© 8-bit PWM 6 5 L
T AN o
4 ‘I‘ § [~ 8/16-bit PWM 7 ) |
DIGITbus -
—I— ~ 8-bit PWM 8 ~ |
4 S 8/16-bit PWM 9 e 5 |
I a
>
| o P10 |
HVDDO
HVSSO0 8/16-bit PWM 11 ®
HVDD1 Graphics Bus - L
HVSST 5
HVDD2
HVSS2 UVDD1 |
HVDD3
I_HVSSS UVSS1

Fig. 1-1: CDC3205G-C block diagram
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2. Packages and Pins

2.1. Pin Assignment
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Fig. 2-1: Pin map of CPGA257 package
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Table 2—-1: Pin assignment for CPGA257 package Table 2—-1: Pin assignment for CPGA257 package

CPGA257 |3 Pin Functions CPGA257 |3 Pin Functions

Pin Co- |& g Basic [Port [Port LCD Pin Co- |& 2 Basic Port |T'-'ort LCD

No. ord. 3 £ Function Special In Special Out Mode No. ord. 3 £ Function Special In Special Out Mode
aa aa

1 Al 4 U5.3/GD3 CC4-IN CC4-0OUT SEG5.3 65 Y1 EVSS6

2 D4 5 U5.2/GD2 SDA1 SDA1 SEG5.2 66 U4 Do

3 Cc2 6 U5.1/GD1 SCL1 SCL1 SEG5.1 67 W3 OEQ

4 D3 7 U5.0/GDO PFMO SEG5.0 68 V4 CEOQ

5 B1 8 v2.1 SDAO/CANO-RX/WP6  [SDAO SEG2.1 69 Y2 BWQ3

6 E4 9 u2.0 SCLO SCLO/CANO-TX SEG2.0 70 us BWQ2

7 D2 10 U7 PINTO/WPO PFMO SEG1.7 71 W4 BWQ1

8 E3 11 JUle PINT1 COO/INTRES SEG1.6 72 V5 BWQO

9 C1 12 |U1s PINT2 CO0Q/CO1 SEG1.5 73 Y3 EMUTRI

10 F4 13 |TEST 74 us ABORT

11 E2 14 |RESETQ/ALARMQ 75 W5 EXTERNO

12 F3 15 |XTAL2 76 V6 EXTERN?1

13 D1 16 [XTAL1 77 Y4 32 |H7.3 SME-COMP3 SME1+/PWM4

14 G4 17 |VSS 78 uz 33 [H7.2 SME-COMP2 SME1-/PWM6

15 F2 18 (VDD 79 wé 34 |H7.1 SME-COMP1 SME2+/PWM8

16 G3 19 |U14 ITSTOUT/AM-OUT SEG1.4 80 V7 35 [H7.0 SME-COMPO SME2-/PWM9

17 E1 20 |U13 WP3 MTO/AM-PWM SEG1.3 81 Y5 36 |HvVDD2

18 H4 21 |U1.2 MTI/ITSTIN TO-OUT/INTRES SEG1.2 82 us 37 |HVSS2

19 G2 22 |U1A T1-OUT SEG1.1 83 W7 38 |[H6.3 PWM8

20 H3 23 |U1.0 T2-OUT SEG1.0 84 V8 39 |[H6.2 PWM9

21 F1 24 |U0.7 WP4 T3-OUT SEGO.7 85 Y6 40 |H6.1 PWM10

22 J3 25 |U0.6 CC3-IN T4-OUT/CC3-OUT SEGO0.6 86 V9 41 |H6.0 PWM11

23 H2 26 |U0.5 PINT4 CC3-0UT SEG0.5 87 w8 42 |H5.3 SMD-COMP3 SMD1+

24 J4 27 |U0.4 PINT5 CO1 SEG0.4 88 U9 43 |H5.2 SMD-COMP2 SMD1-

25 G1 28 |U0.3 PWMO SEGO0.3 89 Y7 44 |HVDDO

26 J2 29 |(U0.2 PWM1 SEGO0.2 90 w9 45 |HVSSO

27 H1 30 |U0.1 PWM2 SEGO.1 91 Y8 46 |H5.1 SMD-COMP1 SMD2+

28 K3 31 |U0.0 PWM3 SEGO0.0 92 V10 47 |H5.0 SMD-COMPO SMD2-

29 J1 D31 93 Y9 48 |H4.3 SMA-COMP3 SMA1+

30 K4 D30 94 U10 (49 |H4.2 SMA-COMP2 SMA1-

31 K1 D29 95 Y10 50 |[H4.1 SMA-COMP1 SMA2+

32 K2 D28 96 W10 |51 [H4.0 SMA-COMPO SMA2-

33 L1 D27 97 Y11 52 |[H3.3 SMB-COMP3 SMB1+

34 L2 D26 98 W11 |53 [H3.2 SMB-COMP2 SMB1-

35 M1 D25 99 Y12 54 |H3.1 SMB-COMP1 SMB2+

36 L4 EVDD8 100 (VAR 55 |H3.0 SMB-COMPO SMB2-

37 N1 EVSS8 101 Y13 56 |[H2.3 SMC-COMP3 SMC1+

38 L3 D24 102 V11 57 |[H2.2 SMC-COMP2 SMC1-

39 N2 D23 103 W13 |58 [HVDD1

40 M2 D22 104 W12 |59 [HVSS1

41 P1 D21 105 Y14 60 |H2.1 SMC-COMP1 SMC2+

42 M4 D20 106 ut2 (61 |H2.0 SMC-COMPO SMC2-

43 P2 D19 107 W14 |62 |[H1.3 SMF-COMP3 SMF1+

44 M3 D18 108 V12 63 [H1.2 SMF-COMP2 SMF1-

45 R1 D17 109 Y15 64 |H1.1 SMF-COMP1 SMF2+

46 N3 D16 110 V13 65 |H1.0 SMF-COMPO SMF2-

47 R2 D15 111 W15 |66 [HVDD3

48 N4 D7 112 uU13 67 |HVSS3

49 T D14 113 Y16 68 |[HO.3 SMG-COMP3 SMG1+/PWM1

50 P3 EVDD7 114 V14 69 [HO.2 SMG-COMP2 SMG1-/PWM3/POL

51 T2 EVSS7 115 W16 |70 ([HO.1 SMG-COMP1 SMG2+/PWM5

52 R3 Dé 116 V15 71 |HO.0 SMG-COMPO SMG2-/PWM7

53 U1 D13 117 Y17 nTRST

54 P4 D5 118 ui14 ETDI

55 u2 D12 119 W17 ETMS

56 T3 D4 120 V16 ETCK

57 Vi1 D11 121 Y18 ETDO

58 R4 D3 122 u1s ABE

59 V2 D10 123 W18 CE1Q

60 us D2 124 V17 FBUSQ

61 W1 D9 125 Y19 AMCS1

62 T4 D1 126 uie AICU2

63 w2 D8 127 W19 AICU3

64 V3 EVDD6 128 V18 EVSS5
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Table 2—-1: Pin assignment for CPGA257 package Table 2—-1: Pin assignment for CPGA257 package
CPGA257 |3 Pin Functions CPGA257 |3 Pin Functions
Pin Co- |& g Basic |T'-'ort |T"‘ort LCD Pin Co- |& 2 Basic [Port [Port LCD
No. ord. 3 £ Function Special In Special Out Mode No. ord. 3 £ Function Special In Special Out Mode

o aa
129 Y20 EVDD5 193 A20 100 (U8.5 CAN2-RX/PINT3/WP8 [LCD-SYNC-OUT SEG8.5
130 |U17 AlCU4 194 |D17 [101 |U8.4 LCD-SYNC-IN CAN2-TX SEG8.4
131 V19 AICU5 195 B18 102 (U8.3 CAN3-RX/WP9 LCD-CLK-OUT SEG8.3
132 |U18 AlCU6 196 |C17 [103 [uU8.2 LCD-CLK-IN CAN3-TX SEG8.2
133 W20 AICU7 197 A19 104 (U8.1 CC3-0UT SEG8.1
134 [T17 A8 198 [D16 (105 {U8.0 CC4-0uUT SEG8.0
135 u19 A18 199 B17 106 |U4.3 CANO-RX/WP5 TO2 BP3
136 T18 A19 200 C16 107 (U4.2 CANO-TX BP2
137 |V20 EVDD4 201 A18  [108 |U4.1 CCO-IN SPI1-D-OUT BP1
138 R17 EVSS4 202 D15 109 (U4.0 SPI1-D-IN CCO0-OUT BPO
139 |T19 WEQ/RWQ 203 |B16 |110 |U3.7 SPI1-CLK-IN SPI1-CLK-OUT SEG3.7
140 R18 A9 204 C15 111 |U3.6 SPI0-D-OUT SEG3.6
141 u20 A10 205 A17 112 (U35 SPI0-D-IN TO3 SEG3.5
142 |P17 A11 206 |D14 |113 |U3.4 SPI0-CLK-IN SPI0-CLK-OUT SEG3.4
143 R19 Al12 207 B15 114 (U3.3 CO0/TDO SEG3.3
144 |P18 A13 208 |C14 |115 |U3.2 CCO-IN/TCK CCo-OuUT SEG3.2
145 T20 Al4 209 A16 116 (U3.1 CC1-IN/TMS CC1-OUT SEG3.1
146 |N17 A15 210 |D13 |117 |U3.0 CC2-IN/TDI CC2-0uUT SEG3.0
147 P19 EVDD3 211 B14 118 |TEST2
148 N18 EVSS3 212 C13 119 (UVDD1
149 R20 A16 213 A15 120 |UVSS1
150 M18 A17 214 C12 TRACEPKTO/ TBIT
151 N19 A20 215 |B13 TRACEPKT1/nMO
152 M17 A21 216 D12 TRACEPKT2/nM1
153 P20 A22 217 Al4 TRACEPKT3/nM2
154 M19 A23 218 B12 TRACEPKT4 / nM3
155 N20 AMCM21 219 A13 TRACEPKT5 / nM4
156 [L18 AMCM22 220 |C11 EVDD1
157 M20 EVDD2 221 A12 EVSS1
158  |L17 EVSS2 222 |D11 TRACEPKT6 / LOCK
159 [L20 AMCM23 223  |A11 TRACEPKT7 / nEXEC
160 L19 SEQ 224 B11 TRACEPKT8/nOPC
161 K20 nMREQ 225 |A10 TRACEPKT9 / nTRANS
162 K19 MASO 226 B10 TRACEPKT10/A5
163  [J20 MAS1 227  |A9 TRACEPKT11/ A6
164 K17 nRESET 228 D10 TRACEPKT12 / RANGEOUTO
165 H20 72 |P1.7 PINT5 229 A8 TRACEPKT13 / RANGEOUT1
166 K18 73 |P1.6 PINT4 230 C10 TRACEPKT14 /A7
167 H19 74 |P15 PINT3 231 B8 TRACEPKT15 / BREAKPT
168 [J19 (75 (P14 PINT2 232 |B9 PIPESTATO / nRW
169 G20 (76 |P1.3 PINT1 233 A7 PIPESTAT1/ A0
170 |J17 |77 [P1.2 PINTO 234  |D9 PIPESTAT2/ A1
171 G19 (78 |P1.1 VREF1/WP2 235 B7 EVDDO
172 J18 79 |P1.0 VREFO/WP1 236 C9 EVSSO0
173  |F20 |80 |VREF 237 |A6 TRACESYNC/A2
174 H18 81 |VREFINT 238 Cc8 TRACECLK/A3
175 |F19 |82 |AVDD 239 |B6 EXTTRIG/A4
176 H17 83 |AVSS 240 D8 FSYS
177 E20 84 |BVDD 241 A5 nWAIT
178 |G18 85 [WAIT 242 |C7 DBGACK
179 E19 86 |WAITH 243 B5 DBGRQ
180 |F18 (87 [PO.7 244 |C6 uvDD
181 D20 88 |P0.6 PO6COMP 245 A4 uvss
182 |G17 (89 [P0.5 246 |D7 121 |U2.6 DIGIT-IN DIGIT-OUT SEG2.6
183 D19 90 |P0.4 247 B4 122 |U2.5 UARTO-RX CC1-0OUT SEG2.5
184 E18 91 |P0.3 248 C5 123 (U2.4 CC1-IN/DIGIT-IN UARTO-TX SEG2.4
185 C20 92 |P0.2 249 A3 124 |U2.3 UART1-RX CC2-0UT SEG2.3
186 F17 93 |PO.1 250 D6 125 (U2.2 CC2-IN UART1-TX SEG2.2
187 |C19 (94 [PO.0 CC4-IN 251 B3 126 (U7.7/GD7 COoo SEG7.7
188 D18 95 |P2.1 252 C4 127 |U7.6/GD6 CO1 SEG7.6
189 [B20 (96 [P2.0 253 |A2 128 [U7.5/GD5 LCK/PFM1 SEG7.5
190 |E17 |97 [U6.2 GWEQ SEG6.2 254  |D5 1 U7.4/GD4 CC5-IN CC5-0UT SEG7.4
191 B19 98 |U6.1 CAN1-RX/WP7 GOEQ SEG6.1 255 B2 2 FVDD
192 |C18 [99 [U6.0 CAN1-TX SEG6.0 256 |C3 3 FVSS

257 E5 Extra insertion Pin: connect to system ground
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2.2. Package Outline Dimensions
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Fig. 2-2: CPGA257 ceramic pin grid array 257-pin (weight approx. 32 g. Dimensions in mm)

16 Feb. 10, 2005; 6251-579-1DS Micronas



DATA SHEET

CDC 32xxG-C

2.3. Multiple-Function Pins

2.3.1. U-Ports

Apart from their basic function (digital 1/0), universal ports
(with prefix “U”) have overlaid alternative functions
(see Table 2—1 on page 14).

How to enable basic function, special in and special out
mode is explained in the functional description of the
U-ports. How to enable LCD mode is explained in the func-
tional descriptions of LCD module and U-ports.

2.3.2. H-Ports

Apart from their basic function (digital 1/0), high current ports
(prefix “H”) have overlaid alternative functions
(see Table 2—1 on page 14).

How to enable basic function, special in and special out
mode is explained in the functional description of the
H-ports.

2.4. Pin Function Description

A0 to A7 (ARM) 1)

A8 to A23 (ARM) 4)

These 24 lines are the original CPU addresses. Some are
used for external memory access on the emulator bus. The
function is controlled by register CR.

ABE (ARM) 1) 2)

This pin outputs the “address bus enable” signal of the ARM.
It indicates that the CPU does not access the data and
address bus when low. It is not possible to influence the CPU
via this pin.

ABORT (ARM) 3)
This is an input which allows the memory system to tell the
processor that a requested access is not allowed.

AICU2 to AICU7 4)

These pins correspond to the ARM address bus lines A2 to
A7, but can be modified by the ICU. In the latter case, AICUx
and Ax are not equal.

ALARMQ

This is the second input comparator level on the RESETQ
pin.

AMCM21 to AMCM23 4)

These pins correspond to the ARM address bus lines A21 to

A23 but can be modified by the memory controller. In the lat-
ter case, AMCMx and Ax are not equal.

AMCS1 4)

This pin corresponds to the ARM address bus line A1, but
can be modified by the memory controller. In the latter case,
AMCS1 and A1 are not equal.

AM-OUT
This is the output signal of the audio module.

AM-PWM
This is the output signal of the 8-bit PWM of the audio mod-
ule. It is intended for testing only.

2.3.3. Emulator Bus

In contrast to the PQFP128 standard package, the
CPGA257 package has additional pins (emulator bus) which
serve as memory interface, emulation JTAG interface or con-
nection to an external emulation or trace hardware (trace
bus).

The functionality of the memory interface and the trace bus is
controlled by register CR. Refer to section “Control Word” for
more information.

Some of the following pins are marked as being ARM or
ETM signals. For details of the functionality please refer to
ARM7TDMI data sheet (document number: ARM DDI 0029)
or “Embedded Trace Macro Cell” (document number: ARM
IHI 0014 and ARM DDI 0158).

AVDD
This is the positive power supply for ADC, PO6COMP, WAIT-
COMP and BVDD regulator. AVDD should be kept at UVDD
+0.5 V. It must be buffered by an external capacitor to analog
ground

AVSS

This is the negative reference for the ADC and the negative
power supply for ADC, PO6COMP, WAITCOMP and PLL.
Connect to analog ground.

BPO to BP3
These pin functions serve as backplane drivers for a 4:1 mul-
tiplexed LCD.

BREAKPT (ARM) 3)

This is the input pin for the ARM BREAKPT signal in “full
trace” mode. It allows external hardware to halt the execution
of the processor for debugging purposes.

BVDD
This is the output of the internal 2.5 V regulator for the PLL. It
must be buffered by an external capacitor to analog ground.

BWQO to BWQ3 4)
This is the byte write control signal to an external 32-bit
memory.

CANO0-RX, CAN1-RX, CAN2-RX, CAN3-RX
These signals provide the input lines for the CANO, CAN1,
CAN2 and CAN3 modules.

CANO-TX, CAN1-TX, CAN2-TX, CAN3-TX
These signals provide the output lines for the CANO, CAN1,
CAN2 and CAN3 modules.

CCO-IN, CC1-IN, CC2-IN, CC3-IN, CC4-IN, CC5-IN
These signals are the capture inputs of the CAPCOMO to
CAPCOMS5 modules.
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CC0-OUT, CC1-OUT, CC2-OUT, CC3-OUT, CC4-OuUT,
CC5-0UT

These signals are the compare outputs of the CAPCOMO to
CAPCOMS5 modules.

CEOQ 4)

The “Chip Enable” output signal connects to external pro-
gram memory’s CEQ pin. With CR.EFLA set, it serves to
reduce program memory’s power consumption when CPU
operates in slow mode. Active LOW.

CE1Q 4)

The “chip enable” output signal connects to external RAM or
Boot ROM memory’s CEQ pin and reduces its power con-
sumption when CPU operates in slow mode. Active LOW.

CO0o0, Coo0Q, CO1

These signals provide frequency outputs. They are con-
nected to internal prescaler and multiplexer. They can be
hardwired by HW Option. Refer to section “Hardware
Options” for setting the CO0/CO1 options and section “CPU
and Clock System” setting the “clock out 0” selection regis-
ter.

For testing purposes, it is possible to drive clocks and other
signals of internal peripheral modules out of COO and CO1.
Selection is done via register TST2.

DO to D31 (ARM) 4)

These 32 signals are the original CPU bidirectional data bus
lines. They provide the 32-bit data bus for use during data
exchanges between the microprocessor and external mem-
ory or peripherals.

DBGACK (ARM)
This is the debug acknowledge output signal of the ARM. A
high state indicates that ARM is in debug state.

DBGRQ (ARM) 3)

This is the “debug request input” of the ARM. It is a level-
sensitive input, which when high causes ARM to enter debug
state after executing the current instruction.

DIGIT-IN
This is the receive input line of the DIGITbus module.

DIGIT-OUT
This is the transmit output line of the DIGITbus module.

EMUTRI

This input signal allows to tristate (= high) the interface pins
to external memory (A8 to A23, AMCS1, AICU2 to AICU7,
AMCM21 to AMCM23, CE1Q, FBUSQ and WEQ/RWQ).

ETCK (ARM)
This pin is the ARM “test clock input” (TCK) of the emulation
JTAG interface.

ETDI (ARM)
This pin is the ARM “test data input” (TDI) of the emulation
JTAG interface.

ETDO (ARM)
This pin is the ARM “test data output” (TDO) of the emulation
JTAG interface.

ETMS (ARM)
This pin is the ARM “test mode select” (TMS) input of the
emulation JTAG interface.

EVDDO to EVDD8

These nine lines form the positive power supply of the emu-
lator and trace bus drivers. EVDDO to EVDD8 may be con-
nected to any voltage between 3 to 5.5 V. Normally they are
connected to FVDD.

EVSSO0 to EVSS8

These nine lines form the negative supply of the emulator
bus and trace drivers. EVSS0 to EVSS8 have to be hard-
wired to system ground.

EXTERNO, EXTERN1 (ARM) 3)

These are inputs to the ICEBreaker logic of the ARM which
allows breakpoints and/or watch points to be dependent on
an external condition.

EXTTRIG (ETM) 2)
This is a trigger input to the ETM.

FBUSQ 4)
This signal is the reference for access to external synchro-
nous memory. It is active for memory access only.

FSYS
This signal provides the system frequency clock fgys. It is
the PLL output frequency if PLL is enabled.

FVDD
This is the output of the internal 3.3 V regulator for the exter-
nal Flash chip. It must be buffered by an external capacitor to
FVSS.

FVSS
This is the ground reference of the internal 3.3 V regulator for
the external Flash chip.

GDO to GD7
These eight graphics IC data lines provide an 8-bit DMA-
controlled data link to an external IC.

GOEQ
This graphics IC read line provides the control signal for read
accesses via the GD7 to GDO bus. Active LOW.

GWEQ
This graphics IC write line provides the control signal for
write accesses via the GD7 to GDO bus. Active LOW.

HO.0 to H7.3
The high current ports are intended for use as digital I/O
which can drive higher currents than the universal ports.

HVDDO to HVDD3

The pins HVYDDO to HVDD3 are the positive power supply of
the high current ports H0.0 to H7.3. HVDDO to HVDD3
should be kept at UVDD 0.5 V. Be careful to design the
PCB traces for carrying the considerable operating current
on these pins.

HVSSO0 to HVSS3

The pins HVSS1 to HVSS3 are the negative power supply
for the high-current ports H0.0 to H7.3. HVSSO to HVSS3
have to be hardwired to system ground. Be careful to layout
sufficient PCB traces for carrying the considerable operating
current on these pins.

INTRES
Test output of internal reset signal. Only for testing and avail-
able only in test mode.

ITSTIN
Test input signal for interrupt controller. Only for testing and
available only in test mode.

ITSTOUT
Test output signal of internal peripheral modules. Only for
testing and available only in test mode.

LCD-CLK-IN
The clock input of the LCD module receives the clock of an
optional external LCD master driver which is used to extend
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the LCD driver capability. This input is active if the internal
LCD module is configured as slave and the external LCD
driver operates as master.

LCD-CLK-OUT

The clock output of the LCD module provides a clock signal
to optional external LCD slave drivers if the internal LCD
module is configured as master and the other LCD drivers
are slaves.

LCD-SYNC-IN

The synchronization input of the LCD module receives the
sync signal from an optional external LCD master driver.
This input is active if the internal LCD module is configured
as slave and the external LCD driver serves as master.

LCD-SYNC-OUT
The synchronization output of the LCD module provides a
sync signal to optional external LCD slave drivers if the inter-
nal LCD module is configured as master and the other LCD
drivers are slaves.

LCK
This output signal indicates that the PLL has locked.

LOCK (ARM) 1)

This is the LOCK output signal of the ARM indicating that the
processor is performing a “locked” memory access when
high.

MASO0, MAS1 (ARM) 1) 2)

These are ARM output signals used by the processor to indi-
cate to the external memory system when a word transfer or
a half-word or a byte length is required.

MTI
This is a test input line. It is intended for factory test only. The
application should not use this signal.

MTO
This is a test output line. It is intended for factory test only.
The application should not use this signal.

nEXEC (ARM) 1)

This is the “not executed” signal of the ARM indicating that
the instruction in the execution unit is not being executed
when high.

nMO to nM4 (ARM) 1)
These pins output the “not processor mode” signal of the
ARM.

nMREQ (ARM) 1) 2)

This pin outputs the “not memory request” signal of the ARM.
The processor requires memory access during the following
cycle when low.

nOPC (ARM) 1)

This pin outputs the “not op-code fetch” signal of the ARM.
The processor is fetching an instruction from memory when
low.

nRESET (ARM)
This pin outputs the “not reset” signal of the ARM. This pin is
not an input.

nRW (ARM) 1)
This pin outputs the “not read/write” signal of the ARM. High
indicates a processor write cycle, low a read cycle.

nTRANS (ARM) 1)

This pin outputs the “not memory translate” signal of the
ARM. When low, it indicates that the processor is in user
mode.

nTRST (ARM)

This pin is the “not test reset” signal of the ARM. It resets the
boundary scan logic of the CPU when low. It is also the reset
for the Emulation JTAG interface (not for the application
JTAG interface).

nWAIT (ARM) 1) 2)
This pin outputs the “not wait” signal of the ARM. It is not
possible to cause a wait via this pin.

OEQ 4)
The Output Enable signal connects to the OEQ pin of exter-
nal memory for read access. Active LOW.

P0.0 to P0.7, P1.0 to 1.7 and P2.0 to P2.1

P0.0 to P1.7 are 16 analog ports that are the multiplexed
input channels of the ADC. All analog ports P0.0 to P2.1 can
also be used as digital input lines. The analog ports P1.2 to
P1.7 can also be used as port interrupts.

P06COMP
Analog port P0.6 is additionally input to the PO6 comparator.

PFMo, 1
These are the outputs of the PFMO and PFM1 pulse fre-
quency modulators.

PINTO to PINT5

The port interrupt 0 to 5 inputs serve as inputs to the interrupt
controller via the port interrupt module. HW option PM.PINT
has to be set to determine which of the possible input pins
are used as source of PINTO to 5.

PIPESTATO to PIPESTAT2 (ETM) 2)
These signals indicate the pipeline status of the ETM.

POL
Output of the polling module.

PWMO to PWM11
These are the outputs of the PWM module. Some of these
PWM signals are directed to two pins.

RANGEOUTO0, RANGEOUT1 (ARM) 1)

These pins output the “ICEBreaker rangeout” signals of the
ARM. They indicate that ICEBreaker watch point register 0
or 1 has matched the conditions currently present on the
address, data and control busses.

RESETQ
This bidirectional signal is used to initialize all modules and
start program execution.

Two comparators distinguish three input levels:
— Alow level resets all internal modules.

— A medium level activates all internal modules and starts
program execution. An alarm signal is generated which can
be directed to the interrupt controller.

— A high level keeps all internal modules active and cancels
the alarm signal.

The RESETAQ input signal must be held low for at least two
clock cycles after VDD reaches operating voltage.

Internal reset sources output their reset request on the
RESETAQ pin via an internal open drain pull-down transistor.
Thus RESETQ can be wire-ored with external reset sources.
The internally limited pull-down current allows direct connec-
tion to large capacitors. The connection of such a capacitor
(e.g. 10 nF) is recommended to reduce the capacitive influ-
ence of the neighboring XTAL2 pin.
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RESETQ must be pulled up by an external pull-up resistor
(e.g. 10 kQ).

RwWQ 4)
This is an interface signal to external memory.

SCLO to SCL1
These are the serial clock lines of the 12C modules.

SDAO to SDA1
These are the serial data lines of the 12C modules.

SEGO0.0 to SEG8.5
These pin functions serve as segment drivers for a 4:1 multi-
plexed LCD.

SEQ (ARM) 1) 2)

This pin outputs the “sequential address” signal of the ARM.
High indicates that the address of the next memory cycle will
be related to that of the last memory access.

SMA to SMG

These lines are intended for driving stepper motors. They
are the outputs of the SM. Two of these lines together with
an external coil form an H-bridge. Thus each of the signals
SMA to SMG can drive a two-phase bipolar stepper motor.

SMA-COMPO, 1, 2, 3 to SMG-COMPO, 1, 2, 3

These lines are comparator inputs that connect to one line
each of the SMA to SMG lines. They serve to distinguish
rotation from stand-still during zero detection in each stepper
motor.

SPI0-CLK-IN, SPI1-CLK-IN

The serial synchronous peripheral interface clock input
receives the bit clock from an external master, to shift data in
or out of SPIO resp. SPI1 in slave mode. This means that the
external master controls the bit stream.

SPI0-CLK-OUT, SPI1-CLK-OUT

The serial synchronous peripheral interface clock output
supplies the bit clock of SPIO resp. SPI1 to an external slave,
to shift data in or out of SPIO resp. SPI1 in master mode.
This means that the internal SPI controls the bit stream.

SPI0-D-IN, SPI1-D-IN
These are the data input lines of the SPI0O and SPI1 mod-
ules.

SPI0-D-OUT, SPI1-D-OUT
These are the data output lines of the SPI0 and SPI1 mod-
ules.

TO-OUT

The Timer 0 output is connected to the zero output of TO by a
divide-by-2 scaler. The scaler generates a 50% pulse duty
factor.

T1-OUT to T4-OUT
These signals are connected to the overflow outputs of T1 to
T4.

TBIT (ARM) 1)
This pin outputs the TBIT signal of the ARM. High indicates
that the processor is executing the THUMB instruction set.

TCK (ARM)
This pin is the ARM “test clock” input of the application JTAG
interface.

TDI (ARM)
This pin is the ARM “test data input” of the application JTAG
interface.

TDO (ARM)
This pin is the ARM “test data output” of the application JTAG
interface.

TEST, TEST2

Pins TEST and TEST2 define the source for the control word
fetch during reset. Please refer to section “Core Logic” for
detailed information.

TEST2 serves to enable the JTAG interface. Refer to section
“JTAG Interface” for detailed information.

For normal operation with internal code connect TEST and
TEST2 to system ground or leave it floating (internal pull-
down).

TMS (ARM)
This pin is the ARM “test mode select” input of the applica-
tion JTAG interface.

TO2 and TO3
Test outputs.

TRACECLK (ETM) 2)
This is the output of the modified CLK signal of the ETM.

TRACEPKTO to TRACEPKT15 (ETM) 2)
This is the trace packet port of the ETM.

TRACEPKT15 is pulled low to prevent floating, when full
trace mode is enabled.

TRACESYNC (ETM) 2)
This is the synchronization signal from the ETM, indicating
the start of a branch sequence on the trace packet port.

U0.0 to U8.5
Universal ports are intended for use as digital 1/0 or as LCD
driver outputs.

UARTO0-RX, UART1-RX

These are the receive input lines of UARTO and UART1.
Polarity of the signals is settable by HW options UAO resp.
UA1.

UARTO-TX, UART1-TX
These are the data output lines of UARTO and UART1.
Polarity of signals can be set by HW options UAO, resp. UA1.

uvDD, UVDD1

The pins UVDD and UVDD1 are the positive 5V supply for
the U-Port output stages, for the VDD regulator and the
FVDD regulator (see Fig. 2-3 for external connection). It
must be buffered by an external capacitor to UVSS, resp.
UVSSH.

UVSS, UVSS1

The pins UVSS and UVSSH1 are the negative power supply
for the U-Port output stages, and the ground reference for
the VDD and FVDD regulators. They have to be connected
to system ground (see Fig. 2-3).

VDD

This is the output of the internal 2.5V regulator for the inter-
nal digital modules (see Fig. 2—3 for external connection). It
must be buffered by an external capacitor to VSS.

VREF, VREF0, VREF1

These pins are selectable as positive reference inputs for the
ADC. The voltage on these pins should be set to a level
between 2.56 V and AVDD.

VREFINT
This pin is the positive reference output of the ADC. The volt-
age at this pin is generated internally (approx. 2.5 V) and
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must be buffered by an external capacitor to AVSS. No DC
load is allowed.

VSs
The pin VSS is the negative supply terminal of the internal
digital modules (see Fig. 2—-3 for external connection).

WAIT

This is the positive input to the WAIT comparator. The nega-
tive input is VREFINT. The comparator level can be adjusted
by an external voltage divider.

WAITH

This is the output of the WAIT comparator. The hysteresis
can be adjusted by an external feedback resistor to the volt-
age divider connected to the WAIT pin.

1) Trace Bus output. Active in analyzer mode.
2) Trace Bus output. Active in ETM mode.
3) Trace Bus input. Always active.

4) Memory interface signal. Tristate if EMUTRI is high.

WEQ 4)

The output signal Write Enable connects to the external
memory’s WEQ pin and activates it for write access. Active
LOW.

WPO to WP9

The wake port inputs are inputs to the port wake module
inside the power-saving module. They serve as wake ports
during power-saving modes and as port interrupt inputs dur-
ing CPU-active modes.

XTALA1
This is the quartz oscillator or clock input pin (see Fig. 2-3
for external connection).

XTAL2
This is the quartz oscillator output pin for two pin oscillator
circuits (see Fig. 2—3 for external connection).

Please refer to section “Memory Interface” (see Table 34—1 on page 250) for details on interfaces and Trace Bus modes.

2.5. External Components

E'ZI FVDD
s70n L |

EVDDO to 8 3.3Vi5V
Suppl
%9x100nto150n PPy
EVSSOto 8 . System
Ground
+5V
HVDDO to 3 [X] T Supply
T4x100nto 150 n
System
Hvsso to 3 [X] Ground
AVDD Eg _ Analog
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100nto150n—L PPy
\} VREFINT IXIT_
5
T 10 n, Ceramic
25V Analog
AVSS .
J_ Ground
150 n
BVDD —|_ Ceramic, X7R

T3'3t”| J‘ Cerami
antal eramic 3.3V
ESR<14Q X7R Eﬂ
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5V
+5V _ uvbDD T
Supply UvDD1
2x100nto150n—L I
System T UVSS 5V
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220 n
10p == Ceramic
Tantal X7R
Low ESR T Eg VSS
+—F——D< xTAL
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L
\ |
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47k e | XTAL2
Resetq 3 . RESETQ
System —”—T
Ground 47n

Fig. 2-3: CDC3205G-C: Recommended external supply and quartz connection.

To provide effective decoupling and to improve EMC behav-
ior, the small decoupling capacitors must be located as close
to the supply pins as possible. The self-inductance of these
capacitors and the parasitic inductance and capacitance of
the interconnecting traces determine the self-resonant fre-

quency of the decoupling network. Too low a frequency will
reduce decoupling effectiveness, will increase RF emissions
and may adversely affect device operation.

XTAL1 and XTAL2 quartz connections are especially sensi-
tive to capacitive coupling from other PC board signals. It is

Micronas

Feb. 10, 2005; 6251-579-1DS 21



CDC 32xxG-C

DATA SHEET
strongly recommended to place quartz and oscillation capac- The RESETQ pin adjacent to XTAL2 should be supplied with
itors as close to the pins as possible and to shield the XTAL1 a 47 nF capacitor, to prevent fast RESETQ transients from
and XTAL2 traces from other signals by embedding them in being coupled into XTAL2, to prevent XTAL2 from coupling

a VSS trace.

2.6. Pin Circuits

into RESETQ, and to guarantee a time constant of >200 ps
sufficient for proper wake reset functionality.

VSUPouT VSUPouT
VSUPy -—
GNDyy
GNDoyr -
GNDoyr
Fig. 2—-4: Input pins .
Fig. 2-8: Push-pull output pins
VSUPOUT A >
u VSUPOUT A
VSUP|N —|
< Input VSUP|y ———
Logic » < Input
GNDjy — _| B Logic o
l—{ = GNDjy — [ 8
GNDOUT A A A d ;
GNDoyt .
Fig. 2-5: Input pins with pull-down .
Fig. 2-9: Push-pull /0 pins with switchable pull-down
VSUPouT
VSUPy = T *
VSUP |
N Regulator _4
Logic
GNDy VSUP_
N [
out GNDy L Ll i GND,
Fig. 2-6: Push-pull I/0 pins Fig. 2-10: Regulator pins
VSUPouT
VSUP)y
GNDyy
GNDour
Fig. 2-7: Open-drain I/O
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Table 2—-2: 1/O supply catalog

Pin Names Figure VSUPgytr | GNDoyr VSUP|y GND|y
XTAL1, XTAL2 2-4 uvDD uvssS uvDD SAVSIS
WAIT AVDD AVSS AVDD AVSS
TCK, TDI, TMS EVDD EVSS EVDD EVSS

EMUTRI, ABORT, EXTERNO, EXTERN1, DBGRQ 2-5

TEST, TEST2 uvDD UVvVSs uvDD UVSS
U-Ports 2-6

H-Ports HVDD HVSS HVDD HVSS
P-Ports AVDD AVSS AVDD AVSS
A31 to A0, ABE, AICU7 to 2, AMCM21 to 23, EVDD EVSS EVDD EVSS

AMCS1, BWQO to 3, CE0Q, CE1Q, D31 to DO,
DBGACK, EXTTRIG, FBUSQ, FSYS, MASO, MAST,
nMREQ, nRESET, nTRST, nWAIT, OEQ, PIPSTATO
to 2, SEQ, TDO, TRACECLK, TRACEPKTO to 14,

TRACESYNC

RESETQ 2-7 uvDD UVSS uvDD UVSS
WAITH 2-8 AVDD AVSS

TRACEPKT15 2-9 EVDD EVSS EVDD EVSS

Table 2—-3: Regulator pin supply catalog

Regulator Figure VSUP, GNDy VSUP, GND,_
VDD 2-10 uvDD uvss VDD VSS

FVDD uvDD UvSS FVDD FVSS
BVDD AVDD AVSS BVDD AVSS
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3. Electrical Data

3.1. Absolute Maximum Ratings

Stresses beyond those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress
rating only. Functional operation of the device at these conditions is not implied. Exposure to absolute maximum ratings condi-
tions for extended periods will affect device reliability.

This device contains circuitry to protect the inputs and outputs against damage due to high static voltages or electric fields; how-
ever, it is advised that normal precautions be taken to avoid application of any voltage higher than absolute maximum-rated volt-
| ages to this high-impedance circuit.

| Table 3—-1: All voltages listed are referenced to ground (UVgg = UVggy = HVgg, = AVgg = 0 V), except where noted. All grounds
except VSS must be connected to a low-resistive ground plane close to the IC.

Symbol Parameter Pin Name Min. Max. Unit
Vsup Main supply voltage uvDD, UvDD1 -0.3 6.0 \"
Analog supply voltage AVDD
SM supply voltage HVDDn
Flash port supply voltage EVDDn
VReG Flash supply voltage FVDD -0.3 4.0 \
Core supply voltage VDD -0.3 3.0 Vv
PLL supply voltage BVDD
Isup Core supply current VDD, VSS, -100 100 mA
Main supply current uvDD, UVDD1,
UVSS, UVSS1
Flash port supply current EVDDn -100 100 mA
EVSSn
Analog supply current AVDD, AVSS -20 20 mA
SM supply current HVDDn -250 250 mA
@Tcage = 105 °C, duty factor=0.71 ) | HVSSn
Flash supply current FDD, FVSS -50 50 mA
PLL supply current BVDD -20 20 mA
Vin Input voltage U ports, XTAL, UVgs-0.5 UVpp + 0.7 \
RESETQ, TEST,
TEST2
P ports, VREF UVgs - 0.5 AVpp + 0.7 \
H ports HVgs - 0.5 HVpp + 0.7 \'%
E ports EVgg - 0.5 EVpp + 0.7 \%
lin Input current all inputs 0 2 mA
Iy Output current U ports, E ports, -5 5 mA
RESETQ, WAITH
H ports —60 60 mA
toshsl Duration of short circuit to UVSS or U ports, except in indefinite ]
UVDD, Port SLOW mode enabled DP mode
T; Junction temperature under bias —45 115 °C
| ") This condition represents the worst case load with regard to the intended application.

Micronas

Feb. 10, 2005; 6251-579-1DS

25



CDC 32xxG-C

DATA SHEET

Table 3—1: All voltages listed are referenced to ground (UVgg = UVgg1 = HVgg, = AVgg = 0 V), except where noted. All grounds
except VSS must be connected to a low-resistive ground plane close to the IC.

Symbol Parameter Pin Name Min. Max. Unit
Ts Storage temperature -45 125 °C
Pmax Maximum power dissipation 0.8 w

3.2. Recommended Operating Conditions

Do not insert the device into a live socket. Instead, apply power by switching on the external power supply.
Keep UVpp = UVpp¢ = AVpp during all power-up and power-down sequences.

Failure to comply with the above recommendations will result in unpredictable behavior of the device and may result in device
destruction.

Functional operation of the device beyond those indicated in the “Recommended Operating Conditions” of this specification is not
implied, may result in unpredictable behavior of the device and may reduce reliability and lifetime.

Table 3—-2: All voltages listed are referenced to ground (UVgg = UVgg1 = HVgg, = AVgg = 0 V), except where noted. All grounds

except VSS must be connected to a low-resistive ground plane close to the IC.

Symbol Parameter Pin Name Min. Typ. Max. Unit
Vsup Main supply voltage UVDD = 3.5 5 5.5 \
Analog supply voltage UvDD1 =
AVDD
Flash port supply voltage EVDDn 3 5.5 \Y
HVsup SM supply voltage HVDDn 4.75 5 5.25 Y
dVpp Ripple, peak-to-peak uvDD 200 mV
AVDD
BVDD
FvVDD
VDD
dVpp/dt Supply voltage up/down ramping uvDD 20 V/us
rate AVDD
fyraL XTAL clock frequency XTAL1 4 4 5 MHz
fsys CPU clock frequency, PLL on For a list of available settings see Tables 4-6
and 4-7.
feus Program storage clock frequency,
PLL on
Vi Automotive low input voltage U ports 0.5 x \Y
(see Table 2-2 H ports xVpp
for a list of input P ports
types and their
supply volt- CMOS low input voltage U ports, TEST, 0.3 x \Y
ages) TEST2 XVpp
H ports
P ports
TTL low input voltage E ports 0.8 \'%
26 Feb. 10, 2005; 6251-579-1DS Micronas



DATA SHEET

CDC 32xxG-C

Table 3-2: All voltages listed are referenced to ground (UVgg = UVgg1 = HVgg, = AVgg = 0 V), except where noted. All grounds
except VSS must be connected to a low-resistive ground plane close to the IC.

Symbol Parameter Pin Name Min. Typ. Max. Unit
Vin Automotive high input voltage U ports 0.86 x \Y
(see Table 2-2 H ports xVpp
for a list of input P ports
types and their
supply volt- CMOS high input voltage U ports, TEST, 0.7 x Vv
ages) TEST2 xVpp
H ports
P ports
TTL high input voltage E ports 2.2 \
RV Reset active input voltage RESETQ 0.75 \'
WRV; Reset active input voltage during RESETQ 0.4 \'
power-saving modes and wake
reset
RVim Reset inactive and alarm active RESETQ 1.5 2.3 \Y
input voltage
RV, Reset inactive and alarm inactive RESETQ 3.2 \
input voltage
WRV;, Reset inactive input voltage during | RESETQ UVpp - \Y
power-saving modes and wake 04V
reset
VREFi Ext. ADC reference input voltage VREF 2.56 AVpp Vv
PV; ADC port input voltage referenced | P ports 0 VRer \
to ext. VREF reference
ADC port input voltage referenced 0 VREFINT
to int. VREFINT reference

| 3.3. Characteristics

Table 3-3: UVSS = UVSS1 = FVSS = HVSSn = EVSSn = AVSS =0V,35V«< AVDD = UVDD = UVDD1 <55V, 475V < HVDDn
<5.25V,3V <EVpp,<5.5V, Tcage =0 °C to +70 °C, fy1a. = 5 MHz, external components according to Fig. 2-3 (unless

otherwise noted)

Symbol Parameter Pin Na. Min. Typ. Y | Max. Unit Test Conditions
Package
Rinjc Thermal resistance from 15 K/W

junction to case

2) Value may be exceeded with unusual hardware option setting

< Design value only, the actually observable hysteresis may be lower due to system activity and related supply noise

4) When ERM is active, this time value is increased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM setting
and by 20 ns with STRONG ERM setting.

5) When ERM is active, this time value is decreased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM set-
ting and by 20 ns with STRONG ERM setting.

6) Measured with external clock. Add typically 120 pA for operation on quartz with SRO.XTAL = 0 (Oscillator RUN mode).

L) Typical values describe typical behavior at room temperature (25 °C, unless otherwise noted), with typical
Recommended Operating Conditions applied, and are not 100% tested.
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Table 3—-3: UVgg = UVggy = FVgg =HVgg, =EVgg, =AVgs =0V, 3.5V < AVpp = UVpp =UVppy <5.5V,4.75V < HVpp,
<5.25V,3V <EVpp, <55V, Tcase =0 °C to +70 °C, fyaL = 5 MHz, external components according to Fig. 2-3 (unless
otherwise noted)

Symbol

Parameter

Pin Na.

Min.

Typ. V)

Max.

Unit

Test Conditions

Supply Currents (CMOS levels on all inputs, i.e. Vjj=xVgg+ 0.3 V and Vj, =xVpp + 0.

3V, no loads on outputs)

Ulppp UVDD PLL mode supply uvDD + 55 mA fgys =24 MHz
current, ETM off UVvDD1 100 fgys =50 MHz
Ulpppe UVDD PLL mode supply uvDD + 65 mA fgys =24 MHz
current, ETM on UVvDD1 110 fgys =50 MHz
Ulpps UVDD FAST mode supply uvDD + 15 mA all modules off 2)
current uvDD1
Ulpps UVDD SLOW mode supply | UVDD + 1.3 mA all modules off, ) 6)
current uvDD1
Ulppg UVDD DEEP SLOW mode uvDD + 0.8 mA all modules off, )
supply current uvDD1
Ulppw UVDD WAKE mode supply uvDD + 0 20 50 A RC and XTAL oscillators
current uvDD1 off
Ulppst UVDD STANDBY mode uvDD + 35 75 A RC oscillator on, XTAL
supply current uvDD1 off
60 100 A XTAL oscillator on, RC
off 6)
Ulppi UVDD IDLE mode supply uvDD + 50 775 A RC oscillator on, XTAL
current uvDD1 off
75 800 A XTAL oscillator on, RC
off 6)
Alppa AVDD active supply current | AVDD 0.35 0.6 mA ADC on, PLL off
2 mA ADC, buffer and PLL on
Alppq Quiescent supply current AVDD 0 10 pA ADC and PLL off
Elppq EVDDn 0 10 A no output activity
Hlppgq Sum of 0 40 pA no output activity,
all SM module off
HVDDn

2)

Value may be exceeded with unusual hardware option setting

8) Design value only, the actually observable hysteresis may be lower due to system activity and related supply noise

4) When ERM is active, this time value is increased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM setting
and by 20 ns with STRONG ERM setting.

5 When ERM is active, this time value is decreased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM set-
ting and by 20 ns with STRONG ERM setting.

6) Measured with external clock. Add typically 120 pA for operation on quartz with SRO.XTAL = 0 (Oscillator RUN mode).

U) Typical values describe typical behavior at room temperature (25 °C, unless otherwise noted), with typical
Recommended Operating Conditions applied, and are not 100% tested.

28

Feb. 10, 2005; 6251-579-1DS

Micronas



DATA SHEET

CDC 32xxG-C

Table 3-3: UVSS = UVSS1
<525 V, 3V« EVDDn <55 V, TCASE

otherwise noted)

= FVSS = HVSSn = EVSSn = AVSS =0 V, 35V«< AVDD = UVDD = UVDD1 <55 V, 475V < HVDDn
=0°Cto +70 °C, fytaL = 5 MHz, external components according to Fig. 2-3 (unless

within one SM module

Symbol Parameter Pin Na. Min. Typ. V| Max. Unit Test Conditions
Inputs
Viha Automotive input low to high | U ports 068x | 0.76x | 0.84x | V 4.5V <xVpp < 5.5V, 3)
threshold voltage H ports xVpp xVpp xVpp
P ports (see Table 2-2 for a list
Vinia Automotive input high to low 0.53 x 0.61 x 0.69 x \Y of input types and their
threshold voltage xVpp xVpp xVpp supply voltages)
Viha-Vinia Automotive input hysteresis 0.1 x 0.15x | 0.2x \
XVpp | XVpp | XVpp
Vilhe CMOS input low to high U ports 0.5 x 0.6 x 0.7 x \Y 45V < xVpp < 5.5V, %
threshold voltage H ports xVpp xVpp xVpp
P ports (see Table 2-2 for a list
Vinic CMOS input high to low TEST, 0.3 x 0.4 x 0.5 x \Y of input types and their
threshold voltage TEST2 xVpp xVpp xVpp supply voltages)
Vihe-Vihic CMOS input hysteresis 0.1 x 0.2 x 0.3 x \Y
XVpp | XVpp | XVpp
l; Input leakage current U ports -1 1 A 0<V;<UVpp
H ports -10 10 0<V;<HVpp
P ports -1 1 0<V;<AVpp
P06,
WAIT -0.2 0.2 0< Vi < AVDD
VREF -1 1 0<V;<AVpp
E ports -1 1 0<V;<EVpp
Ipd Input pull-down current TEST, 10 100 220 pA V;=UVpp
TEST2
E ports 10 100 220 V; = EVpp, when unused
lou Input pull-up current E-DB -220 -100 -10 A V; =0, when unused
Outputs (45 V< UVDD = EVDD <55 V)
Vo Port low output voltage U ports, 0.4 \ lo=2mA
E ports
RESETQ
H ports 0.125 0.45 \ lo =27 mA
lO =40 mA @ TCASE =
-40 °C
|0 =30mA @ TCASE =
25°C
AV Difference of V, values H ports 50 mV

2) Value may be exceeded with unusual hardware option setting
Design value only, the actually observable hysteresis may be lower due to system activity and related supply noise
4) When ERM is active, this time value is increased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM setting
and by 20 ns with STRONG ERM setting.
5) When ERM is active, this time value is decreased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM set-
ting and by 20 ns with STRONG ERM setting.
6) Measured with external clock. Add typically 120 uA for operation on quartz with SRO.XTAL = 0 (Oscillator RUN mode).

L) Typical values describe typical behavior at room temperature (25 °C, unless otherwise noted), with typical
Recommended Operating Conditions applied, and are not 100% tested.
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Table 3-3: UVSS = UVSS1
<525 V, 3V« EVDDn <55 V, TCASE

otherwise noted)

= FVSS = HVSSn = EVSSn = AVSS =0 V, 35V«< AVDD = UVDD = UVDD1 <55 V, 475V < HVDDn
=0°Cto +70 °C, fytaL = 5 MHz, external components according to Fig. 2-3 (unless

Symbol Parameter Pin Na. Min. Typ. V| Max. Unit Test Conditions
Voh Port high output voltage U ports UVpp \ lo=—2mA
-04
E ports EVpp
-0.4
H ports HVpp HVpp \ lo=-27 mA
-0.55 -0.125 |0 =-40mA @ TCASE =
-40 °C
|0 =-30mA @ TCASE
=25°C
AV, Difference of Vg, values H ports 50 mV
within one SM module
dV/dt H-Port slew rate with induc- | H ports by first order approximation | V/ns
tive load defined by the quotient of
the inductive load current
and the external capaci-
tances on the port pin
LVy LCD port zero output volt- U ports —-0.05 0.05 \ no load
age
V54 LCD port low output voltage | U ports 1/3x 1/3x | V no load
UVpp UVpp
-0.05 +0.05
Voo LCD port high output volt- U ports 2/3x 2/3x | V no load
age UVpp UVpp
-0.05 +0.05
LVon LCD port full output voltage | U ports UVpp UVpp \ no load
-0.05 +0.05
L4 Internal LCD-low supply U ports 0.3 mA pin shortto 2/ 3 x UVpp
short circuit current 03 pin short to UVsg
2Ll Internal LCD-high supply U ports 0.3 mA pin short to UVpp
short circuit current 03 pin short to 1/3 x UVpp
Isht Port FAST short circuit cur- | U ports 14 23 mA pin short to UVpp or
rent UVgg, Port FAST mode
Ishs Port SLOW short circuit cur- | U ports 3.7 5.5 mA pin short to UVpp or
rent UVgg, Port SLOW mode
lshsd Port SLOW short circuit cur- | U ports 7.5 11 mA pin short to UVpp, Port
rent, DP mode SLOW and Double Pull-
Down modes

2) Value may be exceeded with unusual hardware option setting
Design value only, the actually observable hysteresis may be lower due to system activity and related supply noise
4) When ERM is active, this time value is increased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM setting
and by 20 ns with STRONG ERM setting.
5) When ERM is active, this time value is decreased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM set-
ting and by 20 ns with STRONG ERM setting.
6) Measured with external clock. Add typically 120 pA for operation on quartz with SR0.XTAL = 0 (Oscillator RUN mode).

L) Typical values describe typical behavior at room temperature (25 °C, unless otherwise noted), with typical
Recommended Operating Conditions applied, and are not 100% tested.
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Table 3—-3: UVgg = UVggy = FVgg =HVgg, =EVgg,=AVgs=0V, 3.5V < AVpp = UVpp =UVppy <5.5V,4.75V < HVpp,
<5.25V,3V <EVpp, <55V, Tcase =0 °C to +70 °C, fyaL = 5 MHz, external components according to Fig. 2-3 (unless

otherwise noted

)

Symbol Parameter Pin Na. Min. Typ. V| Max. Unit Test Conditions
References and Comparators, AVDD Section
VREFINT VREFINT generator refer- VREFINT | 2.39 2.49 \ external load current <
ence output voltage 1 uA
tREFINT VREFINT generator setup VREFINT 500 us
time after power-up on
AVpp, or on leaving SLOW
or DEEP SLOW mode
VREFPO6 P06 comparator reference P06 0.49 x 051x | V
voltage AVpp AVpp
POBV},- P06 comparator hysteresis, | P06 0.02 x 0.05x | V 3)
P06Vh| symmetrical to VREFPOG AVDD AVDD
VRErW WAIT comparator reference | WAIT 0.98 x 1.02x | V
voltage VRE. VREe-
FINT FINT
VW, WAIT comparator low out- WAITH 0.4 \ 45V <xVpp<55V
put voltage lo =50 pA
VWqp WAIT comparator high out- | WAITH AVpp \ 45V <xVpp<55V
put voltage -04V lo =-50 pA
tacDEL P06, WAIT comparator P06 1 us overdrive = 50 mV
delay time WAIT
References and Comparators, UVDD Section
Ve VBG generator reference 2.25 25 2.75 \%
output voltage
VREFR RESET comparator refer- RESETQ | 0.45 x 045x | V
ence voltage Vgg Veg
RV)p- RESET comparator hystere-| RESETQ | 0.25 0375 | V 3)
RVy, sis, symmetrical to VRgrr
WRVj Reset active high to low RESETQ | 0.5 1.2 Vv
threshold voltage during
power-saving modes and
wake reset
VREFA ALARM comparator refer- RESETQ | 1.1x 1.1 x \%
ence voltage Veg Ve
AV,- ALARM comparator hyster- | RESETQ | 0.1 0.2 \ 3)
AVy, esis, symmetrical to Vggpa
VREFPOR UVpp power-on reset uvbDD 1.125 x 1.125x| V
threshold Vea Vea

2) Value may be exceeded with unusual hardware option setting

9) Design value only, the actually observable hysteresis may be lower due to system activity and related supply noise

4) When ERM is active, this time value is increased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM setting
and by 20 ns with STRONG ERM setting.

5) When ERM is active, this time value is decreased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM set-
ting and by 20 ns with STRONG ERM setting.

6) Measured with external clock. Add typically 120 pA for operation on quartz with SRO.XTAL = 0 (Oscillator RUN mode).

L) Typical values describe typical behavior at room temperature (25 °C, unless otherwise noted), with typical
Recommended Operating Conditions applied, and are not 100% tested.
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Table 3—-3: UVgg = UVggy = FVgg =HVgg, =EVgg,=AVgs =0V, 3.5V < AVpp = UVpp =UVppy <5.5V,4.75V < HVpp,
<5.25V,3V <EVpp, <55V, Tcase =0 °C to +70 °C, fyaL = 5 MHz, external components according to Fig. 2-3 (unless
otherwise noted)

setting PLLC.PMF > 0

Symbol Parameter Pin Na. Min. Typ. V| Max. Unit Test Conditions
tUcDEL RESET, ALARM, compara- | RESETQ 1 us overdrive = 50 mV
tor delay time
References and Comparators, HVDD Section
VREFSM SM comparator reference HOO, 1/9x 1/9x | V
VOItage HO4, HVDD HVDD
H20, -0.07 +0.07
H24,
H32,
H40, H70
tHeDEL SM comparator delay time HOO, 100 ns overdrive = 50 mV
HO4,
H20,
H24,
H32,
H40, H70
VDD Regulator
Vbb_ro Regulator output voltage VDD 1.02 x 1.02x | V DEEP SLOW mode
VG - Vpa +
30 mV 30 mV
1.02 x 1.02x | V PLL mode, fgyg =
VBG - VBG - 50 MHz
105mV 0omV
IDD_rlim Regulator internal output VDD 120 275 460 mA
current limit
IDD_rlimr Regulator internal output VDD 24 55 92 mA
current limit during reset
tvpD_su Regulator setup time after VDD 120 400 ps FAST mode
power-up on UVDD
BVDD Regulator
BVpp 1o Regulator output voltage BVDD VeerinT Vegent |V PLLC.PMF >0
- +
25 mv 25mV
Blpp_riim Regulator internal output BVDD 17 40 70 mA PLLC.PMF >0
current limit
tBvDD_su Regulator setup time after BVDD 70 230 us

2) Value may be exceeded with unusual hardware option setting
Design value only, the actually observable hysteresis may be lower due to system activity and related supply noise

4) When ERM is active, this time value is increased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM setting
and by 20 ns with STRONG ERM setting.

5 When ERM is active, this time value is decreased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM set-
ting and by 20 ns with STRONG ERM setting.

6) Measured with external clock. Add typically 120 pA for operation on quartz with SRO.XTAL = 0 (Oscillator RUN mode).

U) Typical values describe typical behavior at room temperature (25 °C, unless otherwise noted), with typical
Recommended Operating Conditions applied, and are not 100% tested.
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Table 3—-3: UVgg = UVggy = FVgg =HVgg, =EVgg,=AVgs =0V, 3.5V < AVpp = UVpp =UVppy <5.5V,4.75V < HVpp,
<5.25V,3V <EVpp, <55V, Tcase =0 °C to +70 °C, fyaL = 5 MHz, external components according to Fig. 2-3 (unless

otherwise noted

)

power-up on UVpp

Symbol Parameter Pin Na. Min. Typ. V| Max. Unit Test Conditions
FVDD Regulator
FVpp_ro Regulator output voltage FVDD Vg X Vgg x \ no load
1.34- 1.34 +
40 mV 40 mV
VBG X VBG X \Y IFVDD =-40 mA
1.34- 1.34 -
170mV 40 mV
Flpp_tlim Regulator internal output FVDD 52 120 200 mA
current limit
trvDD_su Regulator setup time after FVDD 100 330 us lrvpp = 40 mA

ADC (conversion reference Vrepc either equal to external reference Vgep or internal reference VgepnT)

uncertainty because of ADC
resolution

LSB LSB value VREFC \Y
/1024

INL Integral non-linearity: -2.5 2.5 LSB 2.4V < VRerc < AVpp,
difference between the out- 45V <AVpp <55V
put of an actual ADC and
the line best fitting the out-
put function (best-fit line)

ZE Zero error: -1 1 LSB 2.4V < VRerc < AVpp,
difference between the out- 45V <AVpp <55V
put of an ideal and an actual
ADC for zero input voltage

FSE Full-scale error: -1 1 LSB 2.4V < VRere < AVpp,
difference between the out- 45V <AVpp<b55V
put of an ideal and an actual
ADC for full-scale input volt-
age

TUE Total unadjusted error: -3.5 3.5 LSB 2.4V < VRgerc < AVpp,
maximum sum of integral 45V <AVpp<b55V
non-linearity, zero error and
full-scale error

QE Quantization error: -0.5 0.5 LSB 2.4V < VRgerc < AVpp,

45V < AVDD <55V

2)

Value may be exceeded with unusual hardware option setting

8) Design value only, the actually observable hysteresis may be lower due to system activity and related supply noise

4) When ERM is active, this time value is increased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM setting
and by 20 ns with STRONG ERM setting.

5 When ERM is active, this time value is decreased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM set-
ting and by 20 ns with STRONG ERM setting.

6) Measured with external clock. Add typically 120 pA for operation on quartz with SRO.XTAL = 0 (Oscillator RUN mode).

U) Typical values describe typical behavior at room temperature (25 °C, unless otherwise noted), with typical
Recommended Operating Conditions applied, and are not 100% tested.
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Table 3—-3: UVgg = UVggy = FVgg =HVgg, =EVgg, =AVgs =0V, 3.5V < AVpp = UVpp =UVppy <5.5V,4.75V < HVpp,
<5.25V,3V <EVpp, <55V, Tcase =0 °C to +70 °C, fyaL = 5 MHz, external components according to Fig. 2-3 (unless
otherwise noted)

Symbol Parameter Pin Na. Min. Typ. V| Max. Unit Test Conditions
AE Absolute error: -4 4 LSB 2.4V < VRerc < AVpp,
difference between the 45V <AVpp<b5V
actual input voltage and the
full-scale weighted equiva-
lent of the binary output
code, all error sources
included
R Conversion range P ports AVgg Veerc | V 2.4V < VRgerc < AVpp
A Conversion result INT hex AVgs < Vi, < VRerc
(Vin/
LSB)
000 hex Vin < AVSS
3FF hex Vin > VREFC
tc Conversion time 4 us TSAMP =0,
fio =10 MHz
ts Sample time 2 us
G Internal sampling capaci- 7.5 pF buffer off
tance during sampling
period 25 buffer on
R; Internal serial resistance 7 kOhm buffer off
during sampling period
PLL and ERM
tSUPLL PLL |OCking time 100 us @ fXTAL =4 MHZ,
fSYS =16 MHz
dtp I/O clock uncertainty due to 2.5 ns ERM off
PLL jitter, short term and
long term
dterm I/O clock phase shift due to 0 7.5 ns ERM on, WEAK setting
ERM action, short term and 0 12.5 ERM on, NORMAL
long term setting
0 20 ERM on, STRONG
setting
RC Oscillator
fre Output frequency 20 35 50 kHz
Clock Supervision
fsup Clock supervision threshold | XTAL1 70 350 kHz
frequency

2)

Value may be exceeded with unusual hardware option setting

and by 20 ns with STRONG ERM setting.

ting and by 20 ns with STRONG ERM setting.

U) Typical values describe typical behavior at room temperature (25 °C, unless otherwise noted), with typical
Recommended Operating Conditions applied, and are not 100% tested.

8) Design value only, the actually observable hysteresis may be lower due to system activity and related supply noise
4) When ERM is active, this time value is increased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM setting

5 When ERM is active, this time value is decreased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM set-

6) Measured with external clock. Add typically 120 pA for operation on quartz with SRO.XTAL = 0 (Oscillator RUN mode).
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Table 3—-3: UVgg = UVggy = FVgg =HVgg, =EVgg, =AVgs =0V, 3.5V < AVpp = UVpp =UVppy <5.5V,4.75V < HVpp,
<5.25V,3V <EVpp, <55V, Tcase =0 °C to +70 °C, fyaL = 5 MHz, external components according to Fig. 2-3 (unless
otherwise noted)

Symbol Parameter Pin Na. Min. Typ. V| Max. Unit Test Conditions
SPI (Fig. 3—-1, Fig. 3-2)
tso Data out setup time from SPI-D- +5 ns @ C, =30 pF, Port FAST
internal clock out ouT mode, UVpp 24.5V
tho Data out hold time from SPI-D- -5 ns
internal clock out ouT
tsoci Data in setup time to inter- SPI-D-IN 35 ns
nal clock out
thoci Data in hold time from inter- | SPI-D-IN 0 ns
nal clock out
tsoce Data out setup time from SPI-D- 3.5/%) ns
external clock in ouT + 35
thoce Data out hold time from SPI-D- 2.5/%? ns
external clock in ouT +15
tsi Data in setup time to exter- | SPI-D-IN 1/ 1) fg ns
nal clock in 25
thi Data in hold time from exter-| SPI-D-IN 1/ fo A ns
nal clock in
CAN
tiod Internal I/O delay time CAN-RX, 354 ns @ C, =30 pF, Port FAST
CAN-TX mode, UVpp 24.5V
DIGITbus (Fig. 3—-3)
tht Bit time jitter DIGIT- +15 ns rising edges, internal
ouT clock master, ERM on
tred Falling edge delay from DIGIT- teiT/ ns @ C; =30 pF, Port FAST
nominal pulse falling edge ouT 64 1—) mode, UVpp 24.5V
40

L) Typical values describe typical behavior at room temperature (25 °C, unless otherwise noted), with typical
Recommended Operating Conditions applied, and are not 100% tested.

2) Value may be exceeded with unusual hardware option setting
Design value only, the actually observable hysteresis may be lower due to system activity and related supply noise
4) When ERM is active, this time value is increased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM setting
and by 20 ns with STRONG ERM setting.
5) When ERM is active, this time value is decreased by 7.5 ns with WEAK ERM setting, by 12.5 ns with NORMAL ERM set-
ting and by 20 ns with STRONG ERM setting.
6) Measured with external clock. Add typically 120 wA for operation on quartz with SRO.XTAL = 0 (Oscillator RUN mode).
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SPI-CLK-OUT
- tSO -
«— o ——‘
SPI-D-OUT
<« tsoci —»|e— thoci _.‘
SPI-D-IN

Fig. 3—1: SPI: Send and receive data with internal clock. Timing is valid for inverted clock too (data valid at positive edge).

SPI-CLK-IN
-— tsi — (— thi —>‘
SPI-D-IN
tsoce
-— thoce—"
SPI-D-OUT ) (

Fig. 3—-2: SPI: Send and receive data with external clock. Timing is valid for inverted clock too (data valid at positive edge).

teiT
DIGIT-IN 77
DIGIT-OUT -

—_— t -—
fed }Tb;t‘b;{

- tNpPL -

nominal pulse

tnpL: Nominal programmed pulse length. Depends on programmed phase, baud rate and transmitted sign (0, 1, T).
Should be 1/4 for sign 0, 1/2 for sign 1 and 3/4 for sign T of tgt-

Fig. 3—-3: DIGITbus I/O timing
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3.4. Recommended Quartz Crystal Characteristics

Table 3-4: 3.5V < UVpp < 5.5V, external components according to Fig. 23, unless otherwise noted

tances, connected to Vgg

Symbol Parameter Min. Typ. Max. Unit Test Conditions
fp Parallel resonance fre- 4 5 MHz
quency @ C =12 pF
R4 Series resonance resis-
tance for 50 ms oscillation
start-up time and proper
function @ C_ =12 pF
@ fp=4 MHz 340 Ohm START-UP
380 START-UP, 45V <UVpp <55V
210 RUN
270 RUN, 45V <UVpp <55V
@ fp=5MHz 240 START-UP
280 START-UR, 45V <UVpp<5.5V
140 RUN
180 RUN, 45V <UVpp <55V
Cext External oscillation capaci- 18 pF
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4. CPU and Clock System

4.1. ARM7TDMI" CPU

The CPU is an ARM7TDMI 32-bit RISC processor. This is a
member of the Advanced RISC Machines (ARM) family. The
ARM7TDMI is a 3-stage pipeline machine and supports a
4-Gbit address range. In addition to the 32-bit standard ARM
instruction set, the ARM7TDMI supports the 16-bit Thumb
instruction set which allows a higher code density. It includes
a 64-bit result multiplier and a JTAG interface with an
embedded debug module.

4.2. Operating Modes

To adapt to the large variety of CPU speed and current con-
sumption requirements, the device offers a number of oper-
ating modes:

— CPU-active modes, where the CPU is clocked at select-
able speeds

4.1.1. CPU States

The ARM7TDMI CPU allows operation in two states:
— ARM state: 32-bit instructions
— Thumb state: 16-bit instructions

After reset and exceptions, ARM state is active.

— Power-saving modes, where the CPU is kept reset and
where only certain circuit portions are powered.

Fig. 4-1 shows how the various modes are accessed, in an
operating modes state diagram.

Power-up
CFi{'Obat' <50 ms (if 4/5MHz XTAL was off)
ese -
with Ports ~0.5 ms (if 4/5MHz XTAL stays on)
%'Obat' <50 ms (if 4/5MHz XTAL was off)
ese T
w/o Ports 0.5 ms (if 4/5MHz XTAL stays on)
CPUM=WAKE/STBY 0 | WAKEand RESETQ, RTC, Wake Ports -~
STANDBY
RTC, Wake Ports
CPUM=IDLE 0o
IDLE RESETQ .
CPUM=DEEP SLOW <128/fx7aL
DEEP All reset sources
FAST CPUM=FAST 0 SLOW
CPUM=SLOW <128/fyraL
All reset sources
CPUM=FAST 0 SLow g
CPUM=PLL ~100 us
All reset sources
_ CPUM=FAST ~us PLL =
Fig. 4-1: Operating modes state diagram
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4.2.1. CPU-Active Modes

The CPU can be operated in five different CPU-active modes
(Table 4-1). Core modules that are also affected by CPU-
active modes are:

1. Interrupt Controller with all internal and external interrupts
2. RAM, ROM/Flash and DMA
3. Watchdog

Table 4—1 shows the operability of the peripheral modules in
the various CPU-active modes.

When switching between modes, neither interrupts (see Sec-
tion 11.4.4. on page 96) nor DMA (see Section 22.3. on
page 146) accesses are allowed, to prevent undefined
behavior of the clock system.

4.2.1.1. FAST Mode

After reset the CPU is in FAST mode. The CPU clock and
the I/0 clock both equal the oscillator frequency fytar.

Internal clock frequencies higher than fyga, are not available
in this mode. Modules requiring fy = 2fya, for operation will
not work properly, as fy is set to f; = fya,.

Returning CPU from any other CPU-active mode to FAST
mode is done by selecting the appropriate mode in the
standby registers field SR1.CPUM (Table 4-3).

4.2.1.2. PLL Modes

To increase CPU performance, a PLL allows to multiply
fxtaL- The CPU will operate at this higher frequency fgyg and
its speed is automatically reduced only for accesses to
slower modules (ROM/Flash, I/0).

Table 4—6 gives recommended settings for control registers
and the various resulting operating frequencies for the PLL
mode. These recommended settings achieve fg=2*fy1aL,
f1 = fxtaL @nd so forth, for unlimited operation of peripheral
modules.

A PLL2 mode allows bypassing of the first stage of the
divider chain. It allows a clock system with fgyg = n*fytaand
fo = f1 = fxaL for special applications, where the unlimited
operation of peripheral circuits has to be sacrificed (see
Table 47 for settings).

In both PLL modes, the EMI reduction module (ERM) can be
operated, which reduces electromagnetic energy emission
(see Section 4.5. on page 47).

Activating the PLL modes is done in FAST mode by the fol-
lowing routine:

1. For initialization, choose a pair of settings for the clock
multiplication factor and the clock prescaler from Tables 4—-6
or 4-7 and write them to PLLC.PMF and IOC.IOP.

2. When coming from SLOW or DEEP SLOW mode, allow
trerinT 0 elapse for VREFINT and BVDD to set up. In all
other cases, wait the time of tgypp g, for BVDD to set up.

3. Wait for at least tgyp | before checking PLLC.LCK to be
set, to make sure that the PLL has locked.

4. Disable ICU and DMA, if active.

5. Enable PLL mode by writing 0x03, or PLL2 mode by writ-
ing 0x07 to SR1.CPUM (32-bit access only).

6. As the system frequency divider and the prescaler need
some time to synchronize, the PLL mode is not active until

PLLC.PLLM reads as 1.

7. At this point the ERM may be activated (see Section 4.5.3.
on page 47) and ICU and DMA may be (re-)enabled.

Returning to FAST mode is done by the following routine:

1. Deactivate the ERM, if active (see Section 4.5.4. on
page 47).

2. Disable ICU and DMA, if active.

3. Return to FAST mode by setting SR1.CPUM to 0x01 (32-
bit access only).

4. Wait for PLLC.PLLM to read as 0.

5. Now the ICU and DMA may be (re-)enabled and the pro-
gram may resume.

Attention: The PLL modes must be entered and left only via
FAST mode. The registers PLLC.PMF and IOC.IOP may
only be changed in FAST mode.

To reduce the power consumption in other CPU-active
modes than PLL modes, the registers PLLC.PMF and
IOC.IOP should be programmed to zero.

4.2.1.3. SLOW Mode

To considerably reduce power consumption, the user can
reduce the internal CPU clock frequency to 1/128 of the nor-
mal fy7a_ value. In this SLOW mode, program execution is
reduced to 1/128 of fya,.

Some modules must not be operated during SLOW mode
(e.g. CAN). Refer to module sections for details (see
Table 4—1 on page 41).

Internal clock frequencies higher than fyga,_ are not available
in this mode. Modules requiring fo = 2*fx1a, for operation will
not work properly, as fy is set to f; = fya,.

For switching between SLOW and FAST modes, use the fol-
lowing routine:

1. Disable ICU and DMA, if active.

2. Select the desired mode in the standby registers field
CPUM (Table 4-3). The new fgyg is effective immediately.

3. Now the ICU and DMA may be (re-)enabled and the pro-
gram may resume (no waiting time).

4.2.1.4. DEEP SLOW Mode

To further reduce power consumption beyond SLOW mode,
DEEP SLOW mode also disables most of the internal periph-
eral clocking system. Table 4-1 shows which peripheral
modules can be operated in DEEP SLOW mode.

Only peripheral module clocks fg and slower are available
from the divider chain. TO can be operated only with this limi-
tation.

For switching between DEEP SLOW and FAST modes, use
the routine given for SLOW mode.

4.2.2. Power-Saving Modes

All power-saving modes are activated by the CPU. The com-
plete core logic will immediately terminate operation and
power will be removed. The result is a device current con-
sumption that is greatly reduced, to the amount of leakage
currents.
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| Table 4-1: Operability of modules in CPU-active modes

Module PLL PLL2 FAST SLOW DEEP SLOW
Core
Digital Watchdog v v 4 4 4
IRQ Interrupt Controller Unit v 4 v 4 4
FIQ Interrupt Logic v 4 (4 v v
Port Interrupts v v v v 4
Port Wake Module v v %4 4 4
Memory Patch Module v 4 4 v v
Analog
A/D Converter v v v v
ALARM, P06 and WAIT Compara- | ¢ 4 (4 v 4
tors
LCD Module v v’ v’ v’ v?d
Communication
DMA v v v v 4
DMA Timer, GBus v v’ v’ v’ vd
UART v v v’ v’
SPI v v v v’
CAN v v’ v v
DIGITbus v v v v v
12C v v v v
Input & Output
Ports v 4 4 v 4
Stepper Motor Module v v v
PWM v v’ v v
PFM v v v’ v’ vd
Audio Module v v v
Clock Outputs v v’ v’ v v
Timers & Counters
Capture Compare Module v v v v2 v234
Timers v v’ v’ v vd
RTC/Polling Module v v v v 4
1) Possibly affected by f, equaling f,

) Avoid write access to CCxI
3) Only clocks f5 and slower are available from Clock Divider
4) Don’t access registers or CAN RAM
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Table 4-1: Operability of modules in CPU-active modes
Module PLL PLL2 FAST SLOW DEEP SLOW
Miscellaneous
JTAG
Embedded Trace Module v 4 v 4 4

B Possibly affected by f, equaling f,
) Avoid write access to CCxl

) Don’t access registers or CAN RAM

3) Only clocks f5 and slower are available from Clock Divider

However, a means to leave these modes has to be provided.
As the CPU is no longer active, either an external or internal
WAKE signal has to be generated. The external WAKE costs
no device current, but to generate an internal WAKE requires
an internal oscillator and a real-time clock (RTC) to run,
which will cost a small amount of supply current.

Please note that inadvertently entering a power-saving
mode, (e.g., by an external electrical overstress (EOS) con-
dition, when no wake source has been configured previously
as recovery path from this state), renders the device locked
in this power-saving mode. Only a RESETQ pin reset or a
complete power removal and reapplication recovers the
device from this state. Sufficient external shielding measures
must be taken to avoid this hazard.

Table 4-2: Power-saving modes and related functionality versus CPU-active modes

Operating Mode Modules That Can Be Activated SRAM, Port Regis- | Available
CAN-RAM ters Wake
Sources

Power- | WAKE Port wake module data lost reset Wake ports

Saving

Modes | STANDBY | All WAKE mode modules plus: data lost reset Wake ports

- 4M XTAL or 20..50k RC oscillator and RTC
- Real-time clock
- Polling module

IDLE All STANDBY mode modules plus an auxiliary VDD data state Wake ports
regulator that keeps RAM and port registers alive. retained retained and RTC
Other modules according to Table 4—1 are not sup-
ported.

CPU-Active Modes In principle all, for limitations see Table 4—1 active active Wake
sources
usable as
interrupt

4.2.2.1. WAKE Mode

WAKE mode is the most current-saving operation mode. All
device circuits are stopped or powered down except the port
wake module (Table 4-2).

The port wake module allows the CPU to configure up to ten
fixed device ports (see the device pinout for details) as wake
ports (WP).

To prepare for WAKE mode, the CPU has to switch off the
RTC and to configure the desired wake port(s) (see chapter
“Power Saving Module”, sections “Port Wake Module” and
“RTC Module”).

To enter WAKE mode, the CPU selects WAKE/STBY in reg-
ister SR1.CPUM.

The device will immediately enter WAKE mode by resetting
all circuitry, stopping all clocks, and powering down all regu-
lators and analog circuitry. As long as all wake port inputs
are kept at CMOS input levels (V= xXVgg £ 0.3V and Vj, =

XVpp £ 0.3V), the supply currents will be minimal. The
device may be kept in this state indefinitely.

To exit WAKE mode, the previously configured wake port
has to switch. Immediately a “wake reset” sequence will be
started internally that pulls the RESETQ pin low and
releases it as soon as all internal reset sources have become
inactive. See chapter “Core Logic” for details on internal
reset sources. After reset, the CPU starts in FAST mode, as
usual.

4.2.2.2. STANDBY Mode

STANDBY mode allows to configure an internal wake source
that wakes after a preselected period. As clock sources,
either a current-saving, but imprecise internal RC oscillator,
or the precise, but more current-consuming XTAL oscillator
are selectable. Beside the port wake module, these circuits
and the RTC are kept alive (Table 4-2).
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The RTC allows the CPU to select from one-second to one-
day clocks (see section “Power Saving Module” for details)
as wake signal. Beside serving as wake source, the CPU
may use the RTC as real time clock that is not halted by
resets.

A polling module, driven by a selectable RTC clock, may be
configured to generate a polling pulse on H0.2 and sample
the wake ports immediately after. Thus a periodical polling of
wake ports may be achieved, with no continuous power con-
sumption in external circuitry.

To prepare for STANDBY mode, the CPU has to configure
the desired RTC wake clock (see chapter “Power Saving
Module”, section “RTC Module”), in addition to the desired
wake port(s), see chapter “Power Saving Module”, section
“Port Wake Module”.

To enter STANDBY mode, the CPU selects WAKE/STBY in
register SR1.CPUM.

The device will immediately enter STANDBY mode by reset-
ting all circuitry, stopping the unused clocks, and powering
down all regulators and remaining analog circuitry. As long
as all wake port inputs are kept at CMOS input levels

(V” = XVSS + 0.3V and Vih = XVDD + 0.3 V), the SUpply cur-
rents will only amount to the requirement of the oscillator(s)
and the slow-clocked RTC and polling modules.

To exit STANDBY mode, the previously configured wake
source has to switch. Immediately a Wake Reset sequence
will be started internally that pulls the RESETQ pin low and
releases it as soon as all internal reset sources have become
inactive. See chapter “Core Logic” for details on internal
reset sources. After reset, the CPU starts in FAST mode, as
usual.

4.2.2.3. IDLE Mode

IDLE mode allows usage of the same wake sources as
STANDBY mode. But in contrast to WAKE and STANDBY

4.3. Clock System

The IC contains a quartz oscillator circuit that only requires
external connection of a quartz and of two oscillation capaci-
tors. Its start-up and run properties are controllable by SW.
See section “Core Logic” for details.

The oscillator clock fya, drives a clock system that supplies
the various modules with its specific clock (Fig. 4-2).

A frequency multiplying PLL allows to select the system
clock fgyg to be higher than fya, for high speed CPU and
module operation.

A divider chain divides fjo down to supply peripheral module
clocks fg to f{7. Module clock selection is software defined in
some cases, hardware or HW option defined in other cases.
The module descriptions give details.

The standby register field SR1.CPUM selects the operating
mode (Table 4-3).

modes, an auxiliary Vpp regulator allows to maintain some
core functionality (Table 4-2):

— the internal SRAM and CAN-RAM keeps its programmed
data

— all U-, P- and H-Port registers (see chapter “Ports”) keep
their programmed state (LCD ports will output a low level).

Leakage currents in these additionally powered modules add
to the device current consumption.

To prepare for IDLE mode, the CPU has to configure the
desired RTC wake clock (see chapter “Power Saving Mod-
ule”, section “RTC Module”), the desired wake port(s) (see
chapter “Power Saving Module”, section “Port Wake Mod-
ule”) and the port registers as desired.

To enter IDLE mode, the CPU selects IDLE in register
SR1.CPUM.

The device will immediately enter IDLE mode by resetting all
circuitry except the port registers, stopping the unused
clocks, and powering down all main regulators and remain-
ing analog circuitry, but not the auxiliary Vpp regulator. As
long as all U-, P- and H-Ports, that are configured as inputs,
are kept at CMOS input levels (Vj = xVgg £ 0.3V and Vi, =
xVpp £ 0.3 V), the supply currents will amount to the require-
ment of the oscillator(s), the RTC and polling modules and
mere leakage currents flowing mainly in SRAM.

To exit IDLE mode, the previously configured wake source
has to switch. Immediately a Wake Reset sequence will be
started internally that pulls the RESETQ pin low and
releases it as soon as all internal reset sources have become
inactive, but port registers and SRAM will be exempt from
being reset. See chapter “Core Logic” for details on internal
reset sources. After reset, the CPU starts in FAST mode, as
usual.
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Table 4-3: Operating mode selection and effect on clocks
fxTaL = I_:LI
SR1.CPUM | Oper- | fgys | fio fo f, 4/SMHz
ating ON_5 . T
Mode
&
0| 0| 0] SLOowW f1x2T€|_/ f1X2T§L/ fxraL | fx7aL —
PLL
PLLCPMF | %m gllL_ngé'RCK
0| 0| 1| FAST | fxgaL | fxmaL | fxmaL | fx7aL
ERMC.EOM |ERM ERMC.INPH
0 1 0 DEEP fXTAL/ fXTAL/ fOtof4 =0
sLow | 128 | 128 N T |
SR1.CPUM=3, 7
0 1 1 PLL n n/m n/m n/2m fovs
f f f f
xTAL | fxmaL | fx7aL | fxTaL ) - SR1.CPUM0, 2 ICCFL’JU
10| o] wake | - - - - Tof DMA
/STBY 128 Mem. Ctrl.
11 0| 1] IDLE | - - - - nWAIT
11 1] 0] rsvd - - - - waitq =1
& fsus
1 1 1 PLL2 n n/m n/m n/m - ROM
fxraL | fxmaL | fxmaL | fx7aL Flash
I0C.IOP 1/m RAM
nmfxra ]
SR1.CPUM=3, 7
SR1.CPUM=0, 2 ¢
stpclk — N0
P ] 1/0 Bus
& — fsup
. fOperm
1/2 VDD SR1.CPUM=2
L
fo
SR1.CPUM=3
L - f1
L _ f2
L - fS
3 .1,

Divider Chain

Fig. 4-2: Clock system

4.3.1. PLL

The PLL is composed of a phase comparator, a voltage-con-
trolled oscillator (VCO), a frequency divider and an internal
bypass. The phase comparator compares the input fre-
quency fyta. With the output frequency of the frequency
divider, freg It outputs the voltage Vp which is proportional
to the phase difference of the two input frequencies. Vp con-
trols the VCO which outputs the desired frequency. This fre-
quency is fed back by the frequency divider to the phase
comparator. The frequency divider divides the input fre-
quency down to frgg Which ideally is the same as fyta -

The phase-locked state of the PLL is signaled by a lock sig-
nal. It is available as flag PLLC.LCK. It may be routed to the
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LCK special output by selection in fields ANAU.LE and
ANAU.LS (UVDD Analog Section).

The block multiplies fyta. by n=PMF+1 to achieve fgys.
PLL control register PLLC allows to set the desired value.

PMF =0
N fxraL

f
XTAL Phase| Vp

| Comp. veo

f
REE__H4/(PMF+1)

VP ~ {(®dxraL - PReF) TPMF =1.15

Fig. 4-3: PLL block diagram

4.3.2. 1/0 Clock Prescaler

This prescaler derives the clock for the peripheral modules
(the 1/O clock fip) from the system clock fgys. It divides fgyg
by an integer number m. The 1/O clock control register IOC
allows to set the desired value. m is recommended to be set
equal to n/2.

4.3.3. Divider Chain and Clock Outputs CO0 and
CO1

The peripheral module divider chain receives fgyg/m and
supplies the various modules with their specific clocks. Each
stage of the divider chain divides its input clock by two. Thus
only powers of two of the divider chain input clock are obtain-
able for the peripheral modules.

Table 4-3 shows the effect of CPU-active mode selection on
the divider output frequencies fy through fi7. Note that in
modes FAST, PLL and SLOW, with n = 2m (which is recom-
mended), f; always equals fyta, . Thus f1 and all further sub-
divided clocks are unaffected by switching between these
modes.

Section “HW Options” gives details about HW option-con-
trolled clocks, their selection and their activation.

Note that specifying 1/1.5 and 1/2.5 prescaled clocks results
in clock signals with 33% resp. 20% duty factor.

Two clock output signals, CO0 and CO1, provide external
visibility of internal clocks (Figure 4—4). Clocks are selected
by register COOSEL.

COOSEL.CO00, ,
COO0SEL.cO01 HW Option

2
HW Option /l/ l

COOMuxO — !II.——& cooQ
COOMux1 — 4:1 1%15 &
SMX Out —{ Mux 125 COoo
fxaL  — coo
l Interrupt
Source
HW Option 1/1
Clock Out 1/1.5 > CO1
1/2.5 |X|
CO1
SMX Out is an output of Interrupt
the power-saving module. Source

Fig. 4-4: Clock outputs diagram

Signal COO0 is the output of a prescaler and a 4-to-1 multi-
plexer. Prescaler and input for the multiplexer are selectable
by HW options (see Table 4-4). The output selection of the
multiplexer is done by register COOSEL, bits CO01 and
CO00. The outputs of the prescalers are fed not only to the
ports, but may also serve as interrupt source. The U-Ports
assigned to function as clock outputs (see Table 4-4) have
to be configured as SPECIAL OUT.

The interrupt source output of this module is routed to the
interrupt controller logic. But this does not necessarily select
it as input to the interrupt controller. Check section “Interrupt
Controller” for the actually selectable sources and how to
select them.

COO0 and CO1 are not affected by SLOW mode.

Table 4-4: HW options and ports

Signal | HW Options Initialization
Item Address | Item Setting
Ccoo Ccoo COoo00C CcOoo U1.6, U3.3
Prescaler output | orU7.7
special out
COOMuxo
cooQ | U1.5 spe-
COOpux1 COoo01C output | cial out 1)
CO1 CO1 Co1C CO1 uo0.4,U1.5
Prescaler output | or U7.6
special
Clock Out out1)
1) HW Options register flag PM.U15 switches between
C00Q and CO1 at U1.5 special out.
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4.4. Memory Controller
The memory controller connects the CPU to the complex
memory system. It controls the various types of access and
wait states. SWs NWS WSR
Features T
— support of one synchronous and up to three different Mux
asynchronous memory areas
— different wait state values for sequential and nonsequen-
tial accesses to asynchronous memory WS Counter
— allows 8, 16 and 32-bit memory accesses from CPU [ ]
— supports access to 8, 16 and 32-bit wide memory ¢
sys —=
— allows big or little endian memory access. fio ——» |, predecrom
Addr ——» |, predecram
L . CR.MAP Memory predecboot
4.4.1. Principle of Operation — | controller :
SR1.CPUM=3,7 ——» | » predecio
4.4.1.1. General PATCHACC —— — waitq
ICUACC -
The memory controller contains a memory mapping unit DMAACC >
(MMU) to control the mapping of the whole memory system, CR.ENDIAN —»
a wait state register (WSR) to initialize the various wait CR.PSA — »
states, a final state machine and a wait state counter to con-
trol the various types of access and wait states. I
-—> Bridge «—» /O
4.4.1.2. Initialization CPU Bus
. . -— Bridge «—» HOM
After reset, the CPU runs in FAST mode, the wait state Boot
counter is disabled due to SR1.CPUM=1 and no wait states : Emu
for access to asynchronous memory are programmed. The - Bridge " Flash

access to the synchronous memory (I/O) works right after
reset, independent from any setting by software. Endian
mode is set by the control word via bit CR.ENDIAN.

First, initialize the wait state register WSR (cf. Table 4-6).
Then the PLL or PLL2 mode may be enabled, if desired.
Don’t change the wait state register while in PLL mode, this
may lead to a memory access with undetermined wait state
count in the following cycle.

4.4.1.3. Operation

With proper SW initialization, the memory controller is also
ready to access the asynchronous memory systems (ROM/
Flash, RAM, Boot ROM).

The MMU decides from the address and the CR setting,
which area in memory space contains a 8, 16 or 32-bit mem-
ory system. It preselects the different types of memory
(ROM/Flash, RAM, Boot ROM and I/O-Pages) and com-
putes the address for ROM/Flash minus 200000hex, if ROM/
Flash should be mapped to base address 200000hex.

In presence of a patch module, the PATCHACC signal from
the patch module signals to the MMU that the next access
will be an access to the patch module instead to normal
ROM/Flash.

The DMAACC signal from the DMA Module signals that the
next address value will be driven by DMA and not by CPU.
Due to the fact that DMA always reads/writes a location in
ROM/Flash, RAM or Boot ROM and writes/reads to a loca-
tion in the 1/O area within the same bus cycle, the MMU also
preselects the 1/O area, and the Memory Controller times the
whole DMA cycle to the restrictions of the slow synchronous
I/O area.

Fig. 4-5: Memory controller block diagram

4.4.1.4. Inactivation

Returning the memory controller to FAST mode

(SR1.CPUM = 1) will immediately switch the CPU to FAST
mode and change any further access to asynchronous mem-
ory to non-wait-state operation.
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4.5. EMI Reduction Module (ERM)

The IC contains an EMI reduction module (ERM), which is
capable of reducing electromagnetic radiation that might
cause interference to other electronic equipment. The con-
cept of this circuit uses precisely defined time offsets of the
master clock phases as generated by the PLL. Thus, the
module is only available in PLL modes.

All internal clock signals except fya, are affected. Thus also
the sampling time points of clocked inputs and outputs of all
internal modules are modulated. To avoid a possible perfor-
mance degradation of, e.g., communication modules in a
user environment, the maximum possible delay of the sam-
pling clock phase can be controlled with the parameters
given in table 4-6. In critical applications, /O sampling time
point modulation and EMI reduction can thus be compro-
mised. Section 4.7. gives application hints.

Features
— Strong suppression of electromagnetic radiation

— Precisely controlled effect on sampling time points of
clocked I/O (ADC, CAN, UART, SPI etc.)

— All parameters fully controllable and reproducible
— Three operation modes for different purposes

— Works for clock frequencies of up to 48 MHz

— No degradation of CPU performance

4.5.1. Modes

The ERM has four modes of operation:
— Mode 0, ERM off.

— Mode 1 is intended for the low fgyg frequencies of 8 MHz
or 10 MHz with a clock multiplier of n = 2 (PLLC.PMF = 1).
Mode 1 with a clock tolerance of 7 has a similar harmon-
ics suppression as the formerly used EMI Reduction Mod-
ule V3.1.

— Mode 2. This mode is primarily intended for the deactiva-
tion process of mode 3 but may also be used for opera-
tion. It performs best at high clock frequencies.

— Mode 3 gives best results at medium and high fgyg fre-
quencies. At medium frequencies it is even capable of a
certain suppression of the fundamental.

In each of the three operation modes the parameters may be
particularly chosen with the help of registers ERMC.SUP and
ERMC.TOL, to achieve an optimum suppression while keep-
ing phase modulation of fg as low as possible. In Table 4-6,
three sets of parameters with maximum fi5 sampling delays
of:

— <7.5ns (weak),
— <12.5ns (normal) and
— <20 ns (strong)

are given as examples. However, other individual settings
are possible (see section 4.5.2.).

At fgyg frequencies of 40 MHz and above only a limited EMI
suppression is possible. At an fgyg of 50 MHz the ERM must
be switched off (mode 0).

4.5.2. Rules for Setting Parameters

Each fgyg multiplier n and each mode requires its own set of
parameters. For individual settings other than those given in
Table 4-6 the rules are given below.

For mode 1 the limits are:

— The suppression strength has no effect and should be
kept at 0.

— The clock tolerance must not exceed the values given in
the columns for strong settings.

For modes 2 and 3 the limits are:

— Numbers must not exceed the values given in the col-
umns for strong settings.

— The clock tolerance must be equal to or less than
(suppression strength + 1) / 2.

— In mode 2 the suppression strength must not exceed 43.

— In mode 3 the sum of clock tolerance and suppression
strength must not exceed 43.

4.5.3. Initialization

For operation of the ERM, the clock system has to be in one
of the PLL modes. After Reset, the ERM is in mode 0. All
internal registers are reset to their default values. Registers
TOL, SUP and EOM are also reset by PLLC.PMF = 0.

The initialization must be done in the following order:

1. Set the clock tolerance (ERMC.TOL) to 1. Set the sup-
pression strength (ERMC.SUP) to 1 (modes 2 and 3 only).

2. Select the desired mode (1...3) in ERMC.EOM according
to Table 4-6 (steps 1. and 2. must not be done in one opera-
tion).

3. Select the desired suppression strength (ERMC.SUP).
4. Select the desired clock tolerance (ERMC.TOL).

4.5.4. Deactivation

To deactivate the ERM, the following sequence must be
observed:

1. If in mode 3, enter mode 2 by writing 2 to field
ERMC.EOM.

2. Set the clock tolerance parameter (ERMC.TOL) to 1 (steps
1. and 2. must not be done in one operation).

3. Set the suppression strength (ERMC.SUP) to 1 (modes 2
and 3 only).

4. Wait at least 8 fgyg cycles (e.g. CPU NOPs) before check-
ing the in-phase flag ERMC.INPH.

5. Wait for flag ERMC.INPH to be set (may take up to 80
fsys cycles), then clear the field ERMC.EOM to return to
mode 0. This will turn off the ERM.

6. To reset the ERM, set SUP = TOL = 0 (same result
achieved by setting PLLC.PMF = 0 when back in FAST
mode).
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4.6. Registers
PLLC PLL Control lIoC I/0 Control
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
riw | ACT ‘ LCK ‘ PLLM ‘ X | PMF w | X | X ‘ X ‘ X ‘ X | IoP
X X X X 0 0 0 0 Res X X X X X 0 0 0 Res
ACT PLL Active IOP 1/0 Clock Prescaler (Table 4-6)
ri: PLL started (PMF > 0) w IOP is a write only field.
r0: PLL not activated (PMF = 0)
£ fsvys _ fsys _ PMF+1
LCK PLL Locked 0= "m " IoP+1 1IOP+1 XTAL
r1: PLL locked
r0: PLL not locked Above formula relates to PLL mode.
PLLM PLL Mode Acknowledge
r1i: The clock chain has switched to PLL mode
r0: Not PLL mode WSR Wait State Register
PMF PLL Multiplication Factor (Table 4-6) 7 6 5 4 3 2 1 0
wO: PLL is switched off and internally bypassed. Nws sws
This is the standby mode for the PLL. v
w15-1: Starts PLL with the corresponding frequency. 0x00 Res
If not active anyway, the VREFINT Generator
and BVDD Regulator are enabled NwWS Nonsequential Wait State Bits
. . ) , . w: Number of wait states at nonsequential
_PMF is a write only field. Don’t modify PMF memory access.
in PLL mode.
_ _ ) SWS Sequential Wait State Bits
fsys= m-fypar= (PME+ 1) fypa, w: Number of wait states at sequential access.

Above formula relates to PLL mode.

The WSR influences access to ROM, Flash and Boot ROM.

ERMC ERM Control COOSEL Clock Out 0 Selection
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

riw TSEL 3 w|x|x‘x‘x‘x|x‘coo1‘cooo‘

r/w X ‘ X X X X | % ‘ % ‘ X 2 X X X X X X 0 0 Res

riw EOM X X ToL 1 €000, CO01 Clock Out Bit 0 and 1

owl wew ‘ . SuP o w: Clock selection

0x00000000 Res Table 4-5: COO00 and CO01 Usage
TSEL Test Select CO01 | CO00 § Selection
riw Factory use only.
. 0 0 COOpuxo

EOM ERM Operation Mode
r/w3: Mode 3 0 1 COOpux1
r/w2: Mode 2
riwi: Mode 1 1 0 SMX Out (Power Saving Module)
r/wO: Off
TOL Clock Tolerance 1 ! fxaL
r/w15-0: (see Table 4-6 and 4-7)
INPH In Phase (during deactivation)
ri: Phase is 0 or 1
r0: Phase > 1
SUP Suppression Strength
r/w63-0 (see Table 4-6 and 4-7)
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4.6.1. Recommended Settings

Tables 4-6 and 4-7 list settings available for the EMU
device. When emulating a specific target device (MCM or
mask ROM), use the recommended settings of that
device only. Settings differing from these two lists shall not
be used and may result in undefined behavior.

It is required not to operate 1/O faster than Flash.

Suppression Strength (SUP) and Clock Tolerance (TOL)
may be varied between zero and the values for strong set-
tings according to the rules in Section 4.5.2. The given limits
must not be exceeded

Table 4—-6: PLL and ERM modes: Recommended settings and resulting operating frequencies (MHz)

fxtaL | CPU Program /0 ERMC.EOM =1 ERMC.EOM =2 or 3
Storage
Weak Normal | Strong || Weak Normal | Strong
fos | PLLC | fous | WA fom) 0C |3 12\ 3185 B3 B (B[R BB
4 8 1 8 0x00 8 0 0 4 0 7 of 11 4 2 7 4 11 6
16 3 16 0x00 1 o 8| 0| 14| 0| 15| 8| 4| 14| 7| 22| 11
8 0x11 0| 8| Of 14| 0| 15|| 8| 4| 14| 7| 22| 11
24 5 24 0x00 2 0 2 0 2, 0 2|l 12 1] 21 1] 33 1
12 0x11 0| 12| 0| 15| 0| 15| 12| 6| 21| 11| 31| 12
8 0x22 0| 12 o 15/ 0| 15| 12| 6| 21| 11| 31| 12
32 7 16 Ox11 3 o 12 0| 12 0 12| 16 8| 28| 12| 31| 12
10.7 | 0x22 o 12| 0| 12| 0| 12| 16| 8| 28| 12| 31| 12
40 9 20 0x11 4 of 6| 0| 6| 0| 6| 21 6| 35| 6| 37| 6
13.3 | 0x22 of 6| 0| 6| 0| 6| 21 6| 35| 6| 37| 6
10 0x33 of 6| 0| 6| 0| 6| 21 6| 35| 6| 37| 6
48 11 24 Ox11 5 0 1 0 1 0 1|| 25 1| 42 1| 42 1
16 0x22 0 1 0 1 0 1|| 25 1| 42 1| 42 1
12 0x33 o 1 o 1 of 1| 25| 1| 42| 1| 42| A
5 10 1 10 0x00| 10 0 Of 5| O| 8| 0| 14|| 5| 3| 8| 4| 14| 7
20 3 20 0x00 1 o 10| O| 13| 0| 13| 10| 5| 17| 6| 28| 6
10 0x11 o 10| oO| 15| 0| 15| 10| 5| 17| 9| 28| 12
30 5 15 0x11 2 o 14 0| 14 0 14| 15 8| 26| 12| 31| 12
10 0x22 o 14 0| 14 0 14| 15 8| 26| 12| 31| 12
40 7 20 0x11 3 of 6| 0| 6| 0| 6| 21 6| 35| 6| 37| 6
13.3 | 0x22 of 6| 0| 6| 0| 6| 21 6| 35| 6| 37| 6
10 0x33 of 6| 0| 6| 0| 6| 21 6| 35| 6| 37| 6
50 9 25 0x11 4 set ERMC.EOM =0 set ERMC.EOM =0
16.7 0x22
12.5 | 0x33
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Table 4-7: PLL2 and ERM Modes: Settings sacrificing unlimited operation of peripheral modules and resulting operating

frequencies (MHz)

fxtar | CPU Flash /0 ERMC.EOM =1 ERMC.EOM =2 or 3
Weak Normal | Strong || Weak Normal | Strong
o o o o o o
fsys | PLLC. | fgys | WSR| fo=| IOC. |5 |5 |5 |8 |2 B |3 |6 |2 |2 |2 |8
PMF fp [IOP [|® |F |0 |F O |F|O®O | F O |F |0 F
4 12 | 2 6 ox11 | 4 | 2 of 6| of 10, o| 15|| 6| 3| 10| 5| 16| 8
12 0x00 0of 5| O 5/ 0| 5| 6| 2| 10 2| 16| 2
20 4 10 0ox11 4 of 10 of| 15, 0| 15| 10| 5| 17| 8| 28| 8
5 15 2 7.5 Ox11 | 5 2 o 7| Of 13| oO| 15| 7| 4| 13| 7| 21| 11
4.7. PLL/ERM Application Notes
4.7.1. PLL Jitter offset between transmitting and receiving station, that can be
) tolerated without transmission error.
The embedded PLL synchronizes every n-th fgyg cycle to ) o )
the externally applied fyra_ signal. This synchronization Viewed from the receiving station, a frequency offset of the
smoothly tries to cancel out influences from power supply transmitting station is tolerable, as long as over the length of
noise and fyya, fluctuations. Depending on the application, a complete telegram, every bit can still be detected unambig-
this permanent re-synchronization process is expected to uously. Once the tolerable frequency offset is exceeded,
introduce some nanoseconds of phase jitter to fio. communication is fatally disturbed. This tolerable offset is

o . ) dependent on the capability of the involved circuitry to detect
It is important to note that PLL jitter does not introduce a and compensate for frequency offset.
noticeable frequency error, because the phase stays locked
to the fyga reference and fluctuates, even over long times, In the further discussion, the clock tolerance TOL is defined
only within the same tight limits. Even with a PLL induced fig as percentage offset of the actual from the nominal fre-
jitter of £5ns, the maximum observable frequency error quency
between two f|g clocks f
— spaced 1us apartis (1 us+£2x5ns)/ 1 pus =+1%, TOL = M
— spaced 1ms apartis (1 ms +2 x 5ns) /1 ms =+10 ppm, fom
— spaced 1s apartis (1s+2x5ns)/1s=+0.01 ppm,
and so forth. Note that each transmitting and receiving station are allowed

this same tolerance from nominal:

« Ity frans=fnom TOL and f,oc=fromt TOL
4.7.2. ERM “Jitter The resulting maximum offset between transmitter and
The effect of the ERM on fio phase and frequency is similar receiver is thus 2 x TOL.
to that of PLL jitter in that it adds limited phase modulation.
However, this ERM-induced jitter is especially tailored to 4.7.3.1. UART
improve the electromagnetic emission properties of the
device. Section 4.5.1. gives details on setting the maximum Let us consider the tolerable frequency offset in the case of
phase delay: the UART.
— 7.5 ns (weak) translates to £3.75 ns of f|g jitter, .
— 12.5 ns (normal) translates to £6.25 ns of f|g jitter, gzgng?u%i\:ﬂg dfrsgugnc.l)fhs rﬂggﬁumeteslggmrgﬁ ?Loncg;(thfr?s-
—_ + i A .

20 ns (strong) translates to +10 ns of fig jitter. 12 bit. A transmitter frequency offset is tolerable as long as
From these figures it is evident, that ERM introduces a jitter 12 x 8+ 3 receiver sample clocks equal 12 x 8 transmitter
that, in its extent, is comparable to PLL jitter. Both influences sample clocks, which gives a transmitter frequency of
may be added to estimate the combined PLL/ERM effect on frrans = fRec(12 X8/ (12 x 8 £ 3)) = frec + 3.23% and
I/0 module operation. TOL = +1.61%.

PLL and ERM jitter claim a certain portion of this tolerable
4.7.3. Influence of PLL/ERM on Module Operation offset. The assumption is that both influences add up to

+15 ns of fg jitter, and that fjg = fg = 8 MHz.
DIGITbus, SPI and 12C synchronize external devices to one .
master clock. Their operation is hardly impeded by PLL/ERM | With the baud rate set to 500 kBd, fsampLe equals 4 MHz.
jitter. With this setting, PLL and ERM jitter consume

. . I 2x15ns/750ns = 4%

Modules such as UART and CAN communicate with external of the tolerable transmitter frequency offset and reduce TOL
fixed-frequency devices, and there is a maximum frequency | to1.55%.
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With the baud rate set to 19.23 kBd, fgampLe equals
153.84 kHz. With this setting, PLL and ERM jitter consume
2x15ns/19.5 us =0.15%

of the tolerable transmitter frequency offset and reduce TOL
only slightly, to 1.605%.

4.7.3.2. CAN

The CAN module contains logic that re-synchronizes a
receiver to a transmitter several times during a telegram. By
these means, a receiver is able to adapt to the transmitter
frequency within narrow limits.

Two situations have to be distinguished:

1. Bit stuffing guarantees a maximum of 10 bit periods
between two consecutive re-synchronization edges. There-
fore the accumulated phase error must be less than the pro-
grammed re-synchronization jump width (SJW). The limita-
tion that this situation imposes on the maximum TOL can be
expressed as:

W

ts
2xTOL £ ——
10 x tg;

or

tsrw
TOL < m————
© 2 x 10 x tg;,
2. Another limit on the maximum TOL is set by the situation
where the CAN logic must be able to correctly sample the
first bit after an error frame. This is the 13th bit after the last
re-synchronization. This limitation can be expressed as:

mln(tPhase Segl® tPhase SegZ)

2xTOL <
13 x Bit ~ Uphase Seg2

or

min(tPhase Segl> tPhase Seg2)
TOL < %1
X (13 X tgj = tppage seg2)

Example (f, = 10MHz)

With the baud rate set to 1 MBd, tgj equals 1 us and is
divided into 10 time quants (tq = 100ns). tgyy and tygggo are
programmed t0 3tq (= tphase Segt = tPhase Seg2)- 3 tq are
reserved for the propagation delay segment. In the first case
the maximum tolerance TOL is 1.5% (edge to edge):

3

< =
TOL < 2x10x 10 0,015

In the second case, TOL is 1.2% (edge to sample point):

3
B —
TOL_Z x (13 x10-3) 0,012

The smaller value of the above (1.2%) is relevant.

Following the UART example, PLL/ERM jitter consumes up
to 2x15ns of 300 ns (SJW = 3 time quants). This makes
30 ns / 300 ns = 10% of this tolerance, thus reducing TOL to
+1.08%.

With the baud rate set to 500kBd, tgz=2ps and
tq =200 ns, the maximum tolerance TOL of 1.2% is reduced
by 2 x 15 ns /600 ns =5% to +1.14%.

Example (fy = 8MHz)

With the baud rate set to 1 MBd, tg; equals 1 us and is
divided into 8 time quants (tq = 125 ns). tgyy and tyggge are
programmed to 2 tq (= tppase Segt = tPhase Seg2)- 3 tq are
reserved for the propagation delay segment. In ?he first case
the maximum tolerance TOL is 1.25% (edge to edge):

2

< =
TOL_2>< 10x38 0,0125

In the second case, TOL is 0.98% (edge to sample point):

2
<
TOL_2><(13><8—2) 0,0098

The smaller value of the above (0.98%) is relevant.

Following the UART example, PLL/ERM jitter consumes up
to 2x15ns of 250 ns (SJW =2 time quants). This gives
30 ns / 250 ns = 12% of this tolerance, thus reducing TOL to
+0.86%.

With the baud rate set to 500 kBd, tgj; = 2 pus and tq = 250 ns.
The maximum tolerance TOL of 0.98% is reduced by
2 x15ns /500 ns = 6.0% to £0.92%.

4.7.3.3. DIGITbus

The DIGITbus master synchronizes with external devices via
the serial data line. The slave node recovers the transmis-
sion clock from the data signal via an own PLL. This PLL will
lock to the long-term average frequency of the master, and
the slave node sees PLL/ERM jitter as a short-term fre-
quency offset.

Following the UART example, one can define the tolerable
frequency offset:

Every bit starts with a rising edge and thus every bit has a re-
synchronization point. The bit period (tg;) is divided into four
equal-length parts. Falling edges happen nominally after 1/4,
2/4 or 3/4 of the bit period. After 4/4 of the bit period a rising
edge indicates the beginning of the next bit. The DIGITbus
logic tolerates a jitter of these edges up to +1/8 of the bit
period. Thus, a transmitter frequency offset is tolerable up to
frrans = fRec(1 £ 1/8) = frec £ 12.5% and TOL = +6.25%.

Again following the UART example, ERM/PLL jitter influ-
ences this tolerable offset:

With the baud rate set to 31.25 kBd, 1/8 of the bit period is
4 us. PLL/ERM jitter reduces the maximum tolerance TOL of
16.25% by 2 x 15 ns / 4us = 0.75% 1o £6.2%.

4.7.3.4. SPland I2C

Modules like SPI and 12C synchronize with external devices
by the serial clock. Thus, no frequency offset between trans-
mitting and receiving station can develop, and no adverse
effects of PLL/ERM operation are expected.
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5. Memory and Special Function ROM (SFR) System

address range RESETQ = 1 RESETQ =0
(16M) CR.MAP = 00 CR.MAP = 01 CR.MAP = 1x TEST2-Pin=0 TEST2-Pin =1
00FFFFFF
5M /10 /0 /10
F8.0000
.5M
F0.0000 SFROM | | SFROM [ | SFROM
rsvd
Eo.0000 |d€PUg
2M
RAM RAM RAM
€0.0000
I [
I [
I [
A0.0000
8M
ROM/Flash ROM/Flash
20.0000
2M ROM/Flash ROM/Flash
RAM
0 | SFROM | | SFROM |

Fig. 5—1: Address map. Most common settings
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5.1. RAM and ROM

On-chip RAM is composed of static RAM cells. It is protected
against disturbances during reset as long as the specified
operating voltages are available.

The 128PQFP multichip module also contains a 512 KB
Flash EEPROM of the AMD Am29LV400BT type (top boot
configuration). This device exhibits electrical byte program
and sector erase functions. Refer to the AMD data sheet for
details.

Future mask ROM derivatives may be specified to contain
less or more internal RAM and ROM than this IC:

— ROM will grow upward from 0x0200000 to Ox09FFFFF
(8 MByte) and can be remapped to physical address 0
(growing upward to 0x07FFFFF). It is 16 bit wide and is
asynchronously accessed with wait states.

— RAM will always grow upward from physical address
0x0C00000 to 0XODFFFFF (2 MByte) and can be mirrored
to physical address 0. It is 32 bit wide and is asynchro-
nously accessed without wait states.

— SFR will grow upward from physical address 0xOF00000
to OxOF7FFFF (0.5 MByte) and can be mirrored to physi-
cal address 0.

— The I/O area will grow upward from physical address
0xOF80000 to OXOFFFFFF (0.5 MByte). It is 16 bit wide
and is asynchronously accessed with wait states.

Mirrored means the memory is accessible at both locations.
Remapped means the memory is accessible at the new loca-
tion only.

All parts (ROM, Flash and EMU) contain at least the 1/O
area, the RAM and the SFR.

5.1.1. Reserved Addresses

Reserved addresses (Table 5-1) are memory locations
which define the behavior of internal HW or external sys-
tems. In our system the memory locations at address 0 and
following have dedicated functions. The function of these
memory locations depend on which kind of physical memory
is mapped to these locations. As you can see in Fig. 5-1,
ROM/Flash or SFR is mapped to location 0 at reset. Thus, a
meaningful control word and reset vector can be obtained at
start-up.

5.1.1.1. HW Options

Please refer to section “Hardware Options” for information on
the layout of the HW options field and the corresponding reg-
isters in the 1/0 area. To activate the HW-option-related func-
tions, the SW has to copy them to the corresponding loca-
tions in the 1/O area.

But nevertheless these are HW options. It is not possible to
modify them by SW in future ROM parts.
5.1.1.2. ROMID

The ROM ID serves as identification of the corresponding
application/SFR program. It will be read by an external sys-
tem (test, debug) and does not influence internal HW.

The ROM ID contains a half-word sized hexadecimal value.
The range is 0x0000 to OXFFFF.

Table 5—-1: Reserved addresses

Address | Size Usage if mapped/mirrored to 0
[byte]
RAM ROM/ SFR
Flash
030-5F | 48 General- HW options
purpose
02C-2F | 4 RAM. No | Factory ID
HW-
02A-2B| 2 defined reserved
action.
028-29 | 2 ROM ID
024-27 | 4 Security ARM ID
Vector
020-23 | 4 Control word
01C-1F | 4 FIQ (Fast Interrupt)
018-1B | 4 IRQ (Interrupt)
014-17 | 4 Reserved
010-13 | 4 Data Abort
00C-0F | 4 Prefetch Abort
008-0B | 4 SWI (Software Interrupt)
004-07 | 4 Undefined instruction
000-03 | 4 Reset

5.1.1.3. Factory ID

The factory ID contains a factory-defined code. It holds infor-
mation about the HW version and other items. It can be read
by an external system (test, debug) and does not influence
internal HW. The SFR system may use this information and
adapt its behavior according to the factory ID. The layout of
the factory ID is not yet defined.

5.1.1.4. Security Vector (SV)

If the security vector is set (equal to 0xX55AA55AA), the SFR
does not enable the JTAG interface. In this way the applica-
tion program may keep the JTAG access disabled.

An empty (erased) Flash ROM contains all ones. Hence the
JTAG access is enabled.

Keep to the following sequence to reprogram a Flash ROM:

1. Clear the SV (i.e., program the SV address with
0x00000000 or any other value different from Ox55AA55AA).

2. Erase the Flash ROM (this sets the SV to OXFFFFFFFF).

3. Program all of the Flash ROM, but skip the SV address
(leave it at OXOXFFFFFFFF).

4. Verify the Flash ROM.

5. If ok, set the SV (write 0xX55AA55AA to the SV address).
Otherwise return to step 2.

This procedure guarantees that the JTAG interface will be
enabled after reset via SFR, if something has gone wrong
during Flash ROM programming.
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A correct application program should provide a separate way
and interface to enable JTAG and to modify the Security
Vector.

To allow easy JTAG access during development and debug-
ging, leave the SV not set.

5.1.1.5. ARMID

The ARM core can comprise a system control coprocessor
(CP15), which contains among other things an ID Register. It

5.2. 1/0 Map

The 1/0O region (Table 5-2) is divided into the lower part
(addresses 00F80000 to OxO0FBFFFF) which is connected

allows the identification of the implemented processor. No
CP15 has been implemented so far, but the ARM ID field
may contain the same information.

5.1.1.6. Control Word

The control word defines the behavior of the HW during
reset. Refer to section “Core Logic” for information on control
word definition.

Table 5-2: 1/0 map

to the 8 bit wide bus and into the upper part (addresses . )
00FC0000 to 0X00FFFFFF) which is connected to the 32-bit- Address |Size | Access Register
wide bus. Please refer to section “Register Cross Reference [byte]
Table” for detailed 1/O register mapping. ] ]
OOFFFFFF | 256 32-bit, IRQ and FIQ regis-
Access to I/0 modules which are connected to the 8-bit-wide 00FFFF00 asynchronous, | ters
bus is restricted: If not otherwise mentioned those modules no wait states
must be accessed by byte access only. This memory area is 00FFFEFF | 256 DMA registers
organized in little endian format. If the CPU operates in big 00FFFEO0O
endian format, only byte access is recommended.
00FFFDFF | 512 Core registers
00FFFCO00
00FFFBFF | 255 k Free
00FC0000
O00FBFFFF | 190 k | 8-bit, Free
00F90800 synchronous,
wait states
00F907FF | 2k Registers
00F90000
00F8FFFF | 59.5 k Free
00F81200
00F811FF | 512 CAN registers
00F81000
00F80FFF | 4k CAN-RAM
00F80000
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5.3. Special Function ROM (SFR)

The job of the SFR is to enable the JTAG interface if neces-
sary. Further actions as there are download, Flash ROM pro-
gramming or debugging and monitoring have to be done via
JTAG interface.

If TEST2 pin is held high during reset, the control word from
the SFR is copied to the control register by HW. The SFR
control word is configured to start program execution from
the SFR, mirrored to location 0. The SFR control word dis-
ables JTAG.

5.3.1. Principle of operation

The first instruction of the SFR (the reset vector) loads the
address of the next instruction in the original SFR
(0xF00100, above the SFR HW options) into the program
counter. This causes a jump from the mirrored SFR to the
original SFR. The remaining part of the program is running in
the original SFR and remapping of the memory does not
influence correct operation of the SFR program.

If the TEST pin is detected low immediately after the SFR
Firmware is started, the security vector in the Flash ROM is
checked (Table 5-3). If the security vector is set in the appli-
cation program, the application is started, otherwise the
JTAG interface is enabled and the program stays in an end-
less loop to allow TAP access.

If the TEST pin is detected high immediately after the SFR
firmware is started, additional functions may be invoked,
selected by the digital levels at the analog input pins PO[1:0]
(Table 5-3).

This mode is not intended to be used within the applica-
tion environment but for test purposes only! It depends on

the selected function if, what and how additional pins will be
used for further operations. For notifications UARTO is used
with 9600 Bd, 8 data bits, 2 stop bits, no parity and no kind of
handshake:

— PO[1:0] = 0: Erase Flash:
A blank check of the Flash ROM is executed to detect if it
is erased. If the Flash ROM is not clear, it is erased and
checked again, until detected as completely blank.
When finished, “Flash is blank” is indicated via UART 0.

— PO[1:0] = 1: Run Test Program:
For test purposes an endless program sequence is exe-
cuted, using most parts of the chip internal modules.
Make sure to run this program in the test environment
only!

— PO[1:0] = 2: Check IDs:
ROM and Factory ID are read out of the Flash ROM and
indicated via UART 0. In addition to the 16-bit ROM ID
(RID) the adjacent reserved 2 bytes are displayed as
upper half word of the RID, e.g.:
“RID: 0x0x56BC78AB
FID: 0XDEQACDFE”

— PO[1:0] = 3: Generate Checksum:
A 32-bit check sum of the whole Flash ROM content is
generated by summing up all data words, without consid-
ering carry-overs. The result is shown as hex value via
UART 0, e.g.: “CHECKSUM: 0x3456BCDE”.

The watchdog is not triggered in the SFR program. Espe-
cially when the program is in the endless loop this would
cause problems. But this endless loop will not be reached in
ROM parts as long as the security vector is valid.

Table 5-3: Startup control by TEST pin and security vector (SV), TEST2 pin = 1

TEST | SV QFP 128 EMU
pin
0 set Use application CW in flash to start the application | Use application CW in emulation memory to start
in flash the application in emulation memory
0 not set | Enable application JTAG to allow debugging
1 X Decode further input selection to
- run Test Proqram
- erase Flash 7
- generate checksum
- indicate IDs

1) Inadvertent execution of critical code additionally blocked by HW decoding of TEST pin state.
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Fig. 5-2: Flow chart of special-function ROM routine
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6. Core Logic

6.1. Control Word (CW)

A number of important system configuration properties are
selectable during device start-up by means of a unique con-
trol word (CW).

6.1.1. Reset Active

At the end of the reset period, the device fetches this CW
from address locations 0x20 to 0x23 of a source that is
determined by the state of pins TEST and TEST2 and flag
MFPLR.MFPL, see Table 6-1 for MCM and EMU parts,
Table 62 for ROM parts.

Table 6—-1: CW fetch in MCM parts (QFP128), and in EMU
parts (CPGA257)

MCM EMU Necessary reset con-
figuration
“Control Word Fetch” TEST2| TEST | MFPL
desired from
Int. Flash Ext.viaEMU | O 0 X
port
Int. Flash Ext.viaEMU | O 1 1
port
Ext. via multifunction port o?
Int. special-function ROM 1 X X

") Only available after a non-power-on RESET
with MFPL = 0 set before

As can be seen from Table 6—1, the device disables external
access (through the Multifunction port) to internal code, as
long as MFPLR.MFPL is 1 (= state after UVDD power-up).
Setting it to 0 requires internal SW. By this means, an effec-
tive device lock mechanism is implemented that prevents
unauthorized access to internal SW. See section 6.2. on the
device lock module (DLM) for details.

In ROM parts, flag MFPLR.MFPL is available, but does not
lock the multifunction port, so Table 6—1 reduces to Table 6—
2.

Table 6-2: CW fetch in ROM parts (QFP128)

“Control Word Fetch” desired Necessary reset

from config. of pins
TEST2 | TEST

Internal ROM 0 0

External via Multifunction port 0 1

Int. Special-Function ROM 1 X

6.1.2. Reset Inactive

When exiting reset, the CW is read and stored in the control
register (CR) and the system will start up according to the
configuration defined therein.

Normally the CW is fetched from the same memory that the
system will start executing code from. Table 6-3 gives fixed
CWs for a list of the most commonly used configurations.

Table 6-3: Some common system configurations and the corresponding CW setting

Part “Program Start” desired from Additional desired properties Necessary CW
type
31:16 15:0
EMU ext. 32-bit sync SRAM (e.g. MT55L256L32F) | Trace Bus ETM mode OxFFBA 0x835F
on EMU port
16-bit ROM/Flash emulation, OxFFBB 0x835F
Trace Bus ETM mode
16-bit ROM/Flash emulation, OxFFBB OxA3DF
Trace Bus Analyzer mode,
Appl. JTAG released
ext. 32-bit async auto-power-down Flash (2x - OxFFBA 0x675F
Am29LV400BT) on EMU port
ext. 16-bit async. auto-power-down Flash Trace Bus Analyzer mode Don’t care O0x2F5F
(Am29LV400BT) on EMU port
Trace Bus ETM mode Don’t care O0x4F5F
MCM | int. 16-bit Flash (Am29LV400BT) - Don’t care 0x7F5F
ROM int. 16-bit ROM - Don’t care 0x7F5F
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For special purposes, the CW source and the program
source may differ. For these purposes, a detailed description

6.2. Device Lock Module (DLM)

Together with the corresponding application software, the
DLM allows to establish protections against unwanted device
accesses from outside the device and against unwanted
flash data erase. It is composed of the

— multifunction port lock (MFPL), the
— EMU bus write enable control bit CR.EWE and the
— special-function ROM (SFR) system.

6.2.1. Multifunction Port Lock (MFPL)

To protect the memories contents against access from out-
side the device, the multifunction port, used as test bus, has
to have a protection mechanism that is active by default.
Together with appropriate hardware, the multifunction port
lock (MFPL), controlled by a bit located in the multifunction
port lock register (MFPLR), ensures a disabled multifunction
port after POR (Power On RESET).

MFPLR Multifunction Port Lock Register
7 6 5 4 3 2 1 0
r/w| X ‘ X ‘ X ‘ X | X | X ‘ X ‘ MFPL ‘
X X X X X X X 11 Res

1) Set by POR or wake-up from power-saving modes.

MFPL Multifunction Port Lock
r/wi: Locked
r/wO: Not locked

6.2.2. Emu Bus Write Enable (EWE)

In addition to MFPL, which protects the device memories
against accesses from outside, with EMU bus write enable
(EWE) inactive, the EMU bus is protected against write from
anywhere, externally via test bus or internally via EMU or
memory bus.

EWE is controlled by a bit in the control register which is
cleared (inactive) by RESET. It prevents unauthorized and
unintended Flash write and/or erase. EWE is located in the
CR to be set easily by the control word generation of the
emulation hardware. Code can be downloaded into the emu-
lation RAM without having to enter a dedicated register write
command or running a script file before. Write accesses by
the debugger, e.g. to set break points, may take place imme-
diately after RESET.

For details on the control register, please refer to chapter
“Control Register and Memory Interface”.

With MFPL and CR.JTAG the device can be protected
against external read and write accesses.

In addition, CR.EWE offers locking the Emu Bus/Flash mem-
ory separately against external and internal write and erase.
With the reset status of EWE = 0 no Flash write is possible at
first. EWE = 1 has to be programmed by software before.

of the CW and CR function is given in the chapter “Control
Register and Memory Interface”.

Appropriate precautions within the application software are
necessary, especially controlling DMA and PATCH activities,
not to undermine a system lock.

6.2.3. Special Function ROM (SFR)

To get the CW from the multifunction port, MFPL has to be
set to 0 before. This can be achieved either by a run through
an appropriate part of the special-function ROM code or by a
corresponding application software that prepares MFPL = 0.
The necessary RESET to follow must not be a POR,
because it resets MFPL to 1. Power-saving modes also set
MFPL = 1.

For details on the SFR please refer to chapter “Memory and
Special-Function ROM (SFR) System”.
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6.3. Standby Registers

The standby registers SR0O to SR1 allow the user to switch PSLW Port Slow Mode
on/off power or clock supply of single modules. With these rfwl: Slow mode.
flags it is possible to greatly influence power consumption r/wo: Fast mode.
and its related electromagnetic interference.
UARTO UARTO
For details on enabling and disabling procedures and the riw1: Module active.
standby state, please refer to the specific module descrip- r/wo: Module off.
tions.
ADC ADC Module
r/w1: Module active.
SRO Standby Register 0 rw0: Module off.
TIMA1 Timer 1
Off
! ° > * ° 2 ! 0 ° riwl: Module active.
mw| 12c1 | 12c0 x x x | CAN3 | CAN2 | CAN1 |3 r/wO0: Module off.
vw| TIM2 | TIM3 | TIM4 |UART1| x DGB | cccl | x |2 XTAL Quartz Oscillator Mode
riwi: Start-Up Mode active (default after Reset).
rw| LCD x PSLW | UARTO | ADC x TIM1 | XTAL |1 r/wO: Run Mode active.
r'w| SM X X X SPI1 [ CANO | CCCO | SPIO |O SM stepper Motor
r/w1: Module active.
0x00000100 Res r/WO: Module off.
12C1 12C Module 1 SPH SPI 1
rwi: Enabled rwi: Module active.
riwo: Disabled r/wo: Module off.
12C0 12C Module 0 CANO CAN Module 0
r/w1.: Enabled riwi: Module active.
riwo: Disabled r/wo: Module off.
CAN3 CAN Module 3 ccco Capture Compare Counter 0
rwi: Module active. rwi: Module active.
r/wo: Module off. r/wO: Module off.
CAN2 CAN Module 2 SPIO SPI 0
riwi: Module active. rwi: Module active.
rfwo: Module off. rAwo: Module off.
CAN1 CAN Module 1
r/wi: Module active.
r/wO0: Module off. SR1 Standby Register 1
TIM2 Timer 2 7 6 5 4 3 2 1 0 Offs
r/wi: Module active. ol x . . . R R . < s
r/wO: Module off.
T|M3 Timer 3 r/w X X X X X X X X 2
r/wi: Module active. vw| PFM1 | PFMO |PWM11| PWM9 | PWM7 | PWM5 | PWM3 | PWM1 | 1
r/wO: Module off.
rw| IRQ FIQ X X X CPUM 0
TIM4 Timer 4
r/wi: Module active. 0x00000001 Res
r/wO: Module off.
PFM1 Pulse Frequency Modulator 1
UART1 UART 1 r/wi: On
r/wi: Module active. r/wO: Off
r/wO: Module off.
PFMO Pulse Frequency Modulator 0
DGB DIGITbus Master r/wi: On
r/wi: Module active. r/wO: Off
r/wO: Module off. i
PWM11 Pulse Width Modulator 11
CCcC1 Capture Compare Counter 1 riwi: On
r/wi: Module active. r/wQ: Off
r/wO: Module off. .
PWM9 Pulse Width Modulator 9
LCD LCD Module r/wi: On
r/wi: Module active. r/wQ: Off
r/wO: Module off.
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PWM7 Pulse Width Modulator 7
r/wi: On
r/w0: Off
PWM5 Pulse Width Modulator 5
r/wi: On
r/w0: Off
PWM3 Pulse Width Modulator 3
r/wi: On
r/w0: Off
PWM1 Pulse Width Modulator 1
r/wi: On
r/wO0: Off

6.4. UVDD Analog Section

6.4.1. VBG Generator

The low-power VBG generator generates