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8-Bit MCU with 32K Flash and 1K SRAM

GENERAL DESCRIPTION

IS31CS8969 is a general-purpose micro-
controller with 32K embedded flash memory and 1K
SRAM. The CPU is based on 1-T 8051 with TO/T1/T2
and additional 16-bit T3/T4, 24-bit T5 and a 30-bit WDT.
Embedded in the CPU core are also a full-duplex UART
port, an enhanced EUART port with LIN capability, one
I2C master/slave and two I12C pure slave controllers, one
SPI mater/slave controller, up to 20 GPIO pins with each

GPIO pin configurable as external interrupt and wake up.

The flexibility in clock setting includes an on-chip
16MHz precision oscillator with the accuracy deviation of
+/-2%, or a low power internal 32KHz oscillator. The clock
selections are combined with flexible power management
schemes, including NORMAL, PMM, IDLE, and STOP,
and SLEEP modes to balance CPU speed and power
consumption.

A Programmable Counter Array (PCA) with 6
channels of Capture/Compare/PWM modules can be
used for various purposes controlling external devices.
There are additional 2 independent 8-bit PWM and a
buzzer waveform generator with frequency range of
128Hz to 2048Hz and programmable duty cycle.

Other digital peripherals include a EUART2 with
16-byte FIFO, which support full LIN protocols, and an
I2C slave controller, and a SPI Master/Slave controller
with 4-byte FIFO.

Analog peripherals include a high performance
12-bit Analog to Digital Converter (ADC) with 30usec
conversion time and a Programmable Gain Amplifier as
ADC front-end. There are an on-chip temperature
sensor, and a calibrated voltage reference within the
ADC block. A 10-bit voltage output Digital to Analog
Converter (DAC) is also included.

IS31CS8969 also provides a flexible means of
flash programming that supports ISP and IAP. The
protection of data loss is implemented in hardware by
access restriction of critical storage segments. The code
security is reinforced with sophisticated writer
commands and ISP commands. The on-chip break
point processor also allows easy debugging which can
be integrated with ISP. Reliable power-on-reset circuit
and low supply voltage detection allows reliable
operations under harsh environments.

FEATURES

CPU and Memory

1-Cycle 8051 CPU core up to 16MHz
16-bit Timers TO/T1/T2/T3/T4 and 24-bit T5
Programmable 30-bit Watch Dog Timer

Integrated break point controller and debug port
through I12C slave
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¢ External interrupts and wake up shared with GPIO
pins

¢ Power saving modes — Normal, PMM, IDLE,
STOP, and SLEEP modes

¢ Wake-Up noise filter — up to 4 msec

¢ 256B IRAM and 768B XRAM

¢ 32KB Flash Memory and 128B Information Block
» Code security and data loss protection
= Endurance: 100K cycles and Retention: 10

years @85°C

Clock Sources

¢ Internal oscillator at 16MHz of +/- 2% accuracy
¢ Internal low power 32KHz oscillator

Digital Peripheral

¢ 16-bit PCA and 6 channel of CCP modules
» Capture/Compare/Timer Mode

= 8/16-bit PWM Mode and 8-bit WPWM Mode
Two 8-bit PWM Controller

One buzzer waveform generator

One 12C Master

One I2C pure Slave

= Support two consecutive addresses
One SPI Master/Slave Controllers

» 4 bytes transmit and receive FIFO

One 8051 UART

One full-duplex LIN-capable EUART2

= 16-bit baud rate register

= 16 bytes transmit and receive FIFO
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Analog Peripherals

¢ 12-bit monotonic SAR ADC

= 500KHz, 128usec conversion time (1.8~2.4V)
» 4Mhz, 16usec conversion time (2.5~5.5V)

= Programmable Gain Amplifier

» Up to 16 input shared with GPIO

=  On-chip 1.1V reference

= On-chip temperature sensor

10-bit voltage output DAC

4-Channel Analog Comparator

Capacitance sense touch-key controller scan up to
20 keys through shared GPIO

¢ Power on reset (1.5V) and LVD/LVR (1.8V-5.5V)

* & o

Miscellaneous

¢ Upto 20 GPIO pins

¢ 2.2V to 5.5V single supply with on-chip 1.8V
regulator. Operating down to 1.8V

Active current < 300uA/MHz in NORMAL mode
Low power standby (< 20uA) in SLEEP mode
Operating temperature -45°C to 85°C

RoHS compliant packages

= TSSOP - 24

= TSSOP -20

= TSSOP-16

= QFN-24
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PIN CONNECTION

VDDiO

RSTN[_|

POO/MISO/GEXO0/SSDA/MSDA/KEY/AIN[_|
P01/SCK/CEX1/SSCLMSCL/KEY/AIN[_|
PO2/MOS/CEX2/RXDO/RXD2/KEY/AIN[_|
PO3/SSN/CEX3/TXDO/TXD2/KEY/AIN[_|

P06/MISO/PWMO0/SSDA/MSDA/KEY/AIN E

P07/SCK/BZ/SSCL/MSCL/KEY/AIN E

N\

TSSOP-16

VDDC

VSS
:I P17/PWMO0/TXDO/TXD2/KEY/CMPEX
:‘ P16/MOSI/PWM1/RXD0/RXD2/KEY/CMPC
:‘ P15/SCK/PWM1/SSCL/MSCL/KEY/CMPB
:‘ P14/MISO/BZ/SSDA/MSDA/KEY/CMPAD
:‘ P11/SSN/CEX5/TXD0/TXD2/KEY/DAC

:‘ P10/MOSI/CEX4/RXDO/RXD2/KEY/AIN

VDDiO

RSTN[_|

P0O0/MISO/CEX0/SSDA/MSDA/KEY/AIN E
P01/SCK/CEX1/SSCL/MSCL/KEY/AIN E
P02/MOSI/CEX2/RXD0/RXD2/KEY/AIN E
PO3/SN/CEX3/TXD0/TXD2/KEY/AIN E
P04/MISO/PWMO0/SSDA/MSDA/KEY/AIN E
P05/SCK/PWM1/SSCL/MSCL/KEY/AIN E
P06/MISO/PWMO0/SSDA/MSDA/KEY/AIN E

P07/SCK/BZ/SSCL/MSCL/KEY/AIN E

TSSOP-20

VDDC

VSS
:I P21/SCK/BZ/SSCL/MSCL/KEY/AIN/T2
:‘ P20/MISO/BZ/SSDA/MSDA/KEY/AIN/T1
:‘ P17/PWMO/TXD0/TXD2/KEY/CMPEX
:I P16/MOSI/PWM1/RXD0/RXD2/KEY/CMPC
:‘ P15/SCK/PWM1/SSCL/MSCK/KEY/CMPB
:‘ P14/MISO/BZ/SSDA/MSDA/KEY/CMPAD
:‘ P11/SSN/CEX5/TXD0/TXD2/KEY/DAC

:‘ P10/MOSI/CEX4/RXDO/RXD2/KEY/AIN

VDDiO

RSTN[_|

P0O0/MISO/CEX0/SSDA/MSDA/KEY/AIN E
P01/SCK/CEX1/SSCL/MSCL/KEY/AIN E
P02/MOSI/CEX2/RXD0/RXD2/KEY/AIN E
P03/SSN/CEX6/TXD0/TXD2/KEY/AIN E
P04/MISO/PWM1/SSCL/MSCL/KEY/AIN E
P05/SCK/PWM1/SSCL/MSCL/KEY/AIN E
P06/MISO/PWMO0/SSDA/MSDA/KEY/AIN E
P07/SCK/BZ/SSCL/MSCL/KEY/AIN E
P10/MOSI/CEX4/RXD0/RXD2/KEY/AIN E

P1 1/SSN/CEX5/TXDO/TXD2/KEY/DACI:

TSSOP-24

VDDC

VSS
:‘ P23/SSN/PWM1/TXDO/TXD2/KEY/AIN/TO
:I P22/MOSI/PWM1/RXD0/TXD2/KEY/AIN/T2EX
:‘ P21/SCK/BZ/SSCL/MSCL/KEY/AIN/T2
:I P20/MISO/BZ/SSDA/MSDA/KEY/AIN/T1
:‘ P17/PWMO/TDO/TXD5/KEY/CMPEX
:I P16/MOSI/PWM1/RXD0/TXD2/KEY/CMPC
:‘ P15/SCK/PWM1/SSCL/MSCL/KEY/CMPB
:I P14/MISO/BZ/SSDA/MSDA/KEY/CMPAD
:‘ P13/SSN/PWM1/SSCL/MSCK/KEY/AIN

:I P12/MOSI/PWMO0/SSDA/MSDA/KEY/AIN
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| 3 |P21/SCK/BZ/SSCL/MSCL/T/ADC/KEY 16

E‘ P20/MISO/BZ/SSDA2/MSDA/T1/ADC11/KEY15
E‘ P16/MOSI/PWM1/RXD0/RXD2/CMPC/KEY 14
E‘ P15/SCK/PWM1/SSCL2/MSCL/CMPB/KEY 13

E‘ P17/PWMO/TXD0/TXD2/CMPEX/KEY19

E‘ P14/MISO/BZ/SSDA2/MSDA/CMPA/KEY 12

KEY17/ADC13/T2EX/RXD2/RXD0/PWM1/MOSI/P22
KEY18/ADC14/T0/TXD2/TXD0/PWMO/SSN/P23
VSS
VDDC
VDD

RSTN| 24

IS31CS8969W
QFN-24

12 |P13/SSN/PWM1/SSCL2/MSCL/ADC10/KEY 11
11 |P12/MOSI/PWMO0/SSDA2/MSDA/ADCY/KEY 10
10 |P11/SSN/CEX/TXDO/TXD2/DACOUT/KEY9
Z‘ P10/MOSI/CEX4/RXD0/RXD2/ADC8/KEY8
z‘ P07/SCK/BZ/SSCL2/MSCL/ADC7/KEY7

Z‘ P06/MISO/PWMO0/SSDA2/MSDA/ADC6/KEY6

KEY0/DACO/MSDA/SSDA2/CEX0/MISO/POO| - |

KEY1/ADC1/MSCL/SSCL2/CEX1/SCK/P01 E
KEY2/ADC2/RXD2/RDX0/CEX2/MOSI/P02 E
KEY3/ADC3/TXD2/TXDO/CEX3/SSN/P03 E
KEY4/ADC4/MSDA/SSDA2/PWMO/MISO/P04 E

KEY5/ADC5/MSCL/SSCL2/PWM1/SCK/P05 E

Note: The Part Number and Logo is for reference only and do not reflect the actual marking on the package.
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TYPE

PIN #

DR

P0.0

IOCELL2A
I/0, A

03
/03
/03
/01

Port 0.0 GPIO

8051 P0.0 GPIO.

PINT

This pin can be configured as the PINTO or PINT1 pin external interrupt input

MISO

This pin can be configured as SPI MISO /0.

CEX0

This pin can also be configured as the CEX pin for CCP0. CEX is an input for
compare/capture mode, and an output for PWM mode.

SSDA2

This pin can be configured as 12CS2 SDA I/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

MSDA

This pin can be configured as 12CM SDA 1/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

KEYO0

This pin can be configured as input to touch key controller by setting IOCFGP0.0
ANEN.

ADCO

Thin pin can be configured as input to ADC and PGA by setting IOCFGPO0.0
ANENT.

PO.1

IOCELL2A
/0, A

04
/04
/04
/02

Port 0.1 GPIO

8051 P0.1 GPIO.

PINT

This pin can be configured as the PINTO or PINT1 pin external interrupt input

SCK

This pin can be configured as SPI SCK I/O.

CEX1

This pin can also be configured as the CEX pin for CCP1. CEX is an input for
compare/capture mode, and an output for PWM mode.

SSCL2

This pin can be configured as 12CS2 SCL 1/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

MSCL

This pin can be configured as 12CM SCL I/O. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

KEY1

This pin can be configured as input to touch key controller by setting IOCFGPO.1
ANEN.

ADC1

Thin pin can be configured as input to ADC and PGA by setting IOCFGPO.1
ANENT.

P0.2

IOCELL2A
I/0, A

05
/05
/05

Port 0.2 GPIO

8051 P0.2 GPIO.

PINT
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PIN
NAME

TYPE

PIN #

DR

/03

This pin can be configured as the PINTO or PINT1 pin external interrupt input

MOSI

This pin can be configured as SPI MOSI I/O.

CEX2

This pin can also be configured as the CEX pin for CCP2. CEX is an input for
compare/capture mode, and an output for PWM mode.

RXDO

This pin can also be configured as the receiving input pin for UARTO.

RXD2

This pin can also be configured as the receiving input pin for EUART2.

KEY2

This pin can be configured as input to touch key controller by setting IOCFGP0.2
ANEN.

ADC2

Thin pin can be configured as input to ADC and PGA by setting IOCFGPO0.2
ANENT.

P0.3

IOCELL2A
I/0, A

06
/06
/06
/04

Port 0.3 GPIO

8051 P0.3 GPIO.

PINT

This pin can be configured as the PINTO or PINT1 pin external interrupt input

SSN

This pin can be configured as SPI SSN input.

CEX3

This pin can also be configured as the CEX pin for CCP3. CEX is an input for
compare/capture mode, and an output for PWM mode.

TXDO

This pin can also be configured as the transmit output pin for UARTO.

TXD2

This pin can also be configured as the transmit output pin for EUART2.

KEY3

This pin can be configured as input to touch key controller by setting IOCFGP0.3
ANEN.

ADC3

Thin pin can be configured as input to ADC and PGA by setting IOCFGP0.3
ANENT.

P0.4

IOCELL2A
I/0, A

Port 0.4 GPIO

8051 P0.4 GPIO.

PINT

This pin can be configured as the PINTO or PINT1 pin external interrupt input

MISO

This pin can be configured as SPI MISO /0.

PWMO

This pin can also be configured as the PWMO output

SSDA2

This pin can be configured as 12CS2 SDA I/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

MSDA

This pin can be configured as 12CM SDA 1/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.
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PIN
NAME

TYPE

PIN #

DR

KEY4

This pin can be configured as input to touch key controller by setting IOCFGP0.4
ANEN.

ADC4

Thin pin can be configured as input to ADC and PGA by setting IOCFGPO0.4
ANENT.

P0.5

IOCELL2A
I/0, A

Port 0.5 GPIO

8051 P0.5 GPIO.

PINT

This pin can be configured as the PINTO or PINT1 pin external interrupt input.

SCK

This pin can be configured as SPI SCK /0.

PWM1

This pin can also be configured as the PWM1 output

SSCL2

This pin can be configured as 12CS2 SCL 1/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

MSCL

This pin can be configured as I2CM SCL I/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

KEY5

This pin can be configured as input to touch key controller by setting IOCFGP0.5
ANEN.

ADC5

Thin pin can be configured as input to ADC and PGA by setting IOCFGPO0.5
ANENT1.

P0.6

IOCELL2A
I/0, A

09
/09
/07
/07

Port 0.6 GPIO

8051 P0.6 GPIO.

PINT

This pin can be configured as the PINTO or PINT1 pin external interrupt input

MISO

This pin can be configured as SPI MISO I/O.

PWMO

This pin can also be configured as the PWMO output

SSDA2

This pin can be configured as 12CS2 SDA I/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

MSDA

This pin can be configured as 12CM SDA 1/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

KEY6

This pin can be configured as input to touch key controller by setting IOCFGP0.6
ANEN.

ADC6

Thin pin can be configured as input to ADC and PGA by setting IOCFGPO0.6
ANENT.

P0.7

IOCELL2A

10

Port 0.7 GPIO
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PIN
NAME

TYPE

PIN #

DR

I/O, A

/10
/08
/08

8051 P0.7 GPIO.

PINT

This pin can be configured as the PINTO or PINT1 pin external interrupt input

SCK

This pin can be configured as SPI SCK 1/O.

BZOUT

This pin can also be configured as the Buzzer output

SSCL2

This pin can be configured as 12CS2 SCL 1/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

MSCL

This pin can be configured as 12CM SCL I/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

KEY7

This pin can be configured as input to touch key controller by setting IOCFGP0.7
ANEN.

ADC7

Thin pin can be configured as input to ADC and PGA by setting IOCFGPO0.7
ANENT.

P1.0

IOCELL2A
I/0, A

11
11
/09
/09

Port 1.0 GPIO

8051 P1.0 GPIO.

PINT

This pin can be configured as the PINTO or PINT1 pin external interrupt input

MOSI

This pin can be configured as SPI MOSI I/O.

CEX4

This pin can also be configured as the CEX pin for CCP4. CEX is an input for
compare/capture mode, and an output for PWM mode.

RXDO

This pin can also be configured as the receiving input pin for UARTO.

RXD2

This pin can also be configured as the receiving input pin for EUART2.

KEY 8

This pin can be configured as input to touch key controller by setting IOCFGP1.0
ANEN.

ADC8

Thin pin can be configured as input to ADC and PGA by setting IOCFGP1.0
ANENT.

P1.1

IOCELL2A
I/O, A

12
12
/10
/10

Port 1.1 GPIO

8051 P1.1 GPIO.

PINT

This pin can be configured as the PINTO or PINT1 pin external interrupt input

SSN

This pin can be configured as SP1 SSN input.

CEX5

This pin can also be configured as the CEX pin for CCP5. CEX is an input for
compare/capture mode, and an output for PWM mode.

TXDO
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PIN
NAME

TYPE

PIN #

DR

This pin can also be configured as the transmit output pin for UARTO.

TXD2

This pin can also be configured as the transmit output pin for EUART2.

KEY9

This pin can be configured as input to touch key controller by setting IOCFGP1.1
ANEN.

DACOUT

This pin can also be configured as the DAC output by setting IOCFGP1.1 ANEN1.

P1.2

IOCELL2A
I/0, A

Port 1.2 GPIO

8051 P1.2 GPIO.

PINT

This pin can be configured as the PINTO or PINT1 pin external interrupt input

MOSI

This pin can be configured as SPI MOSI I/O.

PWMO

This pin can also be configured as the PWMO output

SSDA2

This pin can be configured as 12CS2 SDA I/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

MSDA

This pin can be configured as 12CM SDA 1/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

KEY10

This pin can be configured as input to touch key controller by setting IOCFGP1.2
ANEN.

ADC9

Thin pin can be configured as input to ADC and PGA by setting IOCFGP1.2
ANENT1.

P1.3

IOCELL2A
I/0, A

14
y—-
y—-
12

Port 1.3 GPIO

8051 P1.3 GPIO.

PINT

This pin can be configured as the PINTO or PINT1 pin external interrupt input

SSN

This pin can be configured as SP1 SSN input.

PWM1

This pin can also be configured as the PWM1 output

SSCL2

This pin can be configured as 12CS2 SCL 1/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

MSCL

This pin can be configured as 12CM SCL 1/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

KEY11

This pin can be configured as input to touch key controller by setting IOCFGP1.3
ANEN.

ADC10
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PIN
NAME

TYPE

PIN #

DR

Thin pin can be configured as input to ADC and PGA by setting IOCFGP1.3
ANENT.

P1.4

IOCELL2A
I/0, A

15
13
11
13

Port 1.4 GPIO

8051 P1.4 GPIO.

PINT

This pin can be configured as the PINTO or PINT1 pin external interrupt input

MISO

This pin can be configured as SPI MISO /0.

BZOUT

This pin can also be configured as the Buzzer output

SSDA2

This pin can be configured as 12CS2 SDA I/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

MSDA

This pin can be configured as 12CM SDA 1/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

KEY12

This pin can be configured as input to touch key controller by setting IOCFGP1.4
ANEN.

CMPA

This pin can be configured as input to analog comparator A by setting IOCFG1.4
ANENT1.

P1.5

IOCELL2A
I/0, A

16
14
n2
14

Port 1.5 GPIO

8051 P1.5 GPIO.

PINT

This pin can be configured as the PINTO or PINT1 pin external interrupt input

SCK

This pin can be configured as SPI SCK /0.

PWM1

This pin can also be configured as the PWM1 output

SSCL2

This pin can be configured as 12CS2 SCL 1/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

MSCL

This pin can be configured as 12CM SCL 1/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

KEY13

This pin can be configured as input to touch key controller by setting IOCFGP1.5
ANEN.

CMPB

This pin can be configured as input to analog comparator B by setting IOCFG1.5
ANENT.

P1.6

IOCELL2A
I/O, A

17
/15
13

Port 1.6 GPIO

8051 P1.6 GPIO.

PINT
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PIN
NAME

TYPE

PIN #

DR

/15

This pin can be configured as the PINTO or PINT1 pin external interrupt input

MOSI

This pin can be configured as SPI MOSI I/O.

PWM1

This pin can also be configured as the PWM1 output

RXDO

This pin can also be configured as the receiving input pin for UARTO.

RXD2

This pin can also be configured as the receiving input pin for EUART2.

KEY14

This pin can be configured as input to touch key controller by setting IOCFGP1.6
ANEN.

CMPC

This pin can be configured as input to analog comparator C by setting IOCFG1.6
ANENT.

P1.7

IOCELL2A
I/0, A

18
/16
n4a
16

Port 1.7 GPIO

8051 P1.7 GPIO.

PINT

This pin can be configured as the PINTO or PINT1 pin external interrupt input

PWMO

This pin can also be configured as the PWMO output

TXDO

This pin can also be configured as the transmit output pin for UARTO.

TXD2

This pin can also be configured as the transmit output pin for EUART2.

KEY19

This pin can be configured as input to touch key controller by setting IOCFGP1.7
ANEN.

CMPEX

This pin can be configured as input to analog comparator external threshold by
setting IOCFG1.7 ANENT1.

P2.0

IOCELL2A
I/0, A

19
n7
y—.
n7

Port 2.0 GPIO

8051 P2.0 GPIO.

MISO

This pin can be configured as SPI MISO I/O.

BZOUT

This pin can also be configured as the Buzzer output

SSDA2

This pin can be configured as 12CS2 SDA I/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

MSDA

This pin can be configured as 12CM SDA 1/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

T1

This pin can be configured as T1 external input

KEY15

This pin can be configured as input to touch key controller by setting IOCFGP2.0
ANEN.

ADC11

Lumissil Microsystems — www.lumissil.com 11
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PIN
NAME

TYPE

PIN #

DR

Thin pin can be configured as input to ADC and PGA by setting IOCFGP2.0
ANENT.

P2.1

IOCELL2A
I/0, A

Port 2.1 GPIO

8051 P2.1 GPIO.

SCK

This pin can be configured as SPI SCK 1/O.

BZOUT

This pin can also be configured as the Buzzer output

SSCL2

This pin can be configured as 12CS2 SCL 1/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

MSCL

This pin can be configured as 12CM SCL I/0. The IOCOFG must also be
configured as Open- Drain and external pull up resistor connecting to VDD is
necessary.

T2

This pin can be configured as T2 external input

KEY16

This pin can be configured as input to touch key controller by setting IOCFGP2.1
ANEN.

ADC12

Thin pin can be configured as input to ADC and PGA by setting IOCFGP2.1
ANENT.

P2.2

IOCELL2A
I/0, A

Port 2.2 GPIO

8051 P2.2 GPIO.

MOSI

This pin can be configured as SPI MOSI I/O.

PWM1

This pin can also be configured as the PWM1 output

RXDO

This pin can also be configured as the receiving input pin for UARTO.

RXD2

This pin can also be configured as the receiving input pin for EUART2.

T2EX Timer 2 Trigger

This pin also can be configured as T2EX signal for Timer 2. T2EX is the Timer 2
trigger input.

KEY17

This pin can be configured as input to touch key controller by setting IOCFGP2.2
ANEN.

ADC13

Thin pin can be configured as input to ADC and PGA by setting IOCFGP2.2
ANENT1.

P2.3

IOCELL
10, A

22
J---
J---
120

Port 2.3 GPIO

8051 P2.3 GPIO.

SSN

This pin can be configured as SPI SSN input.

PWMO

This pin can also be configured as the PWMO output

TXDO

This pin can also be configured as the transmit output pin for UARTO.

Lumissil Microsystems — www.lumissil.com 12
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PIN
NAME TYPE PIN # DR
TXD2
This pin can also be configured as the transmit output pin for EUART2.
T0
This pin can be configured as T0O external input
KEY18

This pin can be configured as input to touch key controller by setting IOCFGP2.3
ANEN.

ADC14

Thin pin can be configured as input to ADC and PGA by setting IOCFGP2.3
ANENT.

VSS G 21:;//123/ Ground connection.
24/20/ Internal Regulator Output. 1.6V ~ 2.0V
VDDC P 16/22 Typical decoupling capacitors of 0.1uF and 10uF should be connected
between VDDC and VSS.
11/ VDD supplies power to I/O buffers as well as analog circuits such as ADC and
VDD P 1/23 comparators. A good decoupling capacitor between VDD and VSS pins is critical
for good performance. VDD ranges from 1.8V to 5.5V
Typically connect a resistor to VDD and a capacitor to VSS.
2/2/ | RSTN is pulled low actively when LVR occurs. The threshold of RSTN is set at
RSTN /o, A 2/24 | 0.3VDD. RSTNis also used for special test mode and writer mode entry.

Reset Low Active.

Note: “P” denotes power supply pins
“G” denotes ground pins. All VSS pins are internally shorted resistively.
“O”, “10”, “A” denotes output only, input/output, and analog types.
“IOCELL2A” denotes IOCELL with two analog inputs
PIN # : TSSOP-24 / TSSOP-20 / TSSOP-16 / QFN-24

Lumissil Microsystems — www.lumissil.com 13
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MEMORY MAP

There are total 256 bytes internal RAM in 1S31CS8969, the same as standard 8052. There are total 1792 bytes
auxiliary RAM allocated in the 8051 extended RAM at 0x0100h — 0x07FFh. Programs can use "MOVX" instruction to
access the XRAM. The 32KB embedded flash occupies the code address space from 0x0000h — Ox7FFFh. The CPU
reset to address 0x7000h. The memory map is shown in the following:

OXFFFFH

0xA000!

0x0000!

RESERVED

XFR
MOVX A, @DPTR

RESERVED

XRAM
MOVX A, @DPTR

|
|
|
|
|
|
|
|
|
|
|
| RESERVED
|
|
|
|
|
|
|
|
|
|

XTFFFH

RESE T—J»{0x7000H

IRAM
MOV A, @R

SFR
MOV A, Direct

IRAM
MOC A, Direct
Or
MOV A, @R

DATA MEMORY
MAP

0x0000!

32K
EMBEDDED
FLASH

CODE MEMORY
MAP

Lumissil Microsystems — www.lumissil.com
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1IS31CS8969

REGISTER MAP SFR(0x80 — OxFF) and XFR (OxA — OXAFFF
The SFR address map maintains maximum compatibilities to most commonly used 8051 like MCU. The

following table shows the SFR address map. Since SFR can be accessed by direct addressing mode, registers of
built-in peripherals that require fast access are mostly located in SFR. XFR is mainly used for on-chip peripheral
control and configurations.

0 1 2 3 4 5 6 7
0XFO B - CLSR CHSR [2CMSA [2CMCR I2CMBUF 2CMTP
0XEO ACC PCACON | CCAP3L CCAP3H CCAPA4AL CCAP4H CCAP5L CCAP5H
0XDO0 PSW PCAMOD | CCAPOL CCAPOH CCAP1L CCAP1H CCAP2L CCAP2H
0XCO0 - - SCON2 - PMR STATUS MCON TA
0XB0 - - CCAPMO | CCAPM1 CCAPM2 | CCAPM3 | CCAPM4 | CCAPM5
0XAO0 P2 SPICR SPIMR SPIST SPIDAT SFIFO2 SBUF2 SINT2
0X90 P1 EXIF WTST DPX CMPST DPX1 - -
0X80 PO SP DPL DPH DPL1 DPH1 DPS PCON

8 9 A B Cc D E F
0XF8 EXIP MDO MD1 MD2 MD3 MD4 MD5 ARCON
0XE8 EXIE CH MXAX - - - - -
0XD8 | WDCON CL DPXR [2CSCON2 | 12CSST2 | I2CSADR1 | I2CSDAT2 | I2CSADR2
0XC8 T2CON B RLDL RLDH TL2 TH2 ADCTTL T34CON
0XB8 IP ADCPGA ADCL ADCH - - - -
0XA8 IE ADCCFG - - T4L T4H T3L T3H
0X98 SCONO SBUFO0 - ESP - ACON - WKMASK
0X88 TCON TMOD TLO TL1 THO TH1 CKCON CKSEL
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REGISTER MAP XFR (0xA000 — OxAFFF
0 1 2 3 4 5 6 7
A000 | REGTRM | IOSCITRM | IOSCVTRM | T5CON T5L T5H T5T XOSCCFG
A010 | LVDCFG LVDTHD | FLSHADM | INTPCT1 INTPCT2 - LVDHYS | COMPCFG
A020 | FLSHCMD | FLSHDAT | FLSHADH | FLSHADL | ISPCLKF | CNTPCTL | CNTPCTH -
A030 |CMPCFGAB|CMPCFGCD| CMPVTHO | CMPVTH1 - - DACL DACH
A040 | IOCFGPO0.0 | IOCFGPO0.1 | IOCFGP0.2 | IOCFGP0.3 | IOCFGP0.4 | IOCFGP0.5 | IOCFGP0.6 | IOCFGPO0.7
A050 |MFCFGPO0.0|MFCFGPO0.1|MFCFGP0.2|MFCFGP0.3|MFCFGP0.4|MFCFGPO0.5|MFCFGP0.6 | MFCFGPO0.7
A060 | IOCFGP2.0 | IOCFGP2.1 | IOCFGP2.2 | IOCFGP2.3 -
A070 |MFCFGP2.0|MFCFGP2.1|MFCFGP2.2|MFCFGP2.3 -
8 9 A B C D E F
A008 - - - - - - -
A018 - - - - - - -
A028 | PIOEDGRO | PIOEDGR1 GPWKCFG -
A038 | PIOEDGFO | PIOEDGF1 - -
A048 | IOCFGP1.0 | IOCFGP1.1 | IOCFGP1.2 | IOCFGP1.3 | IOCFGP1.4 | IOCFGP1.5 | IOCFGP1.6 | IOCFGP1.7
A058 |MFCFGP1.0|MFCFGP1.1|MFCFGP1.2|MFCFGP1.3|MFCFGP1.4|MFCFGP1.5|MFCFGP1.6|MFCFGP1.7
A068 - - - - - - -
A078 - - - - - - -
0 1 2 3 4 5 6 7
A080 - - - - - -
A090 | LINCTRL | LINCNTRH | LINCNTRL | LINSBRH | LINSBRL LININT LININTEN -
AOAOQ - - - - - PCACPS CLRLD CHRLD
A0BO - - - - - - - -
AO0CO
A0DO
AOEO BPINTF BPINTE BPINTC BPCTRL PC5AL PC5AH PC5AT -
AOFO PC1AL PC1AH PC1AT - PC2AL PC2AH PC2AT -
8 9 A B C D E F
A088 | PWMOCFG | PWMODTY | PWM1CFG | PWM1DTY | PWMFG - - -
A098 | DBPCIDL | DBPCIDH | DBPCIDT | DBPCNXL | DBPCNXH | DBPCNXT - -
AOA8
A0B8
A0C8
A0DS8
AOES8 PC6AL PC6AH PCBAT - PC7AL PC7AH PC7AT |SI2CDBGID
AOF8 PC3AL PC3AH PC3AT - PC4AL PC4AH PC4AT STEPCTR-
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0 1 2 3 4 5 6 7
A100 - - - - - - - -
A110 - - - - - - - -
A120 - - - - - - - -
A130 | TKCCFG TKCAFG TKCFFG | TKCATHO | TKCATH1 | TKCATH2 - -
A140 | TKCTMRO | TKCTMR1 | TKCTMR2 - TKCVALO | TKCVAL1 [ TKCVAL2 -
A150 - - - - - - - -
A160 - - - - - - - -
A170 - - - - - - - -

8 9 A B C D E F
A108 - - - - - - - -
A118 - - - - - - - -
A128 BZFRQ | BZFMCFG [BZSNFMCT | BZCFG |BZSNMUTE - - -
A138 | CAPMVFT | CAPMVFH | CAPMVFM | CAPMVFL | CAPMVST | CAPMVSH | CAPMVSM | CAPMVSL
A148 | TKCMVFO | TKCMVF1 | TKCMVF2 TKCMVS0 | TKCMVS1 | TKCMVS2
A158 - - - - - - - -
A168 - - - - - - - -
A178 - - - - - - - -
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1.

Enhan 1- | 1CP
The CPU core is an enhanced version of standard 8051 used by series of ISSI MCU products. The CPU core

is in RISC architecture and maintains binary instruction set compatible with the industry standard 8051. There is
average 10 times performance enhancement in typical applications. The CPU operates at 20-bit addressing space
that allows up to 1M bytes of program and data space for expansion. The CPU includes the following enhanced
features compared with standard 8051:

*

* & o

* & o o

14
14

16-bit LARGE addressing mode and 20-bit FLAT addressing mode control register ACON
Two data pointers DPTR and DPTR1, and additional DPS, DPX, DPX1, MXAX registers for MOVX instruction
8-bit stack pointer for LARGE mode and 16-bit extended stack pointer for FLAT mode control register ESP

Hardware Multiplication and Division Unit (MDU) provides 12 times faster performance using MD[5-0] and
ARCON

Programmable wait state for program space for on-chip flash memory using WTST register
256 Bytes of Direct Data Memory
Enhanced Interrupt Controller allows 15 interrupt sources and 2 priority levels.

Power Saving modes include IDLE mode, Power Management mode (PMM), and STOP mode. The PMM mode
also supports switchback features.

Access Control of critical registers - TA, and TB registers
Eight break pointers allows integration of common IDE

In addition to standard 8051 peripherals, the CPU core also integrates the following peripherals. These peripherals are
in the same CPU clock domain.

* & & o o

Six 8-Bit I/0 ports

30-bit Watch Dog Timer. WDT, WDCON, and CKCON registers

Three 16-bit Timers, TO/T1 and T2. TCON, RLDL, RLDH, TL2, TH2, and T2CON registers
UARTO.

I12C Master Controller. I2CMSA, 12CMCR, I2CMBUF, and I2CMTP registers.

EMBEDDED ON-CHIP
FLASH MEMORTY SRAM
YFR FLASH SRAM
CONTROLLER CONTROLLER 2c
EVIORY MASTER
CONTROL
-
= UART
L ALU
T E 0
5 INTERRUPT
i CONTROL
PROGRAM
SEQUENCER WDT
AND DECODE
Z POWER SFR
£9 MANAGE TIMER
£ © CONTROL PORT e
= 0/1/2/3/4/5/6
CPU CORE

The following sections describe in detail these enhanced features and peripherals. Assuming readers are

familiar with 8051 standard operations and peripherals, the compatible functions is not covered here.

1.1

System Reset
After system reset, all registers resume the default value. The default value is shown in the register

description. The reset conditions include power on/off reset, external RSTN pin being pulled low, low supply voltage
detection reset, and WDT reset. The block diagram illustrating these reset conditions is shown as follows:
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LVD REGISTER

LVREN LR
LVDTH T

1.8V -5.5V L 4 VoD

SCHOTTKY

VDDC

l I 1.8V REGULATOR

VDD<1.6V POR \

VDD VDDC<1.5V / o SYSTEM

¥ RESET

VTH=0.35*VDDC
WDT RESET
0 256 10SC
H— CLK
EXTENSION y 00 O @@ | FPOWERON

L RESET

The power on/off reset (POR) is asserted when VDD is less than 1.6V or VDDC is less than 1.5V. The
external RSTN pin can also generate reset to the device. In typical applications, the RSTN should have a resister (R1)
connected to VDD and a capacitor (C1) to ground. For a system with a hardware reset control, there is usually a
button switch connecting RSTN pin to ground. When the switch is pressed, it causes RSTN to short to ground, and the
device enters reset state. The RSTN logic has a built-in filter that ignores RSTN duration shorter than 5usec. It is,
therefore, recommended that RSTN needs to be actively pulled low for at least 50usec to guarantee a solid reset. The
LVD circuits can detect the main supply voltage level VDD and the threshold can be adjusted. LVD reset is disabled
by default, yet may be enabled by the software. The LVD output can be enabled to generate LVR (Low Voltage
Reset). Both POR and LVR will also forces RSTN low. This ensures a solid and extended reset when the voltage
supply to the internal logic and flash memory is lower than the rated level.

The last reset source is from the watchdog counter (WDT). The WDT reset function is enabled whenever a
system reset occurs, and WDT timeout is set to maximum. It is recommended that all software should keep WDT
enabled to ensure reliable software executions.

The program counter is loaded with 0x07000 after reset. This differs from standard 8051. In typical cases,
0x0F000 starts Calibration and ISP boot codes and then jumps to 0x0000. The clock selection after reset is set to
using internal oscillator automatically. The IOSC is disabled only in STOP and SLEEP modes.

1.2 CPU Registers

ACC (0xEOQ) Accumulator R/W (0x00)

7 6 5 4 3 2 1 0
RD ACCJ7-0]

WR ACC[7-0]

ACC is the CPU accumulator register and is involved in direct operations of many instructions. ACC is bit addressable.
B (0xF0) B Register R/W (0x00)

7 | e | 5 4 | 3 | 2 1 0
RD B[7-0]

WR B[7-0]

B register is used in standard 8051 multiply and divide instructions and also used as an auxiliary register for temporary
storage. B is also bit addressable.

PSW (0xD0) Program Status Word R/W (0x00)

7 6 5 4 3 2 1 0
RD CcY AC FO RS1 RSO oV ub
WR CcY AC FO RS1 RSO ov ub P
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cY Carry Flag

AC Auxiliary Carry Flag (BCD Operations)

FO General Purpose

RS1,RS0 Register Bank Select

ov Overflow Flag

ub User Defined (reserved)

P Parity Flag

SP (0x81) Stack Pointer R/W (0x00)
7 6 5 4 3 2 1 0

RD SP[7-0]
WR SP[7-0]

PUSH will result ACC to be written to SP+1 address. POP will load ACC from IRAM with the address of SP.
ESP (0x9B) Extended Stack Pointer R/W (0x00)

7 6 5 4 3 2 1 0

RD ESP[7-0]

WR ESP[7-0]

In FLAT address mode, ESP and SP together form a 16-bit address for stack pointer. ESP holds the higher byte of
the 16-bit address.
1.3 Addressing Mode and Memory Operations

The LARGE mode, addressing mode is compatible with standard 8051 in 16-bit address. FLAT mode extends
the program address to 20-bit and expands the stack space to 16-bit data space. The data space is always 16-bit in
either LARGE or FLAT mode.

ACON (0x9D) R/W (0x00) TA

7 6 5 4 3 2 1 0
RD - - - - DPXREN SA AM1 AMO
WR - - - - DPXREN SA AM1 AMO
ACON is addressing mode control register.
DPXREN DPXR Register Control Bit.

If DPXREN is 0, “MOVX, @Ri” instruction uses P2 (0xAO0) register and XRAM Address [15-

8]. If DPXREN is 1 DPXR (0xDA) register and XRAM Address [15-8] is used .
SA Extended Stack Address Mode Indicator. This bit is read-only.

0 — 8051 standard stack mode where stack resides in internal 256-byte memory

1 — Extended stack mode. Stack pointer is ESP:SP in 16-bit addressing to data space.
AM1, AMO AM1 and AMO Address Mode Control Bits

00 — LARGE address mode in 16-bit

1x — FLAT address mode with 20-bit program address

DPXR (0xDA) R/W (0x00)

7 | e | 5 4 | 3 | e 1 0

RD DPXR[7-0]

WR DPXR[7-0]

DPXR][7-0] is used to replace P2[7-0] for high byte of XRAM address for "MOVX, @R1” or "MOVX, @R0” when
DPXREN=1.

The clock speed of an MCU with embedded flash memory is usually limited by the access time of on-chip
flash memory. While in modern process technology, the CPU can operate up to 100MHz to 200MHz, but the access
time of flash memory is usually around 20 nanoseconds and thus limiting the clock rate to lower than 50MHz. To
alleviate this problem, a programmable wait state function is incorporated to allow faster CPU clock rate however
slower embedded flash memory. The wait state is controlled by WTST register as shown in the following,
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WTST (0x92) R/W (0x07)
7 6 5 4 3 2 1 0
RD - - - - WTST3 WTST2 WTST1 WTSTO
WR - - - - WTST3 WTST2 WTST1 WTSTO
WTST is wait state register that controls the program access wait state only.
WTSTI[3-0] Wait State Control register. WTST sets the wait state in CPU clock period
WTST3 WTST2 WTSTH1 WTSTO Wait State Cycle
0 0 0 0 1
0 0 0 1 2
0 0 1 0 3
0 0 1 1 4
0 1 0 0 5
0 1 0 1 6
0 1 1 0 7
0 1 1 1 8
1 0 0 0 9
1 0 0 1 10
1 0 1 0 11
1 0 1 1 12
1 1 0 0 13
1 1 0 1 14
1 1 1 0 15
1 1 1 1 16

The default setting of the program wait state register after reset is 0x07 and the software must initialize the setting to
change the wait state setting. For typical embedded flash, the read access time is specified as 40 nsec. Therefore the
user should set the WTST register according to the SYSCLK frequency. For example, using a SYSCLK of 4MHz, the
WTST can be set to minimum because one clock period is 250 nsec which is longer than the embedded flash access
time. If SYSCLK is above 16MHz, then WTST should be set higher than 1 to allow enough read access time.

1.4 Dual Data Pointers and MOVX operations

In standard 8051/8052, there is only one data pointers DPH:DPL to perform MOVX. The enhanced CPU
provides 2™ data pointer DPH1:DPL1 to speed up the movement, or copying of data block. The active DPTR is
selected and operation of DPTR is controlled by setting DPS (Data Pointer Select) register. Through the control DPS,
efficient programming can be achieved.

DPS (0x86) R/W (0x00)

7 6 5 4 3 2 1 0
RD ID1 IDO TSL - - - - SEL
WR ID1 IDO TSL - - - - SEL
ID[1:0] Define the operation of Increment/Decrement functions of selected DPTR for INC DPTR
instruction is executed.
ID1 IDO SEL=0 SEL=1

0 0 INC DPTR INC DPTRH1

0 1 DEC DPTR INC DPTRH1

1 0 INC DPTR DEC DPTR1

1 1 DEC DPTR DEC DPTR1

TSL

Enable toggling selection of DPTR selection. When this bit is set, the selection of DPTR is
toggled when DPTR is used in an instruction and executed.
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SEL

DPTR selection bit. Set to select DPTR1, and clear to select DPTR. SEL is also affected by

the state of ID[1:0] and TSL after DPTR is used in an instruction. When read, SEL reflects
the current selection of command.

DPL (0x82) Data Pointer Low R/W (0x00)

7 6 5 4 3 2 1 0
RD DPL[7-0]
WR DPL[7-0]
DPL register holds the low byte of data pointer, DPTR.
DPH (0x83) Data Pointer High R/W (0x00)
7 | e | s | 4 | 3 | 2 1 0
RD DPH[7-0]
WR DPH[7-0]
DPH register holds the high byte of data pointer, DPTR.
DPL1 (0x84) Extended Data Pointer Low R/W (0x00)
7 6 5 4 3 2 1 0
RD DPL1[7-0]
WR DPL1[7-0]
DPL1 register holds the low byte of extended data pointer 1, DPTR1.
DPH1 (0x85) Extended Data Pointer High R/W (0x00)
7 6 5 4 3 2 1 0
RD DPH1[7-0]
WR DPH1[7-0]

DPH1 register holds the high byte of extended data pointer 1, DPTR1.
DPX (0x93) Data Pointer Top R/W (0x00)

7

6

5

| 3 | 1 0

RD

DPX[7-0]

WR

DPX[7-0]

DPX is used to provide top 8-bit address of DPTR when address above 32KB. The lower 16-bit address is formed by
DPH and DPL. Since IS31CS8969 only has on-chip data RAM space, DPX value has no effect.

DPX1 (0x95) Extended Data Pointer Top R/W (0x00)

7

6

5

| 3 | 1 0

RD

DPX1[7-0]

WR

DPX1[7-0]

DPX1 is used to provide top 8-bit address of DPTR when address above 32KB. The lower 16-bit address is formed
by DPH and DPL. Since 1S31CS8969 only has on-chip data RAM space, DPX value has no effect.

MXAX (OxEA) MOVX Extended Address Register R/W (0x00)

7

6

5

4

| 3 | 1 0

RD

MXAX[7-0]

WR

MXAX[7-0]

MXAX is used to provide top 8-bit address for an “MOVX @R0” or “MOVX @R1” instruction. The lower 16-bit address
is formed by P2 and RO/R1 (if DPXREN=0), or formed by DPXR and RO/R1 (if DPXREN=1).
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MCON (0xC6) XRAM Relocation Register R/W (0x00) TA Protected

7 6 5 4 3 2 1 0
RD MCONJ7-0]

WR MCONJ7-0]

MCON holds the starting address of XRAM in 4KB steps. For example, if MCON[7-0]=0x01, the starting address is
0x001000h. MCON is not meaningful in IS31CS8969 because it only contains on-chip XRAM and MCON should not
be modified from 0x00.

When accessing XRAM using “MOVX, @DPTR?” instruction, the address of XRAM access is formed by
DPHi:DPLi depending on which data pointer is selected. Another form of MOVX instruction is “MOVX, @Ri”. This
instruction provides an efficient programming method to move content within a 256-byte data block. In “@RI”
instruction, the XRAM address [15-7] can be derived from two sources. If ACON.DPXREN = 0, the high order address
[15-8] is from P2 (0xAO0), if ACON.DPXREN = 1, the high order address is from DPXR (0xDA) register.

The maximum addressing space of XRAM is up to 16MB thus requiring 24-bit address. For “MOVX, @DPTR”,
the XRAMADDR [23-16] is from either DPX (0x93) or DPX1 (0x95) depending on which data pointer is selected. For
“‘MOVX, @Ri”, the XRAMUADDR [23-16] is from MXAX (OxEA) register.

1.5 Interrupt System

The CPU implements an enhanced Interrupt Control that allows total 15 interrupt sources and each with two
programmable priority levels. The interrupts are sampled at rising edge of SYSCLK. If interrupts are present and
enabled, the CPU enters interrupt service routine by vectoring to the highest priority interrupt. Of the 15 interrupt
sources, 7 of them are from CPU internal integrated peripherals, 6 of them are for on-chip external peripherals, and 2
of them are used for external pin interrupt expansion. When an interrupt is shared, the interrupt service routine must
determine which source is requesting the interrupt by examining the corresponding interrupt flags of sharing
peripherals.

The following table shows the interrupt sources and corresponding interrupt vectors. The Flag Reset column
shows whether the corresponding interrupt flag is cleared by hardware (self-cleared) or software. Please note the
software can only clear the interrupt flag but not set the interrupt flag. The Natural Priority column shows the inherent
priority if more than one interrupts are assigned to the same priority level. Please note that the interrupts assigned with
higher priority levels always get serviced first compared with interrupts assigned with lower priority levels regardless of
the natural priority sequence.

Interrupt Peripheral Source Description Vectors FLAG RESET Natural Priority
PINTO Expanded Pin INT0.x 0x03 Software 1
TFO Timer 0 0x0B Hardware 2
PINT1 Expanded Pin INT1.x 0x13 Software 3
TF1 Timer 1 0x1B Hardware 4
TIO/RIO UARTO 0x23 Software 5
TF2 Timer 2 0x2B Software 6
TI2/RI2 EUARTZ2/LIN 0x33 Software 7
2CM [2C Master 0x3B Software 8
INT2 LVT/LVT18 0x43 Software 9
INT3 gz2S:Eafh?;/rBuzzer/Touch_Key/ 0x4B Software 10
INT4 ADC 0x53 Software 11
WDIF Watchdog 0x5B Software 12
INT6 PCA/CAPP/PWM16 0x63 Software 13
INT7 SPI/12CS2 0x6B Software 14
INT8 Timer 3/Timer 4/Timer 5 0x73 Software 15
BKP Break Point 0x7B Software 0
DBG 12CS Debug 0x83 Software 0

In addition to the 15 peripheral interrupts, there are two highest priority interrupts associated with debugging
and break point. DBG interrupt is generated when I12C slave is configured as a debug port and a debug request from
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the host matches the debug ID. BKP interrupt is generated when break point match condition occurs. DBG has
higher priority than BKP. The BKP and DBG interrupts are not affected by global interrupt enable, EA bit, IE reigster
(OxAS8).

The following diagram shows the interrupt sources and the expanded pin interrupts

Lumissil Microsystems — www.lumissil.com 24
Rev. A, 7/5/2019



tLUMISSIL

MICROSYSTEMS

A Division of [33]

—PINT1EN_PO(MFCFGP00-07[1])—

—PINOO~PINO7—[——EDGE

——IEI7] (EA)
—IEI0] (EINTO):
TCON[1] (IEO)

—PINOITEN(RMCFG[3:0])—

—PINT1EN_P1(MFCFGP10-17[1])—]
—PIN10~PIN17—}——EDGE:

Interrupt to [ 0x03 ]

Interrupt to [ Ox0B ]

—pPIN1ITEN(RMCFGI3:0])—

—IEI71 (EA):_|:>
——IE11 (ETO)
[»}—TCON[5] (TFO)

—PINT1EN_PO(MFCFGP00-07[2])—
—PIN00~PINO7—[}——EDGE

Interrupt to [ 0x13 ]

——IEI71 (EA)
—IEI2] (EINT1)
TCON[3] (IE1)

—PINOITEN(RMCFG[3:0])—

—PINT1EN_P1(MFCFGP10-17[2])—
—PIN10~PIN17—[»}——EDGE

Interrupt to [ 0x1B ]

——IEI71 (EA)
——IEI31 (ET1)
[=»}—TCON[7] (TF1)

—PIN1ITEN(RMCFG[3:0])—

Interrupt to [ 0x23 ] .

—EqE— )
— | J

SCONOI0] (RIO)—
SCONO[1] (TIO)—} )

Interrupt to [ 0x2B ] .

——IEI71 (EA)
——IEI51 (ET2)
[CB}-T2CON[7] (TF2)

Interrupt to [ 0x33 ] .

=)
— L/

SCON1[0] (RI1)—
SCON1[1] (TI1)—§ )

Interrupt to [ 0x3B ]

—IEI71 (EAY
—EXIEI0}
[BH-EXIF[0] (I2CMIF)

Interrupt to [ 0x43 ] .

—exetENd )
—LVDCFGI[5] (LVTEN !
[—LVDCFG[0] (LvnF):DiExwm (INT2F)

——CMPCFGABIS5] (INTENA)
[B}———COMST[4] (CMPIFA)

—CMPCFGABI1] (INTENB)
[———COMST[5] (CMPIFB)

——CMPCFGCDI5I1 (INTENC)

——IEI[71 (EA)

CB—CoMST6] (CMPIFC)—_D_I_
—CMPCFGCDI1] (INTEND)
[C——COMST[7] (CMPIFD)
—BZCFGI61 (SNENDE)
[C——B2CFa[1] (BZIFy
—_RMCFG[6] (LOWWKUPEN)
B —RMCFGI6] (LOWWKUP)

——RMCFGI71 (HIGHWKUPEN)

[»—RMCFG[7] (HIGHWKUP)

—TKCCFGI21 (TKINTEN)
[CB}—TKCCFG[1] (TKINTF)

Interrupt to [ 0x4B ]

Interrupt to [ 0x53 ]

——IEI71 (EA)
—EXIEI31 (EINT4)
EXIF[3] (INTAF)

—ADCCFG[6] (ADCINTE)
[ —ADCCTL[1] (ADCIF)

——PWMFG[3] (PWMOINTE)

Interrupt to [ 0x5B ]

—IEI71 (EA)—:|:>
—EXIE[4] (EWDI):
[»}-WDCON[3] (WDIF)

=}—PWMFG[7] (PWMOFG)

—PWMFGI2] (PWM1INTE
CB—PWMFG[6] (PWM1FG}

——IEI7] (EAY
—EXIE[5] (EINT6

——PCAMODI2] (ECF)
[——PCACON[7] (CFY

—PCAMODI11 (CIFEN)
[——PCACON[8] (CIF)

—CCAPMOI01 (ECCF)
[»}——CCON[0] (CCFOy)

—CCAPMA1[01 (ECCF)
[B}——CCON[1] (CCF1)

—CCAPM2I01 (ECCF)
[B}——CCONJ2] (CCF2)

—CCAPMB3[01 (ECCF)
[B}——CCONJ3] (CCF3)

—CCAPMA4[0] (ECCF)
[»}——CCON[4] (CCF4)

—CCAPMS5[01 (ECCF)
[CB}——CCONJ5] (CCF5)

——SPICRI71 (SPIE)
[B——SPIST[7] (SPIINT)

——IEI71 (EA)
—EXIE[6] (EINT7),

Interrupt to [ 0x63 ]

Interrupt to [ Ox6B ]

——I12CSCON2I61 (EADDRMI)
[B———12CSST2[6] (ADDRMI)
——12CSCON1(5] (ESTOPI)
[B———I2CSST2[5] (STOPI)
—I2CSCON1[4] (ERPSTARTI)
[CB——12CSST2[4] (RPSTARTI)
——12CSCON2I31 (ETXBI)
[B———12CSST2[3] (TXBI)
——I12CSCON2[21 (ERCBI)
[B———12CSST2[2] (RCBI)

T34CONIOI (T3IEN)
[CB}———T34CON[3] (TF3)

Interrupt to [ 0x73 ]

e ] )
— L/

—T5CONIOI (T5IEN)
[»——T5CON[7] (T5F)

—BZCFGI6] (SNENDE)
[»}——BZCFG[1] (SSINTF)

T34CON[4] (T4IEN):D_I_
[CB}——T34CON([7] (TF4)
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The interrupt related registers are listed in the following. Each interrupt can be individually enabled or disabled by
setting or clearing corresponding bits in IE, EXIE and integrated peripherals’ control registers.

IE (0xA8) R/W (0x00)

7 6 5 4 3 2 1 0

RD EA ES2 ET2 ESO ET1 PINT1EN ETO PINTOEN
WR EA ES2 ET2 ESO ET1 PINT1EN ETO PINTOEN

EA Global Interrupt Enable bit.

ES2 LIN-capable 16550-like UART2 Interrupt Enable bit.

ET2 Timer 2 Interrupt Enable bit.

ESO UARTO Interrupt Enable bit.

ET1 Timer 1 Interrupt Enable bit.

PINT1EN Pin PINT1.x Interrupt Enable bit.

ETO Timer O Interrupt Enable bit.

PINTOEN Pin PINTO.x Interrupt Enable bit.

EXIE (0xE8) R/W (0x00)
7 6 5 4 3 2 1 0

RD EINT8 EINT7 EINT6 EWDI EINT4 EINT3 EINT2 ElI2CM
WR EINT8 EINT7 EINT6 EWDI EINT4 EINT3 EINT2 ElI2CM

EINT8 Timer 3/4/5 Interrupt Enable bit.

EINT7 SPI and I2C Slave Interrupt Enable bit.

EINT6 PCA and PWM Interrupt Enable bit.

EWD1 Watchdog Timer Interrupt Enable bit.

EINT4 ADC Interrupt Enable bit.

EINT3 Analog Comparator, Buzzer, Touch Key and Remote filter Interrupt Enable bit.

EINT2 Low Voltage Detection Interrupt Enable bit.

EI2CM I2C Master Interrupt Enable bit.

Each interrupt can be individually assigned to either high or low. When the corresponding bit is set to 1, it indicates it
is of high priority.

IP (0xB8) R/W (0x00)

7 6 5 4 3 2 1 0

RD - PS2 PT2 PSO PT1 PX1 PTO PXO0
WR - PS2 PT2 PSO PT1 PX1 PTO PXO0

PS2 LIN-capable 16550-like UART2 Priority bit.

PT2 Timer 2 Priority bit.

PSO UART 0 Priority bit.

PTA Timer 1 Priority bit.

PX1 Pin Interrupt INT1 Priority bit.

PTO Timer O Priority bit.

PX0 Pin Interrupt INTO Priority bit.

EXIP (0xF8) R/W (0x00)
7 6 5 4 3 2 1 0

RD EINT8 EINT7 EINT6 EWDI EINT4 EINT3 EINT2 El2CM
WR EINT8 EINT7 EINT6 EWDI EINT4 EINT3 EINT2 El2CM

EINT8 INT8 Timer 3/4/5 Priority bit.

EINT7 INT7 SPI and I2C Slave Priority bit.

EINT6 INT6 PCA and PWM Priority bit.

EWDI Watchdog Priority bit.

EINT4 INT4 ADC Priority bit.

EINT3 INT3 Analog Comparator, Buzzer, Touch Key and Remote filter Priority bit.

EINT2 INT2 Low Voltage Detection Priority bit.

EI2CM [2C Master Priority bit.
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EXIF (0x91) R/W (0x00)

7 6 5 4 3 2 1 0

RD INT8F INT7F INT6F - INT4F INT3F INT2F [2CMIF
WR - - - - - - - [2CMIF

INT8F INT8 Timer 3/4/5 Interrupt Flag bit

INT7F INT7 SPI and I2C Slave interrupt Flag bit

INT6F INT6 PCA and PWM Interrupt Flag bit

INT4F INT4 ADC Interrupt Flag bit

INT3F INT3 Analog Comparator, Buzzer, Touch Key and Remote filter Interrupt Flag bit

INT2F INT2 Low Voltage Detection Interrupt Flag bit

[2CMIF I2C Master Interrupt Flag bit. This bit must be cleared by software

o Writing to INT2F to INT8F has no effect.

The interrupt flag of internal peripherals are stored in the corresponding flag registers in the peripheral and EXIF
registers. These peripherals include TO, T1, T2, and WDT. Therefore to clear the interrupt flags the software needs to
clear the corresponding flags located in the peripherals (for TO, T1, and T2, and WDT). For 12CM, the interrupt flag is
located in the EXIF register bit 2CMIF. This needs to be cleared by software.

INT2 to INT8 are used to connect to the external peripherals. INT2F to INT8F are direct equivalents of the
interrupt flags from the corresponding peripherals. These peripherals include RTC, I12Cs, PCA, ADC, etc.

PINTO and PINT1 are used for external GPIO pin Interrupts. All GPIO pin can be enabled to generate the
PINTO or PINT1 depending on its MFCFG register setting. Each GPIO pin also contains the rising/falling edge
detections and either or both edges can be used for interrupt triggering. The same signaling can be used for
generating wake-up.

TCON (0x88) R/W (0x00)

7 6 5 4 3 2 1 0
RD TF1 TR1 TFO TRO PINT1F PINT1EG PINTOF PINTOEG
WR TF1 TR1 TFO TRO PINT1F PINT1EG PINTOF PINTOEG

TF1 Timer 1 Interrupt Flag bit. TF1 is cleared by hardware when entering the interrupt routine.
TF1 can also be cleared by software.

TR1 Timer 1 Run Control bit. Set to enable Timer 1, and clear to disable Timer 1.

TFO Timer O Interrupt Flag bit. TFO is cleared by hardware when entering the interrupt routine.
TF1 can also be cleared by software.

TRO Timer 0 Run Control bit. Set to enable Timer 0, and clear to disable Timer 0.

PINT1F Pin INT1 Interrupt Flag bit. PINT1F is set to 1 by hardware when pin interrupt occurs. This
must be cleared by software.

PINT1EG Pin Interrupt 1 Edge or Level Setting. PINT1EG=0 use level interrupt, and PINT1EG=1 use
edge interrupt. In current implementations, PINT1EG must be set to 0 to ensure capture of
interrupt.

PINTOF Pin INTO Interrupt Flag bit. PINTOF is set to 1 by hardware when pin interrupt occurs. This
must be cleared by software.

PINTOEG Pin Interrupt 0 Edge or Level Setting. PINTOEG=0 use level interrupt, and PINTOEG=1 use
edge interrupt. In current implementations, PINTOEG must be set to 0 to ensure capture of
interrupt.
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1.6  Register Access Control

One important aspect of the embedded MCU is its reliable operations under a harsh environment. Many
system failures results from the accidental loss of data or changes of critical registers that may lead to catastrophic
effects. The CPU provides several protection mechanisms, which are described in this section.

TA (0xC7) Time Access A Control Register2 WO xxxxxxx0

7

6

5

4

3

0

RD

TASTAT

WR

TA Register

TA access control emulates a ticket that must be purchased before modifying a critical register. To modify or write into
a TA protected register, TA must be accessed in a predefined sequence to obtain the ticket. The ticket is used when
an intended modification operation is done to the TA protected register. To obtain the next access a new ticket must
be obtained again by performing the same predefined sequence on TA. TA does not limit the read access of the TA
protected registers. The TA protected register includes WDCON (0xD8), MCON (0xC6), and ACON (0x9D) registers.
The following predefined sequence is required to modify the content of MCON.

MOV TA, #0xAA;

MOV TA, #0x55;

MOV MCON, #0x01;
Once the access is granted, there is no time limitation of the access. The access is voided if any operation is
performed in TA address. When read, the bit of TA indicates whether TA is locked or not (1 indicates “unlock” and 0
indicates “lock”).

TB (0xC9) Time Access B Control Register2 R/W (0x00)

7

6

5

4

3

0

RD

TBSTAT

WR

TB Register

TB access control functions are similar to TA control, except the ticket is for multiple uses with a time limit.
Once access is granted, the access is open for 256 clock periods and then expires. The software can also read TB
address to obtain the current TB status. The TB protected registers include two SFR registers, CKSEL (0x8F) and
WKMASK (0x9F), and twelve XFR registers lodging REGTRM (0xA000), IOSCITRM (0xA001), IOSCVTRM (0xA002),
XOSCCFG (0xA007), LVDCFG (0xA010), LVDTHD (0xA011), LVDHYS (0xA016), CNTPCTL (0xA025), CNTPCTH
(0xA026), INTPCT1 (0xA013), INTPCTZ2 (0xA014), BPINTE (0xAOE1), and SI2C_DebugID (0xAQEF). To modify
registers with TB protection, the following procedure must be performed.

MOV TB, #0xAA
MOV TB, #0x55

This action creates a timed window of 256 SYSCLK periods to allow write access of these TB protected registers. If
any before-mentioned sequences are repeated before the 128 cycles expires, a new 128 cycles is extended. The
current 256 cycles can be terminated immediately by writing #0x00 to TB registers, such as

MOV TB, #0x00

It is recommended to terminate the TB access window once the user program finishes the modifications of TB
protected registers.

Because TA and TB are critical reassurance of the reliable operation of the MCU that prevents accidental
hazardous uncontrollable modifications of critical registers, the operation of these two registers should bear extreme
cautions. It is strongly advised that these two registers should be turned on only when needed.. Both registers use
synchronous CPU clock, therefore it is imperative that any running tasks of TA and TB should be terminated before
entering IDLE mode or STOP mode. Both modes turn off the CPU clock and if TA and TB are enabled, they stay
enabled until the CPU clock resumes thus may create vulnerabilities for critical registers.

Another reliability concern of embedded Flash MCU is that the important content on the Flash can be
accidentally erased. This concern is addressed by the content protection in the Flash controller.
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1S31CS8969

1.7 Clock Control and Power Management Modes

This section describes the clock control and power saving modes of the CPU and its integrated peripherals.
The settings are controlled by PCON (0x87) and PMR (0xC4) registers. The register description is defined as following.

PCON (0x87) R/W (0x00)

7

6

5

4

3

2

1

0

RD

SMODO

WR

SMODO

SLEEP STOP IDLE

SMODO0

SLEEP

STOP

IDLE

UART 0 Baud Rate Control. This is used to select double baud rate in mode 1, 2 or 3 for
UARTO using Timer 1 overflow. This definition is the same as standard 8051.

Sleep Mode Control Bit. When this bit and the Stop bit are set to 1, the clock of the CPU and
all peripherals is disabled and enters SLEEP mode. The SLEEP mode exits when non-
clocked interrupts or resets occur. Upon exiting SLEEP mode, Sleep bit and Stop bit in
PCON is automatically cleared. In terms of power consumption, the following relationship
applies: IDLE mode > STOP mode > SLEEP mode. In essence, SLEEP mode is the same
as STOP mode, except it also turns off the band gap and the regulator. It uses a very low
power back-up regulator (< 5uA). When waking up from SLEEP mode, it takes longer time
(< 64 10SC clock cycles, compared with STOP mode) because the regulator requires more
time to stabilize.

Stop Mode Control Bit. The clock of the CPU and all peripherals is disabled and enters
STOP mode if the Sleep bit is in the reset state. The STOP mode can only be terminated by
non-clocked interrupts or resets. Upon exiting STOP mode, Stop bit in PCON is
automatically cleared.

Idle Bit. If the IDLE bit is set, the system goes into IDLE mode. In Idle mode, CPU clock
becomes inactive and the CPU and its integrated peripherals such as WDT, T0/T1/T2, and
UARTO arrest. But the clocks of external peripherals and CPU like PCA, ADC, LIN-capable
16550-like UART2, SPI, T3, I2C slave and the others are still active. This allows the
interrupts generated by these peripherals and external interrupts to wake the CPU. The exit
mechanism of IDLE mode is the same as STOP mode. Idle bit is automatically cleared at
the exit of the IDLE mode.

PMR (0xC4) R/W (010xxxxXx)

7

6 5 4 3 2 1 0

RD

CD1

CDO SWB - - - - -

WR

CD1

CDO SWB - - - - -

CD1, CDO

SWB

Clock Divider Control bit. These two bits control the entry of PMM mode. When CD0=1