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S3F4A1HR PRODUCT OVERVIEW

PRODUCT OVERVIEW

1. OVERVIEW

1.1 FUNCTIONAL DESCRIPTION

SAMSUNG S3F4A1HR 16/32-bit RISC micro-controller is a cost-effective and high-performance solution for
automotive segment, especially for dashboard and body application.

An outstanding feature of the S3F4A1HR is its CPU core, a 16/32-bit RISC processor (ARM7TDMI-S) designed
by advanced RISC machines, Ltd. The ARM7TDMI-S core is a low-power, general-purpose, microprocessor
macro-cell which was developed for the use in application-specific and customer-specific integrated circuits. Its
simple, elegant, and fully static design is particularly suitable for cost-sensitive and power-sensitive applications.

Other feature is an integration of 512Kbytes and 32Kbytes NOR type flash, 16Kbytes SRAM, CAN, LIN, LCD, and
Stepper Motor Controller. By providing a complete set of common system peripherals, the S3F4A1HR can
minimize the overall system costs and eliminate the need to configure additional components, externally.

The S3F4A1HR is to be developed by using the ARM7TDMI-S core, CMOS standard cell, and data path
compiler. Most of the on-chip function blocks will be designed using an HDL synthesizer. The S3F4A1HR will be
fully verified in SAMSUNG ASIC test environment including the internal qualification assurance process.
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S3F4A1HR

1.2 FEATURES

Architecture

*  ARMY7TDMI-S CPU Core
e 16/32-bit RISC architecture
* JTAG-based debugging solution

Program Flash Memory

e 512Kbytes internal NOR Flash ROM
e Support high and normal speed mode

Data Flash Memory
e 32Kbytes internal NOR Flash ROM

RAM Memory

« 16Kbytes internal SRAM
e Support the changeable base address

Clock Generator with Configurable PLL

« Programmable clock synthesizer (Max. 40MHz)

Lite Direct Memory Access (LDMA)

e 7 channels
e Transfer from peripheral to memory
« Transfer from memory to memory

Interrupt Controller (GIC)

e 64 interrupt lines
e 44 internal and 12 external interrupt lines
e 16-Level priority vectored interrupt

General Purpose I/O
e 74 multiplexed GPI/O

16bit General Purpose Timer (GPT)

e 3channels: GPTO, GPT1, GPT2
* 3 configurable modes: Counter, PWM, Capture
*  Support capture/compares

16bit Simple Timer (ST)

e 2 channels simple timer : ST1
e 2 channels simple timer : STO
e« ST1 on Core Clock

e STO on Low Frequency Clock

CAN Controller

2 channels with 32buffers : CANO, CAN1
Support CAN 2.0A and 2.0B Full Speed
Stampable message

CAPTURE

1 x 16bit capture module : CAPTO
1 LDMA channel

Pulse Width Modulations (PWM)

2 channels 16bit PWM : PWMO, PWM1
8 channels 8bit PWM : PWM2~PWM5

Stepper Motor Controllers (SMC)

4 channels : SM[00:03] ~ SM[30:33]
Normal/Wave/Half-step/Micro-stepping Mode
Micro-stepping cosinus/sinus & high torque

Stamp Timer (STT)

2 channels 32-bit Timer
Alarm interrupt

A/D Converters (ADC)

16 channel analog inputs : AIN[15:0]
10bit resolution, Max 500KSps conversion rate
1 LDMA channel

UART- LIN

3 channels : UARTO, UART1, USARTO
Support hardware LIN 1.2 & 2.0

Support 5,6,7,8, and 9bit data length
Support for J1587 protocol

1 channel, USARTO, support synchronous
transfer

3 LDMA channels

IIC Bus Interface (12C)

2 channels, Multi-master 11IC-Bus

Serial, 8-bit oriented and bi-directional data
transfers can be made at zip to 100Kbit/s in stand
and mode or up to 400Kbit/s in fast mode

1-2
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1.2 FEATURES (Continued)

LCD Controller (LCDC)

¢ 4com x 30 segment
e Static, 1/2 and 1/3 bias mode

SPI Bus Interface

e 1 to 8-bit programmable data length, SPI10
e 8to 16-bit programmable data length, SPI1
e Support Master and Slave mode

e« 4 LDMA channels

Watchdog (WD)

e Programmable watchdog timer

Clock Manager (CM)

* Internal Ring oscillator (Typ.1MHz)

e CPU & Peripherals can be deactivated
individually

e Clock monitor

Low Voltage Detector (LVD)

« Internal reset generation: Typ. 2.4V
e Interrupt generation: Typ. 4.2V

Power on Reset (POR)

Operating Frequency Range

e 4~ 6MHz by External Crystal
12 ~40MHz by PLL

Operating Voltage Range

¢ 3.0 ~5.5V except ADC, SMC
e ADC, Stepper Motor: 4.5 ~ 5.5V

Operating Temperature Range

e —40 ~ 105°C(not including stepper motor driver)
e —40 ~ 85°C(including stepper motor driver)

Available in 100 TQFP Package

ELECTRONICS
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1.3 BLOCK DIAGRAM

TMS TCK
MD[1:0] NRESET
TDO| TDI
A
VYV V X y
JTAG POR
Interface Embedded
Ice
ARM7TDMI-S
Generic Core LVD
IRQ[19:0] Interrupt
Controller
) Program Flash (512KB)
RAM 16KB AMBA Bridge
Data Flash (32KB)
NSSO » < » XIN
SPCKO > o0 (8-bit) < » XOUT
[ -DI N
MOSIO > Ring OSC
MISOO0 > 1MHz
NPCS[3:0] >
SPCK1 > _ .
MOSI1 o SPI1 (16-bit) LCDC » SEG[29:0]
MISO1 > COM[3:0]
ST1(CORECLK)
UARTTXDO » CHO
UARTRXDO 5| UART-LINO = —
CHO <t » TCLK[2:0]
UARTTXD1 _| UART-LIN1 CH1 | |« » TIOA[2:0]
UARTRXD1 »
PIO CH2 | |a :
STO(LFCLK) > TIOB[2:0]
USARTTXDO . cHo
USARTRXDO > USART-LINO CH1
USARTCLKO >
SCLO > 12co PWM
SDAO > CHO
SCL1 > o1 chL < » PWM[1:0]
SDA1 > PIO
WD
CANTXO0 » CANO
CANRXO » (32 buffers) ST SM/PWM
CANTX1 » CAN1
< » SM[00:03]/PWM2
CANRX1 » (32 buffers [ ]
- » SM[10:13)/PWM3
CAPTUREO >
CAPTUREO < > SM[20:23)/PWM4
CH3 | |« » SM[30:33//PWM5
10-bit ADCO [ > 2'\2?[1;;0]
16-channels | » ADTRG
Figure 1-1. S3F4A1HR Block Diagram
1-4 ELECTRONICS



S3F4A1HR PRODUCT OVERVIEW

1.4 ARCHITECTURAL OVERVIEW

The S3F4A1HR architecture consists of 2 main buses, the Advanced System Bus (ASB) and the Advanced
Peripheral Bus (APB). The ASB is designed for maximum performance. It interfaces the processor to the on-chip
32-bit memories. The APB is designed for accesses to on-chip peripherals and is optimized for low power
consumption. The AMBA bridge provides an interface between the ASB and the APB.

The S3F4A1HR peripherals are designed to be programmed with a minimum number of instructions. Each
peripheral has a space of 16K bytes address allocated in the upper 3M bytes of the 4G bytes address space.
Except for the interrupt controller, the peripheral base address is the lowest address of its memory space. The
peripheral register set is composed of control, mode, data, status and interrupt registers.

The S3F4A1HR microcontroller operates in little-endian mode. The processor’s internal architecture and the ARM
and THUMB instruction sets are described in the ARM7TDMI-S data sheet. The memory map and the on-chip
peripherals are described in the sub-sequent sections of this data sheet.

The ARM Standard In-Circuit-Emulation debug interface is supported via the ICE port of the S3F4A1HR micro-
controller (this is a standard IEEE 1149.1 JTAG Boundary Scan interface).
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PIN CONFIGURATION

1. PIN CONFIGURATION
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P0.0/NSS0/SM00 = 2 74
P0.1/MISO0/SM01 3 73
P0.2/MOSI0/SM02 =] 4 72
P0.3/SPCK0/SM03=3 5 71
P0.4/IRQ0O/SM10™=] 6 70
P0.5/TCLKO/SM11 7 69
P0.6/TCLK1/SM12C 8 68
P0.7/TCLK2/SM13C 9 67
P0.8/UARTRXD1/SM20 = 10 66
P0.9/UARTTXD1/SM21 = 11 65
P0.10/TIOAL/SM22 ] 12 S3F4A1HR 64
P0.11/TIOB1/SM23 = 13 (100-TQFP) 63
P0.12/IRQ1/SM30— 14 62
P0.13/USARTCLKO/SM31 3 15 61
P0.14/USARTRXD0/SM32 ] 16 60
P0.15/USARTTXD0/SM33 =] 17 59
VvDDIO2 ] 18 58
VSSI02 19 57
P0.16/CANRXDO/IRQ2 = 20 56
P0.17/CANTXDO0/IRQ3 = 21 55
P0.18/UARTRXDO/IRQ4 = 22 54
P0.19/UARTTXDO/IRQ5 =] 23 53
P0.20/TIOA0/SDA1 =] 24 52
P0.21/TIOBO/SCL1 =] 25 51
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P2.5/AIN5

P2.4/AIN4

P2.3/AIN3

P2.2/AIN2

P2.1/AIN1

P2.0/AINO
P1.31/ADTRG/SCLO
P1.30/IRQ9/SDAO
P1.29/CANTXD1/SEG29
P1.28/CANRXD1/SEG28
P1.27/PWM1/SEG27
P1.26/PWMO0/SEG26
P1.25/SPCK1/SEG25
P1.24/MOSI1/SEG24
P1.23/MISO1/SEG23
P1.22/NPCS0/SEG22

P1.21/NPCS1/SEG21
P1.20/NPCS2/SEG20
P1.19/NPCS3/SEG19
P1.18/IRQ8/SEG18
P1.17/IRQ7/SEG17

P1.16/IRQ6/SEG16
P1.15/SEG15

P1.14/SEG14
P1.13/SEG13

Figure 2-1. Pin Configuration
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2. PIN ASSIGNMENTS
Table 2-1. Pin Assignments—Pin Number Order
Num Name 1 Name 2 Name 3 Flash
1 VDDPLLOUT - - -
2 P0.0 NSSO0 SMO00 -
3 PO.1 MISO0 SMo01 -
4 P0.2 MOSIO SMO02 -
5 P0.3 SPCKO SMO03 -
6 P0.4 IRQO SM10 -
7 P0O.5 TCLKO SM11 -
8 P0.6 TCLK1 SM12 -
9 PO.7 TCLK2 SM13 -
10 P0.8 UARTRXD1 SM20 -
11 P0.9 UARTTXD1 SM21 -
12 P0.10 TIOAL SM22 -
13 PO.11 TIOB1 SM23 -
14 P0.12 IRQ1 SM30 -
15 P0.13 USARTCLKO SM31 -
16 P0.14 USARTRXDO SM32 -
17 P0.15 USARTTXDO SM33 -
18 VDDIO2 - - -
19 VSSIO2 - - -
20 P0.16 CANRXDO IRQ2 -
21 P0.17 CANTXDO IRQ3 -
22 P0.18 UARTRXDO IRQ4 -
23 P0.19 UARTTXDO IRQ5 -
24 P0.20 TIOAO SDA1 -
25 P0.21 TIOBO SCL1 -
26 MD1 - - -
27 MDO - - -
28 VDDIO1 - - -
29 VSSIO1 - - -
30 VDDCORE1 - - -
31 VSSCORE1 - - -
32 VPP - - -
33 VLCD - - -

2-2
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PIN CONFIGURATION

Table 2-1. Pin Assignments—Pin Number Order (Continued)

Num Name 1 Name 2 Name 3 Flash
34 P0.22 - COMO -
35 P0.23 - coM1 -
36 P0.24 - COM2 -
37 P0.25 - COM3 -
38 P1.0 - SEGO FS_CLK(l)
39 P1.1 - SEG1 FS_DIO(l/O)
40 P1.2 - SEG2 SPGM_nBOOT
41 P1.3 - SEG3 -
42 P14 - SEG4 -
43 P1.5 - SEG5 -
44 P1.6 - SEG6 -
45 P1.7 - SEG7 -
46 P1.8 - SEG8 -
47 P1.9 - SEG9 -
48 P1.10 - SEG10 -
49 P1.11 - SEG11 -
50 P1.12 - SEG12 -
51 P1.13 - SEG13 -
52 P1.14 - SEG14 -
53 P1.15 - SEG15 -
54 P1.16 IRQ6 SEG16 -
55 P1.17 IRQ7 SEG17 -
56 P1.18 IRQ8 SEG18 -
57 P1.19 NPCS3 SEG19 -
58 P1.20 NPCS2 SEG20 -
59 P1.21 NPCS1 SEG21 -
60 P1.22 NPCSO0 SEG22 -
61 P1.23 MISO1 SEG23 -
62 P1.24 MOSI1 SEG24 -
63 P1.25 SPCK1 SEG25 -
64 P1.26 PWMO SEG26 -
65 P1.27 PWM1 SEG27 -
66 P1.28 CANRXD1 SEG28 -
67 P1.29 CANTXD1 SEG29 -

ELECTRONICS
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PIN CONFIGURATION S3F4A1HR
Table 2-1. Pin Assignments—Pin Number Order (Continued)

Num Name 1 Name 2 Name 3 Flash
68 P1.30 IRQ9 SDAO -
69 P1.31 ADTRG SCLO -
70 P2.0 - AINO -
71 P2.1 - AIN1 -
72 P2.2 - AIN2 -
73 P2.3 - AIN3 -
74 P2.4 - AIN4 -
75 P2.5 - AIN5 -
76 P2.6 - AIN6 -
77 P2.7 - AIN7 -
78 P2.8 - AIN8 -
79 P2.9 - AIN9 -
80 pP2.10 - AIN10 -
81 P2.11 IRQ10 AIN11 -
82 p2.12 IRQ11 AIN12 -
83 P2.13 CAPTO AIN13 -
84 P2.14 TIOA2 AIN14 -
85 P2.15 TIOB2 AIN15 -
86 AVDD - - -
87 AVREF - - -
88 AVSS - - -
89 NRESET nTRST - -
90 TDO - - -
91 TCK - - -
92 TDI - - -
93 TMS - - -
94 XIN - - -
95 XOouT - - -
96 VDDCOREOUT - - -
97 VSSCOREO - - -
98 VDDCOREO - - -
99 VDDIOO - - -
100 VSSIOO0 - - -

SPGM_nBOOT must be connected to GND in the flash writing by SPGM mode.

2-1. IMPORTANT NOTICE

2-4
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PIN CONFIGURATION

3. PIN DESCRIPTION

Table 2-2. Pin Description

Module Pin Name Function I/O Type Active Comments
Level
GIC IRQ[11:0] External interrupt request I Low Multiplexed with I/O
RESET | NRST Hardware reset I Low Schmitt trigger, internal
filter
LCD COM[3:0] LCD common signal 0] - Multiplexed with
peripheral module
SEG[29:0] LCD segment 0] - Multiplexed with
peripheral module
VLCD LCD Bias Power - -
CLOCK | XIN Crystal or oscillator input I - -
XOuUT Oscillator output (0] - -
PIO P0.X General purpose /O le] - Multiplexed with
P1.X multiplexed peripheral module
P2.X
PWM PWM[1:0] Pulse width modulation 0 - Multiplexed with I/O
output
SMC SMJ[3:0][3:0] Stepper motor output (0] - SMJ3:0][1:0] can be used
as PWM
GPT TCLK[2:0] Timer external clock 0] - Multiplexed with I/O
TIOA[2:0] Multipurpose timer 1/O pin A 1/0 - Multiplexed with I/O
TIOBJ[2:0] Multipurpose timer I/O pin B /0 - Multiplexed with I/O
ADC AIN[15:0] ADC Input channels [15:0] Analog - Multiplexed with I/O
I
ADTRG ADC external trigger I - Multiplexed with /O
12C SDA[1:0] Serial data /0 - Multiplexed with I/O
SCL[1:0] Serial clock I/0 - Multiplexed with I/O

ELECTRONICS
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S3F4A1HR

Table 2-2. Pin Description (Continued)

Module Pin Name Function I/O Active Comments
Type Level
U(S)ART | UARTRXDO/1, | Received signal I - Multiplexed with /O
USARTRXDO
UARTTXDO0/1, | Transmit signal @] - Multiplexed with /O
USARTTXDO
USARTCLKO Clock signal I/O - Multiplexed with 1/0O
CAPT | CAPTO Capture input I - Multiplexed with I/O
SPIO SPCKO SPI clock I/0 - Multiplexed with 1/O
MISOO0 Master in slave out 1/0 - Multiplexed with I/O
MOSIO Master out slave in 1/0 - Multiplexed with 1/0O
NSSO Peripheral chip select @] Low Multiplexed with 1/O
SPI1 SPCK1 SPI clock I/0 - Multiplexed with 1/O
MISO1 Master in slave out 1/0 - Multiplexed with I/O
MOSI1 Master out slave in I/0 - Multiplexed with I/O
NPCSJ[3:0] Peripheral chip select @] Low Multiplexed with 1/O
CAN CANTXO Transmit line 0] Low Multiplexed with /O
CANRXO Receive line I Low Multiplexed with I/O
CANTX1 Transmit line 0] Low Multiplexed with /O
CANRX1 Receive line I Low Multiplexed with I/O
JTAG TMS Test mode select I - internal pull-up
TDI Test data in I - internal pull-up
TDO Test data out o - -
TCK Test clock | - (note 1)
MODE | MD[1:0] Test reserved pin I - Internal pull-down (note 2)
NOTES:

1. TCKis input floating. So TCK must be connected to VDD or GND through the resistor to reduce current consumption in
the power down mode.

2.
Pin Name Value Mode Setting
00 Normal/ debug mode
MDI[1:0] 0 1 Flash writing mode (Tool mode)
10 External JTAG (Boundary SCAN)
11 SCAN mode (Only for test)

2-6
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PIN CONFIGURATION

Table 2-2. Pin Description (Continued)

Module Pin Name Function I/O Active Comments
Type Level
Power | VDDCORE[1:0] Core DC supply voltage I - See recommended operating
condition
VSSCORE[1:0] Core ground voltage I -
VDDIOJ[2:0] I/0O block DC supply voltage I - See recommended operating
condition
VSSIO[2:0] I/0 block ground voltage I -
VDDCOREOUT From internal regulator (0] - Connected to GND through a
1uF capacitor
AVREF ADC DC reference voltage I - See recommended operating
condition
AVDD ADC DC supply voltage I - See recommended operating
condition
AVSS ADC ground voltage I -
VLCD DC supply voltage for LCD I - See recommended operating
condition
VPP Internal flash power test pin - - No connect
VDDPLLOUT From internal regulator O - Connected to GND through a

1uF capacitor

NOTE: VLCD must be greater than VDDCORE and VDDIO.

ELECTRONICS
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MEMORY MAP

When the S3F4A1HR micro-controller is reset, the ARM core is in boot mode to access the internal flash at
address 0x00000000. The internal RAM is located at address 0x00300000 and the internal data flash is located
at address 0x80000000. But, internal data flash is disabled at reset.

Memory Space Application Abort

OXFFFFFFFF
- Peripheral devices memory

OXFFEO0000

OXFFDFFFFF
_ Reserved
0X80008000

0X80007FFF

— 32Kbytes disabled data FLASH
0X80000000

OX7FFFFFFF
_ Reserved
0X00304000

0X00303FFF

= 16kbytes internal RAM
0X00300000

0X002FFFFF
_ Reserved
0X00080000

0X0007FFFF

512kbytes internal program FLASH

0X00000000

Figure 3-1. S3F4A1HR Default Memory Map after Reset
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S3F4A1HR

Table 3-1. The Base Address of Peripheral Special Registers

Peripheral Base Address
DFC OxFFE00000
IFC OxFFE04000
PWM (2 channels) OxFFEO8000
ADC 10-bit (16 channels) OxFFEOCO000
SPIO0 (8-hit) OxFFE10000
Watchdog OxFFE14000
CANO (32 buffers) OxFFE18000
GPT (3 Channels) OxFFE1C000
STO (2 channels) O0xFFE20000
ST1 (2 channels) OxFFE24000
UARTO OxFFE28000
IOCONF OxFFE2C000
STT OxFFE30000
UART1 OxFFE34000
USARTO OxFFE38000
CANL1 (32 buffers) OxFFE3C000
CAPTO OxFFE48000
12C0 OxFFE50000
12C1 OxFFE54000
LCDC OxFFE58000
SPI1 (16-bit) OxFFE60000
PIOO OxFFE64000
PIO1 OxFFE68000
PIO2 OXxFFE6C000
SMCO OxFFE74000
SMC1 OxFFE78000
SMC2 OxFFE7C000
SMC3 OxFFE80000
SFM OxFFFE4000
CM OxFFFE8000
IRC OxFFFF0000
LDMAC OxFFFF8000
GIC OxFFFFFO000

3-2
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MODULE GENERIC FUNCTIONS

1. REGISTERS ACCESS

1.1 ENABLE / DISABLE / STATUS REGISTERS

In order to reduce code size and subsequently increase speed when accessing internal peripherals, most of the
registers have been split into 3 address locations:

e The first address location (Enable or Set register) is used to set a bit to a logical 1.

e The second address location (Disable or Clear register) is used to set a bit to a logical 0.

e The third address location (Status register or Mask register) gives the current state of the bit.

To set a bit to a logical 1 in the Status or Mask register, a write command in the Enable or Set register must be
performed with the corresponding bit at a logical 1.

To set a hit to a logical 0 in the Status or Mask register, a write command in the Disable or Clear register must be
performed with the corresponding bit at a logical 1.

Example:

When supposing that the value of GPT_PSR register is 0x00000000, to enable the TIOB and TCLK pins as PIOs
in the GPT block, 0x00050000 must be written in the GPT_PER register. The value read in the GPT_PSR register
will be 0x00050000.

Now if the software wants to disable the TIOB pin as a PIO (i.e. enable it for GPT use), a write access to the
GPT_PSR register with the value 0x00010000 must be performed. The new value read in the GPT_PSR register
will be 0x00010000.

In the following chapters, registers sharing the same behavior will be shown in a single page with one bit table for
the Enable or Set and Disable or Clear registers and one bit table for the Status or Mask register. The bit
description will be documented after the Status or Mask register.
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1.2 KEY ACCESS TO REGISTERS
Some bits in registers can only be set to a value (0 or 1) only if the right key is written at the same time.

Example:

The RSTALW bit in the WD_PWR register can be set to a logical 0 or 1 only if the KEY[7:0] bits are equal to
0x91.

To enable restart mode in the Watchdog, 0x91000001 must be written in the WD_PWR register.

To disable restart mode in the Watchdog, 0x91000000 must be written in the WD_PWR register.

1.3 REGISTERS UNDEFINED BITS

e Undefined bits

Each undefined bit is read as a zero, and writing undefined bits has no consequence. They are marked as
'---" and grayed.

e Reserved bits

Writing reserved bit with a different value than the reset value has unpredictable effect. Writing '0’ has no
effect except express specification. Read back value is the reset sate and is 1 or O depending on the bit.
There are marked ‘reserved’.
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1.4 GHOST REGISTERS

S3F4A1HR micro-controller integrates an ICE (In-Circuit Emulation) interface that is associated with a JTAG
connection and a software debugger that provides powerful debug possibility.

Effectively,

e A running program can be stopped,
e Internal registers and internal / external memories can be monitored,
e Instructions can be added when the core is stopped,

e And also, the program can be resumed.

However, some S3F4A1HR registers are ‘read-active’, which means that reading such registers can affect state

of other registers. This is an usual and wanted register’'s behavior. For example, in the ADC module, the bit EOC
(End Of Conversion) is automatically cleared when the DR (numerical value of the input converted) is read. The

aim is to cut off the amount of code needed in an application.

Meanwhile, when debugging software, users can be interested in monitoring the value of such registers, without
modify state of another register. For this purpose, for each module, a ghost register field has been implemented in
the design.

Users reading in this ghost field will not affect value of any other registers.

Ghost registers are not ‘read-active’, and are mirrors of original registers. They are located in memory by
inversing the 14th bit in the module base address. For example, base address of ADC module is OXFFEOCO000, so
ghost registers base address of ADC is OxXFFEOEOQO0O. By reading this ghost field, users do not disturb the
behavior of ADC module.

Ghost registers exist for all modules.

Find below “read-active” registers list:

Module “Read-Active” Registers Effect
GIC GIC_IVR Clears IRQ interrupt if present at the GIC
GIC_FVR Clears FIQ interrupt if present at the GIC
ADC ADC DR Clears EOC bit in ADC_SR register if set
SPI SPI_RDR Clears RDRF bit in SPI_SR register if set
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2. POWER MANAGEMENT BLOCK

In order to reduce power consumption, the S3F4A1HR micro-controller provides a power management block in
some peripherals used to switch on/off the peripheral clocks (peripheral and P10 block).

This function is independent of the Power Reset Controller (peripheral) used to switch on/off the ARM7TDMI
core.

3 registers are provided:

e PERIPHERAL_ECR (at peripheral offset 0x0050) enables the clock
e PERIPHERAL_DCR (at peripheral offset 0x0054) disables the clock
e PERIPHERAL_PMSR (at peripheral offset 0x0058) gives the status of the clock

2 bits are provided in these registers:
e Bit 0 controls the PIO block of the peripheral

e Bit 1 controls the peripheral function

When the peripheral clock is disabled, the clock is immediately stopped. When the clock is re-enabled, the
peripheral controller resumes action where it left off.

The table below lists modules which have power management blocks

Module Power Management Block Present
IRC No
12C Yes
STT No
SMC Yes
LCDC Yes
P1O Yes
LDMAC Yes
IFC Yes
U(S)ART Yes
ARM core Yes
SFM No
WD No
SPI Yes
ADC Yes
GPT Yes
PWM Yes
CAN Yes
ST Yes
CM No
GIC No
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ANALOG TO DIGITAL CONVERTER

1. OVERVIEW

1.1 FUNCTIONAL DESCRIPTION

The 10-bit Analog to Digital Converter (ADC) module provides the following features:

16 x analog inputs: AIN[15:0]
LDMA transfer

A programmable conversions sequence: Sequence of analog inputs to be converted. This allows the user to
make conversions of some of the 16 inputs in its own order. The length of a sequence (number of conversion)
is defined by setting the NBRCH field in the ADC_MR. The composition of sequence is defined in the
ADC_CMR register.

2 conversion modes: ‘one shot’ (or single) mode or ‘continuous mode’.

— In‘one shot’ mode, inputs specified in the conversions sequence are successively converted after the
start command, conversion results are successively stored in the data register and then ADC stops.

— In‘continuous mode’, inputs specified in the conversions sequence are converted one after the other
continuously until a stop is requested. Each time a conversions sequence is completed, the ADC re-starts
conversion of the selected inputs in the order of the sequence. In this mode, the microprocessor starts
the ADC which is then completely independent.

Conversions are started by the CPU. Conversions can also be started by an external device using a
dedicated input pin. (ADTRG)

Analog clock frequency can be tuned (less than maximum 2.5MHz) whichever system clock frequency.
This feature allows to configure the sampling frequency of analog inputs. Note that 5 analog clock cycles are
required to perform a single conversion.

Interrupt line connected to the GIC.

Power management features allowing to reduce power consumption.
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1.2 BLOCK DIAGRAM
ADC_MR[20]
CONTCV
ADC_MR([5]
IES ﬁ:>_4 ADC_MR[19:16] ADC_CMRO0/1
ADC_CR[3] NBRCHI[3:0] CVx[3:0]
START
0
ADC_CR[4] Inputs
STOP management
s Q 1
ADC_MR([6]
STOPEN R
ADC_SR[3]
TEND
ADC_MRI[4:0] - ~
PRLVAL[4:0] START
:
1
ADC_PMSR][1] _
ADC ADCIN —
Prescalar :
s
ADC10
ADC_CR[2]
ADCDIS — R Q ENABLE
ADC CR[1] — | A
ADCEN S START ENOJ ADCOUT
STARTUPTIME
PCLK LR
| L /
ADC_SR[0] ———
EOC
ADC_SR[1]
READY | ADC_INT
ADC_SR[2]
OVR L
ADC_IMR
Figure 5-1. ADC Block Diagram
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ANALOG TO DIGITAL CONVERTER

2. EXTERNAL PIN DESCRIPTION

Table 5-1. ADC Pin Description

Pin Name Function I/0O Type Active Level | Comments
AIN[15:0] Analog input Analog Input - -
AVREF Analog reference voltage Analog Input - -
ADTRG External start Digital Input High -

ELECTRONICS
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S3F4A1HR

3. FUNCTIONAL OPERATION

3.1 ADC DETAILED FUNCTIONALITIES

3.1.1 Conversion Sequence Definition

A conversions sequence is a sequence of analog inputs to be converted. User can configure ADC block to make

conversions of some of the 16 inputs in its own order.

The length of the sequence (in other terms the number of conversions) is defined by setting the NBRCH field in
the ADC_MR. The following table gives the relation between the NBRCH field and the number of conversion

performed in a sequence:

Table 5-2. NBRCH]J3:0] Values and the Number of Conversions

NBRCH]J3:0] Number of Conversions

0000

0001 2
0010 3
0011 4
0100 5
0101 6
0110 7
0111 8
1000 9
1001 10
1010 11
1011 12
1100 13
1101 14
1110 15
1111 16

5-4
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ANALOG TO DIGITAL CONVERTER

This means that, even configured in ‘one shot’ mode, the ADC will run the specified number of conversion after a
start request. The data register will be updated with the conversion results by the end of each conversion which

composes the sequence.

The composition of a sequence is programmed in the ADC_CMRX register. The CV1 field defines the first input to

be converted in the sequence. The CV2 field defines the second input to be converted and so on. Find in the
table below the relation between the CVx values and input selected:

Table 5-3. CVx Values and Selected Input

CVx Values Selected Analog Input Selected Pin
0000 Input O AIN O
0001 Input 1 AIN 1
0010 Input 2 AIN 2
0011 Input 3 AIN 3
0100 Input 4 AIN 4
0101 Input 5 AIN 5
0110 Input 6 AIN 6
0111 Input 7 AIN 7
1000 Input 8 AIN 8
1001 Input 9 AIN 9
1010 Input 10 AIN 10
1011 Input 11 AIN 11
1100 Input 12 AIN 12
1101 Input 13 AIN 13
1110 Input 14 AIN 14
1111 Input 15 AIN 15

For example, assuming that:

e NBRCH =0x2,
e CV1=0x5 CV2=0x2and CV3=0x0

After a start conversion request, ADC converts input 5 (AIN5), followed by input 2 (AIN2) and it finishes by

converting input 0 (AINO).

ELECTRONICS
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3.1.2 One shot or Continuous Conversion Mode
The ADC can be programmed in two modes: one shot and continuous conversion mode.
One shot conversion mode is enabled by setting CONTCV bit of mode register to '0". In this mode, upon

conversion start request, the ADC performs the only complete conversions sequence and then stops and waits
for another start request.

The ADC can not be stopped until it finishes the conversions sequence.

Continuous conversion mode is enabled by setting CONTCV bit of mode register to '1’. In this mode, upon
conversion start request, the ADC repetitively performs conversions sequences until it is forced to stopped. To
stop continuous conversion, the CPU must write STOP bit in the control register.

When a stop is requested, the ADC finishes its current conversion and updates the data register with this last
conversion result. No other conversions are performed even if the conversions sequence is not finished.

5-1. IMPORTANT NOTICE

However, user should be vigilant, because after a stop command in continuous mode, the ADC
finishes the on-going conversion and this may look like to an extra conversion.

5-6 ELECTRONICS



S3F4A1HR ANALOG TO DIGITAL CONVERTER

3.1.3 ADC Start Sources
Conversions are started by the CPU (writing the START bit in the ADC_CR).

Conversions can also be started by an external device using a dedicated input pin (ADTRG).

Internal start is enabled if IES bit of mode register is ‘0’. A conversion request is initiated by writing START bit of
control register.

External start is enabled if IES bit of mode register is ‘1’. A conversion request is initiated each time a rising edge
is detected on "ADTRG" pin. The following constraints apply on "ADTRG" input:

e There is no setup / hold constraint on "start" versus system clock as far as anti- metastability structure is
provided by ADC.

e “ADTRG" signal must be stable more than one system clock period.

3.1.4 Analog Cell Clock Frequency

As specified in the electrical characteristics (see Table “ADC characteristics”), the analog cell clock frequency is
limited to 2.5MHz, whereas system clock is usually far higher. So, the ADC module provides a clock frequency
divider based on a 6-bit counter. The following expression gives the relation between system clock frequency,
analog cell clock frequency and the PRLVAL field of mode register:

If PRLVAL is setto '0’ or '1’, then FANA=FCLK_B /4
else for any other values of PRLVAL, FANA = FCLK_B / (2*PRLVAL)

The PRLVAL data must be chosen in order to ensure that analog frequency is lower than 2.5MHz. Note that 5
analog clock cycles are required to perform a single conversion. The ADC clock rate must not be exceeded 2.5
MHz.

3.1.5 Power Management

The ADC peripheral includes power management features that can be used to minimize power consumption.
Power can be saved on two sides: analog and digital.

e Analog power saving: To reduce analog power consumption, CPU shall disable the ADC module (write
ADCDIS bit in ADC_CR) which has for effect to set the analog cell to 'standby’ mode.

e Digital power saving: To reduce digital power consumption, CPU shall disable the ADC clock (write ADC bit in
ADC_DCR) which has for effect to disable all incoming clocks. Then, digital consumption is reduced close to
0. Note that when the clock is disabled, any write access to one of the ADC registers is ineffective except for
the 'Enable Clock Register’. Read access to registers is still enabled.
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Then, in order to have the ADC peripheral set to lowest consumption mode, it is necessary to disable it (write
ADCDIS bit in ADC_CR) first and then switch off the clock (write ADC bit in ADC_DCR). The other way round, in
order to completely leave the lowest power consumption mode, it is necessary to enable the clock (write ADC bit
in ADC_ECR) first and then enable the ADC (write ADCEN bit in ADC_CR).

The following table summarizes the status bits reflecting power management:

Table 5-4. Status Bits Reflecting Power Management

Status Bit in Register When set to “1” When set to “0”
ADC bitin ADC_PMSR Clock is enabled Clock is disabled. Digital power saving
ADCENS bit in ADC_SR Analog cell is active Analog cell is in standby mode. Analog power saving

3.1.6 Interrupts

The ADC peripheral generates an interrupt if at least one of EOC, READY, OVR or TEND bit is active (set to ‘'1")
in the status register while it is enabled (corresponding bit in ADC_IMR is read as ‘1").

Each interrupt bit can be enabled or disabled using respectively the interrupt enable register and interrupt disable
register.

3.1.7 Conversion Details

3.1.7.1 EOC Flag (End Of Conversion)
The EOC bit of the status register flags the presence of a new valid data in data register.

e IfEOC s ‘0, it means that no conversion has been done since last reset of this bit or that the last conversion
result has been read by the CPU in the data register.

e IfEOC s ‘1, it means that a conversion has been completed and the new conversion result has not been
read yet in data register.

EOC flag is reset to '0’ each time a read access is performed in data register (ADC_DR).

3.1.7.2 READY Flag

The READY bit of the status register means that the ADC is ready to accept any conversion start request. This bit
is read as ‘0’ while ADC is currently running a conversion.

3.1.7.3 OVR Flag (Overrun)

This flag indicates that a new data overwrites a previous converted data which has not been read. The previous
data has been lost.

OVR flag can be clear by CPU (writing OVR bit in clear status register).
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3.2 SOFTWARE SEQUENCE FOR CONVERSION

The following lines list the basic sequence of operations after a reset for using ADC peripheral:

Enable the clock in the ADC_ECR.

Configure ADC mode in the ADC_MR. PRLVAL field shall be programmed in order to have an analog
frequency clock less than 2.5MHz. Indicate if the conversion is or not continuous. Define the conversions
sequence:

number of conversion (NBRCH field in ADC_MR) and which inputs are converted (CVx fields in ADC_CMRX).

Enable ADC (ADC_EN in ADC_CR).

Wait for READY bit in ADC_SR. When the flag is set, the ADC is ready to start conversion. An interrupt can
be generated when the READY flag rises up if the corresponding bit is enabled in the ADC_IMR.

Initiate conversion by writing START bit in the ADC_CR.
ADC selects the analog input associated with conversion number 1 of conversion sequence.

The analog input voltage is sampled and conversion completes after 5 ADC clock cycles from the start
command. The digital 10-bit conversion result is stored into ADC_DR and the EOC bit in ADC_SR rises up. If
EOC flag was already set, then the OVR bit is also set.

The CPU can then read the digital value in ADC_DR, which automatically clears the EOC. If the CPU decides
that no more data should be converted in continuous mode, then it respectively writes the STOP bit. In this
case, the ADC stops operating and waits for next start request. Note that in ‘one shot’ mode, the ADC can not
be stopped until the end of all conversions specified in the conversion sequence.

If NBRCH is non-null, the ADC selects the analog input associated to the next conversion number and the
operation flow restarts from step 6.

If CONTCV is read as ‘1’, the ADC restarts another conversion sequence from step 5.
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S3F4A1HR

4. REGISTERS DESCRIPTION

Base Address — OxXFFEOCO000

Table 5-5. ADC Special Function Registers

Offset Address Name Description R/W Reset State
0x000 - Reserved - -
0x04C
0x050 ADC_ECR Enable clock register W -
0x054 ADC_DCR Disable clock register w -
0x058 ADC_PMSR | Power management status register R (note)
0x05C - Reserved - -
0x060 ADC_CR Control register W -
0x064 ADC_MR Mode register R/W 0x00000000
0x068 - Reserved - -
0x06C ADC _CSR Clear status register W -
0x070 ADC_SR Status register R 0x00000000
0x074 ADC_IER Interrupt enable register W -
0x078 ADC_IDR Interrupt disable register W -
0x07C ADC_IMR Interrupt mask register R 0x00000000
0x080 ADC_CMRO | Conversion mode register 0 R/W 0x00000000
0x084 ADC_CMR1 | Conversion mode register 1 R/W 0x00000000
0x088 ADC_DR Convert data register R 0x00000000

NOTE: The reset value of the register depends on IP identifier code.

5-10
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ADC Enable Clock Register ADC_ECR (0x050) Access: Write only
31 30 29 28 27 26 25 24

| oeeen | - | - | - | - | - | - | - |
w w w w w w w w
23 22 21 20 19 18 17 16

- - r-r - r - r - [ - [ - |
w w w w w w w w
15 14 13 12 11 10 9 8

. - -t - r -’ - 1 - @ - | - |
w w w w w w w w
7 6 5 4 3 2 1 0

- - r - rr - [ - [ - [ ac [ - |
w w w w w w w w

e ADC: ADC clock enable
0: No effect
1: Enable ADC clock

e DBGEN : Debug mode enable
0: No effect
1: Enable debug mode
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ADC Disable Clock Register ADC_DCR (0x054) Access: Write only
31 30 29 28 27 26 25 24
[eseen [ - [ - [ - [ - T - [ - T -]
w w w w w w w w
23 22 21 20 19 18 17 16
- - r-r - r - r - [ - [ - |
w w w w w w w w
15 14 13 12 11 10 9 8
. - -t - r -’ - 1 - @ - | - |
w w w w w w w w
7 6 5 4 3 2 1 0
- 1 - [ - [ - T - T - T me] -]

=
=
=
=
=
=
=
=

e ADC : ADC clock disable
0: No effect
1: Disable ADC clock

DBGEN : Debug mode disable
0: No effect

1. Disable debug mode
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ADC Power Management Status Register

ADC_PMSR (0x058)

Access: Read only

31 30 29 28 27 26 25 24
| DBGEN - IPICODE[25:20] |
R-0 R-0 R-U R-U R-U R-U R-U R-U
23 22 21 20 19 18 17 16
| IPICODE[19:12] |
R-U R-U R-U R-U R-U R-U R-U R-U
15 14 13 12 11 10 9 8
| IPICODE[11:4] |
R-U R-U R-U R-U R-U R-U R-U R-U
7 6 5 4 3 2 1 0
| IPICODE]3:0] - ] - ADC -
R-U R-U R-U R-U R-0 R-0 R-0 R-0
W: Write R: Read -0: 0 After reset -1: 1 After reset -U: Undefined after reset

e ADC : ADC clock status
0: ADC clock disabled.
ADC clock enabled.

e |IPICODE[25:0] : IP identifier code

This field contains the version number of the module, coded on 26bits.

e DBGEN : Debug mode

0: ADC is not halted during ARM core debug mode.
ADC is halted during ARM core debug mode.

ELECTRONICS
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ADC Control Register ADC_CR (0x060) Access: Write only
31 30 29 28 27 26 25 24
- - [ - 1 - {1 - [ - 1| - [ - |
W W W W W W W W
23 22 21 20 19 18 17 16
. - - r--r--1r -1 - 1 - 1 - |
W W W W W W W W
15 14 13 12 11 10 9 8
.- - [ - 1 - {1 - [ - 1| - [ - |
W W W W W W W W
7 6 5 4 3 2 1 0
| _ | _ | _ | stop | sTArRT | Apcpis | ADCEN | SwrsT |
W W W W W W W W
W: Write R: Read -0: 0 After reset -1: 1 After reset -U: Undefined after reset

e SWRST : ADC software reset
0: No effect.
Reset of the ADC peripheral.
When a software reset is performed, all the registers of the peripheral are reset except ADC_PMSR (Power
Management Status) register.
e ADCEN: ADC enable
0: No effect.
ADC is enabled for conversion.

e ADCDIS: ADC disable
No effect.
ADC is disabled (Standby Mode).
In case both ADCEN and ADCDIS are equal to one when the control register is written, the ADC will be
disabled.
e START : Start conversion
0: No analog to digital conversion to be started.
Begin analog to digital conversion, clears EOC bit.

NOTE: Before starting conversions, users should ensure that ADC is ready for conversion (READY bit is set to logical one in
ADC_SR).

e STOP : Stop conversion in continuous conversion
0: No effect.
1. Stop the continuous conversion.
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ADC Mode Register ADC_MR (0x064) Access: Read/Write
31 30 29 28 27 26 25 24
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
23 22 21 20 19 18 17 16
| - | - | - | contev | NBRCH[3:0] |
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
15 14 13 12 11 10 9 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
7 6 5 4 3 2 1 0
| - | - | ES | PRLVAL[4:0] |
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
W: Write R: Read -0: After reset -1: After reset -U: Undefined after reset

e PRLVALJ[4:0] : Preload Value

A division of the Master clock (Coreclk) determines ADC_clk. The preload value is chosen by the user to
adapt the Master clock to the ADC peripheral as well as possible. It is the start value of the down counter.
The LSB are fixed to 0 because this value has to be even parity to guaranty a duty cycle of %2, so the user has
only to initialize the 5 MSB.

IT (PRLVAL == 0 or PRLVAL == 1) FADC = PCLK 7/ 4
Else FADC = PCLK / (2*PRLVAL)

NOTE: The clock rate to the ADC must not be exceeded 2.5 MHz.

e |ES : Internal/External Start
0: Internal start.
1: External start.
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e NBRCH][3:0] : Number of Conversions

NOTE: Even in one shot mode, ADC will run multiple conversions if the NBRCH[3:0] is greater than 0000b.

Table 5-6. NBRCH]J3:0] Values and the Number of Conversions

NBRCH][3:0] Number of Conversions
0000 1
0001 2
0010 3
0011 4
0100 5
0101 6
0110 7
0111 8
1000 9
1001 10
1010 11
1011 12
1100 13
1101 14
1110 15
1111 16

e CONTCV : Continuous Conversion

0: One shot mode. ADC converts as much inputs as specified by the NBRCH[3:0] in the order specified in the

ADC_CMR, and stops.

1: Continuous mode. ADC converts as much inputs as specified by the NBRCH[3:0] in the order specified in the

ADC_CMR, and repeats. This bit is initialized to 0.

NOTE:

In continuous mode, after a stop command, the ADC finishes the on-going conversion and this may look like to an

extra conversion.
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ADC Clear Status Register ADC_CSR (0x06C) Access: Write only
31 30 29 28 27 26 25 24

. - - r-r--1r -1 - 1 - | - |
W W W W W W W W
23 22 21 20 19 18 17 16

. - ! - !rr-r-r-1r - [ - [ - |
W " W W W W " W
15 14 13 12 11 10 9 8

. - - r-r--1r -1 - 1 - | - |
W W W W W W W W
7 6 5 4 3 2 1 0

- 1 - 1 - [ - T - Tom [ - T -]
W " W W W W " W

W: Write R: Read -0: 0 After reset -1: 1 After reset -U: Undefined after reset

e OVR: Clear overrun interrupt
0: No effect.
1: Clear OVR interrupt.
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ADC Status Register ADC_SR (0x70) Access: Read only
31 30 29 28 27 26 25 24
. - -t - r -’ - 1 - @ - | - |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
23 22 21 20 19 18 17 16
- - r-r - r - r - [ - [ - |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
15 14 13 12 11 10 9 8
- 1 - 1 - 1 - ] - | - | crcvs | Abcens |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
7 6 5 4 3 2 1 0
- ] - 1 - ] - ] - ] ow | reany | Eoc |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
W: Write R: Read -0: After reset -1: After reset -U: Undefined after reset

e EOC: End of conversion
0: Conversion not complete or inactive.
Conversion complete, data in ADC_DR is valid. This bit is cleared when the ADC_DR is read.

e READY : ADC ready for conversion
0: ADC ignores start or stop command: it is not ready for conversion or is converting data.
ADC is ready to start a conversion.

To explain more completely the ready flag, let’s call “working” the event high when ADC is converting data
and “analog_ready” the event low when analog part is disabled or in initializing phase.

Table 5-7. Ready for Conversion

analog_ready working ready_flag
0 0 0
0 1 0
1 0 1
1 1 0

e OVR: Overrun
0: Zero or One data has been converted by ADC since last ADC_DR read.
1. Atleast two data has been converted by ADC since last ADC_DR read.
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e ADCENS : ADC enable status
0: ADC is disabled.
ADC is enabled.

e CTCVS: Continuous mode status
0: One shot mode with help of microprocessor.

Continuous mode, the peripheral is stand-alone. This bit is initialized to 0 and changes when there is a
change of mode. This bit never generates any interruption.
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ADC Interrupt Enable Register

ADC_IER (0x074)

Access: Write only

31 30 29 28 27 26 25 24
- - - - S I R
W W W W W W W W
23 22 21 20 19 18 17 16
I I I B B N R R
W W W W W W W W
15 14 13 12 11 10 9 8
- - - - — 1 - T T
W W W W W W W W
7 6 5 4 3 2 1 0
| _ _ _ _ _ | ow | rReany | Eoc |
W W W W W W W W
W: Write R: Read -0: 0 After reset -1: 1 After reset -U: Undefined after reset

EOC : End of conversion interrupt enable
No effect

Enable EOC interrupt

READY : ADC ready for conversion interrupt enable
No effect
Enable READY interrupt

OVR : Overrun interrupt enable
No effect

Enable OVR interrupt

5-20
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ADC Interrupt Disable Register ADC_IDR (0x078) Access: Write only
31 30 29 28 27 26 25 24

. - - r -t - r - 1 - 1 - [ - |
w w w w w w w w
23 22 21 20 19 18 17 16

. - r-r - r - r - r - 1 - [ - |
w w w w w w w w
15 14 13 12 11 10 9 8

. - - r -t - r - 1 - 1 - [ - |
w w w w w w w
7 6 5 4 3 2 1 0

- ] - 1 - ] - ] - ] ow | reany | Eoc |
w w w w w w w w

W: Write R: Read -0: 0 After reset -1: 1 After reset -U: Undefined after reset

e EOC: End of conversion interrupt disable
0: No effect
Disable EOC interrupt

e READY : ADC ready for conversion interrupt disable
0: No effect
Disable READY interrupt

e OVR: Overrun interrupt disable
0: No effect
Disable OVR interrupt
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ADC Interrupt Mask Register

ADC_IMR (0x07C)

Access: Read only

31 30 29 28 27 26 25 24

. - - -1 - [ - [ - - - ]
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
23 22 21 20 19 18 17 16

. - ! - 1 - [ - 1 - [ - - - ]
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
15 14 13 12 11 10 9 8

. - - -1 - [ - [ - - - ]
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
7 6 5 4 3 2 1 0

- 7 - 7 - 17T - T - T ow READY | EoC |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

W: Write R: Read -0: O After reset -1: 1 After reset -U: Undefined after reset

EOC : End of conversion interrupt mask
EOC interrupt is disabled.
EOC interrupt is enabled.

READY : ADC ready for conversion interrupt mask
READY interrupt is disabled.
READY interrupt is enabled.

OVR : Overrun interrupt mask
OVR interrupt is disabled.
OVR interrupt is enabled.
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ADC Conversion Mode Register 0

ADC_CMRO (0x080)

Access: Read/Write

31 30 29 28 27 26 25 24
| CV8[3:0] CV7[3:0] |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
23 22 21 20 19 18 17 16
| CV6[3:0] CV5[3:0] |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
15 14 13 12 11 10 9 8
| CVA4[3:0] CV3[3:0] |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
7 6 5 4 3 2 1 0
| CV2[3:0] CV1[3:0] |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
W: Write R: Read -0: O After reset -1: 1 After reset -U: Undefined after reset

e CVx[3:0] : Analog Input Selection

x={1, 2,3,4,5, 6, 7, 8} is the conversion number.

CVx Values Selected Analog Input Selected Analog Pin
0000 Input O AIN O
0001 Input 1 AIN 1
0010 Input 2 AIN 2
0011 Input 3 AIN 3
0100 Input 4 AIN 4
0101 Input 5 AIN 5
0110 Input 6 AIN 6
0111 Input 7 AIN 7
1000 Input 8 AIN 8
1001 Input 9 AIN 9
1010 Input 10 AIN 10
1011 Input 11 AIN 11
1100 Input 12 AIN 12
1101 Input 13 AIN 13
1110 Input 14 AIN 14
1111 Input 15 AIN 15

ELECTRONICS
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ADC Conversion Mode Register 1

ADC_CMR1 (0x084)

Access: Read/Write

31 30 29 28 27 26 25 24
| CV16[3:0] | CV15[3:0] |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
23 22 21 20 19 18 17 16
| CV14[3:0] | CV13[3:0] |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
15 14 13 12 11 10 9 8
| CV12[3:0] | CV11[3:0] |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
7 6 5 4 3 2 1 0
| CV10[3:0] | CV9[3:0] |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
W: Write R: Read -0: O After reset -1: 1 After reset -U: Undefined after reset

e CVx[3:0] : Analog Input Selection

x=1{9, 10, 11, 12, 13, 14, 15, 16} is the conversion number.

CVx Values Selected Analog Input Selected Analog Pin
0000 Input O AIN O
0001 Input 1 AIN 1
0010 Input 2 AIN 2
0011 Input 3 AIN 3
0100 Input 4 AIN 4
0101 Input 5 AIN 5
0110 Input 6 AIN 6
0111 Input 7 AIN 7
1000 Input 8 AIN 8
1001 Input 9 AIN 9
1010 Input 10 AIN 10
1011 Input 11 AIN 11
1100 Input 12 AIN 12
1101 Input 13 AIN 13
1110 Input 14 AIN 14
1111 Input 15 AIN 15
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ADC Convert Data Register ADC_DR (0x088) Access: Read only
31 30 29 28 27 26 25 24
. - -t - r -’ - 1 - @ - | - |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
23 22 21 20 19 18 17 16
- - r-r - r - r - [ - [ - |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
15 14 13 12 11 10 9 8
- - - [ - | - | - |  oatAss |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
7 6 5 4 3 2 1 0
| DATA[7:0] |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
W: Write R: Read -0: O After reset -1: 1 After reset -U: Undefined after reset

e DATAJ[9:0] : Converted data

The result data from an analog to digital conversion is latched into this register at the end of a conversion and
remains valid until a new conversion is completed.

When this register is read, the EOC bit in the ADC_SR register is cleared.

NOTE: When debugging, to avoid clearing EOC bit, users should use ghost registers.
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CAPTURE MODULE

CAPTURE MODULE (CAPT)

1. OVERVIEW

1.1 FUNCTIONAL DESCRIPTION

The capture module is a frame analyzer. It stores the period duration or the high and low level duration by 15bit
capture counter (CAP_DR). Those durations are described in number of counter cycle (CAPTCLK). The capture
clock CAPTCLK is equal to PCLK divided by a configurable pre-scalar value. The capture allows a data transfer

with the LDMA.

1.2 EXTERNAL PIN DESCRIPTION

Table 6-1. CAPT Pin Description

Pin Name

Function

/0 Type

Active Level

Comments

CAPTO Capture input

ELECTRONICS
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2. FUNCTIONAL OPERATION

2.1 MODE OF OPERATION

2.1.1 General Description
The capture clock frequency is equal to:

CAPTCLK = PCLK / 2PRESCALAR[3:0] 1 where :

e PCLK s the peripheral clock frequency
e PRESCALAR[3:0] is a 16 bits data written in the CAPT_MR

It is possible to choose among 3 modes of measurement:

e To measure the duration between each edges (positive and negative).
e To measure the duration between positives edges (period).

e To measure the duration between negatives edges (period).

If an overrun occurs, it is possible to choose to overwrite the data stored in the Data Register (CAPT_DR) or to
stop the data acquisition through the mode register (CAPT_MR).

The DATACAPT bit (in the CAPT_SR register) is automatically cleared (i.e. set to a logical 0) after reading of the
data register.

It is recommended to disable the capture module after every modification of the CAPT_MR register. Otherwise
the first measure could be false.

When the capture is disabled, the capture counter is reset.

2.2 CAPTURE'S LIMITS
To avoid a capture to miss frame edges, the capture counter clock frequency CAPTCLK must be chosen so that:

CAPTCLK > 2/th2edgeyn, where th2edgeyy is the minimum “time between two edges” observed in the frame.
Moreover the capture detects each frame edge with a delay equal to the CAPTCLK period.

Frame _I é E | li
l_

Frame e ! !

observed by ! !

the capture J i J |
I I

Delay

Figure 6-1. Capture Pin Resynchronization
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2.3 PROGRAMMING EXAMPLES
Example for the usage of the capture:

Capture of one period of a signal using the LDMA and the associated interrupt. The PCLK frequency is equal to
20MHz; the capture clock CAPTCLK maximum frequency is 10MHz (CAPT_MR PRESCALARI[3:0] = 0). In these
conditions, the observed signal maximum frequency is 5SMHz.

Configuration:

e Capture clock enable by writing bit CAP in CAPT_ECR
e Software reset of the capture peripheral to be in a known state by writing bit SWRST in CAPT_CR.

e Capture mode register (CAPT_MR) configuration: PRESCALAR[3:0] field set to 0 so that CAPTCLK =
10MHz. Set ONESHOT to 1. OVERMODE is ignored because the capture will stop after its first acquisition.
MEASMODE=2 to measure the duration between two positive edges.

e Enable the CAPT by writing bit CAPEN in CAPT_CR

Configuration of CAPT_IER: An interrupt is generated at the end of the capture. When the LDMA will finish
the capture, an interrupt will be generated. GIC must be configured

e |If status bit CAPENS is set in CAPT_SR start the capture by writing bit STARTCAPT in CAPT_CR, otherwise
users should wait the CAPENS flag, consequence of bit CAPEN in CAPT_CR.

Interruption Handling:

¢ IRQ entry and call C function.

e Read CAPT_SR and verify the source of the interrupt.

e Clear the corresponding interrupt at peripheral level by writing in the CAPT_CSR.

Interrupt treatment: Read the duration between the two positive edges in the received memory space
programmed in the LDMA. The duration is expressed by the number of capture clock (duration/10 MHz).

e IRQ exit
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3. REGISTERS DESCRIPTION

Base Addresses — CAPTO : OXFFE48000

Table 6-2. CAPTURE Special Function Registers

Offset Address Name Description R/W Reset State
0x0000 - Reserved - -
0x004C
0x0050 CAPT_ECR Enable clock register W -
0x0054 CAPT_DCR Disable clock register W -
0x0058 CAPT_PMSR Power management status register R (note)
0x005C - Reserved - -
0x0060 CAPT_CR Control register W -
0x0064 CAPT_MR Mode register R 0x00000000
0x0068 - Reserved - -
0x006C CAPT_CSR Clear status register W -
0x0070 CAPT_SR Status register R 0x00000000
0x0074 CAPT_IER Interrupt enable register W -
0x0078 CAPT_IDR Interrupt disable register W -
0x007C CAPT_IMR Interrupt mask register R 0x00000000
0x0080 CAPT_DR Data register R 0x00000000

NOTE: The reset value of register depends on IP identifier code.

6-4
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CAPTURE Enable Clock Register

CAP_ECR(0x0050)

Access: Write only

31 30 29 28 27 26 25 24
[oseen | - - [ - - [ - -~ [ - ]
w w w w w w w W
23 22 21 20 19 18 17 16
- T - -~ - - - -~ -]
W W w W w W W W
15 14 13 12 11 10 9 8
- T - - [ - - [ - -~ [ - ]
w w w w w w w W
7 6 5 4 3 2 1 0
- T - -~ - — [ - [ew [ -
W W w W W W W W
W: Write R: Read -0: 0 After reset -1: 1 After reset -U: Undefined after reset

e CAP : Capture clock enable
0: No effect

Enable Capture clock

e DBGEN : Debug mode enable
0: No effect

Enable debug mode.

ELECTRONICS
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CAPTURE Disable Clock Register

CAP_DCR (0x0054)

Access: Write only

31 30 29 28 27 26 25 24
[oseen [ - | - - - [ - -~ [ - ]
w w w w w w w w
23 22 21 20 19 18 17 16
- - T - - - - -~ -]
W W w W W W W w
15 14 13 12 11 10 9 8
- T - T - - - [ - -~ [ - ]
w w w w w w w W
7 6 5 4 3 2 1 0
- - T - - — [ - Tew [ -
W W w W W W W w
W: Write R: Read -0: 0 After reset -1: 1 After reset -U: Undefined after reset

e CAP : Capture clock disable
0: No effect
Disable Capture clock

e DBGEN : Debug mode disable

0: No effect
Disable debug mode.
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CAPTURE Power Management Status Register CAP_PMSR (0x0058)

Access: Read only

31 30 29 28 27 26 25 24
| DBGEN - IPICODE[25:20] |
R-0 R-0 R-U R-U R-U R-U R-U R-U
23 22 21 20 19 18 17 16
| IPICODE[19:12] |
R-U R-U R-U R-U R-U R-U R-U R-U
15 14 13 12 11 10 9 8
| IPICODE[11:4] |
R-U R-U R-U R-U R-U R-U R-U R-U
7 6 5 4 3 2 1 0
| IPICODE[3:0] | - | _ CAP _ |
R-U R-U R-U R-U R-0 R-0 R-0 R-0
W: Write R: Read -0: 0 After reset -1: 1 After reset -U: Undefined after reset

CAP : Capture clock status
Capture clock disabled.

Capture clock enabled.

IPIDCODE[25:0]

This field contains the version number of the module, coded on 26 bits.

DBGEN : Debug mode

Capture module is not halted during ARM core debug mode.

Capture module is halted during ARM core debug mode.

ELECTRONICS
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CAPTURE Control Register CAP_CR(0x0060) Access: Write only
31 30 29 28 27 26 25 24
.- -+ r-r-+r - 1 - & - | - |
W W W W W W W W
23 22 21 20 19 18 17 16
- r-r-r-1r - 1 - [ - [ - ]
W W W W W W W W
15 14 13 12 11 10 9 8
.- -+ r-r -+ - 1 - & - | - |
W W W W W W W W
7 6 5 4 3 2 1 0
| - | - | - | - |stArtcAPT| caPDIs | cAPEN | SwrsT |
W W W W W W W W
W: Write  R: Read -0: 0 After reset -1: 1 After reset -U: Undefined after reset

e SWRST : CAPTURE software reset
0: No effect
Reset the CAPTURE
A software triggered by hardware reset of the CAPTURE is performed. It reset all the registers.

e CAPEN: CAPTURE enable
0: No effect.
Enables the CAPTURE.

e CAPDIS : CAPTURE disable
0: No effect.
Disables the CAPTURE.

In case both CAPEN and CAPDIS are equal to one when the control register is written the CAPTURE will be
disabled.

e STARTCAPT : START CAPTURE
0: No effect.

The CAPTURE starts a new capture. The start is effective only if capture is previously enabled. (CAPEN is
set.)
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CAPTURE Mode Register

CAP_MR (0x0064)

Access: Read/Write

e PRESCALAR[3:0]: pre-scalar factor for the CAPTCLK

CAPTCLK = PLCK / 2PRESCALAR+1

e MEASMODEJ[1:0] : Measurement Mode

31 30 29 28 27 26 25 24
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

23 22 21 20 19 18 17 16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

15 14 13 12 11 10 9 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

7 6 5 4 3 2 1 0

’ ONESHOT ‘ OVERMODE | MEASMODE PRESCALAR |
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
W: Write R: Read -0: 0 After reset -1: 1 After reset -U: Undefined after reset

MEASMODE[1:0]

Measure realized

Measure between each edges (positive and negative)

Measure between positives edges.

Measure between negatives edges.

¢ OVERMODE : Overrun mode

0: When the overrun is happened, the capture stops writing on the Data Register. If DATACAPT bit of the
CAPT_SR is enabled and the CAPTURE module receives a hew data, data register will not be refreshed.

1: When the overrun is happened, the capture does not stop writing on the Data Register.

e ONESHOT : One Shot

The capture still captures a frame variation.
The module captures a frame variation and stop. To ask for other capture, the STARTCAPT bit has to be set

to 1in the CAP_CR.

ELECTRONICS
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CAPTURE Clear Status Register

CAP_CSR (0x006C)

Access : Write only

OVERRUN: Clear Overrun Interrupt

No effect.

Clear the OVERRUN interrupt.

OVERFLOW: Clear Overflow Interrupt

No effect.

Clear the OVERFLOW interrupt.

31 30 29 28 27 26 25 24
W W W W W W W W
23 22 21 20 19 18 17 16
W W W W W W W W
15 14 13 12 11 10 9 8
W W W W W W W W
7 6 5 4 3 2 1 0
| — — — — — | OVERFLOW | OVERRUN | — |
W W W W W W W W
W: Write R: Read -0: 0 After reset -1: 1 After reset -U: Undefined after reset

6-10
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CAPTURE Status Register CAP_SR (0x0070) Access: Read only
31 30 29 28 27 26 25 24

. - !r-r-r+r-r -t - [ - [ - |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
23 22 21 20 19 18 17 16

. - r-r-4r - r - f7r - 1 - [ - |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
15 14 13 12 11 10 9 8

[ S S A A B =
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
7 6 5 4 3 2 1 0

‘ - ‘ - ‘ - ‘ - ‘ DATACAPT | OVERFLOW | OVERRUN ‘ - ‘
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

W: Write R: Read -0: 0 After reset -1: 1 After reset -U: Undefined after reset

e OVERRUN: Over run
0: No effect
An overrun has occurred.

Overrun indicates a valid data was not read when an overwriting occurred.

e OVERFLOW: Over flow
0: No effect
An overflow has occurred.

Overflow indicates that the counter of the duration was saturated.

e DATACAPT : Data Captured
0: No effect
Data in CAP_DR has to be read.
This bit is cleared by reading the CAP_DR register.

e CAPENS : Capture enable status
Capture is disabled.
Capture is enabled.
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CAPTURE Interrupt Enable Register

CAP_IER (0x0074)

Access: Write only

31 30 29 28 27 26 25 24
W w w w w w W w
23 22 21 20 19 18 17 16
w w w w w w " w
15 14 13 12 11 10 9 8
W w w w w w W w
7 6 5 4 3 2 1 0
‘ - - - - ‘ DATACAPT | OVERFLOW | OVERRUN | - |
w w w w w w " w
W: Write R: Read -0: 0 After reset -1: 1 After reset -U: Undefined after reset

OVERRUN : Over run interrupt enable
No effect
Enables the OVERRUN interrupt.

OVERFLOW : Over flow interrupt enable

No effect
Enables the OVERFLOW interrupt.

DATACAPT : Data captured interrupt enable
No effect.

Enables DATACAPT interrupt.

6-12
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CAPTURE Interrupt Disable Register CAP_IDR (0x0078) Access: Write only
31 30 29 28 27 26 25 24

. - - r - 7r-1r -7 - [ - [ - |
w W W % W W w w
23 22 21 20 19 18 17 16

. - r-r-r-r - fr - @ - [ - |
W W W% W W W w W
15 14 13 12 11 10 9 8

. - - r - 7r-1r -7 - [ - [ - |
w % W % W W w w
7 6 5 4 3 2 1 0

‘ - ‘ - ‘ - ‘ - ‘ DATACAPT ‘ OVERFLOW ‘ OVERRUN ‘ - l
W W W% W W W w W

W: Write R: Read -0: 0 After reset -1: 1 After reset -U: Undefined after reset

e OVERRUN : Over run interrupt disable
0: No effect
Disables the OVERRUN interrupt.

e OVERFLOW : Over flow interrupt disable
0: No effect
Disables the OVERFLOW interrupt.

e DATACAPT : Data captured interrupt disable
0: No effect.
Disables DATACAPT interrupt.
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CAPTURE Interrupt Mask Register

CAP_IMR (0x007C)

Access: Read only

31 30 29 28 27 26 25 24
- - - - S I I
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
23 22 21 20 19 18 17 16
[ I I S I R
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
15 14 13 12 11 10 9 8
- - - - S U I B
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
7 6 5 4 3 2 1 0
‘ - ‘ - ‘ - ‘ - ‘ DATACAPT ‘ OVERFLOW ‘ OVERRUN ‘ - ‘
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

W: Write R: Read -0: 0 After reset -1: 1 After reset -U: Undefined after reset

OVERRUN : Over run interrupt mask
OVERRUN Interrupt is disabled.
OVERRUN interrupt is enabled.

OVERFLOW : Over flow interrupt mask
OVERFLOW Interrupt is disabled.
OVERFLOW interrupt is enabled.

DATACAPT : Data captured interrupt mask
DATACAPT interrupt is disabled.
DATACAPT interrupt is enabled.

6-14
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CAPTURE DATA Register

CAP_DR (0x0080)

Access: Read only

31 30 29 28 27 26 25 24
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
23 22 21 20 19 18 17 16
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
15 14 13 12 11 10 9 8
| LEVEL | DURATION |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
7 6 5 4 3 2 1 0
| DURATION |
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
W: Write R: Read -0: O After reset -1: 1 After reset -U: Undefined after reset
NOTES:

1. When reading this register, DATACAPT bit is clear in the CAPT_SR.

2. When debugging, to avoid clearing DATACAPT bit, users should use ghost registers.

e DURATION : Capture duration

Numbers of CAPTCLK during which the output is at the level indicates by the LEVEL bit, or during a frame

period, depending of MEASMODE in CAP_MR.

e LEVEL : Level measured (NOTE)

0: The duration concerns a low level

The duration concerns a high level

NOTE: That if the MEASMODE[1:0] (of the Mode register) equal 1X the LEVEL bit is used as a Duration bit

ELECTRONICS
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CLOCK MANAGER

1. OVERVIEW

1.1 FUNCTIONAL DESCRIPTION

This module delivers all clock, clock enables and reset signals used by on-chip blocks composing an emulated
ARM-based device.

The Clock Manager provides:

e 1 MHz internal low frequency oscillator (Internal Ring Oscillator)

e 4 MHz or 6 MHz master oscillator

e Programmable PLL operational frequency up to 40 MHz

e Programmable master clock divider

e Programmable ring clock divider

e Master oscillator failure detection feature (referred as "clock monitor" in this manual).
e Internal Power-On-Reset

e Power supply monitoring by LVD

The Clock Manager manages the clock sources selection and transitions:

e To manage the master oscillator stabilization time

e To manage the low frequency oscillator stabilization time
e To manage the PLL stabilization time

e To manage the peripheral clock

e To manage the system clock

e To manage the GIC clock

e To manage the ARM Core clock

The clock manager manages the circuit for reset sources:

e Power-On-Reset

e External asynchronous hardware reset
e Power supply monitor reset

e Clock monitor reset

e Watchdog reset

ELECTRONICS
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1.2 BLOCK DIAGRAM

s [

XouT

MCLK

CM_SELR
CMCLK_SEL[1:0]

Master Clock
Oscillator
(4 or 6MHz)

Programmable

PLL

i

PLLOUT

CM_SELR
CMCLK_SEL[1:0]

CORECLK

. 4/_>

(notel)

ARMCLK
CPU clock

- SCLK (ASB clock)

:FLASH, SRAM, LDMA

CM_RSR MDIV DIVOUT PCLK(APB clock)
M (noted) (note2) Other blocks
\ RINGCLK :GIC, CAN edge detecting circuit
Low Frequency
i ; LDIV =BV pLFCLK
Oscillator (IMHz) [ To clock monitor M LFOSCR { LDIV | ,:STOV Sior 1
LFSEL
CM_LFOSCR
LFOSCEN
NOTES:

1. If the chip is halt mode (CM_CR.HALTMODE==1) or idle mode (CM_CR.IDLEMODE==1), CPU clock is disabled.

2. If the chip is halt mode (CM_CR.HALTMODE==1) and CM_WFIR.PCLK1 is 1, APB clock is disabled.

3. Inthe stop mode (CM_CR.STOPMODE==1), all clock are disabled. The reset functionality of LVD must be turned off (MR16.0

== 0) before entering stop mode.

4. The frequency of APB (PCLK) must be less than 20MHz.

Figure 7-1. Clock Manager Block Diagram

The clock manager allows the user to select between the different operating modes: Normal Mode (CMCLK_SEL
== 00), High-speed Mode (CMCLK_SEL == 01), Slow Mode (CMCLK_SEL == 10), Lower Power Mode

(CMCLK_SEL ==11), HALT Mode, IDLE mode, STOP mode. Moreover, upon master oscillator failure detection,
the clock manager will force the circuit to reset and restart in CKFAIL mode.

7-2
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As shown in previous synoptic, the clock-manager is responsible for the generation of 5 global clocks:

Table 7-1. Clock Sources

Name Definition Comments

SCLK ARMY7 sub-system clock This clock is running actually the clock used by all internal
modules connected to the embedded ASB system bus
(except the ARM7 core).

ARMCLK | Clock used by the ARM7TDMI core | This clock is almost the same as SCLK (same frequency)
except that it is always cut in HALT mode and IDLE mode
whereas SCLK may be left active.

PCLK Peripheral clock source This clock is used by all APB bus peripherals. From this
clock source, it is possible to defined locally in each
peripheral is actually using the clock by programming the
module level power management register (PMSR).

GICCLK | Clock dedicated to GIC This clock is almost the same as PCLK (same frequency)

(Generic Interrupt Controller) except that it is always running in HALT mode whereas
PCLK may be cut.
LFCLK Low frequency clock This clock is always running and it is generated from

divided main clock or divided low frequency oscillator. This
clock can be programmed through the CM_MDIVR
register.(refer to this register’'s description for details)

Each of those global clocks will be derived from the following clock sources:

Table 7-2. Derived Clock Sources

Name Definition Comments
MCLK This clock is the output of the The master oscillator is an internal oscillator using an
master oscillator external crystal connected on XIN/XOUT pins.
RINGCLK | This clock is the output of the ring- | The ring oscillator is a fully embedded 1 MHz (typical)
oscillator oscillator.
PLLOUT | This clock is output of the internal The PLL output frequency can be programmed up to 40
programmable PLL MHz. This is done through the CM_PDPR register.(refer to
this register’s description for details)
DIVOUT | This clock is derived from MCLK The DIVOUT frequency can be programmed through the
through frequency divider CM_MDIVR register (refer to this register's description for
details).
LFDIV This clock is derived from The LFDIV frequency can be programmed through the

RINGCLK through frequency
divider

CM_MDIVR register (refer to this register's description for
details).

ELECTRONICS
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The following drawing displays the operating mode state diagram with associated possible transitions. Each of
those transitions will be detailed further in this document.

RESET
(any kind)

CM_RSR.2
— RST
RST IDLE
LOW
POWER

sSWIT
LOW

POWER

sSwW Sw

W IT  Sw
¢ U’j sw
Sw
sSw < IT
WO IT SwW
AN
IDLE
NORMAL Swo 1T

sSwW S
SwW IT
SwW

/RST\ Transition automatically handled by hardware
upon reset.

r Sw R Transition requested by software

- 1T ~¢ Transition automatically handled by hardware
upon interrupt.

/WUI\4 Transition automatically handled by hardware
upon external wake-up interrupt.

Figure 7-2. Clock Manager State Machine
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As introduced previously, the clock-manager manages a master oscillator, a programmable PLL and an internal
low frequency oscillator. Each of them shall be enabled or disabled according to the software programming and
the current operating mode.

The effect of each of the previous operating modes is given in the following tables

Table 7-3. Oscillators and PLL Activity

Mode LFOSCEN (otel) | | FSEL (notel) | Ring Oscillator Master PLL
Oscillator
NORMAL, 0 0 Disabled Enabled Disabled
IDLE NORMAL 1 Forbidden (note2)
1 0 Enabled Enabled Disabled
1 Enabled Enabled Disabled
SLOW, 0 0 Forbidden (note2)
IDLE SLOW 0 Forbidden (note2)
1 Enabled Enabled Disabled
HALT, 0 0 Disabled Enabled Disabled
LOWIF[))IC_)I\ENER' 1 Forbidden (note2)
LOWPOWRER 1 0 Enabled Enabled Disabled
1 Enabled Disabled Disabled
HIGHSPEED, 0 0 Disabled Enabled Enabled
HIGII-|DSLIEEED 1 Forbidden (note2)
1 0 Enabled Enabled Enabled
1 Enabled Enabled Enabled
STOP Oorl Oorl Disabled Disabled Disabled
CKFAIL 0 Forbidden (note2)
1 Oor1l Enabled Disabled Disabled
NOTES:

1. LFOSCEN and LFSEL bits are part of the CM_LFOSCR register and can be written only in the normal mode.
2. The software must avoid this situation, otherwise unpredictable effect will occur inside the device.
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Also, the clock manager manages the 5 clock sources introduced above according to the following table:

The information given in this table ise true outside any transition period (i.e: when the selected clock manager
state is fully established). You will see in following paragraphs that some clocks may be generated differently

during state transitions.

Table 7-4. Clock Transition

Mode | LFOSCEN | LFSEL | ARMCLK SCLK pCLK (note2) GICCLK LFCLK
(notel) (notel)

NORMAL 0 0 MCLK/ MCLK/ MCLK/ MCLK/ DIVOUT/

(CDIV+1) | (CDIV+1) C_PCLK_DIV C_PCLK_DIV (LDIV+1)
1 Forbidden (N0te3)

1 0 MCLK/ MCLK/ MCLK/ MCLK/ DIVOUT/

(CDIV+1) | (CDIV+1) C_PCLK_DIV C_PCLK_DIV (LDIV+1)

1 MCLK/ MCLK/ MCLK/ MCLK/ RINGCLK/

(CDIV+1) | (CDIV+1) C_PCLK_DIV C_PCLK_DIV (LDIV+1)

IDLE 0 0 Off MCLK/ MCLK/ MCLK/ DIVOUT/

NORMAL (CDIV+1) C_PCLK_DIV C_PCLK_DIV (LDIV+1)
1 Forbidden (n0te3)

1 0 Off MCLK/ MCLK/ MCLK/ DIVOUT/

(CDIV+1) C_PCLK_DIV C_PCLK_DIV (LDIV+1)

1 Off MCLK/ MCLK/ MCLK/ RINGCLK/

(CDIV+1) C_PCLK_DIV C_PCLK_DIV (LDIV+1)

HIGH 0 0 PLLOUT/ PLLOUT/ PLLOUT/ PLLOUT/ DIVOUT/

SPEED (CDIV+1) | (CDIV+1) C_PCLK_DIV C_PCLK_DIV (LDIV+1)
1 Forbidden (N0te3)

1 0 PLLOUT/ PLLOUT/ PLLOUT/ PLLOUT/ DIVOUT/

(CDIV+1) | (CDIV+1) C_PCLK_DIV C_PCLK_DIV (LDIV+1)

1 PLLOUT/ PLLOUT/ PLLOUT/ PLLOUT/ RINGCLK/

(CDIV+1) | (CDIV+1) C_PCLK_DIV C_PCLK_DIV (LDIV+1)

IDLE 0 0 Off PLLOUT/ PLLOUT/ PLLOUT/ DIVOUT/

HIGH (CDIV+1) C_PCLK_DIV C_PCLK_DIV (LDIV+1)
SPEED 1 Forbidden (10t€3)

1 0 Off PLLOUT/ PLLOUT/ PLLOUT/ DIVOUT/

(CDIV+1) C_PCLK_DIV C_PCLK_DIV (LDIV+1)

1 Off PLLOUT/ PLLOUT/ PLLOUT/ RINGCLK/

(CDIV+1) C_PCLK_DIV C_PCLK_DIV (LDIV+1)

SLOW 0 Forbidden (note3)

1 0 Forbidden (N0te3)

1 DIVOUT DIVOUT DIVOUT/ DIVOUT/ RINGCLK/

(PCLK1DIV+1) | (PCLK1DIV+1) (LDIV+1)
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Table 7-4. Clock Transition (Continued)

Mode |LFOSCEN| LFSEL ARMCLK SCLK PCLK (note2) GICCLK LFCLK
(notel) (notel)
0 Forbidden (note3)
IDLE 0 Forbidden (note3)
SLOW
1 Off DIVOUT DIVOUT/ DIVOUT/ RINGCLK/
(PCLK1DIV+1) | (PCLK1DIV+1) | (LDIV+1)
0 DIVOUT DIVOUT DIVOUT/ DIVOUT/ DIVOUT/
LOW 0 (PCLK1DIV+1) | (PCLK1DIV+1) | (LDIV+1)
POWER Forbidden (note3)
0 DIVOUT DIVOUT DIVOUT/ DIVOUT/ DIVOUT/
1 (PCLK1DIV+1) | (PCLK1DIV+1) | (LDIV+1)
1 RINGCLK RINGCLK RINGCLK/ RINGCLK/ RINGCLK/
(PCLK1DIV+1) | (PCLK1DIV+1) | (LDIV+1)
0 Off DIVOUT DIVOUT/ DIVOUT/ DIVOUT/
IDLE 0 (PCLK1DIV+1) | (PCLK1DIV+1) | (LDIV+1)
LOW Forbidden (note3)
POWER 0 Off DIVOUT DIVOUT/ DIVOUT/ DIVOUT/
1 (PCLK1DIV+1) | (PCLK1DIV+1) | (LDIV+1)
1 Off RINGCLK RINGCLK/ RINGCLK/ RINGCLK/
(PCLK1DIV+1) | (PCLKI1DIV+1) | (LDIV+1)
0 Off DIVOUT Software control DIVOUT/ DIVOUT/
HALT 0 (noted) (PCLK1DIV+1) (LDIV+1)
Forbidden (note3)
0 Off DIVOUT Software control DIVOUT/ DIVOUT/
1 (noted) (PCLK1DIV+1) | (LDIV+1)
1 Off RINGCLK | Software control RINGCLK/ RINGCLK/
(note4) (PCLK1DIV+1) | (LDIV+1)
STOP Oor1l Oor1l Off Off Off Off Off
0 Forbidden (note3)
CKFAIL 1 Oorl RINGCLK/ RINGCLK/ RINGCLK/ RINGCLK/ RINGCLK/
(CDIV+1) (CDIV+1) C_PCLK_ DIV | C_PCLK DIV | (LDIV+1)

ELECTRONICS
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NOTES

1. LFOSCEN and LFSEL bits are part of the CM_LFOSCR register and can be written only in the normal
mode.

2. PCLK and GICCLK are derived from master clock through programmable frequency divider controlled
by PCLK1DIV field accessable in CM_DIVBR register.

3. The software must avoid this clock mode condition, otherwise unpredictable effect will occur inside the
device.

4. In HALT mode, PCLK may be "on" or "off" depending on the value of PCLK1 in CM_WIFR register
5. C_PCLK_DIV = (CDIV+1) x (PCLK1DIV+1)

6. In any mode, the divided master clock frequency (CORECLK) must always be greater than the low
frequency oscillator (RINGCLK).

7. It is recommended to check stable bit when changing mode. But when user switch from HIGH SPEED
mode to NORMAL mode, user must be sure the switch has finished when the SPEED mode (refer to
IFC module) is disabled (SPEEDMODE hit=0 in IFC_MR register).So when changing mode, you should
check ‘STABLE' bit of CM_SR.

Program the following steps:
Clear stable interrupt
Enable High speed mode for the FLASH controller
Go to HIGH SPEED mode
“Wait stable rise”
Clear stable status
Go to NORMAL mode
“Wait stable rise”
Disable high speed mode for the FLASH controller
Clear stable status

8. When waking-up from IDLE/HALT, user must insert NOPx4. In IDLE/HALT Mode CPU and
Flash/SRAM clock is disabled. When asserted wake-up signal, CPU and Memory is released from
IDLE/HALT mode. But CPU is faster than FLASH/SRAM memory. So CPU can read FLASH/SRAM
being under wait-state. To protect this, user must have some-wait by using NOP.
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2. FUNCTIONAL OPERATION

2.1 CLOCK MANAGEMENT

2.1.1 General Description

At power-up, the master and the internal low frequently oscillator are enabled by default. After reset, the clock
manager operates in the NORMAL mode and the PLL is disabled. Only in the NORMAL mode, the user can
change configuration of the low frequency oscillator with the CM_LFOSCR register.

The CMCLKSEL field in the CM_SELR register and HALTMODE, IDLEMODE, STOPMODE fields in CM_CR
register allows the software to select amongst the 7 user programmable modes: NORMAL, HIGH SPEED, SLOW,
LOW POWER, HALT, IDLE and STOP.

Before switching to a different mode, software has to ensure that the clock manager is not already
switching from on mode to another one (i. e current mode is already stable).

The IDLEMODE in CM_CR register allows the software to disable the ARM7 clock, all other clock in the circuit
stay unchanged (ARM7 will start again on interrupt). Thus 4 additional mode are defined : IDLE NORMAL, IDLE
SLOW, IDLE LOW POWER and IDLE HIGH SPEED.

¢ In NORMAL mode, the main clocks are directly generated from the master oscillator. The PLL is disabled.

¢ Inthe HIGH SPEED mode, the PLL is automatically enabled. Before selecting this mode, the user has to
configure the PLL stabilization time in the CM_PSTR register, the PLL divider parameters (PLL_PRE, PMUL
and PLL_POST fields in the CM_PDPR register). The PLL_ST bit in the CM_STR register is used as flag to
indicate that the PLL is enabled and stabilized.

¢ Inthe SLOW mode, the main clock is generated from the divided master clock. The MDIV division factor is
configured via the CM_MDIVR register. The real division factor corresponds to the MDIV+1 value. This mode
is allowed only if the low frequency oscillator is enabled and used.

e Inthe LOW POWER mode (and in the HALT mode), the main clocks are generated from the low frequency
oscillator or from the master oscillator divided by MDIV+1. When low frequency oscillator is enabled, the
master oscillator is automatically shut off. The user must not forget to configure the master oscillator
stabilization time into the CM_OSTR register before the clock manager will switch to the SLOW, NORMAL or
HIGH SPEED mode from LOW POWER mode.

e Inthe HALT mode, all clocks are disabled except the GIC clock, the SCLK and the PCLK. But, the user can
stop the PCLK with CM_WIFR in the HALT mode. Interrupt will switch operating mode from HALT mode to
the previous mode in CM_SELR register.

e Inthe STOP mode, all clocks are disabled. Only an external interrupt will allow to switch to the normal mode
from STOP mode. The STOP mode must be entered only from Normal mode, otherwise unexpected effect
may occur in the device.

If enabled in CM_MR register, the embedded clock monitor will continuously check the master oscillator
operation. Upon master oscillator failure, the clock manager will force the circuit to reset and re-start in CKFAIL
mode. The software can be informed of the oscillator failure by reading the CM bit in CM_RSR register.
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2.1.2 Modes Transition Description
Hardware Reset to NORMAL mode

Initial State :
— Hardware reset sources : nRESET, LVD and Watchdog timer

Transition trigger :
— Transition is initialized whenever reset condition disappears

Transition notes :
— In case of power-up reset or if the master oscillator was off, the circuit shall wait for oscillator stabilization
time, counting 65535 periods of master oscillator clock.

Final State :

— After reset transition, the circuit starts in NORMAL mode using the master oscillator as clock source for all
internal clocks, and the divider factor PCLK1DIV and CDIV parameters are at their reset values. LFCLK is
DIVOUT/(LDIV+1) clock.

m— e > Wait for oscillator
: : stabilization time
]
RESET Condition Active i Inactive
| |
[} 1
. . [} [}
Ring Oscillator :/ ! Enabled
| |
[} 1
Master Oscillator | | Enabled
[} [}
[}
PLL | Disabled
|
SCLK Disabled : MCLK
|
ARMCLK Disabled : MCLK
|
PCLK Disabled : MCLK /8
|
GICCLK Disabled ! MCLK / 8
|
T
LFCLK Disabled ! MCLK /512
T

Figure 7-3. Transition Diagram: Hardware Reset to NORMAL Mode
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Clock monitor reset to CKFAIL mode

e Initial State :
— The circuit may be in any state before this transition.
— The Clock monitor feature must be activated. (CM_EN must be setto 1 in CM_MR register)
— The internal low frequency oscillator must be enabled.(LFOSCEN must be setto 1 in CM_LFOSCR
register)

e Transition trigger :
— The transition occurs whenever clock monitor detects a malfunction of master clock.

e Final State :
— After clock monitor reset, the circuit enters the CKFAIL mode, which is functionally equivalent to NORMAL
mode except that all clocks are derived from internal low frequency oscillator.

e Important note :
— User should not try to change to any other modes by writing the CMCLK_SEL field in the CKFAIL mode.
Otherwise, unpredictable effects may occur inside the device.

___ Clock monitor detects the
3 failure of master oscillator
[}
[}
Clock Monitor - . .
RESET Inactive Active Inactive
|
1
Ring Oscillator : Enabled
1
[}
v
Master Oscillator Enabled | Unavailable (failure)
PLL Working (note) | Disabled
SCLK Working (ote) | | RINGCLK / 