CMOSTEK

CMT2380F16

Ultra Low Power Sub-1GHz RF-SoC

MCU Features

= 1-T 80C51 Central Processing Unit
= 16 kB Flash ROM:
-AP Flash default mapping(13.5 kB, 0000h~35FFh)
-|AP Flash default mapping(1.0 kB, 3600h~39FFh)
-ISP memory zone (1.5 kB, 3A00h~3FFFh)
= 1 kB Data RAM
-On-Chip 256 bytes scratch-pad RAM
-768 bytes expanded RAM(XRAM)
-Support page select on XRAM access
= On-Chip-Debug interface (OCD)
= Maximum 25 GPIOs
=  Multiple power modes: idle mode, power-down mode,
slow mode, sub-clock mode, RTC mode, watch mode
and monitor mode
-All interrupts can wake up IDLE mode
-10 Sources to wake up Power-Down mode
-Slow mode and sub-clock mode support low speed
MCU operation
-RTC mode supports RTC to resume CPU in power
down
-Watch mode supports WDT to resume CPU in power
down
-Monitor mode supports BOD1 to resume CPU in power
down
=  Operation frequency range: 32 MHz(max)
-External crystal mode, 0-12 MHz @ 1.8-3.6 V, 0-25
MHz @ 2.7-3.6 V
-CPU up to 12MHz @ 1.8-3.6 V, and 25 MHz @ 2.2-3.6
\Y
-CPU up to 32MHz @ 2.7V-3.6V with on-chip CKM
=  Dual data pointer
= Interrupt controller
-14 sources, four-level-priority interrupt capability
-Three external interrupt, nINT0/1/2, with glitch filter
-All external interrupt support High/Low Level or
Rising/Falling edge trigger
=  10-Bit Single-ended ADC, with 1Msps

RF Features

=  Frequency range: 127 - 1020 MHz

(G)FSK, (G)MSK, OOK

= DataRate: 0.5-300 kbps

= Sensitivity:  -121 dBm @ 434 MHz, FSK

= Rxcurrent: 85mA@ 434 MHz, FSK

=  Txcurrent: 72 mA @ 20 dBm, 434 MHz

=  Configurable packet handler and 64-Byte FIFO
= \oltagerange: 1.8-3.6V

=  Modem:

*  Operating Temperature: -40 — 85°C
= QFN48 6mmx6mm

Applications

=  Automatic meter reading (AMR)

= Home security and building automation
= |SM band data communication

= Industrial monitoring and control

= Remote control and security system

= Remote key entry

= Wireless sensor node

= Taa reader

Descriptions

CMT2380F 16 is an ultra-low power, high performance,
OOK/(G)FSK RF-SoC, integrated with enhance 1-T
80C51 CPU, and an ultra-low power, high performance,
OOK (G) FSK RF transceiver. CMT2380F16 operates
from 1.8 to 3.6 V, up to +20 dBm Tx power and -121
dBm sensitivity, only 72 mA Tx current and 8.5 mA Rx
current. It also include more peripheral, support enhance
UART, 12C and SPI interface, up to 25 IO, support IHRC,
ILRC, 32.768 kHz Ext. Crystal, supports a variety of
packet formats and codec methods, up to 64-byte Tx/Rx
FIFO, Duty-Cycle  operation mode, channel
sensing, high-precision RSSI, low-voltage detection,
power-on reset, low frequency clock output, manual fast

frequency hopping, squelch and etc.
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Table 1. CMT2380F16 Resource list
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Figure 2. CMT2380F16Typical application schematic diagram
(+20 dBm Tx Output Power, with RF antenna switch)

Table 2. +20dBm application BOM

Values
Descriptions Supplier
434 MHz 868 / 915 MHz
c1 | 5%, 0402 NPO, 50 V 15 15 pF -
c2 | 5%, 0402 NPO, 50 V 10 3.9 pF -
Cc3 | 5%, 0402 NP0, 50 V 8.2 2.7 pF -
C4 | 5%, 0402 NPO, 50 V 8.2 2.7 pF -
c5 | 5%, 0402 NPO, 50 V 220 220 pF -
c6 | 5%, 0402 NPO, 50 V 4.7 2 pF -
c7 | 5%, 0402 NPO, 50 V 47 2 pF -
c8 | 5%, 0402 NPO, 50 V 220 220 pF -
C9 | 5%, 0402 NPO, 50 V 220 220 pF -
C12 | 5%, 0402 NPO, 50 V 470 pF -
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Values
Descriptions Unit Supplier
434 MHz 868 /915 MHz
C13 | ¥20%, 0402 X7R, 25 V 2.2 nF }
C14 | #20%, 0603 X7R, 25V 47 uF -
Cc15 | ¥5%, 0402 NPO, 50 V 27 pF -
c16 | 5%, 0402 NPO, 50 V 27 pF -
c17 | ¥5%, 0402 NPO, 50 V 10 pF -
c18 | 5%, 0402 NPO, 50 V 10 pF -
Cc19 | ¥20%, 0402 X7R, 25V 100 nE
C20 | +20%, 0603 X7R, 25V 4.7 uF
C21 | #20%, 0402 X7R, 25V 100 nE
Cc22 | 5%, 0402 NPO, 50 V 470 pF
L1 +10%, 0603 Multilayer chip inductor 180 100 nH Sunlord SDCL
L2 | £10%, 0603 Multilayer chip inductor 27 6.8 nH Sunlord SDCL
L3 | £10%, 0603 Multilayer chip inductor 18 12 nH Sunlord SDCL
L4 +10%, 0603 Multilayer chip inductor 33 22 nH Sunlord SDCL
L5 | £10%, 0603 Multilayer chip inductor 15 10 nH Sunlord SDCL
L6 | £10%, 0603 Multilayer chip inductor 27 12 nH Sunlord SDCL
L7 | x10%, 0603 Multilayer chip inductor 27 12 nH Sunlord SDCL
L8 | x10%, 0603 Multilayer chip inductor 68 18 nH Sunlord SDCL
Y1 | +10 ppm, SMD32*25 mm 26 MHz EPSON
CMT2380F16, Ultra-low power
YT | sub-1GHz RF-S0C i ) ) CMOSTEK
U2 | AS179, PHEMT GaAs IC SPDT Switch - - SKYWORKS
R1 | +5%, 0402 22 kQ -
R2 | +5%, 0402 2.2 kQ -
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1 Electrical Characteristics

Vpp= 3.3V, Top= 25 °C, Frr = 433.92 MHz, the sensitivity is measured by receiving a PN9 coded data and matching the
impedance to 50Qunder the 0.1% BER standard.Unless otherwise stated, all results are tested on the CMT2380F 16 evaluation
board.

1.1 Recommended Operation Condition

Parameter Condition
Vbp-RF 1.8 3.6 \%
Vop1-Mcu XTAL Operating Speed 0-24MHz 2.7 3.6 \
Vopz-mcu | XTAL Operating Speed 0-12MHz 2.0 3.6 V
Operating Power Voltage
Vops-mcu | CPU Operating Speed 0-32MHz 2.7 3.6 \%
Vopsa-mcu | CPU Operating Speed 0-24MHz 2.2 3.6 \%
Vops.imcu | CPU Operating Speed 0-12MHz 1.8 3.6 \%
Operating temperature Top -40 85 C
Power-on Slop Rate of RF VRe-PSR 1 mV/us
Power-on Slop Rate of MCU Vmcu-psr 50 mV/us
Power-on Reset Valid Voltage | Vwmcu-por 0.1 \%

1.2 Absolute Maximum Rating

Parameter ‘ Symbol Condition Min. Max. Unit

Power Voltage Vb -0.3 3.6 V
Interface Voltage Vin -0.3 3.6 \%
Junction Temperature T, -40 125 C
Storage Temperature Tste -50 150 C
Soldering Temperature Tsor gz /b 30 B 255 C
ESD Rating N (HBM) -2 2 kV
Latch-up Current @85 C -100 100 mA
Maximum total current through VDD and VSS 200 mA
Maximum output current sunk by any Port pin 40 mA
ik
[1]. Stresses above those listed as “absolute maximum ratings” may cause permanent damage to the device. This is a stress

rating only and functional operation of the device under these conditions is not implied. Exposure to maximum rating

conditions for extended periods may affect device reliability.

A

— . Caution! ESD sensitive device. Precaution should be used when handling the device in order

to prevent permanent damage.
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1.3 Power Consumption

Parameter Condition
Sleep mode, sleep timeris off 300 nA
Sleep Current IsLeep .

Sleep mode, sleep timeris on 800 nA
Standby Cunrrent Istanaby | Crystal oscillatoris on 1.45 mA
433 MHz 5.7 mA
RFS Current Ires 868 MHz 5.8 mA
915 MHz 5.8 mA
433 MHz 5.6 mA
TFS Current Ites 868 MHz 5.9 mA
915 MHz 5.9 mA
FSK, 433 MHz, 10 kbps,10 kHz Fpev 8.5 mA

RX Current
. IRx-HP FSK, 868 MHz, 10 kbps, 10 kHz Fpey 8.6 mA

(high performance mode)

FSK, 915 MHz, 10 kbps,10 kHz Fpev 8.9 mA
FSK, 433 MHz, 10 kbps, 10 kHz Fpgy 7.2 mA

RX Current
Irx-LP FSK, 868 MHz, 10 kbps, 10 kHz Fpgy 7.3 mA

(low power mode)

FSK, 915 MHz, 10 kbps, 10 kHz Fpgy 7.6 mA
FSK, 433 MHz, +20 dBm (Direct Tie) 72 mA
FSK, 433 MHz, +20 dBm (RF switch) 77 mA
FSK, 433 MHz, +13 dBm (Direct Tie) 23 mA
FSK, 433 MHz, +10 dBm (Direct Tie) 18 mA
FSK, 433 MHz, -10 dBm (Direct Tie) 8 mA
FSK, 868 MHz, +20 dBm (Direct Tie) 87 mA
FSK, 868 MHz, +20 dBm (RF switch) 80 mA
Iy FSK, 868 MHz, +13 dBm (Direct Tie) 27 mA

TX Current
FSK, 868 MHz, +10 dBm (Direct Tie) 19 mA
FSK, 868 MHz, -10 dBm (Direct Tie) 8 mA
FSK, 915 MHz, +20 dBm (Direct Tie) 70 mA
FSK, 915 MHz, +20 dBm (RF switch) 75 mA
FSK, 915 MHz, +13 dBm (Direct Tie) 28 mA
FSK, 915 MHz, +10 dBm (Direct Tie) 19 mA
FSK, 915 MHz, -10 dBm (Direct Tie) 8 mA

1.4 Receiver

Parameter Condition
OO0OK 0.5 40 kbps
Data Rate DR
FSK and GFSK 0.5 300 kbps
Deviation Foev FSK and GFSK 2 200 kHz
Sensitivity S DR = 2.0 kbps, Fpev = 10 kHz -121 dBm
@ 433 MHz % | DR = 10 kbps, Foev = 10 kHz -116 dBm
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Parameter Condition .
DR = 10 kbps, Fpev = 10 kHz (low power mode) -115 dBm
DR = 20 kbps, Fpev = 20 kHz -113 dBm
DR = 20 kbps, Fpev = 20 kHz (low power mode) -112 dBm
DR = 50 kbps, Fpev = 25 kHz -111 dBm
DR =100 kbps, Fpev = 50 kHz -108 dBm
DR =200 kbps, Fpey = 100 kHz -105 dBm
DR =300 kbps, Fpey = 100 kHz --103 dBm
DR = 2.0 kbps, Fpev = 10 kHz -119 dBm
DR =10 kbps, Fpev = 10 kHz -113 dBm
DR = 10 kbps, Fpev = 10 kHz (low power mode) -111 dBm
DR = 20 kbps, Fpev = 20 kHz -111 dBm
Sensitivit
@egzlévl\lllslqz Seesp | DR =20 kbps, Foey = 20 kHz (low power mode) -109 dBm
DR =50 kbps, Fpev = 25 kHz -108 dBm
DR =100 kbps, Fpev = 50 kHz -105 dBm
DR =200 kbps, Fpey = 100 kHz -102 dBm
DR =300 kbps, Fpey = 100 kHz -99 dBm
DR = 2.0 kbps, Foev = 10 kHz -7 dBm
DR =10 kbps, Fpev = 10 kHz -113 dBm
DR = 10 kbps, Fpev = 10 kHz (low power mode) -1 dBm
" DR = 20 kbps, Fpev = 20 kHz -111 dBm
Sensitivity
@ 915 MHz Sets+p | DR = 20 kbps, Fpey = 20 kHz (low power mode) -109 dBm
DR =50 kbps, Fpev = 25 kHz -109 dBm
DR =100 kbps, Fpey = 50 kHz -105 dBm
DR =200 kbps, Fpey = 100 kHz -102 dBm
DR =300 kbps, Fpey = 100 kHz --99 dBm
Saturation Input
auraion npu Pu 20 dBm
Signal Level
o Frr=433 MHz 35 dBc
Ima_ge Rejection IMR Frr=868 MHz 33 dBc
Ratio
Fre=915 MHz 33 dBc
RX Ch I
Channe BW | RX channel bandwidth 50 500 kHz
Bandwidth
Co_—ch:?mnel . CCR DR = 10 kbps, FDE‘V =10 kHz; Interference with 7 dBc
Rejection Ratio the same modulation
Adiacent Channel DR = 10 kbps, Fpev = 10 kHz; BW=100kHz, 200
J_ . \ ACR-I kHzChannel spacing, interference with the same 30 dBc
Rejection Ratio .
modulatio
AlternateChannel DR =10 kbps, Fpev = 10 kHz; BW=100kHz, 400
. O . ACR-Il | kHzChannel spacing, interference with the same 45 dBc
Rejection Ratio .
modulation
DR = 10 kbps, Fpev = 10 kHz; +1 MHzDeviation,
) . 70 dBc
continuous wave interference
Blocking Rejection DR = 10 kbps, Fpev = 10 kHz; + 2 MHzDeviation,
) Bl ) . 72 dBc
Ratio continuous wave interference
DR = 10 kbps, Fpev = 10 kHz; +10 MHzDeviation,
. . 75 dBc
continuous wave interference
Inout 3 Order DR = 10 kbps, Fpev = 10 kHz; 1 MHz and 2 MHz
P 11P3 Deviation dual tone test, maximum system gain -25 dBm

Intercept Point

setting.
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Parameter Condition
RSSI Range RSSI -120 20 dBm
433.92 MHz, DR = 1.2kbps, Foey = 5 kHz -122.9 dBm
433.92 MHz, DR = 1.2kbps, Foey = 10 kHz -121.8 dBm
433.92 MHz, DR = 1.2kbps, Foey = 20 kHz -119.5 dBm
433.92 MHz, DR = 2.4kbps, Foey = 5 kHz -120.6 dBm
433.92 MHz, DR = 2.4kbps, Foey = 10 kHz -120.3 dBm
433.92 MHz, DR = 2.4kbps, Foey = 20 kHz -119.7 dBm
433.92 MHz, DR = 9.6 kbps, Foey = 9.6 kHz -116.0 dBm
More Sensitivity 433.92 MHz, DR = 9.6 kbps, FDEV = 19.2 kHz -116.1 dBm
(Typical 433.92 MHz, DR = 20 kbps, FDEV = 10 kHz -114.2 dBm
Configuration) 433.92 MHz, DR = 20 kbps, FDEV = 20 kHz -113.0 dBm
433.92 MHz, DR = 50 kbps, FDEV = 25 kHz -110.6 dBm
433.92 MHz, DR = 50 kbps, FDEV = 50 kHz -109.0 dBm
433.92 MHz, DR = 100 kbps, FDEV = 50 kHz -107.8 dBm
433.92 MHz, DR = 200 kbps, FDEV = 50 kHz -103.5 dBm
433.92 MHz, DR = 200 kbps, FDEV = 100 kHz -104.3 dBm
433.92 MHz, DR = 300 kbps, FDEV = 50 kHz -98.0 dBm
433.92 MHz, DR = 300 kbps, FDEV = 150 kHz -101.6 dBm

1.5 Transmitter

Parameter Condition
Need specific peripheral materials for
Output power Pour . -20 +20 dBm
different frequency bands
Output power step Pstep 1 dB
GFSK Gaussian filter
" BT 0.3 0.5 1.0 -
coefficient
Output power variation Pourtor | Temperature from -40 to +85 °C 1 dB
Pout = +13 dBm,433MHz, Fre<1 GHz -54 dBm
St diati
ray radiation
y 1 GHz to 12.75 GHz, with harmonic -36 dBm
Harmonic output for H2433 2"harmonic +20 dBm Pour -46 dBm
Frr= 433 MHz H3433 3" harmonic +20 dBm Poyr -50 dBm
Harmonic output for H2g68 2" harmonic +20 dBm Poyr -43 dBm
Frr= 868 MHz H3sg6s 3"harmonic +20 dBm Pour -52 dBm
Harmonic output for H2915 2" harmonic +20 dBm Poyr -48 dBm
Frr= 915 MHz H3g15 3" harmonic +20 dBm Pour -53 dBm
Harmonic output for H2433 2" harmonic +13 dBm Poyr -52 dBm
Frr= 433 MHz H3433 3" harmonic +13 dBm Poyr -52 dBm
Harmonic output for H2g68 2" harmonic +13 dBm Poyr -52 dBm
Fre= 868 MHz H3s6s 3" harmonic +13 dBm Pour -52 dBm
Harmonic output for H2915 2" harmonic +13 dBm Poyr -52 dBm
Frr= 915 MHz H3g15 3" harmonic +13 dBm Pour -52 dBm
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1.6 SettleTime

Parameter Condition

Tsip-rx | From Sleep to RX 1000 us
Tsiprx | From Sleep to TX 1000 us
Tsterx | From Standby to RX 350 us
TstTX From Standby to TX 350 us

Settle time Tresrx | From RFS to RX 20 us
Tresrx | From TFS to TX 20 us
Trxsx From TX to RX . 2Tsymbol us

(Ramp Down time needs 2T symbol ) +350

Trxtx | From RX to TX 350 us

Note:

[1]. TsLr-rxis dominated by the crystal oscillator startup time, which depends on its own characteristics.

1.7 Frequency Synthesizer

Parameter Condition
760 1020 MHz
. _ 380 510 MHz
Frequency range Frr Need different matching networks 190 340 MHz
127 170 MHz
Frequency resolution Fres 25 Hz
Frequency tuning time trune 150 us
10 kHz frequency offset -94 dBc/Hz
100 kHz frequency offset -99 dBc/Hz
Phase noise @ 433
MHz PNy33 500 kHz frequency offset -118 dBc/Hz
1MHz frequency offset -127 dBc/Hz
10 MHz frequency offset -134 dBc/Hz
10 kHz frequency offset -92 dBc/Hz
100 kHz frequency offset -95 dBc/Hz
Phase noise @ 868
MHz PNges 500 kHz frequency offset -114 dBc/Hz
1MHz frequency offset -121 dBc/Hz
10 MHz frequency offset -130 dBc/Hz
10 kHz frequency offset -89 dBc/Hz
100 kHz frequency offset -92 dBc/Hz
Phase noise @ 915
MHz PNo1s 500 kHz frequency offset -1 dBc/Hz
1MHz frequency offset -121 dBc/Hz
10 MHz frequency offset -130 dBc/Hz
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1.8 Crystal Oscillator

Parameter Symbol Condition Min. ‘ Typ. Max. Unit

Crystal frequency " FxtaL 26 MHz
Frequency tolerance 2 ppm 20 ppm
Load capacitance CLoap 15 pF
Equivalent resistance Rm 60 Q
Start-up time ! txTaL 400 us
Remarks:

[1]. CMT2380F 16 can use the external reference clock to drive the XIN pin through the coupling capacitor. The peak value of the
external clock signal is between 0.3V and 0.7V.

[2]. The value includes (1) initial error; (2) crystal load; (3) aging; and (4) change with temperature. The acceptable crystal
frequency tolerance is limited by the receiver bandwidth and the RF frequency offset between the transmitter and the
receiver.

[3]. The parameter is largely related to the crystal.

1.9 MCU DC Characteristics

Parameter Condition
Input High voltage (All I/O Ports) Vb1 Except P6.0, P6.1 0.6 Vob
Input High voltage (RST, P6.0, P6.1) Y 0.75 Vob
Input Low voltage (All /O Ports) Vit Except P6.0, P6.1 0.15 Vob
Input Low voltage (RST, P6.0, P6.1) Vi 0.2 Vop
Input High Leakage current (All 1/O
IIH VPIN =VDD 0 10 uA
Ports)
Logic 0 input current (P3 in
X |||_1 VP|N =0.4V 20 50 uA
quasi-mode)
Logic 0 input current (All Input onl
9 p ( P y |||_2 Vp|N =0.4V 0 10 uA
or open-drain Ports)
Logic 1 to 0 input transition current
) . |H2L VP|N =1.8V 320 500 uA
(P3 in quasi-mode)
Output High current (P3 in
. |OH1 VP|N =2.4V 150 200 uA
quasi-Mode)
Output High current (All push-pull
P 9 ( P P |OH2 VP|N =2.4V 12 mA
output ports)
Output Low current (All I/O Ports) loL1 Ve =0.4V 12 mA
Output High current (All push-pull
L. lon2 Vein =2.4V, except PG.O, P6.1, P4.7 2 mA
output ports on low driving strength)
Output Low current (All I/O Ports on
L loL2 Vein =0.4V, except P6.0, P6.1, P4.7 2 mA
low driving strength)
Internal reset pull-down resistance Rrst 110 KQ
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1.10 MCU Power Consumption

Parameter Condition
lop1 SYSCLK = 32MHz @ IHRCO with PLL 6.7 mA
lop2 SYSCLK = 24MHz @ IHRCO with PLL 5.5 mA
lops SYSCLK = 12MHz @ IHRCO 29 mA
Normal mode operating lopa SYSCLK = 12MHz @ IHRCO with ADC mA
current lops SYSCLK = 24MHz @ XTAL 6.2 mA
lops SYSCLK = 12MHz @ XTAL 3.9 mA
lop? SYSCLK = 6MHz @ XTAL 2.7 mA
lops SYSCLK = 2MHz @ XTAL 1.7 mA
Slow mode operating lops1 SYSCLK = 12MHz/128 @ IHRCO 1 mA
current lops2 SYSCLK = 12MHz/128 @ XTAL 1.6 mA
= SYSCLK = 12MHz @ IHRCO 1.25 mA
lipLE2 SYSCLK = 12MHz @ XTAL 23 mA
Idle mode operating
libLE3 SYSCLK = 12MHz/128 @ IHRCO 0.55 mA
current
lipLEs SYSCLK = 12MHz/128 @ XTAL 1.6 mA
lipLes SYSCLK = 32KHz @ ILRCO 60 uA
Isu1 SYSCLK = 32KHz @ ILRCO, BOD1 Disable 65 uA
Sub-clock mode operating
SYSCLK = 32KHz/128 @ ILRCO, BOD1
current Isus2 60 uA
Disable
Watch mode operating
lwat WDT = 32KHz @ ILRCO in PD mode 5 uA
current
Monitor mode operating
Imon BOD1 enabled in PD mode 10 uA
current
RTC mode operating
IrTC RTC operating in PD mode, VDD = 3.0V 4.2 uA
current
Power down mode current lpp 25 uA

1.11 BOD Characteristics

Parameter Condition
BODO detection level Veopo | TA=-40°C to +85°C 17 Vv
BOD1 detection level for 2.0V Veopto | TA=-40°C to +85°C 2.0 \Y
BOD1 detection level for 2.4V Veopto | TA=-40°C to +85°C 24 \Y
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1.12 External Clock Characteristics

Crystal Mode ECKI Mode
Parameter Symbol Condition

Min. Max. Min. Max.
Oscillator 1tceer | Voo =2.7V~3.6V, TA=-40°C to +85°C 0.032 25 0 25 MHz
Frequency 1Mtcier | Vop = 2.0V~3.6V, TA=-40°C to +85°C 0.032 12 0 12 MHz
Clock Period teLeL 41.6 41.6 ns
ngh Time tCch 0.4T 0.6T 0.4T 0.6T tCLCL
Low Time toLex TA =-40°C to +85°C 0.4T 0.6T 04T 0.6T toreL
Rise Time tCLCH 5 5 ns
Fall Time tCHCL 5 5 ns

teHex # —> '1— teLen —V +— tcroL
VDD - 0.5V i i i

J4.7VDD \
0.45V - 0.2vDD - 0.1

— toLox —

teLel

Figure 1-1. External Clock Drive Wave form

1.13 MCU IHRCO Characteristics

Parameter Condition
Supply Voltage 1.8 3.6 \%
TA=+25°C, AFS=0 12 MHz
IHRCO Frequency
TA=+25°C, AFS=1 11.059 MHz
IHRCO Frequency Deviation TA = +25°C -1.0 +1.0 %
(factory calibrated) TA = -40°C~+85°C -2 51 +2 51 %
IHRCO Start-up Time TA = -40°C~+85°C 32! Us
IHRCO Power Consumption TA = +25°C, Vpp = 3.6V 350" uA

Note: Data based on characterization results, not tested in production.

1.14 MCU ILRCO Characteristics

Parameter Condition
Supply Voltage 1.8 3.6 \%
ILRCO Frequency TA = +25°C 32 KHz
- TA = +25°C -15M1 +15M1 %
ILRCO Frequency Deviation ’ 1
TA = -40°C~+85°C -400" +40" %

Note: Data based on characterization results, not tested in production.
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1.15 MCU CKM Characteristics

Typ. ‘ Max.

Parameter Symbol Condition Min Unit
Supply Voltage TA =-40°C~+85°C 24 3.6 \V;
Clock Input Range TA = -40°C~+85°C 4.5 6.5" MHz
CKM Start-up Time TA = -40°C~+85°C 3012 100 us
CKM Power Consumption TA=+25°C, VDD =3.6V 480 uA
Note[1]: Data guaranteed by design, not tested in production.
Note[2]: Data based on characterization results, not tested in production.
1.16 MCU Flash Characteristics

Parameter Symbol Condition Min Typ. Max. Unit

Supply Voltage TA=-40°C~+85°C 1.7 3.6 \%
Flash Write (Erase/Program) Voltage TA=-40°C~+85°C 1.8 3.6 V
Flash Erase/Program Cycle TA=-40°C~+85°C 20,000 R /4
Flash Data Retention TA = +25°C 100 i

1.17 MCU ADC Characteristics

Parameter

Condition

Supply Voltage

TA=-40°C~+85°C 2.4 3.6 \%
Resolution 10 A
Integral Nonlinearity Vpp >= 2.7V, 666KHz SPS -1 +2 LSB

VDD b VREF+ =2.4V~3.6V LSB
Differential Nonlinearity

Voo > Vrer+ & Vrer+ = 3.0V~Vpp LSB
SAR Conversion Clock 12 24 MHz
Conversion Time in SAR

24 Clocks

Clocks
Throughput Rate 1000 Ksps
ADC enable time 5 usS
Power Supply Current Operating Mode: 1Msps 1.48 mA

1.18 Serial Port Timing Characteristics

Parameter

Symbol Condition

URMOX3 =0

Min. Max.

URMOX3 =1

Min.

Max.

Unit

Serial Port Clock Cycle Time txixe 12T 47 TsyscLk
Output Data Setup to Clock Rising Edge tauxn 10T-20 T-20 ns
Output Data Hold after Clock Rising Edge txHax T-10 T-10 ns
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URMOX3 =0 URMOX3 =1 Unit
Parameter Symbol Condition
Min. Max. Min. Max.
Input Data Hold after Clock Rising Edge txHDX 0 0 ns
Clock Rising Edge to Input Data Valid txHDV 10T-20 2T-20 ns

<—> txxe

CLOCK [ N I S S e A R e
tavxn ‘<—> :
[ —P 4— o

WRITE TO SBUF .o 1 i X 2 X 3 X 4 X s X s X 71

- {4— txuox T
OUTPUT DATA tooy —» SETTI
| CLEARRI | VALID VALID VALID VALID VALID VALID VALID VALID
INPUT DATA SET RlT

Figure 1-2. Shift Register Mode Timing Wave form

1.19 SPI Timing Characteristics

Parameter ‘ Symbol ‘ Condition | Min. Typ.

SPICLK High Time tmekn 2T TsvyscLk
SPICLK Low Time tmekL Master Mode 2T TsvscLk
MISO Valid to SPICLK Shift Edge twis Timing 2T+20 ns
SPICLK Shift Edge to MISO Change tmiH 0 ns
SPICLK Shift Edge to MOSI Change tmoH 10 ns
nSS Falling to First SPICLK Edge tse 2T Tsvscik
Last SPICLK Edge to nSS Rising tsp 2T Tsvscik
nSS Falling to MISO Valid tsez 4T TsvysciLk
nSS Rising to MISO High-Z tsoz 4T Tsvscix
SPICLK High Time tokH Slave Mode 4T Tsyscik
SPICLK Low Time tekL Timing 4T Tsvscix
MOSI Valid to SPICLK Sample Edge tsis 2T TsvysciLk
SPICLK Sample Edge to MOSI Change tsH 2T Tsvscik
SPICLK Shift Edge to MISO Change tson 4T TsvysciLk
Last SPICLK Edge to MISO Change
(CPHA = 1 ONLY) tsin 1T 2T TsvscLk
Clock Cycle ‘1 2 3 4 5 6 7 8 ‘
SPICLK(CPOL=0) / \ / \J\m
SPICLKCPOL=1) U U S N NS N NS NS
—tyis—P — 4— tuin
MISO X > X X X X X
—¥ — twon
MOS| X X XXX XX >

Figure 1-3. SPI Master Transfer Waveform with CPHA=0
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Clock Cycle 1 2 3 4 5 8 ‘
tekn —V 4— —> 4— texL
SPICLK(CPOL=1) N N ARV AN ANV AN AN
—twis— — 4— tmin
MISO .
— 4— tmon :
MOSI I
Figure 1-4. SPI Master Transfer Waveform with CPHA=1
Clock Cycle 1 2 3 4

— te —H

SPICLK(CPOL=0) i
SITCO T N 5 W NI W N N NI NP
MOSI X
MISO ———— XXX XX
— Mtz —¥ *—tson tsoz —%  4—
nSS N E E a8
Figure 1-5. SPI Slave Transfer Waveform with CPHA=0
Clock Cycle 1 2 3 4 5 8
— tsg —
SPICLK(CPOL=0) | L
—
SPICLK(CPOL=1) | S
MOSI
—¥ i tson E toLn — —
MISO —— E O—
- ‘_ tsez tsoz — 4—
nss N E T

Figure 1-6. SPI Slave Transfer Waveform with CPHA=1
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1.20 Rx Current and Supply Voltage

e /| 34 MHz
Rx Current vs. Supply Voltage ..~
8.80
g 860 —
E | /////'
g oo —
2 g0 ==
% ///
g 8O0 |
O 780
€
@ 760
5
O 740

18 19 20 21 22 23 24 25 26 27 28 29 3

Supply Voltage(V)

Test Condition: Freq=434MHz / 868MHz, Fdev=10KHz, BR=10Kbps

1.21 Rx Current, Voltage and temperature

0 31 32 33 34 35 36

Rx Current vs. Volt-Temp i
e 3 6V
9.5
9.3
9.0 —
8.8 //
8.5 — —
8.3 // g

8.0 S

Current Consumption(mA)

- — // /
75 I
7.3 =
7.0
-40 25 85
Temperature(C)

Test Condition: Freq = 434MHz, Fdev = 10KHz, BR = 10Kbps
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Current Consumption(mA)

e— 3.3V
Rx Current vs. Volt-Temp — 18V
3 6V
9.5
os _—
o0 =
o |
s =
o3 = |~
5o =T T
7.8 ,// /
7.5 //
7.3
7.0 T
-40 25 85
Temperature(C)
Test Condition: Freq = 868MHz, Fdev = 10KHz, BR = 10Kbps
1.22 Sensitivity and Supply Voltage
Sensitivity vs. Voltage T

Sensitivity(dBm)

-113.0
-113.5
-114.0
-114.5
-115.0
-115.5
-116.0
-116.5
-117.0
-117.5

e 868MHz

P B s ——
1.8 2.1 2.4 2.8 3.0 3.3 3.6
Supply Voltage(V)

Test Condition: FSK, DEV = 10KHz, BR = 10Kbps
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1.23 Sensitivity and Temperature

Sensitivity vs. Temperature Ak

e 868MHz

-112.0

-113.0

£
m -114.0 =
=2
> /
e
S -115.0
=
c
S -116.0
n /
0 —
-118.0
-40 25 85
Temperature(C)

Test Condition: FSK, DEV = 10KHz, BR = 10Kbps

1.24 Tx Power and Supply Voltage

e ) 0dBM

Tx Power vs. Supply Voltage  — .~

20.0 — —
19.0 B
18.0

17.0
16.0 ——
15.0 ,4/

14.0
13.0
12.0 — L

11.0 A
10.0

Tx Power(dBm)

18 19 20 21 22 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Supply Voltage(V)

Test Condition: Freq = 434MHz, 20dBm / 13dBm

Rev1.1 | 24/298 www.cmostek.com



CMT2380F16

Tx Power vs. Supply Voltage e,

e ) 0dBmM

20.0 —~
p—

18.0  —

17.0
16.0 ~
15.0
14.0
13.0

12.0
11.0 e

Tx Power(dBm)

9.0

1.8 1.9 20 21 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Supply Voltage(V)

Test Condition: Freq = 868MHz, 20dBm / 13dBm Lt k1 4%

1.25 Phase Noise

433.92MHz Phase Noise

output 13dBm span=4MHz
att30dB
20
13.4dBm
0
-20
-40

Power (dBm)

431.92 432.42 432.92 433.42 433.92 434.42 434.92 435.42 435.92

B e

center 433.92MHz sweep 5s (2000pts )
Res BW 1kHz
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Power (dBm)

20

-100

868MHz Phase Noise

output 13dBm span=4MHz
att30dB
2.4dBm
Dl A AL g
866 866.5 867 867.5 868 868.5 869 869.5 870
center 868MHz sweep 5s (2000pts )
Res BW 1kHz
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2 Pin Description

28, L ,88z535:
O O X X Z2 z o O no w o o
SEEEEEEEEEEE
NC [ 1] e _ [36] Pao
RFIP[2] 7 I [35]| P3.5
RFIN [37] |[ : [34] P3.4
RO 2] ! | [33] P3.3
RF-AVDD [ 5 | : : [32] P31
NC [67] : 0 | 37 P3.0
RF-DGND [ 7] | GND Paddle : [30]) P26
RF-DVDD [ 8] : : 29| P24
GPIO3 [9] | | [28] P22
P4.4 [[10] : : 271 P1.7
P45 [T1] | | [26] P16
Petfiz] " T T T T ' [z5]Pis
o Bl el e B 2 o & & KA
o o - O W @ A 9 - N o %
fad =293 5gz8s8a
Figure 2-1. CMT2380F16 Package Instruction
Table 2-1. CMT2380F16 Pin Description
Pin Name /10 Description
0 GND | Ground, OV reference
1 NC - not connect
2-3 RFIP/RFIN | RF signal input P/N
4 FRO o PA Output
5 RF-AVDD | RF Analog VDD
6 NC - not connect
7 RF-DGND | Ground, OV reference
8 RF-DVDD | RF Digital VDD
gl GPIO3 10 | Configured as: CLKO, DOUT/DIN, INT2, DCLK (TX/RX)
P4.4 10 | PortP4.4
nINT2 | External interrupt 2 input
10 BEEP O | Beeper output
OCD_SCL | OCD interface, serial clock
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Pin Name 110 Description
P4.5 Port P4.5
nINTO | External interrupt O input
" RTCKO (0] RTC programmable clock output
OCD_SDA 10 | OCD interface, serial data
P6.1 10 | Port 6.1
12 XTALA1 | Input of on-chip crystal oscillating circuit
ACOOUT O | Analog Comparator 0 output
P6.0 10 | Port6.0
XTAL2 O | Output of on-chip crystal oscillating circuit
13 ECKI | In external clock input mode, this is clock input pin
ICKO (0] Internal Clock (MCK) Output
P2.0 10 | Port P2.0
14 ACOPI1 | Analog Comparator 0 positive input channel 1
PWMOA (0] PCAO0 PWMO output sub-channel A.
P2.1 10 | Port P2.1
15 ACOPI2 | Analog Comparator 0 positive input channel 2
PWMOB (0] PCAO0 PWMO output sub-channel B
16 NC - Not connect
17 MCU-VSS | Ground, 0V reference
18 VRO 10 | Voltage reference 0. Connect 0.1uF and 4.7uF to MCU-VSS
19 MCU-VDD | MCU power supply input
P1.0 10 | Port P1.0
AINO | ADC channel-0 analog input
KBIO | Keypad input 0
20 ACOPIO | Analog Comparator 0 positive input channel 0
T2 | Timer/Counter 2 external clock input
T2CKO (0] Timer 2 programmable clock output.
P1.1 10 | Port P1.1
AIN1 | ADC channel-1 analog input
21 KBI1 | Keypad input 1
ACONI | Analog Comparator 0 negative input.
T2EX | Timer/Counter 2 external control input.
P1.2 10 | PortP1.2
AIN2 | ADC channel-2 analog input
22 KBI2 | keypad input 2
ACOPI3 | Analog Comparator 0 positive input channel 3
P1.3 10 | Port P1.3
23 AIN3 | ADC channel-3 analog input
KBI3 | keypad input 3
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Pin Name 110 Description
ECI PCAO external clock input
P1.4 10 | PortP1.4
AIN4 | ADC channel-4 analog input
24 KBI4 | Keypad input 4
nSS | SPI Slave select
P1.5 10 | PortP1.5
AINS | ADC channel-5 analog input
2 KBI5 | Keypad input 4
MOSI O | SPI master out & slave in
P1.6 10 | PortP1.6
AING6 | ADC channel-6 analog input
26 KBI6 | Keypad input 6
MISO | SPI master in & slave out
SOMI | Serial Port 0 SPI Master mode data Input
P1.7 10 | PortP1.7
AIN7 | ADC channel-7 analog input
27 KBI7 | Keypad input 7
SPICLK 10 | SPI clock, output for master and input for slave
P2.2 10 | PortP2.2
2 CEXO0 10 | PCAO module-0 external I/O
P2.4 10 | Port P2.4
2 CEX2 10 | PCAO module-2 external I/O
P2.6 10 | Port P2.6
%0 CEX4 10 | PCAO module-4 external 1/0
P3.0 10 | Port P3.0
3 RXDO | UARTO serial input port
P3.1 10 | Port P3.1
32
TXDO (0] UARTO serial output port.
P3.3 10 | PortP3.3
nINT1 | External interrupt 1 input
3 STWI_SCL | Software TWI serial clock
CEX1 10 | PCAO module-1 external I/O
P3.4 10 | Port P3.4
TO | Timer/Counter 0 external input
A TOCKO O | Timer O programmable clock output
CEX3 10 | PCAO module-3 external 1/0
P3.5 10 | PortP3.5
35 T1 | Timer/Counter 1 external input
T1CKO O | Timer 1 programmable clock output
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Pin Name 110 Description
CEX5 PCAO module-5 external 1/0
P4.0 10 | Port P4.0
36 TWIO_SCL | Srial clock of TWIO
PWM2A O PCAO0 PWM2 output sub-channel A
P4.1 10 | Port P4.1
37 TWIO_SDA 10 | Serial data of TWIO
PWM2B O PCAO0 PWM2 output sub-channel B
P4.7 10 | Port P4.7
38 RST | External RESET input, high active
COCKO (0] Programmable clock output of PCAQ base counter
39 SCLK | RF SPI clock
40 SDA 10 | RF SPI data input and outpu
41 CSB | RF SPI chip selection bar for register access, ative low
42 FCSB | RF SPI chip selection bar for FIFO access, ative low
43 - 44 NC - Not connect
45 Xl | 26 MHz Crystal circuit input
46 X0 O | 26 MHz Crystal circuit output
47 GPIO2 10 | Configured as: INT1, INT2, DOUT/DIN, DCLK (TX/RX), RF_SWT
48 GPIO1 10 | Configured as: DOUT/DIN, INT1, INT2, DCLK (TX/RX), RF_SWT
Note:
INT1 and INT2 are interrupts. DOUT is demodulated output. DIN is a modulation input. DCLK is a modulation or
demodulation data rate synchronization clock, automatic switching in TX/RX mode.
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3 Function Descriptions
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Figure 3-1. Functional Block Diagram

CMT2380F16 is an ultra-low power, high performance Sub-G transceiver SoC. CMT2380F 16 block diagramis
as shown in the Figure 3-1.

® Low Power, High Performance Sub-G Transceiver

It supports OOK, (G) FSK and (G) MSK.It is suitable for applications in the range from 127 to 1020MHz. The
product belongs to CMOSTEK NextGenRFTM series. The series includes transmitters, receivers and
transceivers and other complete product lines.

® High Performance 1-T architecture 80C51 CPU

The CMT2380F16 is a single-chip microcontroller based on a high performance 1-T architecture 80C51 CPU
that executes instructions in 1~ 6 clock cycles (about 5~6 times fast then the standard 8051 device), and has
an 8051 compatible instruction set. Therefore the CMT2380F 16 can get the same performance by operating
at a much lower speed to greatly reduce the power consumption.
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The CMT2380F16 has 16K bytes of embedded Flash memory for code and data. The Flash memory can be
programmed either in serial writer mode (via ICP, In-Circuit Programming) or in In-System Programming
mode. And, it also provides the In-Application Programming (IAP) capability. ICP and ISP that allows
downloading new code without removing the microcontroller from the actual end product; IAP means that the
device can write non-volatile data into the Flash memory while the application program is running. No need to
provide external high voltage when the data writing into the Flash due to its built-in charge-pumping circuitry

will provide it.

Table 3-1. CMT2380F16 Peripheral Table

Standard 8051 CMT2380F16
IRAM 256 Bytes 256 Bytes
Ext. Int. 2 3 support High/Low level or
Rising/Falling edge trigger
Interrupt sources 4 Interrupt sources 14 Interrupt Sources
4-level interrupt controller
UARTO Standard Enhance
Timer O N, J
Timer 1 N J
Timer 2 N V
10 Port 25
XRAM 768 Bytes
ADC 10-bit 1Msps
Analog comparators 1
PCAs 6-ch Counter/Capture, PWM
SPI 1
TWI 2 TWI & STWI
KBI 8-ch
WDT J
RTC J
BOD 2
AN e A AR P B v
IHRC 1 High precision
ILRC 1
On-chip clock multiplier 1 CKM

The CMT2380F16 has multiple operating modes to reduce the power consumption: idle mode, power down
mode, slow mode, sub-clock mode, RTC mode, watch mode and monitor mode.

® Idle mode: the CPU is frozen while the peripherals and the interrupt system are still operating.
® Power-Down mode: the RAM and SFRs’ value are saved and all other functions are inoperative; most
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importantly, in the Power-down mode the device can be waked up by many interrupt or reset sources.
Slow mode: the user can further reduce the power consumption by using the 8-bit system clock
pre-scaler to slow down the operating speed.

® Sub-clock mode: clock source is derived from internal low speed oscillator (ILRCO) for CPU to perform
an ultra-low speed operation.

® RTC mode: the RTC module supports Real-Time-Clock function in all operating modes.

® Watch mode: it keeps WDT running in power-down or idle mode and resumes CPU as an auto-wakeup
timer when WDT overflows.

® Monitor mode: provides the Brown-Out detection in power down mode and resumes CPU when chip
VDD reaches the specific detection level.

Additionally, the CMT2380F16 is equipped with the On-Chip Debug (OCD) interface for In-Circuit Emulator
(ICE). The OCD interface provides on-chip and in-system non-intrusive debugging without any target
resource occupied. Several operations necessary for an ICE are supported such as Reset, Run, Stop, Step,
Run to Cursor and Breakpoint Setting. The user has no need to prepare any development board during
firmware developing or the socket adapter used in the traditional ICE probe head. All the thing the user needs
to do is to prepare a connector for the dedicated OCD interface. This powerful feature makes the developing

very easy for any user.
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4 Sub-G Transceiver

4.1 Transmitter

The transmitter is based on direct frequency synthesis technology. The carrier is generated by a low noise
fractional-N frequency synthesizer.

The modulated data is transmitted by an efficient single-ended power amplifier (PA). The output power can be
read and written via registers, step by step from -20dBm to +20dBm with 1dB.

When the PA is switched fast, the varying input impedance will disturb the output frequency of the VCO
instantaneously. The effect iscalled VCO pulling. It will generate the spurious and spurson the
spectrumaround the desired carrier.The PA spurs can be reduced to a minimum instantaneously by thePA
output power ramping. CMT2300A has a built-in PA ramping mechanism. When the PA Ramp is turned on, the
PA output power can ramp the desired amplitude in a pre-configured rate, so as to reduce the spurs.In FSK
mode, the signal can be filtered by a Gaussian Filter before transmitted, e.g. GFSK, which can reduce the
spectral width and interference with neighboring channels.

According to different application requirements, the user can design a PA matching network to optimize the
transmitting efficiency. The typical application schematic and the required BOM is shown in “Typical
application schematic". For more schematic details and layout guidelines, please refer to “AN141 CMT2300A
Schematic and PCB Layout Design Guideline”.

The transmitter can operate in direct mode and package mode. In the direct mode, the data to be transmitted
can be sent to the chip by the DIN pin and transmitted directly. In the package mode, the data can be
pre-loaded into the TX FIFO in STBY state, and transmitted together with other package elements.

4.2 Receiver

CMT2380F16 has a built-in ultra-low power, high performance low-IF OOK, FSK receiver. The RF signal
induced by the antennais amplified by a low noise amplifier, and is converted to an intermediate frequency by
an orthogonal mixer. The signal is filtered by the image rejection filter, and is amplified by the limiting amplifier
and then sent to the digital domain for digital demodulation. During power on reset (POR) each analog block
is calibrated to the internal reference voltage. This allows the chip to remain its best performance at different
temperatures and voltages. Baseband filtering and demodulation isdone by the digital demodulator.The AGC
loop adjust the system gain by the broadband power detector and attenuation network nearby LNA, so as to
obtain the best system linearity, selectivity, sensitivity and other performance.

Leveraging CMOSTEK's low power design technology, the receiver consumes only a very low power when it
is turned on. The periodic operation mode and wake up function can further reduce the average power
consumption of the system in the application with strict requirements of power consumption.
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Similar to the transmitter, the CMT2380F 16 receiver can operate in direct mode and packet mode.In the direct
mode, the demodulator output data can be directly output through the DOUT pin of the chip. DOUT can be
assigned to GPIO1/2/3. In the packet mode, the demodulator data output is sent to the data packet handler,
get decodedand is filled in the FIFO. MCU can read the FIFO by the SPI interface.

4.3 Transceiver Power-On Reset (POR)

The Power-On Reset circuit detect the change of the VDD power supply, and generate the reset signal for the
entire CMT2380F16 system. After the POR, the MCU must go through the initialization process and
re-configure the radio part. There are two circumstances those will lead to the generation of POR.

The first case is a very short and sudden decrease of VDD. The POR triggering condition is, VDD dramatically
decreases by 0.9V +/- 20% (e.g. 0.72V — 1.08V) within less than 2 us. To be noticed, it detects a decreasing
amplitude of the VDD, not the absolute value of VDD.

POR

Figure 4-1. Sudden Decrease of VDD lead to Generation of POR

The second case is, a slow decrease of the VDD. The POR triggering condition is, VDD decreases to 1.45V
+/- 20% (e.g. 1.16V — 1.74V) within a time more than or equal to 2 us. To be noticed, it detects an absolute
value of VDD, not a decreasing amplitude.

VDD

145V x (1 +/- 20%) —

POR

Figure 4-2. Slow Decrease of VDD lead to Generation of POR
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4.4 Crystal Oscillator

The crystal oscillator provides a reference clock for the phase locked loop as well as a system clock for the
digital circuits. The value of load capacitance depends on the crystal specified CL parameters. The total load
capacitance between XlI and XO should be equal to CL, in order to make the crystal accurately oscillate at 26
MHz.

C15 and C16 are the load capacitancesat both ends of the crystal. Cpar is the parasitic capacitance on the
PCB. Each crystal pin has 5pF internal parasitic capacitance, together is equivalent to 2.5pF. The equivalent
series resistance of the crystal must be within the specifications so that the crystal can have a reliable
vibration. Also, an external signal source can be connected to the Xl pin to replace the conventional crystal.
The recommended peak value of this clock signal is from 300mV to 700mV. The clock is coupled to Xl pin via
a blocking capacitor.

4.5 Sleep Timer (LPOSC)

The CMT2380F 16 integrates a sleep timer driven by 32 kHz low power oscillator (LPOSC). When this function
is enabled, the timer wakes the chip from sleep periodically. When the chip operates in a duty cycle mode, the
sleep time can be configured from 0.03125 ms to 41922560 ms. Due to the low power oscillator frequency will
change with the temperature and voltage drift, it will be automatically calibrated during power on and will be
periodically calibrated since then. These calibrations will keep the frequency tolerance of the oscillator within
+1%.

4.6 Low Battery Detection

The chip sets up low voltage detection.When the chip is tuned to a certain frequency, the test is performed
once.Frequency tuning occurs when the chip jumps from the SLEEP/STBY state to the RFS/TFS/TX/RX state.
The result can be read by the LBD_VALUE register.

4.7 Received Signal Strength Indicator(RSSI)

RSSI is used to evaluate the signal strengthinside the channel. The cascaded I/Q logarithmic amplifier
amplifies the signal before it is sent to the demodulator. The logarithmic amplifier of | channels and Q channel
contains the received signal indicator, in which the DC voltage is generated is proportional to the input signal
strength. The output of RSSI is the sum of thevalues of the two channels’ signals. The output has 80dB
dynamic range above the sensitivity. After the RSSI output is sampled by the ADC and filtered by a SAR
FILTER and a RSSI AVG FILTER. The order of the average filter can be set by RSSI_AVG_MODE<2:0>. The
code value is translated into dBm value after filtering. Users can read the registerRSSI_CODE<7:0> to obtain
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the RSSI code value, or RSSI DBM<7:0> to obtain the dBm value. By setting the register
RSSI_DET_SEL<1:0> Users can determine whether the RSSI is output to the MCU in real time, or latched at
the instance when the preamble, sync, or the whole packet is received.

Also, CMT2380F16 allows the user to setup a threshold by RSSI_TRIG _TH<7:0> to compare with the
real-time RSSI value. If the RSSI is larger than the threshold it outputs logic 1, otherwise outputs logic 0. The
output can be used as a source of the RSSI VLD interrupt, ofthe receive time extending condition in the super
low power (SLP) mode.

RSSI_DET_SEL<1:0>

l

RSSI_AVG_MODE<2:0> RSS|_CODE<7:0>

l LATCH
SAR SAR RSSI AVG CODE to dBm LATCH RSSI_DBM<7:0>
ADC FILTER FILTER CONVERT

RSSI_DET_SEL<1:0>

COMPARE to RESULT
L —
RSSI_TRIG_TH<7:0>

Figure 4-3. RSSI detection and comparsion circuit

CMT2300A has done a certain degree of calibration before delivery. In order to obtain more accurate RSSI
measurement results, the user needs to recalibrate the RSSI circuit in their dedicated applications. For further
information, please refer to the “AN144-CMT2300AW RSSI Usage Guideline”.

4.8 Phase Jump Detector (PJD)

PJD is Phase Jump Detector. When the chip is in FSK demodulation, itcan automatically observe the phase
jump characteristics of the received signal to determine whether it is awanted signal or an unwanted noise.

SsYM SsYM SYM | SYM | SYM | SYM

Figure 4-4. Received signal jump diagram

The PJD mechanism defines that the input signal switching from 0 to 1 or from 1 to 0 is a phase jump. Users
can configure the PJD_WIN_SEL<1:0> to determine the number of detected jumps for the PJD to identify a
wanted signal.As shown in the above figure, in total 8 symbols are received. But the phase jump only
appeared 6 times. Therefore, the number of jumpsis not equal to the number of symbols. Only when a
preamble is received theyare equal.ln general, the more jumps are used to identify the signal, the more
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reliable they result is; the less jumps are used, the faster the result is obtained.If the RX time is set to a
relatively short period, it is necessary to reduce the number of jumps to meet the timing requirements.
Normally, 4 jumps allow pretty reliable result, e.g. the chip will not mistakenly treat an incoming noise as a
wanted signal, and vice versa will not treat a wanted signal as noise.

Detecting the phase jump of a signal, is identical to detect whether the signal has the expecteddata rate. In
fact, at the same time, the PJD will also detect the FSK deviation and see if it is legal, as well as to see if the
SNR is over 7 dB.With these three parameters the PJD is able to make a very reliable judgement. If the signal
is wanted it outputs logic 1, otherwise outputs logic 0. The output can be used as a source of the RSSI VLD
interrupt, or the receive time extending condition in the super low power (SLP) mode. In direct data mode, by
setting the DOUT_MUTE register bit to 1, the PJD can mute the FSK demodulated data output while there is
not wanted signal received.

The PJD technique is similar to the traditional carrier sense technique, but more reliable. While users combine
the RSSI detection and PJD technique, they can precisely identify the status of the current channel.

4.9 Automatic Frequency Control (AFC)

The AFC mechanism allows the receiver to minimize the frequency error between the TX and RX in a very
short time once a wanted signal comes in. This helps the receiver to maintain its highest sensitivity
performance. CMT2300A has the most advanced AFC technology. Compare with the other competitors,
within the same bandwidth, CMT2300A can identify larger frequency error, and remove the error in a much
shorter time (8-10 symbols).

Normally the frequency error between the TX and RX is caused by the crystal oscillators used in both sides.
CMT2300A allows the user to fill in the value of crystal tolerance (in PPM) on RFPDK. Based on the crystal
tolerance, the RFPDK will calculate the AFC range whileminimizing the receiver bandwidth (to maintain the
best performance). Due to the excellent performance of the AFC, it provides a good solution to the crystal
aging problem which would lead to more frequency error as time goes by. Therefore, compare to other similar
transceiver chips, CMT2300A can solve more severe crystal aging problem and effectively extend the life time
of the product.Please refer to “AN196-CMT2300A-CMT2219B-CMT2218B The Advantages of the Receiver
AFC.” for more details.

4.10 Clock Data Recovery (CDR)

The basic task of a CDR system is to recover the clock signal that is synchronized with the symbol rate, while
receiving the data. Not only for decoding inside the chip, but also for outputting the synchronized clock to
GPIO for users to sample the data.So CDR's task is simple and important. If the recovered clock frequency is
in error with the actual symbol rate, it will cause data acquisition errors at the time of reception.

CMT2380F16 has designed three types of CDR systems, as follows:

® COUNTING System : The system is designed for the symbol rates to be more accurate. If the symbol
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rate is 100% aligned, the unlimited length of 0 can be received continuously without error.

® TRACING System : The system is designed to correctthe symbol rate error. It has the tracking function.
It can automatically detect the symbol rate transmitted by TX, and adjust quickly the local symbol rate
of RX at the same time, so as to minimize the error between them.The system can withstand up to
15.6% or symbol rate error. Other similar products in the industry cannot reach this level.

® MANCHESTER System : This system evolves from the COUNTING system. The basic feature is the
same.The only difference is that the system is specially designed for Manchester codec.Special
processing can be done when the TX symbol rate has unexpected changes.

4.11 Fast Frequency Hopping

The mechanism of fast frequency hopping is, based on the frequency configured on the RFPDFK, for
instance 433.92MHz, during applications the MCU can simply change 1 or 2 registers to quickly switch to
another frequency channel. This simplify the way of change the RX or TX frequency in multiple channels
application.

In general, the user can configure FH_OFFSET<7:0>during the chip initialization process. And then in the
application, the user can switch the channel by changing FH_CHANNEL<7:0>.

When users need to use the fast frequency hopping in the RX mode, in some particular frequency points, one
parameter of the AFC circuit must be re-configured. Please refer to
“AN197-CMT2300A-CMT2119B-CMT2219B fast frequency hopping” and “CMT2300A-CMT2219B frequency
hopping calculation tool” for more details.

4.12 Transceiver SPI Interface

4.12.1 Transceiver SPI Interface Timing

The chip communicates with the outside through the 4-wire SPI interface. The CSB is the active-lowchip
select signal for accessing to the registers. The FCSB is the active-low select signal for accessing to the FIFO.
They cannot be set to low at the same time. The SCLK is the serial clock.lts highest speed is 5MHz.The chip
itself and the external MCU send the data at the falling edge of SCLK and capture the data at the rising edge
of SCLK. The SDA is a bidirectional pin for input and output data. The address and data are transferred
starting from the MSB.

When accessing to the register, CSB is pulled low. A R/W bit is sent first, followed by a 7-bit register address.
After the external MCU pulls down the CSB, it must wait for at least half a SCL cycle, and then send the R/W
bit. After the MCU sends out the last falling edge of SCLK, it must wait for at least half a SCLK cycle, and then
pull the CSB high.
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To be noticed, when reading a register, MCU and CMT2300A will have to switch the direction of their 10 (SDIO)
between the address bit 0 and the data bit 7. It is required that the MCU switches the 10 to input mode before
send out the falling edge of the SCLK; CMT2380F 16 should switch the 10 to output mode after it has seen the
falling edge of the SCLK. This avoids data contention of the SDIO (both of the MCU and CMT2380F 16 set the
SDIO to output mode at the same time), which would cause unexpected electrical problem.

> 0.5 SCLK cycle > 0.5 SCLK cycle

riw =1 register address register read data

Figure 4-5. SPI read register timing

> 0.5 SCLK cycle > 0.5 SCLK cycle

|
r'w=0 register address register write data

Figure 4-6. SPI write register timing

4.12.2 Transceiver FIFO

CMT2380F 16 provides two separated 32-byte FIFO by default. They are used for RX and TX, respectively.
Users can also set FIFO_MARGE_EN to 1 to merge the two separated FIFO into one 64-byte FIFO. It can be
used both under TX and RX. By configuring the FIFO_RX_TX_SEL to indicate whether it is currently used as
TX FIFO or RX FIFO. When the two FIFO are not merged, users can fill in the TX FIFO while the RX FIFO is
used to receive data in the RX mode.

The FIFO can be accessedvia the SPI interface. The user can clear the FIFO by setting FIFO_CLR_TXor
FIFO_CLR_RX to 1. Also, the user can re-send the old datain the TX FIFO by setting FIFO_RESTORE to 1,
without the need of re-filling the data.

When the MCU accesses to the FIFO, the user must first configure a few registers to setup the FIFO
read/write mode, as well as some other working mode. The details are introduced in “AN143-CMT2219B
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FIFO and Data Packet Usage Guideline”. Here is the read-write timing diagram. Note that there is a slight
difference in the control of the FCSB for accessing to the FIFO and the control of the CSB for accessing to the
register. When the MCU starts to access to the FIFO, FCSB must be pulled down 1-clock cycle at first, and
then send the rising edge of SCL. After the last falling edge of SCL is sent, the MCU must wait at least 2 us to
pull up the FCSB. Between the adjacent read/write operations, the FCSB must be pulled high for 4us at least.
When writing the FIFO, the first bit data must be ready 0.5 clock cycles before sending the first rising edge of
SCL.

> 1 SCLK cycle >2us >4us >1SCLKcycle >2us

A AN /\

FIFO read data FIFO read data

Figure 4-7. SPI read FIFO timing

> 1 SCLK cycle >2us >4us >1SCLKcycle >2us

FIFO write data FIFO write data

Figure 4-8. SPI write FIFO timing

CMT2380F16 provides rich interrupt sources associated with the FIFO. The interrupt timing for Tx and Rx
FIFO is shown below:
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RXDATA [ Noise | sync [o[1]2[3]4[5]6]7][8]9[10]11]12[13[14]15][16]17[18]19][20]21]22[23[24]25[26]27]28]29[30[31] Noise
SYNC_OK I
RX_FIFO_WBYTE \
RX_FIFO_NMTY \ [
RX_FIFO_TH \ (FIFO_TH = 16) l

RX_FIFO_FULL \ [

RX_FIFO_OVF \ [
RX FIFO ARRAY EMPTY o[1]|2(3|4|5|6|7|8|9]|10[11]12|13|14|15]16[17|18|19|20|21|22|23|24|25|26|27(28|29|30(31| FuLL

Figure 4-9. Transceiver Rx FIFO Interrupt timing diagram

TXDATA | Prefix [Pream| sync [0[1]2[3[4[5]6]7][8 9 [10[11]12]13]14[15[16]17[18[19]20]21]22]23]24[25]26]27]28[29[30[31] 0 ]

TX_FIFO_NMTY

(FIFO_TH = 16)
TX_FIFO_TH |
TX_FIFO_FULL
FIFOARRAY | EMPTY |1|2(3|4|5]|6|7|8|9|10(11|12|13|14|15|16|17|18[19]|20(21|22|23(24|25|26|27|28/|29(30|31 FULL

Figure 4-10. Transceiver Tx FIFO interrupt timing diagram

4.12.3 Operation State, Timing and Power Consumption

®  Start-up Timing

After the chip VDD is powered up, the chip usually needs to wait about 1ms, then POR will release. After the
release of the POR, the crystal will start, the start time is 200 us - 1 ms, depending on the characteristics of
the crystal itself. After starting, the user need to wait for the crystal settled, then the system starts working.
The default setting is 2.48ms. This time can be modified by writing XTAL_STB_TIME <2:0> afterword (it has
to be longer than the crystal inherent settling time). However, if the inherent settling time of the crystal is
difficult to observed by the user, the default setting of 2.48 ms is recommended and is able to cover most of
the crystals.

The chip remains in the IDLE status until the crystal is settled. After the crystal is settled, the chip will leave the
IDLE state and begin to do the calibration of each module. After the calibration is completed, the chip will stay
in the SLEEP and wait until the user to initialize the configuration. At any time, as long as the soft reset is
performed, the chip will go back to the IDLE and be powered up again.
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RF-VDD |
POR |
| l l l .
1 1 1
A e
POR Release XTAL Startup XTAL Stablize Block Calibrations ! Enters the SLEEP State Ready
<=1ms <=Nms <=248ms <=6.5ms 3 for customer initializing

Figure 4-11. Power on sequence

When the calibration is completed, the chip enters the SLEEP mode. From this time, the MCU can switch the
chip to different operating states by setting the register CHIP_MODE_SWT<7:0>.

® Operation State

CMT2380F16 has 7 operationstates:IDLE, SLEEP, STBY, RFS, RX, TFS and TX, as shown below.

Table 4-1. Transceiver state and module open table

State Binary code Switch command Active Blocks Optional Blocks
IDLE 0000 soft_rst SPI, POR T
SLEEP 0001 go_sleep SPI, POR, FIFO LFOSC, Sleep Timer
STBY 0010 go_stby SPI, POR, XTAL, FIFO CLKO
RFS 0011 go_rfs SPI, POR, XTAL, PLL, FIFO CLKO
TFS 0100 go_tfs SPI, POR, XTAL, PLL, FIFO CLKO
RX 0101 go_rx SPI, POR, XTAL, PLL, LNA+MIXER+IF, FIFO CLKO, RX Timer
X 0110 go_tx SPI, POR, XTAL, PLL, PA, FIFO CLKO
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go_sleep go_sleep
go_tx go_rx
go_stby | | go_sleep
go_tfs go_rfs|
go_sleep go_sleep

Figure 4-12. State Switch Diagram

> SLEEP State

The chip power consumption is the lowest in SLEEP state, and almost all the modules are turned off. SPI is
open, the registers of the configuration bank and control bank 1 will be saved, and the contents filled in the
FIFO before will remain unchanged. However, the user cannot operate the FIFO and cannot change the
contents of the register. If the user opens the wake-up function, the LFOSC and the sleep counter will turn on
and start working. The time required to switch from IDLE to SLEEP is the power up time. Switch from other
state to SLEEP will be completed immediately.

> STBY State

In STBY state, the crystal is turned on, the LDO of the digital circuit will also be turned on, the current will be
slightly increased, and the FIFO can be operated. The user can choose whether to output CLKO (system
clock) to PIN. Because the crystal and LDO is turned on, compared to the SLEEP, the time switching from the
STBY to transmitting or receiving will be relatively short. Switching from SLEEP to STBY will be completed
after the crystal is turned on and settled. Switching from other state to STBY will be completed immediately.

> REFS State

RFS is a transition state before switching to RX. Except that the receiver RF module is off, the other modules
are turned on, and the current will be larger than STBY. Because PLL has been locked in the RX frequency,
RFS cannot switch to TX. Switching from STBY to RFS probably requires PLL calibration and stability time of
350us. Switching from SLEEP to RFS needs to add the crystal start-up and stability time. Switching from
other state to RFS will be completed immediately.
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> TFS State

TFS is a transition state before switching to TX. Except that the transmitter RF module is off, the other
modules are turned on, and the current will be larger than STBY. Because PLL has been locked in the TX
frequency, TFS cannot switch to RX. Switching from STBY to TFS probably requires PLL calibration and
stability time of 350us. Switching from SLEEP to TFS needs to add the crystal start-up and settled time.
Switching from other state to TFS will be completed immediately.

> RX State

All modules on the receiver will be opened in RX state. Switching from RFS to RX requires only 20us.
Switching from STBY to RX needs to add the PLL calibration and settled time of 350us. Switching from
SLEEP to RX needs to add the crystal start-up and settled time. TX can be quickly switched to RX by sending
go_switch command. Whether the TX and RX setting frequency is the same, the user need to wait for the PLL
re-calibration and settled time of 350us to switch successfully.

> TX State

All modules on the transmitter will be opened in TX state. Switching from TFS to TX requires only 20us.
Switching from STBY to TX needs to add the PLL calibration and settled time of 350us. Switching from
SLEEP to TX needs to add the crystal start-up and settled time. RX can be quickly switched to TX by sending
go_switch command. Whether the RX and TX setting frequency is the same, the user need to wait for the PLL
re-calibration and settled time of 350us to switch successfully.

4.12.4 Transceiver GPIO and Interrupt

CMT2380F16 has 3 GPIO ports.Each GPIO can be configured as a different input or output. CMT2380F 16
has 2 interrupt ports. They can be configured to different GPIO outputs.

Table 4-2. Transceiver GPIO

Pin Name 110 Function

48 GPIO1 10 Configured as: DOUT/DIN, INT1, INT2, DCLK (TX/RX), RF_SWT
47 GPIO2 10 Configured as: INT1, INT2, DOUT/DIN, DCLK (TX/RX), RF_SWT
9 GPIO3 10 Configured as: CLKO, DOUT/DIN, INT2, DCLK (TX/RX)

Interrupt mapping table is as below. INT1 and INT2 mapping is the same. Take INT1 as an example.

Table 4-3. Transceiver interrupt mapping table

INT1_SEL Description Clearing

methods
RX_ACTIVE 00000 Indicates the chip is entering RX and is already in RX. Itis 1 in PLL Auto

tuningand RX state, and it is O in the other states.
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INT1_SEL Description Clearing
methods
TX_ACTIVE 00001 Indicates the chip is entering TX and is already in TX. Itis 1 in PLL Auto
tuning and TX state, and it is 0 in the other states.
RSSI_VLD 00010 Indicates whether the RSSI is active. Auto
PREAM_OK 00011 Indicates that the Preamble is received successfully. by MCU
SYNC_OK 00100 Indicatesthat the Sync Wordis received successfully. by MCU
NODE_OK 00101 Indicatesthat the Node ID is received successfully. by MCU
CRC_OK 00110 Indicates that the CRC for the current packet is correct. by MCU
PKT_OK 00111 Indicates that a packet has been received. by MCU
SL_TMO 01000 Indicates that the SLEEP counter timed out. by MCU
RX_TMO 01001 Indicates that the RX counter timed out. by MCU
TX_DONE 01010 Indicates that the TX operation is completed. by MCU
RX_FIFO_NMTY 01011 Indicates that the RX FIFO is not empty. Auto
RX_FIFO_TH 01100 Indicatesthe number of unread bytes of the RX FIFO is over FIFO TH Auto
RX_FIFO_FULL 01101 Indicates RX FIFO is full. Auto
RX_FIFO_WBYTE 01110 Indicates each time a byte is written to the RX FIFO. ltis a pulse. Auto
RX_FIFO_OVF 011N indicates RX FIFO is overflow Auto
TX_FIFO_NMTY 10000 Indicates that TX FIFO is not empty Auto
TX_FIFO_TH 10001 Indicates the number of unread bytes of the TX FIFO is over FIFO TH. Auto
TX_FIFO_FULL 10010 Indicates TX FIFO is full. Auto
STATE_IS_STBY 10011 Indicates that the current state is STBY. Auto
STATE_IS_FS 10100 Indicates that the current state is RFS or TFS. Auto
STATE_IS_RX 10101 Indicates that the current state is RX. Auto
STATE_IS_TX 10110 Indicates that the current state is TX. Auto
LBD 10111 Indicates that low battery is detected (VDD is lower than TH) Auto
TRX_ACTIVE 11000 Indicates the chip is entering TX or RX and is already in TX or RX. Itis 1 Auto
in PLL tuning, TX or RX state, and it is O in the other states.
PKT_DONE 11001 Indicates that the current packet has been received, covering 4 possible by MCU
different situations.
1. The packet is received completely and correctly.
2 Manchester decoding has error. Decoder is automatically reset.
3. NODE ID receiving has error. Decoderis automatically reset.
1 Signal collision occurred.Decoder is not reset, waiting for MCU to
response.

By default, Interrupt is active high (logic 1 is valid). Users can set the INT_POLARregister bit to 1to make all
interrupts active low (logic 0 is valid).Taking INT1 as an example, the control and sources selection of all the
available interrupts is shown below. The control and mapping ofINT1 and INT2 are the same.
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Figure 4-13. Transceiver INT1 interrupt mapping diagram
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5 80C51 CPU Function Description

5.1 CPU Register

® PSW: Program Status Word
SFR Page = 0~F
SFR Address = 0xDO0

0
Name CcY AC FO RS1 RSO ov F1 P
R/W R/W RW RW RW R/W R/W R/W RW
Reset 0 0 0 0 0 0 0 0
- CY: Carry bit
- AC: Auxiliary carry bit
- FO: General purpose flag 0

- RS1: Register bank select bit 1
- RSO0: Register bank select bit 0

- OV: Overflow flag
- F1: General purpose flag 1
- P: Parity bit

The program status word (PSW) contains several status bits that reflect the current state of the CPU. The
PSW, shown above, resides in the SFR space. It contains the Carry bit, the Auxiliary Carry(for BCD operation),
the two register bank select bits, the Overflow flag, a Parity bit and two user-definable status flags.

The Carry bit, other than serving the function of a Carry bit in arithmetic operations, also serves as the
“Accumulator” for a number of Boolean operations.

The bits RS0 and RS1 are used to select one of the four register banks shown in Section “On-Chip Data
RAM?”. A number of instructions refer to these RAM locations as RO through R7.

The Parity bit reflects the number of 1s in the Accumulator. P=1 if the Accumulator contains an odd number of
1s and otherwise P=0.

® SP: Stack Pointer
SFR Page = 0~F
SFR Address = 0x81

Name SP[7:0]
RW RW
Reset 0 0 0 o | o | 1 | 1 1
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The Stack Pointer holds the location of the top of the stack. The stack pointer is incremented before every
PUSH operation. The SP register defaults to 0x07 after reset.

® DPL: Data Pointer Low
SFR Page = 0~F
SFR Address = 0x82

Name DPTR][7:0]
RW RW
Reset o | o | o o | o | o | o 0

The DPL register is the low byte of the 16-bit DPTR. DPTR is used to access indirectly addressed XRAM and
Flash memory.

® DPH: Data Pointer High
SFR Page = 0~F
SFR Address = 0x83

Name DPTR[15:8]
RW RW
Reset 0 0 0 o | o [ o [ o 0

The DPH register is the high byte of the 16-bit DPTR. DPTR is used to access indirectly addressed XRAM
and Flash memory.

® ACC: Accumulator
SFR Page = 0~F
SFR Address = 0xEOQ

Name ACC[7:0]
RW RW
 Reset 0 0 0 o | o [ o [ o 0

This register is the accumulator for arithmetic operations.
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® B: B Register
SFR Page = 0~F
SFR Address = 0xFO

HSw RIW

0 o [ o [ o | o | o [ o [ o [ o

This register serves as a second accumulator for certain arithmetic operations.

5.2 CPU Timing

The CMT2380F16 is a single-chip microcontroller based on a high performance 1-T architecture 80C51 CPU
that has an 8051 compatible instruction set, and executes instructions in 1~6 clock cycles (about 5~6 times
fast then the standard 8051 device). It uses a pipelined architecture that greatly increases its instruction
throughput over the standard 8051 architecture. The instruction timing is faster than the standard 8051.

In many 8051 implementations, a distinction between machine cycles and clock cycles is that machine cycles
varying from 2 to 12 clock cycles. However, the 1T-80C51 implementation is based solely on clock cycle
timing. All instruction timings are specified in terms of clock cycles. For more detailed information about the
1T-80C51 instructions, please refer section “Instruction Set” which includes the mnemonic, number of bytes,
and number of clock cycles for each instruction.

5.3 CPU Addressing Mode

5.3.1 Direct Addressing (DIR)

The operand is specified by an 8-bit address field in the instruction. Only internal data RAM and SFRs can be
direct addressed.

5.3.2 Indirect Addressing (IND)

The instruction specified a register which contains the address of the operand. Both internal and external
RAM can be indirectly addressed.

The address register for 8-bit addresses can be R0 or R1 of the selected bank, or the Stack Pointer.

The address register for 16-bit addresses can only be the 16-bit data pointer register — DPTR.

5.3.3 Register Instruction (REG)
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The register banks, containing registers RO through R7, can be accessed by certain instructions which carry a
3-bit register specification within the op-code of the instruction. Instructions to use this method to access the
registers are more efficiently because it eliminates the extra address byte. When such instruction is executed,
one of the eight registers in the selected bank is accessed.

5.3.4 Register-Specific Instruction

Some instructions are specific to a certain register. For example, some instructions always operate on the
accumulator or data pointer, etc. No address byte is needed for such instructions. The op-code itself does it.

5.3.5 Immediate Constant (IMM)

The value of a constant can follow the op-code in the program memory.

5.3.6 Index Addressing

Only program memory can be accessed with indexed addressing and it is can only be read-only. This
addressing mode is intended for reading look-up tables in program memory. A 16-bit base register(either
DPTR or PC) points to the base of the table, and the accumulator is set up with the table entry number.
Another type of indexed addressing is used in the conditional jump instruction.

In conditional jump, the destination address is computed as the sum of the base pointer and the accumulator.
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6 Memory Organization

Like all 80C51 devices, the CMT2380F 16 has separated address spaces for program and data memory. The
logical separation of program and data memory allows the data memory to be accessed by 8-bit addresses,
which can be quickly stored and manipulated by the 8-bit CPU.

Program memory (ROM) can only be read, not written to. It can be up to 16K bytes of program memory. In the
CMT2380F16, all the program memory are on-chip Flash memory, and without the capability of accessing
external program memory because of no External Access Enable (/EA) and Program Store Enable (/PSEN)
signals designed.

Data memory occupies a separate address space from program memory. In the CMT2380F 16, there are 256
bytes of internal scratch-pad RAM and 768 bytes of on-chip expanded RAM(XRAM).

6.1 On-Chip Porgram Flash

Program memory is the memory which stores the program codes for the CPU to be executed, as shown in
Figure 6-1. After reset, the CPU begins execution from location 0000H, where should be the starting of the
user’s application code. To service the interrupts, the interrupt service locations (called interrupt vectors)
should be located in the program memory. Each interrupt is assigned a fixed location in the program memory.
The interrupt causes the CPU to jump to that location, where it commences execution of the service routine.
External Interrupt 0, for example, is assigned to location 0003H. If External Interrupt O is going to be used, its
service routine must begin at location 0003H. If the interrupt is not going to be used, its service location is
available as general purpose program memory.

The interrupt service locations are spaced at an interval of 8 bytes: 0003H for External Interrupt 0, 000BH for
Timer 0, 0013H for External Interrupt 1, 001BH for Timer 1, etc. If an interrupt service routine is short enough
(as is often the case in control applications), it can reside entirely within that 8-byte interval. Longer service
routines can use a jump instruction to skip over subsequent interrupt locations, if other interrupts are in use.

Program
16K: 3FFFH Memory
8K: 1FFFH

N\ AN

Interrupt —b 001BH

Locations 0013H | _ ;_
——» 000BH | ________ | 8bytes
—» 0003H

Reset ———» 0000H

Figure 6-1. Program Memory
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6.2 On-Chip Data RAM

Figure 6-2 shows the internal and external data memory spaces available to the CMT2380F 16 user. Internal
data memory can be divided into three blocks, which are generally referred to as the lower 128 bytes of RAM,
the upper 128 bytes of RAM, and the 128 bytes of SFR space. Internal data memory addresses are always
8-bit wide, which implies an address space of only 256 bytes. Direct addresses higher than 7FH access the
SFR space; and indirect addresses higher than 7FH access the upper 128 bytes of RAM. Thus the SFR
space and the upper 128 bytes of RAM occupy the same block of addresses, 80H through FFH, although they
are physically separate entities.

The lower 128 bytes of RAM are present in all 80C51 devices as mapped in Figure 6-3. The lowest 32 bytes
are grouped into 4 banks of 8 registers. Program instructions call out these registers as RO through R7. Two
bits in the Program Status Word (PSW) select which register bank is in used. This improves the code space
usage, since register instructions are shorter than direct addressing instructions. The next 16 bytes above the
register banks form a block of bit-addressable memory space. The 80C51 instruction set includes a wide
selection of single-bit instructions, and the 128 bits in this area can be directly addressed by these instructions.
The bit addresses in this area are 00H through 7FH.

All of the bytes in the Lower 128 can be accessed by either direct or indirect addressing while the Upper 128
can only be accessed by indirect addressing.

Figure 6-4 gives a brief look at the Special Function Register (SFR) space. SFRs include the Port latches,
timers, peripheral controls, etc. These registers can only be accessed by direct addressing. Sixteen
addresses in SFR space are both byte- and bit-addressable. The bit-addressable SFRs are those whose
address ends in OH or 8H.

On-chip XRAM
768/256 Bytes
02FFH/
4 00FFH
Internal 256 Bytes SFRs
SRAM
FFHI————————— 17  — —~—~——~———— | FEH Adgressable by
Upper 128 Addressable by Addressable by | 768 Indirect External
Butes —P| Indirect Addressing| Direct Addressing | Bytes Addressing
yies Only (SFRs) l
80H o ______lsoH
7 Add ble b
ressable by
Log;;lzs ————p| Direct and Indirect
Addressing
00H A 4 0000H

Figure 6-2. Data Memory
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Four banks of 8
registers RO~R7

Lower 128 Bytes of

internal SRAM

7FH
30H
2FH
Bit Addressable
20H 1FH
18H Bank 3 o
10H Bank 2 oFh
Bank 1
08H Reset value of
00H Bank 0 07H < Stack Pointer

Figure 6-3. Lower 128 Bytes of Internal RAM
FFH
1. 1/O ports are register mapping

EOH ACC 2. Addresses that end in OH or

8H are also bit-addressable

- 1/O ports

- PSW
DOH PSW - Accumulator

(etc.)

BOH Port 3
AOH Port 2
90H Port 1
80H Port 0

Figure 6-4. SFR Space

6.3 On-Chip expanded RAM (XRAM)

To access the on-chip expanded RAM (XRAM), refer to Figure 6-2, the 768 bytes of XRAM (0000H to
02FFH/O0FFH) are indirectly accessed by move external RAM instruction, “MOVX @Ri” and “MOVX
@DPTR”. For C51 compiler, to assign the variables to be located at XRAM, the “pdata” or “xdata” definition
should be used. After being compiled, the variables declared by “pdata” and “xdata” will become the
memories accessed by “MOVX @Ri” and “MOVX @DPTR”, respectively. Thus the CMT2380F16 hardware

can access them correctly.
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6.4 Off-Chip External Data Memory access

The off-chip external data memory access function is not supported in CMT2380F16.

6.5 Declaration Identifiers in a C51-Compiler

The declaration identifiers in a C51-compiler for the various CMT2380F16 memory spaces are as follows:

® data
128 bytes of internal data memory space (00h~7Fh); accessed via direct or indirect addressing, using
instructions other than MOVX and MOVC. All or part of the Stack may be in this area.

® idata

Indirect data; 256 bytes of internal data memory space (00h~FFh) accessed via indirect addressing using
instructions other than MOVX and MOVC. All or part of the Stack may be in this area. This area includes the
data area and the 128 bytes immediately above it.

® sfr
Special Function Registers; CPU registers and peripheral control/status registers, accessible only via direct
addressing.

® xdata
External data or on-chip eXpanded RAM (XRAM); duplicates the classic 80C51 64KB memory space
addressed via the “MOVX @DPTR?” instruction. The CMT2380F 16 has 768 bytes of on-chip xdata memory.

® pdata

Paged (256 bytes) external data or on-chip eXpanded RAM; duplicates the classic 80C51 256 bytes memory
space addressed via the “MOVX @Ri” instruction. The CMT2380F 16 has 256 bytes of on-chip pdata memory
which is shared with on-chip xdata memory.

® code
16K bytes of program memory space; accessed as part of program execution and via the “MOVC @A+DTPR”
instruction. The CMT2380F 16 has 16K bytes of on-chip code memory.
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7 XRAM Access

The CMT2380F16 MCUs include 768 bytes of on-chip RAM mapped into the external data memory space
(XRAM). The external memory space may be accessed using the external move instruction (MOVX) and the
data pointer (DPTR), or using the MOVX indirect addressing mode using RO or R1. If the MOVX instruction is
used with an 8-bit address operand (such as @R1), then the high byte of the 16-bit address is provided by the
XRAM Page Select Register (XRPS).

The internal XRAM memory spaceis accessed using the MOVX instruction. The MOVX instruction has two
forms, both of which use an indirect addressing method. The first method uses the Data Pointer, DPTR, a
16-bit register which contains the effective address of the XRAM location to be read or written. The second
method uses RO or R1 in combination with the XRPS register to generate the effective XRAM address.

7.1 MOVX on 16-bit Address with dual DPTR

The dual DPTR structure as shown in Figure 7-1 is a way by which the chip can specify the address of an
external data memory location. There are two 16-bit DPTR registers that address the external memory, and a
single bit called DPS (AUXR1.0) that allows the program code to switch between them.

MOVX @DPTRO or DPTR1 External Data Memory

(83h) (82h) e

_ vl ’DPH\ | ’DPL\ |-———»

™ 4 MR

AUXR1.0 DPS=0 | i | |
DPH | DPL

DPTRO L— =l ,

Figure 7-1. Dual DPTR Structure

DPTR Instructions

The six instructions that refer to DPTR currently selected using the DPS bit are as follows:

INC DPTR ; Increments the data pointer by 1

MOV DPTR,#data16 ; Loads the DPTR with a 16-bit constant
MOV A,@A+DPTR ; Move code byte relative to DPTR to ACC
MOVX A @DPTR ; Move external RAM (16-bit address) to ACC
MOVX @DPTRA ; Move ACC to external RAM (16-bit address)
JMP @A+DPTR ; Jump indirect relative to DPTR
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® AUXR1: Auxiliary Control Register 1
SFR Page = 0~F
SFR Address = 0xA2

Name -- - - - - - — DPS
R/W W W W W W W W R/W
Reset X X X X X X X 0

Bit 0: DPS, DPTR select bit. Use to switch between DPTRO and DPTR1.
0: Select DPTRO
1: Select DPTR1.

DPS Selected DPTR
0 DPTRO
1 DPTR1

® DPL: Data Pointer Low
SFR Page = 0~F
SFR Address = 0x82

Name DPTR][7:0]
RW RW
Reset 0 0 0 o | o 0 0 0

The DPL register is the low byte of the 16-bit DPTR. DPTR is used to access indirectly addressed XRAM and
Flash memory.

® DPH: Data Pointer High
SFR Page = 0~F
SFR Address = 0x83

Name DPTR[15:8]
RW RW
Reset 0 0 0 o | o [ o [ o 0

The DPH register is the high byte of the 16-bit DPTR. DPTR is used to access indirectly addressed XRAM
and Flash memory.
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7.2 MOVX on 8-bit Address with XRPS

The 8-bit form of the MOVX instruction uses the contents of the XRPS SFR to determine the upper 8-bits of
the effective address to be accessed and the contents of RO or R1 to determine the lower 8-bits of the
effective address to be accessed. This function is only provided in CMT2380F 16 for 768 bytes XRAM access.

MOVX @Ri with XRPS

On-chip 768B XRAM

A[9:8]= 2;
256B RAM

A[7:0] = Ri;

A[9:8]=1;
256B RAM

A[7:0] = Ri;

I

Py

U

()]
|

O
I3
:ll
|
- T
|

CPUMOVX @Ri - — — — — — — Ly

A[9:8]= 0;
256B RAM

A[7:0] = Ri;

Figure 7-2. XRPS Structure

® XRPS: XRAM Page Select Register
SFR Page = 0~F
SFR Addresss = 0x8F

Name -- - - - - - XRPS.1 XRPS.0
R/W w w w w w W R/W R/W
Reset X X X X X X 0 0

Bit 7~2: Reserved. Software must write “0” on these bits when XRPS is written.

Bit 1~0: XRPS, XRAM Page Select. The XRPS register provides the high byte of the 16-bit external data
memory address when using an 8-bit MOVX command, effectively selecting a 256-byte page of RAM.
Since the upper (reserved) bits of the register are always zero, the XRPS determines which page of
XRAM is accessed. In CMT2380F 16, XRPS indexes the three pages 256-byte RAM.

For Example: If XRPS = 0x01, addresses 0x0100 through 0x01FF in XRAM will be accessed.
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8 System Clock

There are four clock sources for the system clock: Internal High-frequency RC Oscillator (IHRCO), external
crystal oscillator, Internal Low-frequency RC Oscillator (ILRCO) and External Clock Input. Figure 8-1 shows
the structure of the system clock in CMT2380F 16.

The CMT2380F16 always boots from IHRCO on 12MHz and reserves crystal pads as P6.0/P6.1 GPIO
function. Software can select the OSCin input on one of the four clock sources application required and
switches them on the fly. But software needs to wait the clock until the source be settle before clock switching.
If software selects external crystal mode, port pin of P6.0 and P6.1 will be assigned to XTAL2 and XTAL1. And
P6.0/P6.1 GPIO function will be inhibited. In external clock input mode (ECKI), the clock source comes from
P6.0 input and P6.1 still reserves GPIO function.

To set XTALE (CKCON2.5) to enable external crystal oscillating. When frequency from external crystal had
been stable, the XTOR (CKCON1.7) will be set automatically. Software need to poll this bit before switch the
system clock source(OSCin) to external crystal. XTOR is read only.

The built-in IHRCO provides two kinds of frequency for software selected. The second frequency is
11.059MHz by software setting AFS on CKCONO.7. Both of 12MHz and 11.059 MHz in IHRCO provide high
precision frequency for system clock source. To find the detailed IHRCO performance, please refer Section
IHRCO Characteristics. In IHRCO or ILRCO mode, P6.0 can be configured to internal MCK output or MCK/2
and MCK/4 for system application.

The built-in ILRCO provides the low power and low speed frequency about 32KHz to WDT and system clock
source. MCU can select the ILRCO to system clock source by software for low power operation. To find the
detailed. ILRCO performance, please refer Section ILRCO Characteristics. In ILRCO mode, P6.0 can be
configured to internal MCK output or MCK/2 and MCK/4 for system application.

The CMT2380F 16 device includes a Clock Multiplier (CKM) to generate the high speed clock for system clock
source. CKM applied in CMT2380F 16 is shown in Figure 8-1 and its typical input frequency is around 6MHz.
Before enable CKM, software must configure the CKMIS1~0 (CKCON.5~4) to get the reasonable CKMI
frequency for CKM input source. CKM can generate 4/5.33/8 times frequency of CKMI and setting MCKS1~0
(CKCON2.3~2) selects different CKM outputs to provide the high speed operation on MCU without
high-frequency clock source. To find the detailed CKM performance, please refer Section CKM
Characteristics.

The system clock, SYSCLK, is obtained from one of these four clock sources through the clock divider, as
shown in Figure 8-1. The user can program the divider control bits SCKS2~SCKSO0 (in CKCONO register) to
get the desired system clock.
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8.1 Clock Structure

Figure 8-1 presents the principal clock systems in the CMT2380F16. The system clock can be sourced by the
external oscillator circuit or either internal oscillator.

MCDRE P System Reset
(SIFIE.6)
MCDFIE
(SIFIE.5) System Flag Interrupt
Enab\e"

ESF

Missing e EE13)  Clear OSCS[1:0] to "00"
Detection to force SYSCLK on IHRCO
(PCON1.5)

o| XCKS[5:0] .
12MHz 11.050MHz XTOR > (CKCONE_&]O) ——> ISP/IAP Logic
0 f (CKCON1.7) CCKs
AFS (CKCONO0.3)

(CKCON0.7)

Clock default path
IHRCOE _enabl
(CKCON2.4)

CPUCLK
(CPU Clock)

(25MHz Max.)

enable |

MCK -2| MCKDO .
N | sCKs[2:0]

0
XTALE ! SYSCLK
(CKCON2.5) [ - = 2 -4 "1 (ckcono.2~0) (System Clock)
XTAL1 (P6.1) XTAL2 (P6.0) CKMIx 4 3 .o (50MHz Max.)
Clock CKMI x 5.33 LA » To PCA
> Multiplier (MCKDO, 50MHz Max.)
e [x2] » ToPCA
C L= i
0~25MHz 32KH (CKMIX16, 100MHz Max.)
2
ILRCO
ENCKM _Enable |  MCKS[1:0]
P6.0 (ECKI) —0=25MHz (CKCON0.6) (CKCON23-2) P6.0 SFR ——»0
00: MCK = OSCin (defautt) o »1
0SCS{1:0] 01: MCK = 24MHz (if CKMI=6MHz) L » P6.O(ICKO)
. - 10: MCK = 32MHz (if CKMI=6MHz) 2
(CKGON2:1-0)00: 0SCin = IHRCO (dofauly CKMIS[1:0] 11: MCK = 48MHz (if CKMI=6MHz)
01: 0SCin = XTAL : 3
10: OSCin = ILRCO (CKCON0.5~4)
11: OSCin = ECKI 00: if OSCin = 5~6.5MHz MCKD[1:0] —
01: if OSCin = 10~13MHz (default) (CKCON3.3-2) PE0OCIH:0] 00: P6.0 GPIO
10: if OSCin = 20~26MHz B PO MK (defaut) : 01: MCK output
11: if OSCin = 30~39MHz 01: POK = MOK/2 (AUXRO.7~6) 10: MCK/2 output
10: PCK = MCK/4 11: MCK/4 output

11: PCK = MCK/8

Figure 8-1. System Clock
8.2 Clock Source Switching

There are four clock sources for the system clock: Internal High-frequency RC Oscillator (IHRCO), external
crystal oscillator, Internal Low-frequency RC Oscillator (ILRCO) and External Clock Input. Figure 8-1 shows
the structure of the system clock in CMT2380F16. The CMT2380F 16 always boots from IHRCO on 12MHz.
OSCSI1:0] are used to select the clock source by software setting, but the software need to wait until the
clock be settle before switch the clock source.

8.3 On-Chip CKM (PLL)

The CMT2380F16 includes a Clock Multiplier (CKM) to generate the high speed clock for system clock source.
It is shown in Figure 8-1 and its typical input frequency is around 6MHz. Before enable CKM, software must
configure the CKMIS1~0 (CKCON.5~4) to get the suitable CKMI frequency for CKM input source. CKM can
generate 4/5.33/8 times frequency of CKMI and setting MCKS1~0 (CKCON2.3~2) selects different CKM
outputs on MCK to provide the high speed operation on MCU without high-frequency clock source. To find the
detailed CKM performance, please refer Section CKM Characteristics.
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8.4 Missing Clock Detection

When using the external crystal oscillator as the clock source, it can be monitored by the missing clock
detector MCD to notify if the crystal is out of function. The Missing-Clock-Detection module is enabled by
MCDFIE. If MCDFIE is cleared, the Missing-Clock-Detection module is inactive. PCON1 Bit 5, MCDF, Missing
Clock Detection (MCD) flag set by hardware to detect a Missing-Clock event on external crystal oscillating
input. Writing “1” on this bit will clear MCDF. Once a missing clock event happened, software must clear
MCDF before switching OSCin to XTAL again. In default, the MCD event will trigger an system reset. If user
won’t apply this function, clear MCDRE to disable the reset function.

8.5 Fast wake-up for XTAL mode
Normally the settle time of the external crystal is 0.6ms ~ 2ms (depends on the applications). The MCU stable
time is 200us and is fast then crystal. It can be used to speed up the wake-up time for XTAL mode. Under

XTAL mode, user can switch the OSCin from XTAL to IHRCO before the system go into Power Down Mode.

How to Program with Fast wake-up function for XTAL mode:

® Set IHRCOE(CKCONZ2.4) to “1” to enable IHRCO.

® delay 32us to wait IHRCO working stable

® Program OSCS[1:0](CKCON2.1~0) to “00” to select IHRCO as clock source
® NOPx10

® Set XTALE (CKCON2.5) to “0” to disable external crystal oscillating circuit.
® MCU enter power down

®

® MCU wake up

® Set XTALE (CKCONZ2.5) to “1” to enable external crystal oscillating circuit.
® Poll XTOR (CKCON1.7) to “1” to wait external crystal oscillating ready.

® Program OSCS[1:0] (CKCON2.1~0) to “01” to select XTAL as clock source
® NOPx10

® Set IHRCOE(CKCON2.4) to “0” to disable IHRCO.

® Continue program execution.........

8.6 Wake-up for clock from CKM

When enable CKM circuit, it needs 100us to output stable frequency, within this uncertain frequency period,
the input of the MCK needs to keep MCKS on OSCin to guarantee system’s satiability. Please reference the
following procedure:

How to Program to Support wake-up with clock from CKM:
® Program MCKS[1:0] (CKCON2.3~2) to “00” to select non-CKM output as clock source
® MCU enters power down
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MCU wakes up

delay 100us to wait CKM working stable.

Modify MCKSJ[1:0] (CKCON2.3~2) to select CKM output as clock source
Continue program execution.........

8.7 Clock Register

® CKCONO: Clock Control Register 0
SFR Page = 0~F & P
SFR Address = 0xC7

Name AFS ENCKM | CKMIS1 CKMISO CCKS SCKS2 SCKS$S1 SCKS0
R/W R/W RW RW RW RW R/W R/W RW
Reset 0 0 0 1 0 0 0 0

Bit 7: AFS, Alternated Frequency Selection.
0: Select IHRCO on 12MHz.
1: Select IHRCO on 11.059MHz.

Bit 6: ENCKM, Enable clock multiplier (X8)
0: Disable the X8 clock multiplier.
1: Enable the X8 clock multiplier.

Bit 5~4: CKMIS1 ~ CKMISO, Clock Multiplier Input Selection.

CKMIS[1:0] |
0 0

Clock Multiplier Input Selection
OSCin/1 (24 OSCin =5 ~ 7TMHz)
0 1 OSCin/2 (%4 OSCin = 10 ~ 14MHz)
10 OSCin/4 (%4 OSCin = 20 ~ 28MHz)
1 1 OSCin/6 (24 OSCin = 30 ~ 42MHz)

Bit 3: CCKS, CPU i} #fi%#.
0: Select CPU Clock as SYSCLK.
1: Select CPU Clock as SYSCLK/2.

Bit 2~0: SCKS2 ~ SCKSO0, programmable System Clock Selection.

SCKS[2:0] System Clock (SYSCLK)
000 MCKDO/1
00 1 MCKDO/2
010 MCKDO/4

Rev1.1 | 62/298 www.cmostek.com



CMT2380F16

SCKS[2:0] | System Clock (SYSCLK)
01 1 MCKDO/8
1.0 0 MCKDO/16
10 1 MCKDO/32
110 MCKDO/64
11 1 MCKDO/128

® CKCON1: Clock Control Register 1
SFR Page = 0~F & P
SFR Address = 0xBF

Name XTOR -- XCKS[5:0]
R/W R w R/W R/W R/W R/W R/W R/W
Reset 0 X 0 0 1 0 1 1

Bit 7: XTOR, Crystal Oscillating Ready. Read Only.
0: Crystal Oscillating not Ready.
1: Crystal Oscillating Ready. When XTALE is enabled, XTOR reports the crystal oscillator reached
start-up count.

Bit 6: Reserved. Software must write “0” on this bit when CKCON1 is written.

Bit 5~0: This is set the OSCin frequency value to define the time base of ISP/IAP programming. Fill with
a proper value according to OSCin, as listed below.

[XCKS5~XCKS0] = OSCin - 1, 7£ OSCin=1~40 (MHz) i,
For examples,

(1) If OSCin=12MHz, then fill [XCKS5~XCKSO0] with 11, i.e., 00-1011B.
(2) If OSCin=6MHz, then fill [XCKS5~XCKSO0] with 5, i.e., 00-0101B.

0SCin XCKSI[5:0]

1MHz 00-0000
2MHz 00-0001
3MHz 00-0010
4MHz 00-0011
38MHz 10-0101
39MHz 10-0110
40MHz 10-0111
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The default value of XCKS= 00-1011 for OSCin= 12MHz.

® CKCON2: Clock Control Register 2
SFR Page = P Page
SFR Address = 0x40

NE XTGS[1:0] XTALE | IHRCOE MCKS[1:0] 0SCS[1:0]
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 1 0 1 0 0 0 0

Bit 7~6: XTGS1~XTGS0, OSC Driving control Register.

XTGS[1:0] ‘ Gain Define
00 Gain for 32.768K
01 Gain for 2MHz ~ 25MHz
Others Reserved

Bit 5: XTALE, external Crystal(XTAL) Enable.
0: Disable XTAL oscillating circuit. In this case, XTAL2 and XTAL1 behave as Port 6.0 and Port 6.1.

1: Enable XTAL oscillating circuit. If this bit is set by CPU software, software polls the XTOR
(CKCON1.7) true to indicate the crystal oscillator is ready for OSCin clock selected.

Bit 4: IHRCOE, Internal High frequency RC Oscillator Enable.
0: Disable internal high frequency RC oscillator.
1: Enable internal high frequency RC oscillator. If this bit is set by CPU software, it needs 32 us to

have stable output after IHRCOE is enabled.

Bit 3~2: MCKSJ[1:0], MCK Source Selection.

0OSCin =12MHz 0OSCin =11.059MHz

MCKSJ[1:0] MCK i ik ¢ CKMIS = [01] CKMIS = [01]
00 OSCin 12MHz 11.059MHz
01 CKMI x 4 (ENCKM =1) 24MHz 22.118MHz
10 CKMI x 5.33 (ENCKM =1) 32MHz 29.491MHz
11 CKMI x 8 (ENCKM =1) 48MHz 44.236MHz

Bit 1~0: OSCSJ[1:0], OSCin Source selection.

OSCSJ[1:0] OSCin I Bl % #%
00 IHRCO
01 XTAL
10 ILRCO
11 ECKI, #hifif i A (P6.0)1E N OSCin.
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® CKCONS3: Clock Control Register 3
SFR Page = P only
SFR Address = 0x41

5 1 0
NE WDTCS[1:0] 0 WDTFS MCKDI[1:0] 1 0
RIW RIW RIW W RIW RIW RIW w W
Reset 0 0 0 0 0 0 1 0

Bit 7~6: WDTCS1~0. WDT clock source selection.

Bit 5: Reserved. Software must write “0” on this bit when CKCONS3 is written.

Bit 4: WDTFS. WDT overflow source selection.

Bit 3~2: MCKD][1:0], MCK Divider Output selection.

MCKD[1:0] MCKDO #i# ‘ 4 MCK = 12MHz 4 MCK = 48MHz
00 MCKDO = MCK MCKDO = 12MHz MCKDO = 48MHz
01 MCKDO = MCK/2 MCKDO = 6MHz MCKDO = 24MHz
10 MCKDO = MCK/4 MCKDO = 3MHz MCKDO = 12MHz
11 MCKDO = MCK/8 MCKDO = 1.5MHz MCKDO = 6MHz

Bit 1~0: Reserved. Software must write “10” on these bits when PCON1 is written.

® AUXRO: Auxiliary Register 0
SFR Page = 0~F
SFR Address = 0xA1

o735
B P600C[1:0] P60FD
BE R R/W R/W R/W w W W
=EDAEN 0 0 0 X X X 0 0

Bit 7~6: P6.0 function configured control bit 1 and 0. The two bits only act when internal RC oscillator
(IHRCO or ILRCO) is selected for system clock source. In crystal mode, XTAL2 and XTAL1 are the
alternated function of P6.0 and P6.1. In external clock input mode, P6.0 is the dedicated clock input pin.
In internal oscillator condition, P6.0 provides the following selections for GPIO or clock source generator.
When P600C[1:0] index to non-P6.0 GPIO function, P6.0 will drive the on-chip RC oscillator output to
provide the clock source for other devices.
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00 P60 By P6MO0.0
01 MCK By P6MO0.0
10 MCK/2 By P6MO0.0
11 MCK/4 By P6MO0.0

For clock-out on P6.0 function, it is recommended to set P6M0.0 to “1” which selects P6.0 as push-push
output mode.

Bit 5: P60FD, P6.0 Fast Driving

0: P6.0 output with default driving.

1: P6.0 output with fast driving enabled. If P6.0 is configured to clock output, enable this bit when P6.0
output frequency is more than 12MHz at 5V application or more than 6MHz at 3V application.

PCON1: Power Control Register 1
SFRPage =0~F&P
SFR Address = 0x97

Name MCDF
R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bit 5: MCDF, Missing Clock Detection flag.

0: This bit must be cleared by software writing “1” on it. Software writing “:0” is no operation.

1: This bit is only set by hardware which detects a Missing-Clock event on external crystal oscillating
input. Writing “1” on this bit will clear MCDF. The Missing-Clock-Detection module is enabled by MCDFIE.
If MCDFIE is cleared, the Missing-Clock-Detection module is inactive. Once a missing clock event
happened, software must clear MCDF before switching OSCin to XTAL again.

SFIE: System Flag Interrupt Enable Register
SFR Page =0~F
SFR Address = Ox8E

Name MCDRE MCDFIE
R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 1 1 0 0 0 0

Bit 6: MCDRE, Enable Missing-Clock-Detection event causes a system reset.
0: Disable MCD event to trigger a system Reset.
1: Enable MCD event to trigger a system Reset. Default is enabled.
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Bit 5: MCDFIE, Enable MCDF (PCON1.5) Interrupt.
0: Disable MCDF interrupt.
1: Enable MCD module and enable MCDF interrupt. Default is enabled.

® DCONO0: Device Control Register 0
SFR Page
SFR Address = 0x4C

Name
R/W
SAiE

Bit 7: HSE, High Speed operation Enable.
0: Select CPU running in lower speed mode (Fcpycik £ 6MHZz) which is slow down internal circuit to

reduce power consumption.

1:

Enable CPU full speed operation if Fcpucik > 6MHz. Before select high frequency clock (> 6MHz) on

SYSCLK, software must set HSE to switch internal circuit for high speed operation.
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9 Watch Dog Timer (WDT)

9.1 WDT Structure

The Watch-dog Timer (WDT) is intended as a recovery method in situations where the CPU may be subjected
to software upset. The WDT consists of a 8-bit free-running counter, a 8-bit prescaler and a control register
(WDTCR). Figure 9-1 shows the WDT structure in CMT2380F 16.

There are four/three selections for WDT clock source. The clock source must be configured before WDT
enabled. The default WDT clock source is 32KHz ILRCO. The WDT overflow will set the WDTF (PCON1.0)
which can be configured to generate an interrupt by enabled WDTFIE (SFIE.O) and enabled ESF (EIE1.3).
The overflow can also trigger a system reset when WREN (WDTCR.7) is set. To prevent WDT overflow,
software needs to clear it by writing “1” to the CLRW bit (WDTCR.4) before WDT overflows.

Once the WDT is enabled by setting ENW bit, there is no way to disable it except through power-on reset or
page-p SFR over-write on ENW, which will clear the ENW bit. The WDTCR register will keep the previous
programmed value unchanged after hardware (RST-pin) reset, software reset and WDT reset.

WREN, NSW and ENW are implemented to one-time-enabled function, only writing “1” valid in general SFR
page. Page-P SFR Access on WDTCR can disable WREN, NSW and ENW, writing “0” on WDTCR.7~5.
Please refer Section “9.4 WDT Register” and Section “27 Page P SFR Access” for more detail information.

ILRCO (~32KHz) 22 » WDTPS
XTAL2/ECKI (P6.0) %1 (WDT prescaler output)
sysclki2 0 f | EIE1.ESF

|
1y | 8-bits prescaler |
| P SFIE.WDTFIE wDT
| 11256 —o | Interrupt
WDTCSJ[1:0] | 1128 —o |
; 1/64 —o
(CKCONZ3J[7:6]) | Vs : R 8-bits b7 overflow o 0
| 116 —o
| 178 | WDT b0 overflow » 1
PCONO.PD | 114 —o | 7y PCON1.0
112
|
PCONO.IDL L R — WDTFS » WDTOF
A (CKCON3.4) (WDT overflow)
| WDT
Reset
WDTCR Register | WREN | NSW | ENW | CLRW | WIDL | PS2 | PS1 | PSO |
WREN

Figure 9-1. Watch Dog Timer

9.2 WDT Durning Idle

In the Idle mode, the WIDL bit (WDTCR.3) determines whether WDT counts or not. Set this bit to let WDT
keep counting in the Idle mode. If the hardware option NSWDT is enabled, the WDT always keeps counting
regardless of WIDL bit.
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9.3 Auto Wake Up

In the Power down mode, the ILRCO won'’t stop if the NSW (WDTCR.6) is enabled. The MUC enters Watch
mode to behave an auto-wakeup function. That lets WDT keep counting even in Power down mode (Watch
Mode). After WDT overflows, it will wake up the CPU from interrupt or reset by software configured. This
function is only active when WDT clock source is come from ILRCO or P6.0 input which can be derived from
external input or crystal oscillating circuit (XTAL1/XTAL2) enabled.

9.4 WODT Register

® WDTCR: Watch-Dog-Timer Control Register
SFRPage =0~F&P
SFR Address = OxE1 POR = XXX0-XXXX (0000-0111)

Name WREN NSW ENW CLRW WIDL PS[2:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 1 1 1

Bit 7: WREN, WDT Reset Enable. The initial value can be changed by hardware option, WRENO.

0: The overflow of WDT does not set the WDT reset. The WDT overflow flag, WDTF, may be polled by
software or trigger an interrupt.

1: The overflow of WDT will cause a system reset. Once WREN has been set, it can not be cleared by
software in page O~F. In page P, software can modify it to “0” or “1”.

Bit 6: NSW, Non-Stopped WDT. The initial value can be changed by hardware option, NSWDT.

0: WDT stop counting while the MCU is in power-down mode.

1: WDT always keeps counting while the MCU is in power-down mode (Watch Mode) or idle mode. Once
NSW has been set, it can not be cleared by software in page 0~F. In page P, software can modify it to
“0” or “1”.

Bit 5: ENW, Enable WDT.

0: Disable WDT running. This bit is only cleared by POR.

1: Enable WDT while it is set. Once ENW has been set, it can not be cleared by software in page 0~F. In
Page P, software can modify it as “0” or “1”.

Bit4: CLRW, WDT Clear bit.

0:Writing “0” to this bit is no operation in WDT.

1: Writing “1” to this bit will clear the 8-bit WDT counter to 00H. Note this bit has no need to be cleared by
writing “0”.Clear WDT to recount while it is set.

Bit 3: WIDL, WDT idle control.

Rev1.1|69/298 www.cmostek.com



CMT2380F16

0: WDT stops counting while the MCU is in idle mode.
1: WDT keeps counting while the MCU s in idle mode.

Bit 2~0: PS2 ~ PS0, select prescaler output for WDT time base input.

When WDTFS (CKCON3.4) = 0, WDT clock source= ILRCO or SYSCLK/12

. WDT Period
WDT Period
PS[2:0] Prescaler Value (WDT Clock = SYSCLK/12)
(WDT Clock = ILRCO)
(SYSCLK = [HRCO, 12MHz)
0 0O 2 16 ms 0.512 us
0 0 1 4 32 ms 1.024 ms
010 8 64 ms 2.048 ms
0 1 1 16 128 ms 4.096 ms
100 32 256 ms 8.192 ms
1 0 1 64 512 ms 16.384 ms
110 128 1024 ms 32.768 ms
17 1 1 256 2048 ms 65.536 ms

When WDTFS (CKCON3.4) = 1, WDT clock source= ILRCO

0 0O 2 0.125 ms + 120us
0 0 1 4 0.25 ms + 120us
010 8 0.5 ms + 120us
0o 1 1 16 1 ms + 120us
100 32 2 ms + 120us

1 0 1 64 4 ms + 120us
110 128 8 ms + 120us

1. 11 256 16 ms + 120us

® CKCON3: Clock Control Register 3

SFR Page =Ponly

SFR Address = 0x41

5 1 0

Name WDTCS[1:0] 0 WDTFS MCKD1 MCKDO 1 0
R/W R/W R/W w RW RW R/W w w
Reset 0 0 0 0 0 0 1 0

Bit 7~6: WDTCS1~0, WDT Clock Source selection [1:0].
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00 ILRCO

01 XTAL2/ECKI(P6.0)
10 SYSCLK/12

11 Reserved

Bit 4. WDTFS. WDT overflow source selection.
0: Select WDT bit-8 overflow as WDT event source.
1: Select WDT bit-0 overflow as WDT event source.

PCON1: Power Control Register 1
SFRPage =0~F&P
SFR Address = 0x97

Name WDTF
R/W R/W R/W R/W R/W w R/W R/W W
Reset 0 0 0 0 X 0 0 0

Bit 1: WDTF, WDT overflow flag.
0: This bit must be cleared by software writing “1” on it. Software writing “:0” is no operation.
1: This bit is only set by hardware when WDT overflows. Writing “1” on this bit will clear WDTF.

® SFIE: System Flag Interrupt Enable Register
SFR Page =0~F
SFR Address = Ox8E

Name WDTFIE
R/W R/W R/W R/W R/W W R/W R/W R/W
Reset 0 1 1 0 X 0 0 0

Bit 0: WDTFIE, Enable WDTF (PCON1.0) Interrupt.
0: Disable WDTF interrupt.
1: Enable WDTF interrupt.

9.5 WDT Hardware Option
In addition to being initialized by software, the WDTCR register can also be automatically initialized at
power-up by the hardware options WRENO, NSWDT, HWENW, HWWIDL and HWPS[2:0], which should be

programmed by a universal Writer or Programmer, as described below.

If HWENW is programmed to “enabled”, then hardware will automatically do the following initialization for the
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WDTCR register at power-up:
(1) set ENW bit.
(2) load WRENO into WREN bit.
(3) load NSWDT into NSW bit.
(4) load HWWIDL into WIDL bit.
(5) load HWPS[2:0] into PS[2:0] bits.

If both of HWENW and WDSFWP are programmed to “enabled”, hardware still initializes the WDTCR register
content by WDT hardware option at power-up. Then, any CPU writing on WDTCR bits will be inhibited except
writing “1” on WDTCR.4 (CLRW), clear WDT, even though access through Page-P SFR mechanism.

® WRENO:
M: Enabled. Set WDTCR.WREN to enable a system reset function by WDTF.
O: Disabled. Clear WDTCR.WREN to disable the system reset function by WDTF.

® NSWDT: Non-Stopped WDT

M: Enabled. Set WDTCR.NSW to enable the WDT running in power down mode (watch mode).

O: Disabled. Clear WDTCR.NSW to disable the WDT running in power down mode (disable Watch
mode).

® HWENW: Hardware loaded for “ENW” of WDTCR.

M: Enabled. Enable WDT and load the content of WRENO, NSWDT, HWWIDL and HWPS2~0 to
WDTCR after power-on.

O: Disabled. WDT is not enabled automatically after power-on.

® HWWIDL, HWPS[2:0]: When HWENW is enabled, the content on these four fused bits will be loaded to
WDTCR SFR after power-on.

® WDSFWP:

M: Enabled. The WDT SFRs, WREN, NSW, WIDL, PS2, PS1 and PSO in WDTCR, will be
write-protected.

O: Disabled. The WDT SFRs, WREN, NSW, WIDL, PS2, PS1 and PS0 in WDTCR, are free for writing of
software.
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10 Real-Time-Clock(RTC) / System-Timer

The CMT2380F16 has a simple Real-Time clock that allows a user to continue running an accurate timer
while the rest of the device is powered-down. The Real-Time clock can be a wake-up or an interrupt source.
The Real-Time clock is a maximum 21-bit up counter comprised of a 0~15-bit prescaler and a 6-bit loadable
up counter. When it overflows, the 6-bit counter will be reloaded again and the RTCF flag will be set. The
clock source for this prescaler has 5 selections including the XTAL oscillator in default, provided that the XTAL
oscillator is not being used as the system clock. Figure 10-1 shows the RTC structure in CMT2380F16.

The 32.768KHz crystal for the RTC module input will provide a programmable overflow period for 30uS to 64S.
The counter also provides a timer function with the clock derived from SYSCLK for a system timer function.
The maximum overflow period for the system timer function is SYSCLK/2*21. The ILRCO provides the
internal clock source for RTC module. The WDTPS and WDTOF come from WDT prescaler and WDT
overflow to provide the extended prescaler source for more long wake-up time requirement. The RCT clock
source must be configured before RTCE enabled.

If the XTAL oscillator is used as the system clock, then the RTC still uses P6.0 input as its clock source. RTCO
enables the RTC overflow output on port pin. Only power-on reset will reset the Real-Time clock and its
associated SFRs to the default state.

( 12M5)

(32.768KHz) 000) RTCPS[14] (0,0,0,0)
XTAL2/ECKI (P6.0) 222 _ _ RTC Prescaler N
ILRCO 0.0.1 RTCPS[0:4] RTCPS[5.8]; S RTCPS[13] (0,0,0.1)
WDTPS 210} > [+32] ;,__16|__l ,,,,,,,,,, e - RTCPS[12] (0.0.1.0),
R A | RTCPS[13:14]
WDTOF ©.1,1) | —|+16 ‘ RTCPS[11] (0.0,1.1)
[ | O
SYSCLK 100 [ ' 3\0_1_| =i RTCPS[10] 0.100),,
' [ 0 .
N IEEEEN o dil
A [ | - '
| . s ;
I I I :
RCSSJ2:0] | f I RTCPS[1] (1,1,0.1)
RPSC[0]|  RPSC[]!  RPSC[2]| RTCPS(0] (1.4.1.0
r RTCPSI (1,1,1,1)
£
RTCCS[3:0]
A A
RCSS[2:0] RPSCI[2:0] RTCCSJ[3:2]
RTCRL[5:0]
CKCON4 Register
EIE1.ESF

Reload

RTC

SFIE.RTCFIE
Interrupt

RTCCS[1:0] RTCCT[5:0]
RTCTM Register

Overflow

6-bit Counter PCON1.4
SFR P4.5
Toggle —\—>0
RTCCR Register X ) —»X] RTCKO
D Q »
| RTCE | RTCO | RTCRL[5:0] | _|—,_>> <

Figure 10-1. Real-Time-Clock Counter
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® RTCCR: Real-Time-Clock Control Register
SFRPage = O0~F &P Page
SFR Address = 0xBE

Name RTCE RTCO RTCRL[5:0]
R/W R/W RW RW RW RW R/W R/W RW
Reset 0 0 1 1 1 1 1 1

Bit 7: RTCE, RTC Enable.

0:Stop RTC Counter, RTCCT.

1: Enable RTC Counter and set RTCF when RTCCT overflows. When RTCE is set, CPU can not access
RTCTM. RTCTM must be accessed in RTCE cleared.

Bit 6: RTCO, RTC Output enabled. The frequency of RTCKO is (RTC overflow rate)/2.
0: Disable the RTCKO output.
1:Enable the RTCKO output on P4.5.

Bit 5~0: RTCRL[5:0], RTC counter reload value register. This register is accessed by CPU and the
content in the register is reloaded to RTCCT when RTCCT overflows.

RTCTM: Real-Time-Clock Timer Register
SFRPage =0~F
SFR Address = 0xB6

Name RTCCS[1:0] RTCRL[5:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 1 1 1 1 1 1

Bit 7~6: RTCCS3~0, RTC Counter Clock Selection. Default is “01”.

RTCCS3~0 Clock Source RTC Interrupt Duration ‘ Min. Step
1S ~ 648
0000 RTCPS[14] (/2*5) 1S
when P6.0 = 32768Hz
0.5S ~ 328 0.58
0001 RTCPS[13] (/2"14)
when P6.0 = 32768Hz (default)
0.25S ~ 16S
0010 RTCPS[13] (/2*3) 0.25S

when P6.0 = 32768Hz

976us ~ 62.46ms
1010 RTCPS[4] (/2"5) 976 us
when P6.0 = 32768Hz

1011 RTCPS[3] (/274) 488 us
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RTCCS3~0 Clock Source RTC Interrupt Duration ‘ Min. Step
1100 RTCPS[2] (/2"3) 244 us
122us ~ 3.9ms
1101 RTCPS[1] (/12"2) 122 us
when P6.0 = 32768Hz
61us ~ 1.952ms
1110 RTCPS[0] (/2™1) 61 us
when P6.0 = 32768Hz
30.5us ~ 976us
1111 RTCPSI (/270) 30.5 us
when P6.0 = 32768Hz

Bit 5~0: RTCCT[5:0], RTC counter register. It is a counter for RTC function or System Timer function by
different clock source selection on RTCCS[1:0]. When the counter overflows, it sets the RTCF flag which
shares the system flag interrupt when RTCFIE is enabled. The maximum RTC overflow period is 64
seconds.

CKCON4: Clock Control Register 4
SFR Page =P Only

SFR Address = 0x42

NE RCSS[2:0] RPSCI[2:0] RTCCS[3:2]
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0

Bit 7~5: RCSS[2:0], RTC module Clock Source Selection bits 2~0.

RCSS[2:0] RTC module Clock Source
0 0O XTAL2/ECKI (P6.0)
0 0 1 ILRCO
010 WDTPS
0o 1 1 WDTOF
100 SYSCLK
Others Reserved

Bit 4: RPSC2, RTC Prescaler Control 2.
Bit 3: RPSC1, RTC Prescaler Control 1.
Bit 2: RPSCO, RTC Prescaler Control 0.

Bit 1~0: RTCCSJ[3:2], RTC Counter Clock Selection. The function is active with RTCCS1~0.
PCON1: Power Control Register 1

SFR Page =0~F&P
SFR Address = 0x97
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Name
R/W
Reset

SWRF EXRF MCDF RTCF BOF1 BOFO WDTF
R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0

Bit 4: RTCF, RTC overflow flag.
0: This bit must be cleared by software writing “1” on it. Software writing “0” is no operation.
1: This bit is only set by hardware when RTCCT overflows. Writing “1” on this bit will clear RTCF.

® SFIE: System Flag Interrupt Enable Register
SFRPage =0~F
SFR Address = 0x8E

Name SIDFIE MCDRE | MCDFIE | RTCFIE BOE11E BOFOIE | WDTFIE
R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 1 1 0 0 0 0

Bit 4: RTCFIE, Enable RTCF (PCON1.4) Interrupt.
0: Disable RTCF interrupt.
1: Enable RTCEF interrupt. If enabled, RTCF will wake up CPU in Idle mode or power-down mode.
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11 System Reset

During reset, all I/O Registers are set to their initial values, and the program starts execution from the Reset
Vector, 0000H, or ISP start address by OR setting. The CMT2380F16 has eight sources of reset: power-on
reset, external reset, software reset, illegal address reset, brown-out reset 0, brown-out reset 1 WDT reset
and Missing-Clock-Detection reset. Figure 11-1 shows the system reset source in CMT2380F16.

The following sections describe the reset happened source and corresponding control registers and indicating

flags.

11.1 Reset Source

POFO

Power-On Reset

External Reset

gLl

Software Reset

llegal Addr Reset Internal Reset

Brown-Out
Reset 0

BODO Triggered
BOORE
(PCON2.1) Brown-Out

BOD1 Triggered ﬁm
BO1RE
(PCON2.3)

WDT Overflow ﬁw
WREN
(WDTCR.7)
Missing Clock Event ﬁm

MCDRE
(SFIE.6)

Figure 11-1. System Reset Source

11.2 Power-On Reset (POR)

Power-on reset (POR) is used to internally reset the CPU during power-up. The CPU will keep in reset state
and will not start to work until the VDD power rises above the voltage of Power-On Reset. And, the reset state
is activated again whenever the VDD power falls below the POR voltage. During a power cycle, VDD must fall
below the POR voltage before power is reapplied in order to ensure a power-on reset.

® PCONO: Power Control Register 0
SFRPaeg =0~F&P
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SFR Address = 0x87 POR = 0001-0000, & fi{E= 000X-0000

Name POFO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 1 0 0 0 0

Bit4: POFO, Power-On Flag 0.
0: The flag must be cleared by software to recognize next reset type.
1: Set by hardware when VDD rises from 0 to its nominal voltage. POFQ can also be set by software.

The Power-on Flag, POFQ, is set to “1” by hardware during power up or when VDD power drops below the
POR voltage. It can be clear by firmware and is not affected by any warm reset such as external reset,
Brown-Out reset, software reset (ISPCR.5) and WDT reset. It helps users to check if the CPU starts up from

power up.

Note that the POFO must be cleared by firmware.

11.3 External Reset

Areset is accomplished by holding the RESET pin HIGH for at least 24 oscillator periods while the oscillator is
running. To ensure a reliable power-up reset, the hardware reset from RST pin is necessary.

® PCON1: Power Control Register 1
SFRPage =0~F&P
SFR Address = 0x97

INETE) EXRF
R/W R/W RW R/W R/W w R/W R/W R/W
SAHiE 0 0 0 0 X 0 0 0

Bit 6: EXRF, External Reset Flag.
0: This bit must be cleared by software writing “1” on it. Software writing “0” is no operation.
1: This bit is only set by hardware if an External Reset occurs. Writing “1” on this bit will clear EXRF.

11.4 Software Reset

Software can trigger the CPU to restart by software reset, writing “1” on SWRST (ISPCR.5), and set the
SWREF flag (PCON1.7). SWBS decides the CPU is boot from ISP or AP region after the reset action.
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® ISPCR: ISP Control Register
SFR Page =0~F
SFR Address = OxE7

Name SWBS SWRST
R/W R/W R/W R/W R/W W W W w
Reset 0 0 0 0 X X X X

Bit 6: SWBS, software boot selection control.
0: Boot from AP-memory after reset.
1: Boot from ISP memory after reset.

Bit 5: SWRST, software reset trigger control.
0: Write “0” is no operation.
1: Write “1” to generate software system reset. It will be cleared by hardware automatically.

® PCON1: Power Control Register 1
SFRPage =0~F&P
SFR Address = 0x97

INETE) SWRF

R/W R/W R/W R/W R/W w R/W R/W R/W
Reset 0 0 0 0 X 0 0 0

Bit 7: SWREF, Software Reset Flag.
0: This bit must be cleared by software writing “1” on it. Software writing “0” is no operation.
1: This bit is only set by hardware if a Software Reset occurs. Writing “1” on this bit will clear SWRF.

11.5 Brown-Out Reset

In CMT2380F 16, there are two Brown-Out Detectors (BODO & BOD1) to monitor VDD power. BODO services
the fixed detection level at VDD=1.7V. BOD1 detects the VDD level by software selecting 4.2V, 3.7V, 2.4V or
2.0V. If VDD power drops below BODO or BOD1 monitor level. Associated flag, BOF0O and BOF1, is set. If
BOORE (PCON2.1) is enabled, BOFO indicates a BODO Reset occurred. If BO1RE (PCONZ2.3) is enabled,
BOF1 indicates a BOD1 Reset occurred.

® PCON1: Power Control Register 1
SFRPage =0~F&P
SFR Address = 0x97
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Name BOF1 BOFO
R/W R/W R/W R/W R/W W R/W R/W R/W
Reset 0 0 0 0 X 0 0 0

Bit 2: BOF1, BOF1 (Reset) Flag.

0: This bit must be cleared by software writing “1” on it. Software writing “0” is no operation.

1: This bit is only set by hardware when VDD meets BOD1 monitored level. Writing “1” on this bit will
clear BOF1. If BO1RE (PCON2.3) is enabled, BOF1 indicates a BOD1 Reset occurred.

Bit 1: BOFO, BOFO (Reset) Flag.

0: This bit must be cleared by software writing “1” on it. Software writing “0” is no operation.

1: This bit is only set by hardware when VDD meets BODO monitored level. Writing “1” on this bit will
clear BOFO. If BOORE (PCON2.1) is enabled, BOFO0 indicates a BODO Reset occurred.

11.6 WDT Reset

When WDT is enabled to start the counter, WDTF will be set by WDT overflow. If WREN (WDTCR.7) is
enabled, the WDT overflow will trigger a system reset that causes CPU to restart. Software can read the

WDTF to recognize the WDT reset occurred.

PCON1: Power Control Register 1
SFRPage =0~F&P
SFR Address = 0x97

Name WDTF
RIW RIW R/W R/W R/W w RIW RIW R/W
Reset 0 0 0 0 X 0 0 0

Bit 0: WDTF, WDT Overflow/Reset Flag.

0: This bit must be cleared by software writing “1” on it. Software writing “0” is no operation.

1:This bit is only set by hardware when WDT overflows. Writing “1” on this bit will clear WDTF. If WREN
(WDTCR.7) is set, WDTF indicates a WDT Reset occurred.

11.7 MCD Reset

When XTAL is selected to MCU clock source by software, MCDF will be set and trigger a system reset by
XTAL input signal lost. After MCD triggered system reset, the MCU clock source will be switched to IHRCO. In
default, the MCD event will trigger an system reset. If user won’t apply this function, clear MCDRE to disable

the reset function.
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PCON1: Power Control Register 1
SFRPage =0~F&P
SFR Address = 0x97

Name MCDF
R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 5: MCDF, Missing Clock Detection flag.

0: This bit must be cleared by software writing “1” on it. Software writing “0” is no operation.

1: This bit is only set by hardware which detects a Missing-Clock event. Writing “1” on this bit will clear
MCDF. The Missing-Clock-Detection module is enabled by MCDFIE. If MCDFIE is cleared, the
Missing-Clock-Detection module is inactive. Once a missing clock event happened, software must clear
MCDF before switching OSCin to XTAL.

SFIE: System Flag Interrupt Enable Register
SFRPage =0~F
SFR Address = 0x8E

POR = 0110-x000

Name MCDRE MCDFIE
R/W R/W R/W R/W R/W R/W R/W
Reset 0 1 1 0 0 0

Bit 6: MCDRE, Enable Missing-Clock-Detection event causes a system reset.
0: Disable MCD event to trigger a system Reset.
1: Enable MCD event to trigger a system Reset. Default is enabled.

Bit 5: MCDFIE, Enable MCDF (PCON1.5) Interrupt.
0: Disable MCDF interrupt.
1: Enable MCD module and enable MCDF interrupt. Default is enabled.

11.8 lllegal Address Reset

In CMT2380F 16, if software program runs to illegal address such as over program ROM limitation, it triggers a
RESET to CPU.
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12 Power Management

The CMT2380F16 supports two power monitor modules, Brown-Out Detector 0 (BOD0) and Brown-Out
Detector 1 (BOD1), and 7 power-reducing modes: Idle mode, Power-down mode, Slow mode, Sub-Clock
mode, RTC mode, Watch mode and Monitor mode.

BODO0 and BOD1 report the chip power status on the flags, BOF0 and BOF1, which provide the capability to
interrupt CPU or to reset CPU by software configured. The seven power-reducing modes provide the different
power-saving scheme for chip application. These modes are accessed through the CKCONO, CKCON2,
CKCON3, CKCON4, PCONO, PCON1, PCON2, PCON3, RTCCR and WDTCR register.

12.1 Brown-Out Detector

In CMT2380F16, there are two Brown-Out Detectors (BODO & BOD1) to monitor VDD power. Figure 12-1
shows the functional diagram of BODO and BOD1. BODO services the fixed detection level at VDD=1.7V and
BOD1 detects the software selection levels (4.2V/3.7V/2.4V/2.0V) on VDD. Associated flag, BOFO (PCON1.1),
is set when BODO meets the detection level. If both of ESF (EIE1.3) and BOFOIE (SFIE.1) are enabled, a set
BOFO will generate a system flag interrupt. It can interrupt CPU either CPU in normal mode or idle mode. The
BOD1 has the same flag function, BOF1, and same interrupt function. The BOD1 interrupt also wakes up
CPU in power down mode if AWBOD1 (PCON2.7) is enabled.

If BOORE (PCONZ2.1) is enabled, the BODO event will trigger a system reset and set BOFO to indicate a BODO
Reset occurred. The BODO reset restart the CPU either CPU in normal mode or idle mode. BOD1 also has
the same reset capability with associated control bit, BO1RE (PCON2.3). The BOD1 reset also restart CPU in
power down mode if AWBOD1 (PCONZ2.7) is enabled in BOD1 reset operation.

To reduce power consumption, software may clear EBOD1 (PCON2.2) to disable BOD1 if the BOD1 is not
applied in user application.
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Figure 12-1. Brown-Out Detector 0/1

12.2 Power Saving Mode

12.2.1 Slow Mode

The alternative way to save the operating power is to slow the MCU’s operating speed by programming
SCKS2~SCKSO0 bits (in CKCONQO register, see Section “4&i% ! RIBGIHIE. 4HiR! KRB HE. toa
n-0/0/0 value. The user should examine which program segments are suitable for lower operating speed. In
principle, the lower operating speed should not affect the system’s normal function. Then, restore its normal
speed in the other program segments.

12.2.2 Sub-Clock Mode

The alternative way to slow down the MCU'’s operating speed by programming OSCS1~0 to select the ILRCO
for system clock. The 32KHz ILRCO provides the ultra-low speed and low power operation for the MCU.
Additional programming SCKS2~SCKSO0 bits (in CKCONO register, see Section “8 System Clock”), the user
could put the MCU speed down to 250Hz slowest.

12.2.3 RTC Mode

The CMT2380F16 has a simple RTC module that allows the user to continue running an accurate timer while
the rest of the device is powered-down. In RTC mode, the RTC module behaves as a “Clock” function and can
be a wake-up source from chip power down by RTC overflow rate. Please refer Section “10
Real-Time-Clock(RTC)/System-Timer” for more detail information.
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12.2.4 Watch Mode

If Watch-Dog-Timer is enabled and NSW is set, Watch-Dog-Timer will keep running in power down mode to
support an auto-wakeup function, which named Watch Mode in CMT2380F16. When WDT overflows, set
WDTF and wakeup CPU from interrupt or system reset by software configured. The maximum wakeup period
is about 2 seconds that is defined by WDT pre-scaler. Please refer Section “9 Watch Dog Timer(WDT)” and
Section “14 Interrupt” for more detail information.

12.2.5 Monitor Mode

If AWBOD1 (PCON2.3) is set, BOD1 will keep VDD monitor in power down mode. It is the Monitor Mode in
CMT2380F16. When BOD1 meets the detection level, set BOF1 and wakeup CPU from interrupt or system
reset by software configured. Please refer Section “12.1 Brown-Out Detector” and Section “14 Interrupt” for
more detail information.

12.2.6 Idle Mode

Setting the IDL bit in PCON enters idle mode. Idle mode halts the internal CPU clock. The CPU state is
preserved in its entirety, including the RAM, stack pointer, program counter, program status word, and
accumulator. The Port pins hold the logical states when Idle was activated. Idle mode leaves the peripherals
running in order to allow them to wake up the CPU when an interrupt is generated. Timer O, Timer 1, Timer 2,
SPI, KBI, ADC, SO, TWI0, RTC, MCD, BODO and BOD1 will continue to function during Idle mode. PCAOQ
Timer and WDT are conditional enabled during Idle mode to wake up CPU. Any enabled interrupt source or
reset may terminate Idle mode. When exiting Idle mode with an interrupt, the interrupt will immediately be
serviced, and following RET]I, the next instruction to be executed will be the one following the instruction that
put the device into Idle.

The ADC or analog comparator input channels must be set to “Analog Input Only” when MCU is in idle mode
or power-down mode to reduce power consumption.

12.2.7 Power-down Mode

Setting the PD bit in PCONO enters Power-down mode. Power-down mode stops the oscillator and powers
down the Flash memory in order to minimize power consumption. Only the power-on circuitry will continue to
draw power during Power-down. During Power-down the power supply voltage may be reduced to the RAM
keep-alive voltage. The RAM contents will be retained; however, the SFR contents are not guaranteed once
VDD has been reduced. Power-down may be exited by external reset, power-on reset, enabled external
interrupts, enabled KBI, enabled RTC (RTC mode), enabled BOD1 (monitor mode) or enabled Non-Stop WDT
(watch mode).

The user should not attempt to enter (or re-enter) the power-down mode for a minimum of 4 ps until one of the
following conditions has occurred: Start of code execution (after any type of reset), or Exit from power-down
mode. To ensure minimum power consumption in power down mode, software must confirm all 1/0O not in
floating state.
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Figure 12-2 shows the wakeup mechanism of power-down mode in CMT2380F16.
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Figure 12-2. Wakeup structure of Power Down mode

12.2.8 Interrupt Recovery from Power-down

Four external interrupts may be configured to terminate Power-down mode. External interrupts nINTO,
nINT1and nINT2 may be used to exit Power-down. To wake up by external interrupt nINTO, nINT1 or nINT2,
the interrupt must be enabled and configured for level-sensitive operation. If the enabled external interrupts
are configured to edge-sensitive operation (Falling or Rising), they will be forced to level-sensitive operation
(Low level or High level) by hardware in power-down mode.

When terminating Power-down by an interrupt, the wake up period is internally timed. At the falling edge on
the interrupt pin, Power-down is exited, the oscillator is restarted, and an internal timer begins counting. The
internal clock will not be allowed to propagate and the CPU will not resume execution until the timer counter
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has been full. After the timeout period, the interrupt service routine will begin. To prevent the interrupt from
re-triggering, the ISR should disable the interrupt before returning. The interrupt pin should be held low until
the device has timed out and begun executing.

12.2.9 Reset Recovery from Power-down

Wakeup from Power-down through an external reset is similar to the interrupt. At the rising edge of RST,
Power-down is exited, the oscillator is restarted, and an internal timer begins counting. The internal clock will
not be allowed to propagate to the CPU until the timer counter has been full. The RST pin must be held high
for longer than the timeout period to ensure that the device is reset properly. The device will begin executing
once RST is brought low.

It should be noted that when idle is terminated by a hardware reset, the device normally resumes program
execution, from where it left off, up to two machine cycles before the internal reset algorithm takes control.
On-chip hardware inhibits access to internal RAM in this event, but access to the port pins is not inhibited. To
eliminate the possibility of an unexpected write to a port pin within the period of the Idle is terminated by reset,
the instruction following the one that invokes Idle should not be one that writes to a port pin or to external
memory.

12.2.10 KBI wakeup Recovery from Power-down

The Keypad Interrupt of CMT2380F 16, KBI.7~0 have wakeup CPU capability that are enabled by the control
registers in KBl module. OR software can configure AUXR6.7~3 to select port pins to serve the KBI function.
Please refer Section “28 Auxiliary SFRs” for more detailed AUXRG6 information.

Wakeup from Power-down through an enabled wakeup KBI is same to the interrupt. At the matched condition
of enabled KBI pattern and enabled KBI interrupt (EIE1.5, EKB), Power-down is exited, the oscillator is
restarted, and an internal timer begins counting. The internal clock will not be allowed to propagate to the
CPU until after the timer has reached internal counter full. After the timeout period, CPU will meet a KBI
interrupt and execute the interrupt service routine.

12.2.11 Fast wakeup for XTAL mode

Reference “8.5 Fast wake-up for XTAL Mode”.

12.3 Power Control Register

® PCONO: Power Control Register 0
SFRPage =0~F&P
SFR Address = 0x87 POR = 0001-0000, Reset = 000X-0000
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16

Name POFO PD IDL
R/W R/W RW RW RW RW R/W R/W RW
Reset 0 0 0 1 0 0 0 0

Bit 4: POFO0, Power-On Flag 0.
0: This bit must be cleared by software writing one to it.
1: This bit is set by hardware if a Power-On Reset occurs.

Bit 1: PD, Power-Down control bit.
0: This bit could be cleared by CPU or any exited power-down event.
1: Setting this bit activates power down operation.

Bit O: IDL, ldle mode control bit.
0: This bit could be cleared by CPU or any exited Idle mode event.
1: Setting this bit activates idle mode operation.

PCON1: Power Control Register 1
SFRPage =0~F&P

SFR Address = 0x97

Name SWRF EXRF MCDF RTCF BOF1 BOFO WDTF
R/W R/W R/W R/W R/W w R/W R/W R/W
Reset 0 0 0 0 X 0 0 0

Bit 7: SWREF, Software Reset Flag.
0: This bit must be cleared by software writing “1” to it.
1: This bit is set by hardware if a Software Reset occurs.

Bit 6: EXRF, External Reset Flag.
0: This bit must be cleared by software writing “1” to it.
1: This bit is set by hardware if an External Reset occurs.

Bit 5: MCDF, Missing Clock Detection flag.
0: This bit must be cleared by software writing “1” on it. Software writing “:0” is no operation.

1: This bit is only set by hardware which detects a Missing-Clock event. Writing “1” on this bit will clear

MCDF. The Missing-Clock-Detection module is enabled by MCDFIE. If MCDFIE
Missing-Clock-Detection module is inactive. Once a missing clock event happened, software must cl
MCDF before switching OSCin to XTAL.

is cleared,

Bit 4: RTCF, RTC overflow flag.
0: This bit must be cleared by software writing “1” on it. Software writing “:0” is no operation.

the
ear
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1: This bit is only set by hardware when RTCCT overflows. Writing “1” on this bit will clear RTCF.
Bit 3: Reserved. Software must write “0” on this bit when PCON1 is written.

Bit 2: BOF1, Brown-Out Detection flag 1.
0: This bit must be cleared by software writing “1” to it.
1: This bit is set by hardware if the operating voltage matches the detection level of Brown-Out Detector 1

(4.2V/3.7/2.4/2.0).

Bit 1: BOFO, Brown-Out Detection flag 0.
0: This bit must be cleared by software writing “1” to it.
1: This bit is set by hardware if the operating voltage matches the detection level of Brown-Out Detector 0

(A.7V).

Bit 0: WDTF, WDT overflow flag.
0: This bit must be cleared by software writing “1” to it.
1: This bit is set by hardware if a WDT overflow occurs.

PCON2: Power Control Register 2
SFRPage = P Only

SFR Address = 0x44

Name AWBOD1 0 BO1S[1:0] BO1RE EBOD1 BOORE 1
R/W R/W w R/W R/W RW R/W R/W w
Reset 0 0 0 0 0 1 0 1

Bit 7: AWBOD1, Awaked BOD1 in PD mode.
0: BOD1 is disabled in power-down mode.
1: BOD1 keeps operation in power-down mode.

Bit 6: Reserved. Software must write “0” on this bit when PCON2 is written.

Bit 5~4: BO1S[1:0]. Brown-Out detector 1 monitored level Selection.

Bit 3: BO1RE, BOD1 Reset Enabled.
0: Disable BOD1 to trigger a system reset when BOF1 is set.
1: Enable BOD1 to trigger a system reset when BOF1 is set.

Rev1.1| 88/298 www.cmostek.com



CMT2380F16

Bit 2: EBOD1, Enable BOD1 that monitors VDD power dropped at a BO1S1~0 specified voltage level.
0: Disable BOD1 to slow down the chip power consumption.
1: Enable BOD1 to monitor VDD power dropped.

Bit 1: BOORE, BODO Reset Enabled.
0: Disable BODO to trigger a system reset when BOFO is set.
1: Enable BODO to trigger a system reset when BOFO is set (VDD meets 1.7V).

Bit 0: Reserved. Software must write “1” on this bit when PCON2 is written.

® PCON3: Power Control Register 3
SFRPage = POnly
SFR Address = 0x45 POR = 0xxx-XXxx

Bit 7: IVREN, Internal Voltage Reference Enable.
0: Disable on-chip IVR (1.4V).
1: Enable on-chip IVR (1.4V).

Bit 6~0: Reserved. Software must write “0” on these bits when PCONS is written.
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13 Configurable 10 Ports

The CMT2380F16 has following 1/O ports: P1.0~P1.7, P2.0~P2.2, P2.4, P2.6, P3.0, P3.1, P3.3~P3.5, P4.0,
P4.1, P4.4, P4.5, P4.7 and P6.0~P6.1. If enable external crystal oscillator as system clock or RTC input, Port
6.0 and Port 6.1 are configured to XTAL2 and XTAL1. If disable external reset function, P4.7 function is valid.

13.1 10 Structure

The /O operating modes are divided into two groups in CMT2380F16. The first group is only for Port 3 to
support four configurations on I/O operating. These are: quasi-bidirectional (standard 8051 1/O port), push-pull
output, input-only (high-impedance input) and open-drain output. The Port 3 default setting is
quasi-bidirectional mode with weakly pull-up resistance.

All other general port pins belong to the second group. They can be programmed to four operating modes,
which include analog input only, open-drain output with pull-up resistor, open-drain output and push-pull
output. The default setting of this group 1/O is analog input only, which means the port pin in high impedance
state.

Following sections describe the configuration of the all types I/O mode.

13.1.1 Port 3 Quasi-Bidirectional 10 Structure

Port 3 pins in quasi-bidirectional mode are similar to the standard 8051 port pins. A quasi-bidirectional port
can be used as an input and output without the need to reconfigure the port. This is possible because when
the port outputs a logic high, it is weakly driven, allowing an external device to pull the pin low. When the pin
outputs low, it is driven strongly and able to sink a large current. There are three pull-up transistors in the
quasi-bidirectional output that serve different purposes.

One of these pull-ups, called the “very weak” pull-up, is turned on whenever the port register for the pin
contains a logic “1”. This very weak pull-up sources a very small current that will pull the pin high if it is left
floating. A second pull-up, called the “weak” pull-up, is turned on when the port register for the pin contains a
logic “1” and the pin itself is also at a logic “1” level. This pull-up provides the primary source current for a
quasi-bidirectional pin that is outputting a 1. If this pin is pulled low by the external device, this weak pull-up
turns off, and only the very weak pull-up remains on. In order to pull the pin low under these conditions, the
external device has to sink enough current to over-power the weak pull-up and pull the port pin below its input
threshold voltage. The third pull-up is referred to as the “strong” pull-up. This pull-up is used to speed up
low-to-high transitions on a quasi-bidirectional port pin when the port register changes from a logic “0” to a
logic “1”. When this occurs, the strong pull-up turns on for one CPU clocks, quickly pulling the port pin high.

The quasi-bidirectional port configuration is shown in Figure 13-1.
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Figure 13-1. Port 3 Quasi-Bidirectional 1/O

13.1.2 Port 3 Push-Pull Output Structure

The push-pull output configuration on Port 3 has the same pull-down structure as both the open-drain and the
quasi-bidirectional output modes, but provides a continuous strong pull-up when the port register contains a
logic “1”. The push-pull mode may be used when more source current is needed from a port output. In
addition, the input path of the port pin in this configuration is also the same as quasi-bidirectional mode.

The push-pull port configuration is shown in Figure13-2.

VDD

—C{ Strong

Port
Pin

Port latch data 4>°—0—|

Input data ¢ < <

Figure 13-2. Port 3 Push-Pull Output

13.1.3 Port 3 Input-Only (High Impedance Input) Structure

The input-only configuration on Port 3 is an input without any pull-up resistors on the pin, as shown in Figure
13-3.

Input data 4 < < Fl;‘i’:

Figure 13-3. Port 3 Input-Only
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13.1.4 Port 3 Open-Drain Output Structure

The open-drain output configuration on Port 3 turns off all pull-ups and only drives the pull-down transistor of
the port pin when the port register contains a logic “0”. To use this configuration in application, a port pin must
have an external pull-up, typically a resistor tied to VDD. The pull-down for this mode is the same as for the
quasi-bidirectional mode. In addition, the input path of the port pin in this configuration is also the same as

quasi-bidirectional mode.

The open-drain port configuration is shown in Figure 13-4.

Port
Pin

™S
Port latch data > |

Input data < < <

Figure 13-4. Port 3 Open-Drain Output

13.1.5 General Analog Input Only Structure

The analog-input-only configuration on general port pins is the default setting. For ADC or Analog Comparator
input application, user may keep the port setting in this configuration. If apply the port pin to digital function,
user must program the port pin to associated configuration.

The analog-input-only port configuration is shown in Figure 13-5.

.—O/O—‘— Port

A Pin
|
|
|

%

|
Digital I/O
Disabled

P!
~

A

Input data

Analog Input «

Figure 13-5. General Analog-Input-Only

13.1.6 General Open-Drain Output with Pull-up Resistor Structure

The open-drain output with pull-up resistor configuration on general port pins enables the on-chip pull-up

resistor in open-drain output mode.
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The open-drain output with pull-up resistor port configuration is shown in Figure 13-6.

VDD VDD

L D e

Port
Pin

Port latch data 4l>°—0—|

Input data ¢ <

Figure 13-6. General Open-Drain output with pull-up resistor
13.1.7 General Open-Drain Output Structure
The open-drain output configuration on general port pins is the same function as port 3 open-drain output

mode.

The general open-drain port configuration is shown in Figure 13-7.

Port
Pin

N
Port latch data > |

Input data ¢ < <

Figure 13-7. General Open-Drain Output

13.1.8 General Port Digital Input Configured

A Port pin is configured as a digital input by setting its output mode to “Open-Drain” and writing a logic “1” to
the associated bit in the Port Data register. For example, P1.0 is configured as a digital input by setting
P1MO0.0 to a logic 0, P1M1.0 to a logic 0 and P1.1 to a logic 1.

13.1.9 General Push-Pull Output Structure

The push-pull output configuration on general port pins has the same function with port 3 push-pull output
mode.
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The push-pull port configuration is shown in Figure 13-8.

VDD

—4 Strong

Port
Pin

Port latch data 4{>o—<>—|

Input data ¢ <,I

Figure 13-8. General Push-Pull Output

13.2 1/0 Port Register

All I/O port pins on the CMT2380F16 may be individually and independently configured by software to select
its operating modes. Port 3 has four operating modes, as shown in Table 13-1. Two mode registers select the
output type for each port 3 pin. Only Port 3 supports quasi-bidirectional mode and setting them to
quasi-bidirectional mode after system reset.

Table 13-1. Port 3 Configuration Settings

P3MO.y P3M1.y Port Mode
0 0 Quasi-Bidirectional (default)
0 1 Push-Pull Output
1 0 Input Only (High Impedance Input)
1 1 Open-Drain Output

Where y=0, 1, 3~5 (port pin). The registers P3M0 and P3M1 are listed in each port description.

Other general port pins also support four operating modes, as shown in Table 13-2. Two mode registers select
the 1/O type for each port pin and setting to analog-input-only on these port pins after system reset.

Table 13-2. General Port Configuration Settings

PxMO0.y PxM1.y Port Mode
0 1 Analog Input Only (default)

Open-Drain with Pull-up resistor

1 1
0 0 Open-Drain Output
1 0 Push-Pull Output
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Where x= 1, 2, 4, 6 (port number), and y=0~7 (port pin). The registers PxM0 and PxM1 are listed in each port
description

13.2.1 Port 1 Register

® P1: Port 1 Register
SFR Page =0~F
SFR Address = 0x90

Name

P1.7 P1.6 P1.5 P1.4 P1.3

R/W R/W RW RW RW RW R/W R/W RW
Reset 1 1 1 1 1 1 1 1

Bit 7~0: Port 1 output data latch could be only set/cleared by CPU

® P1MO: Port 1 Mode Register 0
SFRPage =0~F

SFR Address = 0x91

Name P1MO0.7 P1MO0.6 P1MO0.5 P1MO0.4 P1MO0.3 P1MO0.2 P1MO0.1 P1MO0.0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

® P1M1: Port 1 Mode Register 1
SFRPage =0 Only

SFR Address = 0x92

13.2.2 Port 2 Register

® P2: Port 2 Register
SFR Page =0~F
SFR Address = 0xAO0

Name -- P2.6 - P2.4 - P2.2 P2.1 P2.0
R/W W R/W W R/W W R/W R/W R/W
Reset X 1 X 1 X 1 1 1
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Bit 7~0: Port 2 output data latch could be only set/cleared by CPU.

® P2MO: Port 2 Mode Register 0
SFRPage =00nly
SFR Address = 0x95

Name -- P2MO0.6 -- P2MO0.4 -- P2MO0.2 P2MO0.1 P2MO0.0
R/W w RW w RW w R/W R/W R/W
Reset X 0 X 0 X 0 0 0

® P2M1: Port 2 Mode Register 1
SFRPage =1 Only
SFR Address = 0x92

Name - P2M1.6 -- P2M1.4 -- P2M1.2 P2M1.1 P2M1.0
R/W w R/W w R/W w R/W R/W R/W
Reset X 1 X 1 X 1 1 1

13.2.3 Port 3 Register

® P3: Port 3 Register
SFR Page =0~F
SFR Address = 0xB0

Name - -- P3.5 P3.4 P3.3 -- P3.1 P3.0
R/W w W RW RW RW w R/W RW
Reset X X 1 1 1 X 1 1

Bit 7~0: Port 3 output data latch could be only set/cleared by CPU.

® P3MO: Port 3 Mode Register 0
SFR Page =0~F
SFR Address = 0xB1

Name -- - P3MO0.5 P3M0.4 P3MO0.3 -- P3MO0.1 P3M0.0
R/W W w R/W R/W R/W W R/W R/W
Reset X X 0 0 0 X 0 0
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® P3M1: Port 3 Mode Register 1
SFR Page =0~F
SFR Address = 0xB2

Name -- -- P3M1.5 P3M1.4 P3M1.3 -- P3M1.1 P3M1.0
R/W w w RW RW RW w R/W RW
Reset X X 0 0 0 X 0 0

13.2.4 Port 4 Register

® P4: Port 4 Register
SFRPage =0~F
SFR Address = OxE8

Name P4.7 - P45 P4.4 - - P4.1 P4.0
RIW RIW w RIW RIW w w RIW R/W
Reset 1 X 1 1 X X 1 1

Bit 7~0: Port 4 output data latch could be set/cleared by CPU.
P4.5 and P4.4 have the alternated function for OCD_SDA and OCD_SCL.

P4.7 has the alternated function for RST input.

® P4MO: Port 4 Mode Register 0
SFRPage =0 Only
SFR Address = 0xB3

Name P4M0.7 -- P4MO0.5 P4MO0.4 -- -- P4MO0.1 P4MO0.0

R/W R/W w RW RW w w R/W RW

Reset 0 X 0 0 X X 0 0
Bit7,5,4,1,0:

0: Port pin output mode is configured to open-drain.
1: Port pin output mode is configured to push-pull.

Bit 6, 3, 2: Reserved. Software must write “0” on these bits when P4MO is written.

® P4M1: Port 4 Mode Register 1
SFRPage =2O0nly
SFR Address = 0x92
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Name P4M1.7 -- P4M1.5 P4M1.4 -- -- P4M1.1 P4M1.0

R/W R/W w RW RW w w R/W RW

Reset 1 X 1 1 X X 1 1
Bit7,5,4,1,0:

0: Port pin output mode is configured to open-drain.
1: Port pin output mode is configured to push-pull.

Bit 6, 3, 2: Reserved. Software must write “0” on these bits when P4MO is written.

13.2.5 Port 6 Register

® P6: Port 6 Register
SFR Page =0-~F
SFR Address = OxF8

Name - - - - - - P6.1 P6.0
RW RW W W W W W RIW RW
Reset X X X X X X 1 1

Bit 7~0: Port 6 output data latch could be only set/cleared by CPU.
P6.1 and P6.0 have the alternated function for crystal oscillating circuit, XTAL1 and XTAL2.

® P6MO: Port 6 Mode Register 0
SFRPage =10Only
SFR Address = 0xB5

® P6M1: Port 6 Mode Register 1
SFRPage =3O0nly
SFR Address = 0x92

Name -- - - - - -- P6M1.1 P6M1.0
R/W W w W W W W R/W R/W
Reset X X X X X X 1 1
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13.2.6 Port Output Driving Strength Control Register

In CMT2380F 16, all port pins have two driving strength selection by software configured except P4.7, P6.1
and P6.0. Please refer to get the driving strength information on the port pins.

® PDRVCO: Port Drive Control Register 0
SFRPage =2O0nly
SFR Address = 0xB4

Name P3DCA1 P3DCO P2DC1 P2DC1 P1DC1 P1DCO -- --

R/W R/W R/W R/W R/W R/W R/W w W
Reset 0 0 0 0 0 0 X X

Bit 7: P3DC1, Port 3 output driving strength control on high nibble.
0: Select the P3.7 ~ P3.4 output with high driving strength.
1: Select the P3.7 ~ P3.4 output with low driving strength.

Bit 6: P3DCO, Port 3 output driving strength control on low nibble.
0: Select the P3.3 ~ P3.0 output with high driving strength.
1: Select the P3.3 ~ P3.0 output with low driving strength.

Bit 5: P2DC1, Port 2 output driving strength control on high nibble.
0: Select the P2.7 ~ P2.4 output with high driving strength.
1: Select the P2.7 ~ P2.4 output with low driving strength.

Bit 4: P2DCO, Port 2 output driving strength control on low nibble.
0: Select the P2.3 ~ P2.0 output with high driving strength.
1: Select the P2.3 ~ P2.0 output with low driving strength.

Bit 3: P1DC1, Port 1 output driving strength control on high nibble.
0: Select the P1.7 ~ P1.4 output with high driving strength.
1: Select the P1.7 ~ P1.4 output with low driving strength.

Bit 2: PADCO, Port 1 output driving strength control on low nibble.
0: Select the P1.3 ~ P1.0 output with high driving strength.
1: Select the P1.3 ~ P1.0 output with low driving strength.

Bit 1~0: Reserved. Software must write “0” on these bits when PDRVCO is written.
® PDRVCH1: Port Drive Control Register 1

SFRPage =3O0nly
SFR Address = 0xB4
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Name — - - - - - P4ADC1 | P4DCO
RIW W W W W W w RIW RIW
Reset X X X X X X 0 0

Bit 7~2: Reserved. Software must write “0” on these bits when PDRVC1 is written.

Bit 1: PADC1, Port 4 output driving strength control on high nibble.
0: Select the P4.5 ~ P4.4 output with high driving strength.
1: Select the P4.5 ~ P4.4 output with low driving strength.

Bit 0: PODCO, Port 0 output driving strength control on low nibble.
0: Select the P4.1 ~ P4.0 output with high driving strength.
1: Select the P4.1 ~ P4.0 output with low driving strength.
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14 Interrupt

The CMT2380F16 has 14 interrupt sources with a four-level interrupt structure. There are several SFRs
associated with the four-level interrupt. They are the IE, IPOL, IPOH, EIE1, EIP1L, EIP1H and XICON. The
IPOH (Interrupt Priority 0 High) and EIP1H (Extended Interrupt Priority 1 High) registers make the four-level
interrupt structure possible. The four priority level interrupt structure allows great flexibility in handling these
interrupt sources.

14.1 Interrupt Structure

Table 14-1 lists all the interrupt sources. The ‘Request Bits’ are the interrupt flags that will generate an
interrupt if it is enabled by setting the ‘Enable Bit'. Of course, the global enable bit EA (in IEO register) should
be set previously. The ‘Request Bits’ can be set or cleared by software as well as hardware. It means the
interrupts can be generated by software or the pending interrupts can be cancelled by software. The ‘Priority
Bits’ determine the priority level for each interrupt. The ‘Priority within Level’ is the polling sequence used to
resolve simultaneous requests of the same priority level. The ‘Vector Address’ is the entry point of an interrupt
service routine in the program memory.

Figure 14-1 shows the interrupt system. Each of these interrupts will be briefly described in the following
sections.

Table 14-1. Interrupt Sources

#1 EXtemi'Im%"“pt 0, EX0 IEO [ PXOH, PXOL | (Highest) | 0003H
#2 Timer 0 ETO TFO [PTOH, PTOL ] 000Bh
#3 EXtemi'lm‘i"“pt 1 EX1 IE1 [ PX1H, PX1L | 0013H
#4 Timer 1 ET1 TF1 [PT1H, PTIL] 007BH
#5 Serial Port 0 ESO RIO, TIO [ PSOH, PSOL | 0023H
#6 Timer 2 ET2 | TF2, EXF2 [PT2H, PT2L ] 002Bh
#y | Extema femupt2, EX2 IE2 [ PX2H, PX2L ] 0033H
#8 SPI ESPI SPIF [PSPIH, PSPIL | 003BH
#9 ADC EADC ADCI [PADCH, PADCL | 0043h
#10 PCAO EPCA C(f]z g~C5F)” [ PPCAH, PPCAL | 004BH
11 System Flag ESF (Note 1) [PSFH, PSFL ] 0053H
#12 Keypad Interrupt EKB KBIF [ PKBH, PKBL | 005BH
#13 TWIO ETWIO SI [PTWIOH, PTWIOL | 0063H
#14 Analog Comparator 0 EACO ACOF [ PACOH, PACOL ] (Lowest) 006BH

Note 1: The System Flag interrupt flags include: WDTF, BOFO, BOF1, RTCF and MCDF in PCON1, TIO in
SOCON, STAF and STOF in AUXR2.
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TCON.ITO :

Global Enable
(IE.EA)

IPOL,IPOH,
EIP1L,EIP1H,
Registers

P

Highest Priority Level
Interrupt

Interrupt Polling
Sequence

h 4

h 4

h 4

iINTO ———— o IEO
= |
[
IE.EETO I
TCON.TFO ’ [
|
TCON.IT1 |
f{>°_ IE.EX1 |
iINT1 —————o IE1 °
[
R |
IE.ET1 |
TCON.TF1 > L
|
SOCON.RIO —l—Y\ IE.ESO |
SOCON.TIO y i > 1 °
[
T2CON.TF2 —l—Y\ IEET2 |
T2CON.EXF2 7 # 1 °
[
XICON.IT2 |
f{>"_ XICON.EX2 |
iINT2 ———— IE2 o
R |
|
EIE1.ESPI |
SPSTAT.SPIF o0 1t
EIE1.EADC :
ADCONO.ADCI y—o oo 1 ©
[
EIE1.EPCA |
PCAO Interrupt ) o o—o/'/c
Flags " I
[
EIE1.ESF |
Stystem Flags D > e 1°
[
EIE1.EKB |
KBCON.KBIF —— o—a" o
|
EIET.ETWIO |
SICON.SI —— o—o7 0
[
EIE1.EACO |
ACOCON.ACOF — o7 o

o/ooo n/ooo o/ooo o/ooo o/ooo n/ooo o/ooo o/ooo o/ooo o/ooo o/ooo c/o)oo o/ooo o/ooo

Figure 14-1. Interrupt System
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14.2 Interrupt Source

Table 14-2. Interrupt Source Flag

Source Name

Request Bits

Bit Location

External Interrupt 0,nINTO IEO TCON.1
#2 Timer 0 TFO TCON.5
#3 External Interrupt 1,nINT1 IE1 TCON.3
#4 Timer 1 TF1 TCON.7
. SOCON.0
#5 Serial Port 0 RIO, TIO
SOCON.1
) T2CON.7
#6 Timer 2 TF2, EXF2
T2CON.6
#7 External Interrupt 2,nINT2 IE2 XICON.1
#8 SPI SPIF SPSTAT.7
#9 ADC ADCI ADCONO0.4
CF, CCFn CCON.7
#10 PCAO
(n=0~5) CCON.5~0
WDTF, PCON1.0
BOF1, PCON1.1
BOFO, PCON1.2
RTCEF, PCON1.4
#11 System Flag
MCDF, PCON1.5
STAF, AUXR2.7
STOF, AUXR2.6
(T10) SOCON.1
#12 Keypad Interrupt KBIF KBCON.O
#13 TWIO Sl SICON.3
#14 Analog Comparator 0 ACOF ACOCON.4

The external interrupt nINTO, nINT1 and nINT2 can be either level-activated or transition-activated, depending
on bits ITO and IT1 in register TCON, and IT2 in register XICON. The flags that actually generate these
interrupts are bits IEO and IE1 in TCON, IE2 in XICON. When the interrupt is set to the transition-activated
mode, the flag which is set by the external interrupt can be cleared by the on-chip hardware when the service
vectored to the routine. Otherwise, the flag will be controlled by the request from external sources.

The Timer0 and Timer1 interrupts are generated by TFO and TF1, which are set by a rollover in their
respective Timer/Counter registers in most cases. When a timer interrupt is generated, the flag can be cleared

by the on-chip hardware when the service routine is vectored to.

The serial port 0 interrupt is generated by the logical OR of RI0 and TI0. Neither of these flags is cleared by
hardware when the service routine is vectored to. The service routine should poll RIO and TIO to determine

which one to request service and it will be cleared by software.
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The timer2 interrupt is generated by the logical OR of TF2 and EXF2. Just the same as serial port, neither of
these flags is cleared by hardware when the service routine is vectored to.

SPI interrupt is generated by SPIF in SPSTAT, which is set after SPI engine finishes a SPI transfer. It will not
be cleared by hardware when the service routine is vectored to.

The ADC interrupt is generated by ADCI in ADCONO. It will not be cleared by hardware when the service
routine is vectored to.

The PCAO interrupt is generated by the logical OR of CF, CCF5, CCF4, CCF3, CCF2, CCF1 and CCFO in
CCON. None of these flags is cleared by hardware when the service routine is vectored to. The service
routine should poll these flags to determine which one to request service and it will be cleared by software.

The System Flag interrupt is generated by MCDF, RTCF, BOF1, BOF0, WDTF, TI0, STAF and STOF. STAF
and STOF are set by serial interface detection and stored in AUXR2. The Serial Port Tl flag is optional to
locate the interrupt vector shared with system flag interrupt which is enabled by UTIE set. The rest flags are
stored in PCON1. MCDF is set by Missing-Clock-Detection activated. RTCF is set by RTC counter overflow.
BOF1 and BOFO are set by on chip Brownout-Detector (BOD1 and BOD0) met the low voltage event. WDTF
is set by Watch-Dog-Timer overflow. These flags will not be cleared by hardware when the service routine is
vectored to. Figure 14-2 shows the system flag interrupt configuration.

PCON1.WDTF
SFIE.WDTFIE
PCON1.BOF0 —— |—o_|°/ System Flag
SFIE.BOFOIE [ Interrupt
PCON1.BOF1
SFIE.BOF1IE

—)

PCON1.RTCF

SFIE.RTCFIE
PCON1.MCDF EIE1.ESF
SFIE.MCDFIE

SOCON.TIO

SOCFG.UTIE

AUXR2.STAF

AUXR2.STOF :D_QT/O_

SFIE.SIDFIE !

Figure 14-2. System flag interrupt configuration

The keypad interrupt is generated by KBCON.KBIF, which is set by Keypad module meets the input pattern. It
will not be cleared by hardware when the service routine is vectored to.

The TWIO interrupt is generate by Sl in SICON, which is set by TWIO engine detecting a new bus state
updated. It will not be cleared by hardware when the service routine is vectored to.

The ACO interrupt is generated by ACOF in ACOCON, which is set by ACOOUT changed detecting on rising,
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falling or dual edge. It will not be cleared by hardware when the service routine is vectored to.

All of the bits that generate interrupts can be set or cleared by software, which have the same result as
hardware made. In other words, the software can generate the interrupts or cancel the pending interrupts.

14.3 Interrupt Enable

Table 14-3. Interrupt Enaable

Source Name Enable Bit Bit Location

#1 External Interrupt 0,nINTO EXO IE.O
#2 Timer 0 ETO IE.1
#3 External Interrupt 1,nINT1 EX1 IE.2
#4 Timer 1 ET1 IE.3
#5 Serial Port 0 ESO IE.4
#6 Timer 2 ET2 IE.5
#7 External Interrupt 2,nINT2 EX2 XICON.2
#8 SPI ESPI EIE1.0
#9 ADC EADC EIE1.1
#10 PCA EPCA EIE1.2
#11 System Flag ESF EIE1.3
#12 Keypad Interrupt EKB EIE1.5
#13 TWIO ETWIO EIE1.6
#14 Analog Comparator 0 EACO EIE1.7

There are 14 interrupt sources available in CMT2380F16. Each of these interrupt sources can be individually
enabled or disabled by setting or clearing an interrupt enable bit in the registers IE, EIE1 and XICON. |E also
contains a global disable bit, EA, which can be cleared to disable all interrupts at once. If EA is set to ‘1, the
interrupts are individually enabled or disabled by their corresponding enable bits. If EA is cleared to ‘0’, all
interrupts are disabled.

14.4 Interrupt Priority

The priority scheme for servicing the interrupts is the same as that for the 80C51, except there are four
interrupt levels rather than two as on the 80C51. The Periority Bits (see Table 14-1) determine the priority level
of each interrupt. IPOL, IPOH, EIP1L and EIP1H are combined to 4-level priority interrupt. Table 14-4 shows
the bit values and priority levels associated with each combination.
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Tabel 14-4. Interrupt Priority

{IPnH.x , IPnL.x} ‘ Priority Level
11 1 (Highest)
10 2
01 3
00 4

Each interrupt source has two corresponding bits to represent its priority. One is located in SFR named IPnH
and the other in IPnL register. Higher-priority interrupt will not be interrupted by lower-priority interrupt request.
If two interrupt requests of different priority levels are received simultaneously, the request of higher priority is
serviced. If interrupt requests of the same priority level are received simultaneously, an internal polling
sequence determine which request is serviced. Table 14-2 shows the internal polling sequence in the same
priority level and the interrupt vector address.

14.5 Interrupt Process

Each interrupt flag is sampled at every system clock cycle. The samples are polled during the next system
clock. If one of the flags was in a set condition at first cycle, the second cycle(polling cycle) will find it and the
interrupt system will generate a hardware LCALL to the appropriate service routine as long as it is not blocked
by any of the following conditions.

Block conditions:

® An interrupt of equal or higher priority level is already in progress.

® The current cycle (polling cycle) is not the final cycle in the execution of the instruction in progress.

® The instruction in progress is RETI or any write to the IE, IPOL, IPH, EIE1, EIP1L, EIP1H, and XICON
registers.

Any of these three conditions will block the generation of the hardware LCALL to the interrupt service routine.
Condition 2 ensures that the instruction in progress will be completed before vectoring into any service routine.

Condition 3 ensures that if the instruction in progress is RETI or any access to IE or IP, then at least one or
more instruction will be executed before any interrupt is vectored to.

14.6 nINTx Input Source Selection and input filter (x=0~2)

The CMT2380F 16 provides flexible port pin selection for nINTO, nINT1 and nINTZ2 input.
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Sampling Type
p4.5 — (000 | P P

Selection
p3.0 —001 | ¢
©0.41,0) nINTO input
P34 —— ? S SYSCLK | To=0
©.1,1) ;
P4.0 1 SYSCLK x 3 | H >—
P6.0 —120 Clsck SYSCLK/6 x 3 | p—o IEO
1,0,1 H
p1.2 —U01 Mo Fiter N e
p1.4 — (010 | ' 'y (TCON.0)
p2.2 — 110 |
SYSCLK —— {XOFLT1,X0OFLT} L » INTOET, low active,
INTOIS.2~0 (XICFG1.0, XICFG.0) to internal logic
p3.3 — (000 |
p3.1 — 010 |
INT1 input [\
(0.1.0) N e
P3.5 0
©.1.4) ' SYSCLK 10 IT1=0
Pa.1 1 SYSCLKx3 3| H >——
P6.1 —LL00 Clgck SYSCLKBx3 3|, 9 IE1
1,0,1 P>
P2.1 INT1H Filter » (TCON.3)
(1,1,0) (AUXRO.1) 3 3
P1.5 i (TCON.2)
p2.4 — (L0
SYSCLK —— {X1FLT1,X1FLT} L » INT1ET, low active,
INT11S.2~0 (XICFG1.1, XICFG.1) to internal logic
nINT2 input
P4.4 —2 P m sYsclk .| o 220
P2.0 - 1 SYSCLK _H >—
x3 >l 1
P1.1 —8 3 SYSCLK/6 x 3 ¢ IE2
P1.6 — (1) INT2H ook g (XICON.1)
' (XICON.3) Filter 3 T2 =1 ’
A (XICON.0)
INT2IS.1~0
SYSCLK ——  {X2FLT1,X2FLT} L » INT2ET, low active,
(XICFG1.2, XICFG.2) to internal logic

Operating Example of nINTx Input Filter (x = 0~3)
nINTx input

(owiling righa | I
SR N I T A O R O A

INTXET input | |

IEx
when ITx=1

A 4

Set by hardware Clear by software

Figure 14-2. Configuration of nINT0~2 port pin selection
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14.7 Interrupt Register

® TCON: Timer/Counter Control Register
SFR Page =0~F
SFR Address = 0x88

INETE) IEO ITO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 3: IE1, Interrupt 1 (nINT1) Edge flag.
0: Cleared when interrupt processed on if transition-activated.
1: Set by hardware when external interrupt 1 (nINT1) edge is detected (transmitted or level-activated).

Bit 2: IT1: Interrupt 1 (nINT1) Type control bit.

0: Cleared by software to specify low level triggered external interrupt 1 (nINT1). If INT1H (AUXRO0.1) is
set, this bit specifies high level triggered on nINT1.

1: Set by software to specify falling edge triggered external interrupt 1 (nINT1). If INT1H (AUXRO.1) is set,
this bit specifies rising edge triggered on nINT1.

Bit 1: IEO, Interrupt 0 (nINTO) Edge flag.
0: Cleared when interrupt processed on if transition-activated.
1: Set by hardware when external interrupt 0 (nINTO) edge is detected (transmitted or level-activated).

Bit 0: ITO: Interrupt O (nINTO) Type control bit.

0: Cleared by software to specify low level triggered external interrupt 0 (nINTO). If INTOH (AUXRO0.0) is
set, this bit specifies high level triggered on nINTO.

1: Set by software to specify falling edge triggered external interrupt 0 (nINTO). If INTOH (AUXRO0.0) is set,
this bit specifies rising edge triggered on nINTO.

® |E: Interrupt Enable Register
SFR Page =0~F
SFR Address = 0xA8

Name EA -- ET2 ESO ET1 EX1 ETO EXO0
R/W R/W w R/W R/W R/W R/W R/W R/W
Reset 0 X 0 0 0 0 0 0

Bit 7: EA, All interrupts enable register.
0: Global disables all interrupts.
1: Global enables all interrupts.
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Bit 6: Reserved. Software must write “0” on this bit when IE is written.

Bit 5: ET2, Timer 2 interrupt enable register.
0: Disable Timer 2 interrupt.
1: Enable Timer 2 interrupt.

Bit 4: ES, Serial port 0 interrupt (UARTO) enable register.
0: Disable serial port O interrupt.
1: Enable serial port O interrupt.

Bit 3: ET1, Timer 1 interrupt enable register.
0: Disable Timer 1 interrupt.
1: Enable Timer 1 interrupt.

Bit 2: EX1, External interrupt 1 (nINT1) enable register.
0: Disable external interrupt 1.
1: Enable external interrupt 1.

Bit 1: ETO, Timer O interrupt enable register.
0: Disable Timer O interrupt.
1: Enable Timer 1 interrupt.

Bit 0: EXO, External interrupt 0 (nINTOQ) enable register.
0: Disable external interrupt O.
1: Enable external interrupt 1.

® AUXRO: Auxiliary Register 0
SFR Page =0~F
SFR Address = 0xA1

Name -- -- -- INT1H INTOH
R/W RW R/W R/W w w w R/W R/W
Reset 0 0 0 X X X 0 0

Bit 1: INT1H, INT1 High/Rising trigger enable.
0: Remain INT1 triggered on low level or falling edge on selected port pin input.
1: Set INT1 triggered on high level or rising edge on selected port pin input.

Bit 0: INTOH, INTO High/Rising trigger enable.
0: Remain INTO triggered on low level or falling edge on selected port pin input.
1: Set INTO triggered on high level or rising edge on selected port pin input.
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® XICON: External Interrupt Control Register
SFRPage =0~F
SFR Address = 0xCO

Name -- -- -- -- INT2H EX2 IE2 T2
R/W w w w w RW R/W R/W RW
Reset X X X X 0 0 0 0

Bit 7~4: Reserved. Software must write “0” on these bits when XICON is written.

Bit 3: INT2H, nINT2 High/Rising trigger enable.
0: Maintain nINT2 triggered on low level or falling edge on selected port pin input.
1: Set nINT2 triggered on high level or rising edge on selected port pin input.

Bit 2: EX2, external interrupt 2 (nINT2) enable register.

0: Disable external interrupt 2.

1: Enable external interrupt 2.

When CPU in IDLE and PD mode, nINT2 event will trigger IE2 and have wake-up CPU capability if EX2
is enabled. If EX2 is disabled, IE2 on nINT2 will not wake-up CPU from IDLE or PD mode.

Bit 1: IE2, External interrupt 2 (nINT2) Edge flag.
0: Cleared by hardware when the interrupt is starting to be serviced. It also could be cleared by CPU.
1: Set by hardware when external interrupt edge detected. It also could be set by CPU.

Bit 0: IT2, Interrupt 2 type control bit.

0: Cleared by CPU to specify low level triggered on nINT2. If INT2H is set, this bit specifies high level
triggered on nINT2.

1: Set by CPU to specify falling edge triggered on nINT2. If INT2H is set, this bit specifies rising edge
triggered on nINT2.

® |POL: Interrupt Priority O Low Register
SFR Page =0~F
SFR Address = 0xB8

Name -- PX2L PT2L PSL PT1L PX1L PTOL PXo0OL
R/W W R/W R/W R/W R/W R/W R/W R/W
Reset X 0 0 0 0 0 0 0

Bit 7: Reserved. Software must write “0” on this bit when IPOL is written.
Bit 6: PX2L, external interrupt 2 priority-L register.

Bit 5: PT2L, Timer 2 interrupt priority-L register.

Bit 4: PSL, Serial port interrupt priority-L register.
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Bit 3:
Bit 2:
Bit 1:
Bit O:

PT1L, Timer 1 interrupt priority-L register.
PX1L, external interrupt 1 priority-L register.
PTOL, Timer O interrupt priority-L register.
PXOL, external interrupt O priority-L register.

IPOH: Interrupt Priority O High Register
SFR Page

=0~F

SFR Address = 0xB7

Name
R/W
Reset

Bit 7:
Bit 6:
Bit 5:
Bit 4:
Bit 3:
Bit 2:
Bit 1:
Bit O:

EIE1:
SFR Page

PX2H
RW

PT2H
RW

PSH

PT1H
R/W

RW

Reserved. Software must write “0” on this bit when IPOH is written.
PX2H, external interrupt 2 priority-H register.

PT2H, Timer 2 interrupt priority-H register.

PSH, Serial port interrupt priority-H register.

PT1H, Timer 1 interrupt priority-H register.

PX1H, external interrupt 1 priority-H register.

PTOH, Timer O interrupt priority-H register.

PXO0H, external interrupt O priority-H register.

Extended Interrupt Enable 1 Register
=0~F

SFR Address = 0xAD

INETE)
R/W
Reset

Bit 7:

EACO ETWIO EKB -- ESF EPCA EADC ESPI
R/W RW R/W w R/W R/W R/W R/W
0 0 0 X 0 0 0 0

EACO, Enable Analog Comparator 0 (ACO) Interrupt.

0: Disable ACO interrupt.
1: Enable ACO interrupt.

Bit 6:

ETWIO, Enable TWIOQ interrupt.

0: Disable TWIO interrupt.
1: Enable TWIO interrupt.

Bit 5:

EKBI, Enable Keypad Interrupt.

0: Disable the interrupt when KBCON.KBIF is set in Keypad control module.
1: Enable the interrupt when KBCON.KBIF is set in Keypad control module.
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Bit 4: Reserved. Software must write “0” on this bit when EIE1 is written.

Bit 3: ESF, Enable System Flag interrupt.

0: Disable the interrupt when the group of {MCDF, RTCF, BOF1, BOF0, WDTF} in PCON1, {STAF, STOF}
in AUXR3 or TI0 with UTIE is set.

1: Enable the interrupt of the flags of {MCDF, RTCF, BOF1, BOF0, WDTF} in PCON1, {STAF, STOF} in
AUXR3, or TIO with UTIE when the associated system flag interrupt is enabled in SFIE.

Bit 2: EPCA, Enable PCAQO interrupt.
0: Disable PCAQO interrupt.
1: Enable PCAQ interrupt.

Bit 1: EADC, Enable ADC Interrupt.
0: Disable the interrupt when ADCONO.ADCI is set in ADC module.
1: Enable the interrupt when ACCONO.ADCI is set in ADC module.

Bit 0: ESPI, Enable SPI Interrupt.
0: Disable the interrupt when SPSTAT.SPIF is set in SPI module.
1: Enable the interrupt when SPSTAT.SPIF is set in SPI module.

EIP1L: Extended Interrupt Priority 1 Low Register
SFR Page =0~F
SFR Address = 0xAE

Name PACOL PTWIOL PKBL -- PSFL PPCAL PADCL PSPIL
R/W R/W R/W R/W w R/W R/W R/W R/W
Reset 0 0 0 X 0 0 0 0

Bit 7: PACOL, ACO interrupt priority-L register.

Bit 6: PTWIOL, TWIO interrupt priority-L register.

Bit 5: PKBL, keypad interrupt priority-L register.

Bit 4: Reserved. Software must write “0” on this bit when EIP1L is written.
Bit 3: PSFL, system flag interrupt priority-L register.

Bit 2: PPCAL, PCAQO interrupt priority-L register.

Bit 1: PADCL, ADC interrupt priority-L register.

Bit 0: PSPIL, SPI interrupt priority-L register.

EIP1H: Extended Interrupt Priority 1 High Register
SFR Page =0~F
SFR Address = OxAF
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Name
R/W
Reset

Bit 7:
Bit 6:
Bit &:
Bit 7:
Bit 3:
Bit 2:
Bit 1:
Bit O:

PACOH PTWIOH PKBH -- PSFH PPCAH PADCH PSPIH
R/W RW RW w RW R/W R/W RW
0 0 0 X 0 0 0 0

PACOH, ACO priority-H register.

PTWIOH, TWIO interrupt priority-H register.
PKBH, keypad interrupt priority-H register.
Reserved. Software must write “0” on this bit when EIP1H is written.
PSFH, system flag interrupt priority-H register.
PPCAH, PCAQO interrupt priority-H register.
PADCH, ADC interrupt priority-H register.
PSPIH, SPI interrupt priority-H register.

® XICFG: External Interrupt Configured Register

SFR Page

SFR Address = 0xC1

=0 Only

Name INT11S[1:0] INTOIS[1:0] -- X2FLT X1FLT XOFLT
R/W R/W R/W R/W R/W w R/W R/W R/W
Reset 0 0 0 0 X 0 0 0

Bit 7~6: INT11S.1~0, nINT1 input port pin selection bits which function is defined with INT11S.2 as
following table.

INT11S[2:0] Selected Port Pin of nINT1

000 P3.3
001 P3.1
010 P3.5
011 P4.1
100 P6.1
101 P2.1
110 P1.5
111 P2.4

Bit 5~4: INTOIS.1~0, nINTO input port pin selection bits which function is defined with INTOIS.2 as
following table.

INTOIS[2:0] Selected Port Pin of nINTO

000 P4.5
001 P3.0
010 P3.4
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INTOIS[2:0] Selected Port Pin of nINTO

011 P4.0
100 P6.0
101 P1.2
110 P1.4
11 P2.2

Bit 3: Reserved. Software must write “0” on this bit when XICFG is written.

Bit 2: X2FLT, nINT2 Filter mode control. It selects nINT2 input filter mode with X2FLT1 (XICFG1.2).

X2FLT1, X2FLT nINT2 input filter mode

00 Disabled

01 SYSCLK x 3
10 SYSCLK/6 x 3
11 Reserved

Bit 1: X1FLT, nINT1 Filter mode control. It selects nINT1 input filter mode with X1FLT1 (XICFG1.1).

X1FLT1, X1FLT 7nINT1 inpuﬂilter mode

00 e in

01 SYSCLK x 3
10 SYSCLK/6 x 3
11 Reserved

Bit 0: XOFLT, nINTO Filter mode control. It selects nINTO input filter mode with XOFLT1 (XICFG1.0).

XOFLT1, XOFLT nINTO input filter mode

00 2k

01 SYSCLK x 3
10 SYSCLK/6 x 3
11 Reserved

® XICFG1: External Interrupt Configured 1 Register
SFRPage =1 Only
SFR Address = 0xC1

Name INT11S.2 | INTOIS.2 INT2IS[1:0] - X2FLT1 X1FLT1 XOFLT1
R/W R/W R/W R/W R/W W R/W R/W R/W
Reset 0 0 0 0 X 0 0 0

Bit 7: INT11S2, nINT1 input port pin selection bit which function is defined with INT11S.1~0.
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Bit 6: INTOIS2, nINTO input port pin selection bit which function is defined with INTO0IS.1~0.

Bit 5~4: INT21S1~0, nINTZ2 input port pin selection bits which function is defined as following table.

INT2IS[1:0] ‘ Selected Port Pin of nINT2

00 P4.4
01 P2.0
10 P1.1
11 P1.6

Bit 3: Reserved. Software must write “0” on this bit when XICFG1 is written.

Bit 2: X2FLT1, nINT2 Filter mode control. It selects nINT2 input filter mode with X2FLT (XICFG.2). Refer
XICFG description for nINT2 input filter mode definition.

Bit 1: X1FLT1, nINT1 Filter mode control. It selects nINT1 input filter mode with X1FLT (XICFG.1). Refer
XICFG description for nINT1 input filter mode definition.

Bit 0: XOFLT1, nINTO Filter mode control. It selects nINTO input filter mode with XOFLT (XICFG.0). Refer
XICFG description for nINTO input filter mode definition.

SFIE: System Flag Interrupt Enable Register
SFR Page =0~F
SFR Address = Ox8E

Name SIDFIE MCDRE | MCDFIE | RTCFIE -- BOF1IE BOFOIE | WDTFIE
R/W R/W R/W R/W R/W w R/W R/W R/W
Reset 0 1 1 0 X 0 0 0

Bit 7: SIDFIE, Serial Interface Detection Flag Interrupt Enabled.
0: Disable SIDF(STAF or STOF) interrupt.
1: Enable SIDF(STAF or STOF) interrupt to share the system flag interrupt.

Bit 6: MCDRE, Enable Missing-Clock-Detection event causes a system reset.
0: Disable MCD event to trigger a system Reset.
1: Enable MCD event to trigger a system Reset.

Bit 5: MCDFIE, Enable MCDF (PCON1.5) Interrupt.
0: Disable MCDF interrupt.
1: Enable MCD module and enable MCDF interrupt.

Bit 4: RTCFIE, Enable RTCF (PCON1.4) Interrupt.
0: Disable RTCF interrupt.
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1: Enable RTCF interrupt.

Bit 3: Reserved. Software must write “0” on this bit when SFIE is written.

Bit 2: BOF1IE, Enable BOF1 (PCON1.2) Interrupt.
0: Disable BOF1 interrupt.
1: Enable BOF1 interrupt.

Bit 1: BOFOIE, Enable BOFO (PCON1.1) Interrupt.
0: Disable BOFO interrupt.
1: Enable BOFO interrupt.

Bit 0: WDTFIE, Enable WDTF (PCON1.0) Interrupt.
0: Disable WDTF interrupt.
1: Enable WDTF interrupt.

® PCON1: Power Control Register 1
SFRPage =0~F&P
SFR Address = 0x97

Name SWRF EXRF MCDF RTCF - BOF1 BOFO WDTF
R/W R/W RW RW RW w R/W R/W RW
Reset 0 0 1 0 X 0 0 0

Bit 7: SWREF, Software Reset Flag.
0: This bit must be cleared by software writing “1” to it.
1: This bit is set by hardware if a Software Reset occurs.

Bit 6: EXRF, External Reset Flag.
0: This bit must be cleared by software writing “1” to it.
1: This bit is set by hardware if an External Reset occurs.

Bit 5: MCDF, Missing Clock Detection flag.

0: This bit must be cleared by software writing “1” on it. Software writing IO is no operation.

1: This bit is only set by hardware which detects a Missing-Clock event. Writing “1” on this bit will clear
MCDF. The Missing-Clock-Detection module is enabled by MCDFIE. If MCDFIE is cleared, the
Missing-Clock-Detection module is inactive. Once a missing clock event happened, software must clear
MCDF before switching OSCin to XTAL.

Bit 4: RTCF, RTC overflow flag.
0: This bit must be cleared by software writing “1” on it. Software writing “:0” is no operation.
1: This bit is only set by hardware when RTCCT overflows. Writing “1” on this bit will clear RTCF.
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Bit 3: Reserved. Software must write “0” on this bit when PCON1 is written.

Bit 2: BOF1, Brown-Out Detection flag 1.

0: This bit must be cleared by software writing “1” to it.

1: This bit is set by hardware if the operating voltage matches the detection level of Brown-Out Detector 1
(4.2V/3.7/2.4/2.0).

Bit 1: BOFO, Brown-Out Detection flag 0.

0: This bit must be cleared by software writing “1” to it.

1: This bit is set by hardware if the operating voltage matches the detection level of Brown-Out Detector 0
(2.2V).

Bit 0: WDTF, WDT overflow flag.
0: This bit must be cleared by software writing “1” to it.
1: This bit is set by hardware if a WDT overflow occurs.

® AUXR2: Auxiliary Register 2
SFR Page =0 Page
SFR Address = 0xA3

Name STAF STOF - -
R/W R/W R/W W W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 7: STAF, Start Flag detection of STWI (SID).
0: Clear by firmware by writing “0” on it.
1: Set by hardware to indicate the START condition occurred on STWI bus.

Bit 6: STOF, Stop Flag detection of STWI (SID).
0: Clear by firmware by writing “0” on it.
1: Set by hardware to indicate the STOP condition occurred on STWI bus.
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15 Timers / Counters

CMT2380F16 has three 16-bit Timers/Counters: Timer 0, Timer 1 and Timer 2. All of them can be configured
as timers or event counters.

In the “timer” function, the timer rate is prescaled by 12 clock cycle to increase register value. In other words, it
serves to count the standard C51 machine cycle. AUXR2.T0X12, AUXR2.T1X12 and T2MOD.T2X12 are the
functions for Timer 0/1/2 to set the timer rate on every clock cycle. It performs at a speed 12 times than
standard C51 timer function. Other prescaler values can be selected by combining TOC/T, TOXL and T0OX12
for Timer O clock input.

In the “counter” function, the register is increased in response to a 1-to-0 transition at its corresponding
external input pin, TO, T1, or T2. In this function, the external input is sampled by every timer rate cycle. When
the samples show a high in one cycle and a low in the next cycle, the count is incremented. The new count
value appears in the register at the end of the cycle following the one in which the transition was detected.

15.1 Timer 0 and Timer 1

15.1.1 Timer 0/1 Mode 0

The timer register is configured as a PWM generator. As the count rolls over from all 1s to all Os, it sets the
timer interrupt flag TFx. The counted input is enabled to the timer when TRx = 1 and either TXGATE=0 or
INTXET = 1. Mode 0 operation is the same for Timer0 and Timer1. The PWM function of Timer 0/1 is shown in
Figure 15-1 and Figure 15-2.
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SYSCLK/12 —200) | 00H
TO Pin —2010)
SYSCLK —210) | % Reload R
ILRCO —@.1.1) | ~ < » TOOF
— 8-bit (TO overflow)
SYSCLK/4g 120 | TOSCT Up-Counter
(WDT pre-scaler) WDTPS (.00 Overflow
SYSCLK/192 —(1:1:0) | TLO[7:0] » TFO |——» TO Interrupt
(Timer1 overflow) T10F 1 ( Port Latch
Q
{TOXL, TOX12, TOC/T}
TOOR 0
TRO TLO} >= {THO TOCKO
8-Bit qu-=mie o ) —»X
TOGATE Comparator d
{TLO} < {THO} _ A
INTOET ﬁ » R Qp-
THO[7:0] TOCKOE ——
TCON| TF1 | TR1 | TFO | TRO | IE1 | IT1 | IEO | IT0 |
TMOD |T1GATE| TICIT | TIM1 | TIMO |TOGATE| TocIT | ToM1 | TOMo |
] 0
AUXR2| STAF | STOF | XX | XX | T1X12 | TOX12 |T1CKOE|TOCKOE|
1
AUXR3| XX | XX | XX | XX | XX | XX | XX | TOXL |
Figure 15-1. Timer 0 Mode 0 Structure
00H
Reload
« » T10F
8-bit (T1 overflow)
SYSCLK/12 —20 | g Up-Counter
Overflow
T1 Pin —@0 | e 1 TLA[7:0] » TF1 ———— T1Interrupt
SYscLK —(1o iR
syscLkiag —L10 Port Latch
Q
A
{T1X12, T1C/T}
T10R 0
8-Bit {TL1} >= {TH1} —»X] T1CKO
TR1 Comparator s Q gl
{TL1} < {TH1} _
T1GATE p R ab
INT1ET
TH1[7:0] T1CKOE —
TCON| TF1 | TR1 | TFO | TRO | IE1 | 1T | IEQ | ITO |

TMOD |T1GATE| T1C/T | TIM1 | T1MO |TOGATE| TOC/T | TOM1 | TOMO |
0 0

AUXR2| STAF | STOF | XX | XX | T1X12 | TOX12 |T1CKOE|TOCKOE|
1

Figure 15-2. Timer 1 Mode 0 Structure
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15.1.2 Timer 0/1 Mode 1

Timer 0/1 in Mode1 is configured as a 16 bit timer or counter. The function of TXGATE, INTXET and TRx is
same as mode 0. Figure 15-3 and Figure 15-4 show the mode 1 structure of Timer 0 and Timer 1.

SYSCLK/12 —200) | 00H 00H
T0 Pin 9810 |

SYSCLK —&10) Reload
ILRCO —@1.10 e <—‘.—(:0 ;Zglzw)
SYSCLK/4g —(10.0) | T0SCT
(WDT prescaler) WDTPS —(1.2.1)
SYSCLK/192 —(11.0) |
(Timer1 overflow) T10F —(1.11) £

Overflow

TLO[7:0] | THO[7:0] »| TFO |— TO Interrupt

16-bit Up-Counter

{TOXL, TOX12, TOC/T}

TRO TCON| TF1 | TR1 | TFO | TRO | IE1 | IT1 | IEO | IT0 |
TOGATE
INTOET TMOD |T1GATE| T1CIT | T1M1 | T1MO |TOGATE| TOC/T | TOM1 | TOMO |
0
AUXR2| STAF | STOF | XX | xx | T1X12 | TOX12 |T1CKOE|TOCKOE|
AUXR3| XX | XX | XX | XX | XX | XX | XX | TOXL |

Figure 15-3. Timer0 Mode 1 Structure

00H 00H

Reload
p——— P T10F
(T1 overflow)

SYSCLK /12 —9) T1S0%
Overflow
T1 Pin —Q4 o TL1[7:0] | TH1[7:0] TF1 |— T1 Interrupt
(o

syscLk —40
16-bit Up-Counter

SYsCLk/4g —1)
T1X12, T1CT} TCON| TF1 | TR1 | TFO | TRO | IE1 | IT1 | IE0 | IT0 |

TMOD |T1GATE| T1CIT | TIM1 | T1MO |TOGATE| TOC/T | TOM1 | TOMO |

A 4

]

|
i

TR1
T1GATE 0 !
AUXR2| STAF | STOF | XX | XX | T1X12 | TOX12 |T1CKOE|TOCKOE|
INT1ET

Figure 15-4. Timer 1 Mode 1 Structure
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15.1.3 Timer 0/1 Mode 2

Mode 2 configures the timer register as an 8-bit counter(TLx) with automatic reload. Overflow from TLx not
only set TFx, but also reload TLx with the content of THx, which is determined by software. The reload leaves
THx unchanged. Mode 2 operation is the same for Timer0O and Timer1. Figure 15-5 and Figure 15-6 show the
mode 2 structure of Timer 0 and Timer 1.

SYSCLK/12 —209) |

TO Pin —(0.1) | . —  » TOOF
SYSCLK 010 TOSCT 8-bit Up-Counter (T0 overflow)
Overflow
ILRCO —&10 | S o] TLO[7:0] »/ TFO [— TO Interrupt
O
SYSCLK/48 —1.00) | ——
(WDT prescaler) WDTPS —:0.1) |
Reload
SYsCLK/192 {19 | e

(Timer1 overflow) T1OF —{:1) | £

{TOXL, TOX12, TOC/T} ——— THO[7:0]

TRO

TOGATE TCON| TF1 | TR1 | TFO | TRO | IE1 | IT1 | IEO | ITO |
INTOET

TMOD |T1GATE| TICT | TIM1 | T1MO |TOGATE| TocIT | ToMm1 | ToMO |

1 0
AUXR2| STAF | STOF | XX | XX | T1X12 | TOX12 |T1CKOE|TOCKOE|
AUXR3| XX | XX | XX | XX | XX | XX | XX | TOXL |

Figure 15-5. Timer 0 Mode 2 Structure

———— TIOF

SYSCLK/12 —©0) | T1SCT 8-bit Up-Counter (T1 overflow)
Overflow

T1 Pin —&1 N — TL1[7:0 » TF1 [—» T1 Interrupt

o [7:0] P

syscLk —(1.9 |
SYSCLK/48 —(L10 |

Reload

{T1X12, T1C/T}

TR1 TH1[7:0]
T1GATE
INT1ET
TCON| TF1 | TR1 | TFO | TRO | IE1 | IT1 | IEO | IT0 |

TMOD |T1GATE| T1CIT | T1M1 | T1MO |TOGATE| TOCIT | TOM1 | ToMO |
1 0

AUXR2| STAF | STOF | XX | XX | T1X12 | T0X12 |T1CKOE|TOCKOE|

Figure15-6. Timer 1 Mode 2 Structure
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15.1.4 Timer 0/1 Mode 3

Timer1 in Mode3 simply holds its count, the effect is the same as setting TR1 = 1. Timer0 in Mode 3 enables
TLO and THO as two separate 8-bit counters. TLO uses the Timer0 control bits such like C/T, TOGATE, TRO,
INTOET and TFO. THO is locked into a timer function (can not be external event counter) and take over the use
of TR1, TF1 from Timer1. THO now controls the Timer1 interrupt. Figure 15-7 shows the mode 3 structure of
Timer O.

SYscLK/12 —200) | 00H
TO Pin —20.0
syscLk —819 I Reload . |
V<—o—>
0,1,1
ILRCO s (TO overflow)
syscLk/ag 120 | TOSCT
(WDT prescaler) WDTPS —00) | ‘ Overflow R
SYSCLK/192 —U:1.0) ,7| TLO[7:0] » TFO — TO Interrupt
(Timer1 overflow) T1OF —L10 f 8-bit Up-Counter
{TOXL, TOX12, TOC/T}

TRO
TOGATE
INTOET 00H
% Reload
———
SYSCLK/12 —20 mser overt
verriow
SYSCLK —@1 N 1 THO[7:0] » TF1 —» T1Interrupt
(e}
SYSCLK/48 —10 — :
SYSCLK/192 1.1 8-bit Up-Counter
TR1
{TOXL, TOX12}
TCON| TF1 | TR1 | TFO | TRO | IE1 | IT1 | IEQ | IT0 |

TMOD |T1GATE| T1C/IT | TIM1 | T1M0 |TOGATE| TOC/T | TOM1 | TOMO |
1 1

AUXR2| STAF | STOF | XX | XX |T1x12 | TOX12 |T1CKOE|TOCKOE|

AUXR3| XX | XX | XX | XX | XX | XX | XX | TOXL |

Figure 15-7. Timer 0 Mode 3 Structure
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15.1.5 Timer 0/1 Programmable Clock-Out

Timer 0 and Timer 1 have a Clock-Out Mode (while TXCKOE=1). In this mode, Timer O or Timer 1 operates as
8-bit auto-reload timer for a programmable clock generator with 50% duty-cycle. The generated clocks come
out on TOCKO (P3.4) and T1CKO (P3.5) individually. The input clock of Timer 0 increases the 8-bit timer, TLO,
in Timer 0 module. The input clock of Timer 1 increases the 8-bit timer, TL1, in Timer 1 module. The timer
repeatedly counts to overflow from a loaded value. Once overflows occur, the contents of (THO and TH1) are
loaded into (TLO, TL1) for the consecutive counting. Figure 15-8 and Figure 15-9 formula gives the formula of
Timer 0 and Timer 1 clock-out frequency. Figure 15-10 and Figure 15-11 show the clock-out structure of Timer
0 and Timer 1.

TO Clock Frequency
2 x (256 - THO)

TO Clock-out Frequency =

Figure 15-8. Timer 0 clock out equation

T1 Clock Frequency
2x (256 - TH1)

T1 Clock-out Frequency =

Figure 15-9. Timer 1 clock out equation
Note:
(1) Timer 0/1 overflow flag, TFO/1, will be set when Timer 0/1 overflows.
(2) For SYSCLK=12MHz and select SYSCLK/12 as Timer 0/1 clock source, Timer 0/1 has a programmable
output frequency range from 1.95KHz to 500KHz.
(38) For SYSCLK=12MHz and select SYSCLK as Timer 0/1 clock source , Timer 0/1 has a programmable
output frequency range from 23.44KHz to 6MHz.

Port Latch
SYSCLK/12 —20.9) | :
TO Pin —201
SYSCLK —21.0) | Toser Toggle TOOR 0 TOCKO
) Overflow —»X
(0.1,1) Timer 0 |
ILRCO Tl in Mode 2 —| > |—> D Q P 1
SYSCLK/48 —{1.0.0) | 4

>

woTps o1
SYSCLK/192 —{1:1.9) | TOCKOE ——

T10F 0L
{TOXL, TOX12, TOC/T} J TCON| TF1 | TR1 | TFO | TRO | IE1 | T | IE0 | IT0 |
TRO TMOD |T1GATE| T1C/IT | TIM1 | T1MO |TOGATE| TOC/T | TOM1 | TOMO |
GATE
INTOET ﬁr":}i AUXR2| STAF | STOF | XX | XX | T1X12 | TOX12 |T1CKOE|TOCKOE|

1

AUXR3| XX | XX | XX | XX | XX | XX | XX |TOXL|

Figure 15-10. Timer 0 in Clock Output Mode
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Port Latch
Q
T1SCT
SYSCLK/12 —20) | vertion 1209 T10R _|—> 0 T1CKO
: 0.1) Timer 1 vertlow —»X
1 Pin . in Mode 2 X |>p e > 1

syscLk —L0 L A

syscLk/4g —11
‘T T1CKOE ——
{T1X12, T1C/T}
TR1 TCON | TF1 | TR1 | TFO | TRO | IE1 | 1 | IEO | IT0 |

GATE

>

Figure 15-11. Timer 1 in Clock Output Mode

TMOD |T1GATE| T1CIT | TiM1 | T1MO |TOGATE| TOC/T | TOMA1 | TOMO |

INT1ET

AUXR2| STAF | STOF | XX | XX |T1X12 | TOX12 |T1CKOE|TOCKOE|
1

How to Program Timer 0/1 in Clock-out Mode:

* Select Timer 0/1 clock source.

* Determine the 8-bit reload value from the formula and enter it in the THO/TH1 register.
* Enter the same reload value as the initial value in the TLO/TL1 register.

* Set TOCKOE/T1CKOE bit in AUXR2 register.

* Set TRO/TR1 bit in TCON register to start the Timer 0/1.

In the Clock-Out mode, Timer 0/1 rollovers will generate an interrupt. This is similar to when Timer 1 is used
as a baud-rate generator. It is possible to use Timer 1 as a baud rate generator and a clock generator
simultaneously. Note, however, that the baud-rate and the clock-out frequency depend on the same overflow
rate of Timer 1. So, software usually disables the Timer 0/1 interrupt in this kind of application.

15.1.6 Timer 0/1 Register

® TCON: Timer/Counter Control Register
SFR Page =0~F

SFR Address = 0x88

Name TF1 TR1 TFO TRO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 7: TF1, Timer 1 overflow flag.
0: Cleared by hardware when the processor vectors to the interrupt routine, or cleared by software.
1: Set by hardware on Timer/Counter 1 overflow, or set by software.
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Bit 6: TR1, Timer 1 Run control bit.
0: Disabled to stop Timer/Counter 1.
1: Enabled to start Timer/Counter 1.

Bit 5: TFO, Timer 0 overflow flag.
0: Cleared by hardware when the processor vectors to the interrupt routine, or cleared by software.
1: Set by hardware on Timer/Counter 0 overflow, or set by software.

Bit 4: TRO, Timer 0 Run control bit.
0: Disabled to stop Timer/Counter 0.
1: Enabled to start Timer/Counter 0.

TMOD: Timer/Counter Mode Control Register
SFRPage =0~F
SFR Address = 0x89

Name T1GATE T1C/T T1M1 T1MO TOGATE TOC/T TOM1 TOMO
R/W R/W R/W RW RW R/W RW RW RW
Reset 0 0 0 0 0 0 0 0

Bit 7: T1Gate, Gating control for Timer1.

0: Disable gating control for Timer1.

1: Enable gating control for Timer1. When set, Timer1 or Counter1 is enabled only when iINT1 input is
high and TR1 control bit is set.

Bit 6: T1C/T, Timer 1 clock source selector. It controls the Timer 1 as timer or counter with 4 clock sources.
Refer to T1X12 description in the AUXR2.

Bit 5~4: Timer 1 operating mode selection.

T1M1~0 Timer 1 Operating Mode

00 8-bit PWM generator for Timer1

01 16-bit timer/counter for Timer1

10 8-bit timer/counter with automatic reload for Timer1
1" Timer/Counter1 Stopped

Bit 3: TOGate, Gating control for TimerO.

0: Disable gating control for TimerO.

1: Enable gating control for Timer0. When set, Timer0 or Counter0 is enabled only when iINTO input is
high and TRO control bit is set.

Bit 2: TOC/T, Timer O clock source selector. It controls the Timer 0 as timer or counter with 8 clock sources.
Refer to TOX12 description in the AUXR2.
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Bit 1~0: Timer 0 operating mode selection.

TOM1~0 Timer0 Operating Mode

8-bit PWM generator for Timer0

00

01

16-bit timer/counter for Timer0

10

8-bit timer/counter with automatic reload for TimerQ

1

TLO is 8-bit timer/counter, THO is locked into 8-bit timer

® TLO: Timer 0 Low byte Register

SFR Page =0~F

SFR Address = 0x8A

Name TLO[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

® THO: Timer 0 High byte Register

SFRPage =0~F

SFR Address = 0x8C

Name THO[7:0]
R/W RW R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

® TL1: Timer 1 Low byte Register

SFR Page =0~F

SFR Address = 0x8B

Name TL1[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

® TH1: Timer 1 High byte Register

SFR Page =0~F

SFR Address = 0x8D

Name THA1[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
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® AUXR2: Auxiliary Register 2
SFRPage =0~F
SFR Address = 0xA3

Name STAF STOF -- -- T1X12 TOX12 T1CKOE | TOCKOE
R/W R/W R/W w w R/W RW RW RW
Reset 0 0 X X 0 0 0 0

Bit 3: T1X12, Timer 1 clock source selection with T1C/T control.

T1X12, T1C/T ‘ Timer 1 Clock Selection
0 0 SYSCLK/12
0 1 T1 Pin
10 SYSCLK
1 1 SYSCLK/48

Bit 2: TOX12, Timer O clock source selection with TOC/T and TOXL control.

0 0O SYSCLK/12

0 1 TO Pin
10 SYSCLK
1 1 ILRCO
0 0 SYSCLK/48
0 1

1.0

1 1

WDTPS
SYSCLK/192
T10F

Bit 1: TICKOE, Timer 1 Clock Output Enable.
0: Disable Timer 1 clock output.
1: Enable Timer 1 clock output on T1CKO Port pin.

Bit 0: TOCKOE, Timer 0 Clock Output Enable.
0: Disable Timer O clock output.
1: Enable Timer 0 clock output on TOCKO Port pin.

® AUXRS3: Auxiliary Register 3
SFRPage =0 Only
SFR Address = 0xA4

Name TOPS1 TOPSO BPOC1 BPOCO SO0PSO0 TWIPSA

TWIPSO TOXL

R/W R/W R/W RW RW R/W RW

RW RW

Reset 0 0 0 0 0 0

0 0
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Bit 7~6: TOPS1~0, Timer 0 Port pin Selection [1:0].

TOPS1~0 TO/TOCKO

00 P3.4
01 P4.4
10 P2.2
11 P2.6

Bit 0: TOXL is the Timer O per-scaler control bit. Please refer T0X12 (AUXR2.2) for TOXL function
definition.

® AUXR4: Auxiliary Register 4
SFRPage =1 Only

SFR Address = 0xA4

Name T1PS1 T1PSO
R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bit 5~4: T1PS1~0, Timer 1 Port pin Selection [1:0].

T1PS1~0 T1/T1CKO

00 P3.5
01 P4.5
10 P1.7
11 P2.6

15.2 Timer 2

Timer 2 is a 16-bit Timer/Counter which can operate either as a timer or an event counter which function is
defined on 8 clock sources, as selected by the bits in T2CON, T2MOD and T2MOD1 register. Timer 2 has five
main functions: Capture, Reload Timer, PWM, Baud Rate Generator and Programmable Clock-Out by
operation mode definition. It also provides a selection on 8 external signals for capture event or Timer 2
external interrupt source, EXF2. There are two interrupt sources in Timer2, TF2 and EXF2. TF2 is the TH2
overflow flag and its interrupt function can be blocked by TF2IG.

15.2.1 Timer 2 Mode 0 (Auto-Reload and External Interrupt)

In this mode, Timer 2 provides an 16-bit auto-reload timer/counter. The TF2, Timer 2 overflow flag, is one of
the Timer 2 interrupt source which interrupt function can be blocked by TF2IG. EXEN2 enables a 1-to-0
transition at T2EXI to set the flag, EXF2, for an external input interrupt to share the Timer 2 interrupt with TF2.
T2EXI is the selection result of 8 Timer 2 external inputs. T2EXH performs the same function as EXEN2 but
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it enables the detecting a 0-to-1 transition at T2EXI input.

The Timer 2 overflow event (T20F) in this module will be output to other peripheral as clock input or event
source.

Timer 2 Mode 0 is illustrated in Figure 15-12.

T2SPL =0, CP/RL2 =0, T2MS0 = 0, T2MS1 =0
SYSCLK/12 00

T2 Pin 201 ol
SYSCLK —(@1.0 T2SCT 16-bit Up Counter
INTOET —(&1.1 TL2 TH2 Overtow | e
(1,00 (8 Bits) (8 Bits) »”

(Timer0 Overflow) TOOF —(:&:1
ACOES (1.0

ﬂ

o
Reload
« » T20F

(T2 overflow)

KBIET (11 f
{T2CKS, T2X12, C/T2} :I>_> Timer 2
RCAP2L | RCAP2H

Interrupt

T2EX Pin 000 ]
RXDO —%21) |
P6.0/XTAL2 —210) |
INT2ET L0
ILRCO —120) |
AcoouT {8 |
KBIET —(L.10 | TZCONl TF2 | EXF2 | RCLK | TCLK |E><EN2| TR2 | cIT2 |CP/RL2|

Twio_scL 10 | 0
T2MOD | T2SPL |TL2)<12 | T2EXH | T2x12 | TR2L | TR2LC | T20E | T2MS0 |
CP28[2:0] L T2EXI . .

T2MOD1 | TL2CS | TF2IG | TL2IS | T2CKS | T2mMS1 | CP2sS2 | CP2s1 | CP2S0 |

EXF2

A 4

» T2EXES

Figure 15-12. Timer 2 Mode 0 Structure (Auto-Reload and External Interrupt Mode)
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15.2.2 Timer 2 Mode 1 (Auto-Reload with External Interrupt)

Figure 15-13 shows Timer 2 Mode 1, which enables Timer 2 to count up automatically. In this mode there are
two options selected by bit EXEN2 in T2CON register. If EXEN2=0, then Timer 2 counts up to OxFFFFH and
sets the TF2 (Overflow Flag) bit upon overflow. This causes the Timer 2 registers to be reloaded with the
16-bit value in RCAP2L and RCAP2H. The values in RCAP2L and RCAP2H are preset by firmware. If
EXEN2=1, then a 16-bit reload can be triggered either by an overflow or by a 1-to-0 transition at T2EXI, one of
8 Timer 2 external inputs. This transition also sets the EXF2 bit. The Timer 2 interrupt, if enabled, can be
generated when either TF2 or EXF2 are 1. T2EXH performs the same function as EXEN2 but it enables the
detecting a 0-to-1 transition at T2EXI input.

SYSGLK/A2 000 T2SPL =0, CP/RL2 =0, T2MS0 =1, T2MS1 =0

reen - . TF2IG
syscLK —219 | T2SCT 16-bit Up Counter
Overflow
R TL2 TH2 q
o _(1.00) | X (8 Bits) (8 Bits) > TF2

(Timer0 Overflow) TOOF —(.8.0 ]
ACOES 110 |

KBIET —1.0 | f
{T2CKS, T2X12, C/T2}

T2EX Pin 200 |
RXDO —20.10 |
P6.0/XTAL2 —21.0)
INT2ET —O1L.0D |
ILRCO —(100) |
AcoouT -8 |
KBIET 110 ] TZCONl TF2 | EXF2 | RCLK | TCLK |EXEN2| TR2 | cIm2 |CP/RL2|

Twio_scL —10 0
T2MOD | T2SPL |TL2X1Z| T2EXH | T2X12 | TR2L | TR2LC | T20E | T2MS0 |
CP2S[2:0] L » T2EXI

0 1

» T20F
(T2 overflow)

RCAP2H :):>_> Timer 2
Interrupt

TR2

RCAP2L

A 4

EXF2

I
» T2EXES

T2MOD1 | TL2CS | TF2G | TL2IS | T2CKS | T2Ms1 | cPas2 | cP2st | cP2so |

Figure 15-13. Timer 2 Mode 1 Structure (Auto-Reload with External Interrupt Mode)
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15.2.3 Timer 2 Mode 2 (Capture)

Figure 15-14 shows the capture mode there are two options selected by bit EXEN2 in T2CON. If EXEN2=0,
Timer 2 is a 16-bit timer or counter which, upon overflow, sets bit TF2 (Timer 2 overflow flag). This bit can then
be used to generate an interrupt (by enabling the Timer 2 interrupt bit in the IE register). If EXEN2=1, Timer 2
still does the above, but with the added feature that a 1-to-0 transition at T2EXI, one of 8 Timer 2 external
inputs, that causes the current value in the Timer 2 registers, TH2 and TL2, to be captured into registers
RCAP2H and RCAP2L, respectively. In addition, the transition at T2EXI causes bit EXF2 in T2CON to be set,
and the EXF2 bit (like TF2) can generate an interrupt which vectors to the same location as Timer 2 overflow
interrupt. T2EXH performs the same function as EXEN2 but it enables the detecting a 0-to-1 transition at
T2EXI input.

T2SPL =0, CP/RL2 =1, T2MS0 =0, T2MS1 =0

| 00H | 00H |
Reload
SYSCLK/12 020 | ¢ > T20F
T2 Pin —220 16-bit (T2 overflow)
SYSCLK 010 T2SCT Up Counter
TL2 TH2
INTOET —&1.10 | _I:I>—> : i » TF2
e [ . S ®Bits) | (8BitS) [Overtom
(Timer0 Overflow) TOOF —121) | Capture
ACOES _(1:10) | 1 TF2IG

KBIET —(L.11 ] f
{T2CKS, T2X12, C/T2} RCAP2L | RCAP2H :I>—>Timer2

Interrupt

T2EX Pin —000
RXDO —001) |
P6.0/XTAL2 —010 |
INT2ET —@10
ILRCO 0.0
AcoouT o) |
KBIET —1.1.0) | T2CON | TF2 | EXF2 | RCLK | TCLK | EXEN2 | TR2 | cIT2 | CP/RL2 |

Twio_scL -0 1
T2MOD | T2SPL |TL2><12 | T2EXH | T2X12 | TR2L | TR2LC | T20E | T2MS0 |
CP2S[2:0] ——» T2EXI 0 0

T2MOD1 | TL2CS | TF2IG | TL2IS | T2CKS | T2MS1 | CP2S2 | CP2s1 | CP2S0 |

P EXF2

I
» T2EXES

Figure 15-14. Timer 2 Mode 2 Structure (Capture Mode)
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15.2.4 Timer 2 Mode 3 (Capture with Auto-Zero)

Timer 2 Mode 3 is the similar function with Timer 2 Mode 2. There is one difference that the T2EXES, EXF2
event set signal, not only is the capture source of Time 2 but also clears the content of TL2 and TH2 to
0x0000H.

Timer 2 Mode 3 is illustrated in Figure 15-15.

T2SPL =0, CP/RL2=1,T2MS0 =1, T2MS1 =0

| 00H | 00H |

Reload Reload
< » T20F

(T2 overflow)

SYSCLK/12 <200
T2 pin Q010 16-bit Up

SYSCLK .10 T2SCT Counter
INTOET —2.210 _I:I>_, L2 TH2 o TE
Fpp R . S (8Bits) | (8BitS) [ Overton
(Timer0 Overflow) TOOF —(10.0 Capture
Acogs (119 | ‘ TF2IG
KBIET L0 f TR2
{T2CKS, T2X12, C/T2} RCAP2L | RCAP2H

T2EX Pin 220
RXDO —200 ]
P6.0/XTAL2 %10 |
INT2ET @10 |
ILRCO —1.0.9)
AcoouT 00

:{>_> Timer 2
Interrupt

EXF2

\ 4

» T2EXES

KBIET 10 TZCONl TF2 | EXF2 | RCLK | TCLK |EXEN2| TR2 | CIT2 |CP/RL2|

Twio_scL -0 ] 1
T2MOD | T2SPL |TL2X12 | T2EXH | T2X12 | TR2L | TR2LC | T20E | T2MS0 |
CP2S[2:0] ——p» T2EXI

0 1

T2MOD1 | TL2CS | TF2IG | TL2IS | T2CKS | T2MS1 | CP2s2 | CcP2s1 | CP2S0 |
)

Figure 15-15. Timer 2 Mode 3 Structure (Capture with Auto-Zero on TL2 & TH2)
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15.2.5 Split Timer 2 Mode 0 (AR and Ex. INT)

When T2SPLIT is set in this mode, Timer 2 operates as two 8-bit timers (TH2 and TL2). Both 8-bit timers
operate in up counter as shown in Figure 15-16. TH2 holds the reload value for RCAP2H and keep the same
8 clock source inputs selection as 16-bit mode. It behaves the 8-bit function liked Timer 2 Mode 0 in 16-bit
mode. TL2 holds the reload value for RCAP2L with 4 clock inputs selection. The TR2 bit in T2CON handles
the run control for TH2. The TR2L bit in T2MOD handles the run control for TL2. And TH2 overflow can stop
the TR2L running when TR2LC is set.

There are 3 interrupt flags in split mode, EXF2, TF2 and TF2L. EXF2 has the same function as 16-bit mode to
detect the transition on T2EXI. TF2 is set when TH2 overflows from OxFF to 0x00 with TF2IG control. TF2L is
set when TL2 overflows from OxFF to 0x00 with interrupt enabled by TL2IE. The EXF2, TF2 and TF2L
interrupt flags are not cleared by hardware and must be cleared by software.

By the way, the Timer 2 overflow event (T20F) in 16-bit timer is replaced by TL2 overflow event (TL20F) in
this split mode.

If TL2IS in T2MOD1 is 0, the bits on T2CON.5~4 are the function of RCLK and TCLK. If TL2IS is 1, the bits on
T2CON.5~4 are the function of TF2L and TL2IE.

T2SPL =1, CP/RL2 =0, T2MS0 =0, T2MS1 =0
SYSCLK/12 (220 |
T2 Pin —00.0 |

SYSCLK —2:1.0) | T2sct 8-bit Up Counter
Overflow
LD TH2
(TL2 Overflow) T2LOF ~_ — o o 1o
1,00,
(Timer0 Overflow) TOOF —(12:1 e
Reload
ACOES —(11.0) | |
KBIET (1.1 { TR2

RCAP2H

{T2CKS, T2X12, C/T2}

T2EX Pin —220 |
RXDO —&21 |
P6.0/XTAL2 210 »| EXF2 :L\—>—> Timer 2
» imer
INT2ET —2L11 Interrupt
ILRCO 120 4
AcoouT 2N | N
KBIET —(.10) » T2EXES
Twio_scL &0
L——p T2EXI
CP2S[2:0] : TR2LC
|
TL2SCT 8-bit Up Counter
SYSCLK/12 —@9 Clear TR2L | o
0,1 TL2 verflow
SYSCLK —&0 | ~ ,T'/c—| (@ 8its) » TF2L
(SOBRG Overflow) SOTOF —{1-9_|
INTOET —(0
TL2IE
TR2L Reload
{TL2CS, TL2X12} @ » TL2 Overflow (TL20F)
0. T20F == TL20F
T | T | fTL2IS=t 1.to T2CKO
2. to Peripheral Clock
T2CON | TF2 | EXF2 | RCLK | TCLK | EXEN2 | TR2 | CIT2 | CP/RL2 | RCAP2L 3. to UARTO RX Clock
0 4. to UARTO TX Clock

T2MOD | T2SPL |TL2X12 | T2EXH | T2X12 | TR2L | TR2LC | T20E | T2MS0 |

1

T2MOD1 | TL2CS | TF2IG | TL2IS | T2CKS | T2MS1 | CP2s2 | CP2s1 | CP2S0 |

Figure 15-16. Split Timer 2 Mode 0 Structure (AR and Ex.INT)
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15.2.6 Split Timer 2 Mode 1 (AR with Ex. INT)

When T2SPLIT is set in this mode, Time 2 is split to two 8-bit timers as shown in Figure 15-17. It is similar
function as Timer 2 Mode 1 and keeps the same interrupt scheme in Split Timer 2 Mode 0.

SYSCLK/12 200 |

T2 Pin —201) |

SYSCLK —(&1.0) ]

(TL2 Overflow) T2LOF —&10) |

T2SPL =1, CP/RL2 =0, T2MS0 =1, T2MS1 =0

1,00

(Timer0 Overflow) TOOF —.8.0 ]
ACOES —11.0)

KBIET L0 f
{T2CKS, T2X12, C/T2}

T2EX Pin —000]
RXDo —220 |
P6.0/XTAL2 —21.0
INT2ET —&1.0 ]
ILRcO 120 |
AcoouT —(L21
KBIET —(19)

Twio_scL {0 f
CP2S[2:0]

SYSCLK/12 —20) |

SYSCLK —@1 ]

:LV>_> Timer 2
Interrupt

» T2EXES

1,0
INTOET —(0

{TL2CS, TL2X12} J

TF2L

TL2IE

RCLK

TZCONl TF2 | EXF2

TCLK

T2MOD| T2SPL |TL2X12 | T2EXH | T2X12 | TR2L | TR2LC | T20E | T2MS0 |

1

1

T2MOD1 | TL2CS | TF2IG | TL2IS | T2CKS | T2MS1 | CP2S2 | CP2s1 | CP2S0 |

0

T2SCT 8-bit Up Counter
TH2 Overflow
—o B > > (8Bits) > TF2
Reload TF2IG
TR2
RCAP2H
» EXF2
: TR2LC
| TL2SCT 8-bit Up Counter
|
TL2 Overflow |
|—'—|°/c _|:I>—> @Bits) » TF2L
TR2L TL2IE
Reload
b——— P TL2 Overflow (TL2OF)
0. T20F == TL20OF
& g 1. to T2CKO
e | e | o | s | RCAP2L 2. to Peripheral Clock

3. to UARTO RX Clock
4. to UARTO TX Clock

Figure 15-17. Split Timer 2 Mode 1 Structure (AR with Ex. INT)
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15.2.7 Split Timer 2 Mode 2 (Capture)

When T2SPLIT is set in this mode, Time 2 is split to two 8-bit timers as shown in Figure 15-18. It is similar
function as Timer 2 Mode 2 and keeps the same interrupt scheme in Split Timer 2 Mode 0.

T2SPL =1, CP/RL2 =1, T2MS0 =0, T2MS1 =0
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[

Figure 15-18. Split Timer 2 Mode 2 Structure (Capture)
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15.2.8 Split Timer 2 Mode 3 (Capture with Auto-Zero)

When T2SPLIT is set in this mode, Time 2 is split to two 8-bit timers as shown in Figure 15-19. It is similar
function as Timer 2 Mode 3 and keeps the same interrupt scheme in Split Timer 2 Mode 0.
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1
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Figure 15-19. Split Timer 2 Mode 3 Structure (Capture with Auto-Zero on TH2)
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15.2.9 Split Timer 2 Mode 4 (8-bit PWM Mode)

In this mode, Timer 2 is an 8-bit PWM mode as shown in Figure 15-20. TH2 and RCAP2H are combined to an
8-bit auto-reload counter. Software configures these two registers to decide the PWM cycle time. TL2 is the
PWM compare register to generate PWM waveform. RCAP2L is the PWM buffer register and software will
update PWM data in this register. Each TH2 overflow event will set TF2 and load RCAP2L value into TL2. The
PWM signal will be output on T2CKO function pin and the output is gated by T20E in T2MOD register.

T2SPL =1, CP/RL2 =0, T2MS0 =0, T2MS1 =1
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syscLk —{10) |
INTOET —&11) —
_(100) | “‘_ o7 Reload
= < » T2 Overflow (T20F)
(Timer0 Overflow) TOOF —(.2.1) | 8-bit TF2IG 0. T20F
(1,1,0) Up Counter 110 TF2CKO
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{T2CKS, T2X12, C/T2} ll
T20R
: 0,0,0’
T2EX Pin 020 | 8-Bit Match R Q. PWMH |4
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P6.0/XTAL2 —2190 N O p
INT2ET —2110
ILRCO —{100 ] TL2 TR2LC — T20E
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1,11 > TF2L Timer 2
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- ——» T2EXI Interrupt
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. RCAP2L
TR2L | T2iE | 'FTHRISE1
T2CON | TF2 | EXF2 RCLK TCLK EXEN2 | TR2 | CIT2 |CP/RL2 |
»| EXF2
T2MOD | T2SPL | TL2X12 | T2EXH | T2X12 | TR2L | TR2LC | T20E | T2MS0 |
1

T2MOD1 | TL2CS | TF2IG | TL2IS | T2CKS | T2MS1 | CP2S2 | CP2S1 | CP2S0 | » T2EXES
1

Figure 15-20. Split Timer 2 Mode 4 Structure (8-bit PWM mode)

15.2.10 Baud-Rate Generator Mode (BRG)

If Timer 2 in Mode 0O, bits TCLK and/or RCLK in T2CON register allow the serial port transmit and receive
baud rates to be derived from either Timer 1 or Timer 2. When TCLK=0, Timer 1 is used as the serial port
transmit baud rate generator. When TCLK= 1, Timer 2 is used as the serial port transmit baud rate generator.
RCLK has the same effect for the serial port receive baud rate. With these two bits, the serial port can have
different receive and transmit baud rates — one generated by Timer 1, the other by Timer 2.

Figure 15-21 shows the Timer 2 in baud rate generation mode to generate RX Clock and TX Clock into UART
engine (See Figure 17-6Figure 17-6.). The baud rate generation mode is like the auto-reload mode, in that a
rollover in TH2 causes the Timer 2 registers to be reloaded with the 16-bit value in registers RCAP2H and
RCAP2L, which are preset by firmware.

The Timer 2 as a baud rate generator mode is valid only if RCLK and/or TCLK=1 in T2CON register. Note that
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a rollover in TH2 does set TF2, but will not generate an interrupt. Thus, the Timer 2 interrupt does not have to
disabled when Timer 2 is in the baud rate generator mode by setting TF2IG to block TF2 interrupt. Also if the
EXEN2 (T2 external enable bit) is set, a 1-to-0 transition at T2EXI (one of 8 Timer 2 trigger inputs) will set
EXF2 (T2 external flag) but will not cause a reload from (RCAP2H, RCAP2L) to (TH2,TL2) in Mode O.
Therefore when Timer 2 is in use as a baud rate generator, T2EXI can be used as an additional external
interrupt, if needed. T2EXH performs the same function as EXEN2 but it enables the detecting a 0-to-1
transition at T2EXI input.

When Timer 2 is in the baud rate generator mode, one should not try to read or write TH2 and TL2. As a baud
rate generator, Timer 2 is incremented at 1/2 the system clock or asynchronously from pin T2; under these
conditions, a read or write of TH2 or TL2 may not be accurate. The RCAP2 registers may be read, but should
not be written to, because a write might overlap a reload and cause write and/or reload errors. The timer
should be turned off (clear TR2) before accessing the Timer 2 or RCAP2 registers.

Note:
Refer to Section “17.7.4 Baud Rate in Mode 1 & 3” to get baud rate setting value when using Timer 2 as the
baud rate generator.

If Timer 2 in Split Mode 0, TL2 and RCAP2L are combined to an 8-bit baud-rate generator as shown in Figure
15-22. TL2 overflow sets the TF2L which interrupt is enabled by TL2IE. TH2 and RCAP2H act as an 8-bit
auto-reload timer/counter function with Timer 2 interrupt capability.

T2SPL = 0, CP/RL2 = 0, T2MS0 = 0, T2MS1 =0
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1
SYsCLK/2 —000) | »
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Figure 15-21. Timer 2 in Baud-Rate Generator Mode
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Figure 15-22. Split Timer 2 in Baud-Rate Generator Mode

15.2.11 Timer 2 Programmable Clock Output

Timer 2 has a Clock-Out Mode (while Mode 0 & T20E=1). In this mode, Timer 2 operates as a programmable
clock generator with 50% duty-cycle. The generated clocks come out on P1.0. The input clock increments the
16-bit timer (TH2, TL2). The timer repeatedly counts to overflow from a loaded value. Once overflows occur,
the contents of (RCAP2H, RCAP2L) are loaded into (TH2, TL2) for the consecutive counting. Figure 15-23
gives the formula of Timer 2 clock-out frequency: Figure 15-24 shows the clock structure of Timer 2.

T2 Clock Frequency
2 x (65536 - (RCAP2H, RCAP2L))

T2 Clock-out Frequency =

Figure 15-23. Timer 2 clock out equation

Note:
(1) Timer 2 overflow flag, TF2, will be set when Timer 2 overflows to generate interrupt. But, the TF2
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interrupt can be blocked by TF2IG in T2MOD1 register.

(2) For SYSCLK=12MHz and select SYSCLK/12 as Timer 2 clock source, Timer 2 has a programmable
output frequency range from 45.7Hz to 3MHz.

(3) For SYSCLK=12MHz and select SYSCLK as Timer 2 clock source, Timer 2 has a programmable output
frequency range from 91.5Hz to 6MHz.

Port Latch
Q
) Toggle 0
Timer 2 T2OF T20R T2CKO

in Mode 0 or ><}D Q P 1

BRG

>
T20E

Figure 15-24. Timer 2 in Clock-Out Mode

How to Program Timer 2 in Clock-out Mode

* Select Timer 2 clock source.

* Determine the 16-bit reload value from the formula and enter it in the RCAP2H and RCAP2L registers.
* Enter the same reload value as the initial value in the TH2 and TL2 registers.

* Set T20E bit in T2MOD register.

* Set TR2 bit in T2CON register to start the Timer 2.

In the Clock-Out mode, Timer 2 rollovers will generate an interrupt. This is different when Timer 2 is used as a
baud-rate generator. It is possible to use Timer 2 as a baud rate generator and a clock generator
simultaneously. Note, however, that the baud-rate and the clock-out frequency depend on the same overflow
rate of Timer 2 and will not generate interrupt.

If Timer 2 in split mode, the clock output function is generated by TL2 overflow and the output clock frequency
is TL2 overflow rate /2. RCAP2L is the TL2'’s reload value when TL2 overflow. There are four clock source
selections for TL2. Before enable split Timer 2 clock output function, software must finish the TL2 clock source
configuration. Figure 15-25 gives the formula of TL2 clock-out frequency: Figure 15-26 shows the clock
structure of Split Timer 2.

TL2 Clock Frequency
2 x (256 - RCAP2L)

Split T2 Clock-out Frequency =

Figure 15-25. Split Timer 2 clock out equation

Note:

(1) TL 2 overflow flag, TF2L, will be set when TL2 overflows to generate interrupt. But, the TF2L interrupt is
enabled by TL2IE in T2CON register.

(2) For SYSCLK=12MHz and select SYSCLK/12 as TL2 clock source, TL2 has a programmable output
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frequency range from 1.95KHz to 500KHz.
(3) For SYSCLK=12MHz and select SYSCLK as TL2 clock source, TL2 has a programmable output
frequency range from 23.44Hz to 6MHz.

Split Timer 2
in Mode 0 or
BRG

TL20OF -

Port Latc

Toggle

=)

Q

T20R

D Q |

T20E

Figure 15-26. Split Timer 2 in Clock-Out Mode

How to Program Split Timer 2 in Clock-out Mode

» Select TL2 clock source.
* Determine the 8-bit reload value from the formula and enter it in the RCAP2L register.
* Enter the same reload value as the initial value in the TL2 register.

» Set T20E bit in T2MOD register.

* Set TR2L bit in T2MOD register to start the Timer 2.

T2CKO

In the Clock-Out mode, TL2 rollovers will generate an interrupt, TF2L. This is similar to when TL2 is used as a
baud-rate generator. It is possible to use TL2 as a baud rate generator and a clock generator simultaneously.
Note, however, that the baud-rate and the clock-out frequency depend on the same overflow rate of TL2 in
split Timer 2. The TF2L interrupt is enabled by TL2IE in T2CON register.

15.2.12 Timer 2 Register

® T2CON: Timer 2 Control Register

SFR Page

= 0~F

SFR Address = 0xC8

Name

R/W
Reset

RCLK/ TCLK/
EXF2 EXEN2 TR2 C/T2 CP/RL2
TF2L TL2IE
R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0

Bit 7: TF2, Timer 2 overflow flag.
0: TF2 must be cleared by software.
1: TF2 is set by a Timer 2 overflow happens. TF2 will not be set when either RCLK=1 or TCLK=1.

Bit 6: EXF2, Timer 2 external flag.
0: EXF2 must be cleared by software.
1: Timer 2 external flag is set when a capture or reload is caused by a negative transition on T2EX pin
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and EXEN2=1 or a positive transition on T2EX and T2EXH=1. When Timer 2 interrupt is enabled,
EXF2=1 will cause the CPU to vector to the Timer 2 interrupt routine.

TL2IS (T2MOD1.5) must be cleared to enable access to the RCLK bit.

Bit 5: RCLK, Receive clock flag.

0: Causes Timer 1 overflow to be used for the receive clock.

1: Causes the serial port to use Timer 2 overflow pulses for its receive clock in modes 1 and 3.

TL2IS (T2MOD1.5) must be set to enable access to the TF2L bit.
Bit 5: TF2L, TL2 overflow flag in Timer 2 split mode.

0: TF2L must be cleared by software.

1: TF2L is set by TL2 overflow happened in Timer 2 split mode.

TL2IS (T2MOD1.5) must be cleared to enable access to the TCLK bit.

Bit 4: TCLK, Transmit clock flag.

0: Causes Timer 1 overflows to be used for the transmit clock.

1: Causes the serial port to use Timer 2 overflow pulses for its transmit clock in modes 1 and 3.

TL2IS (T2MOD1.5) must be set to enable access to the TL2IE bit.
Bit 4: TL2IE, TF2L interrupt enable.

0: Disable TF2L interrupt.

1: Enable TF2L interrupt to share the Timer 2 interrupt vector.

Bit 3: EXENZ2, Timer 2 external enable flag on a negative transition of T2EX pin.

0: Cause Timer 2 to ignore negative transition events at T2EX pin.

1: Allows a capture or reload to occur as a result of a 1-to-0 transition on T2EX pin if Timer 2 is not being
used to clock the serial port 0. If Timer 2 is configured to clock the serial port 0, the T2EX remains the
external transition detection and reports on EXF2 flag with Timer 2 interrupt.

Bit 2: TR2, Timer 2 Run control bit. If in Timer 2 split mode, it only controls the TH2.
0: Disabled to stop the Timer/Counter 2.
1: Enabled to start the Timer/Counter 2.

Bit 1: C/T2, Timer 2 clock or counter source selector. When selecting the asynchronous clock (external
clock from 1/O pin or ILRCO) as the timer clock source, it's frequency needs to lower then 1/2 of the
system clock to ensure the edge event can be latched to trigger the counter. The function is active with
T2X12 and T2CKS as following definition:

0 0O SYSCLK/12 SYSCLK/12
0 0 1 T2 Pin T2 Pin
010 SYSCLK SYSCLK
011 INTOET TL20OF
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100 -- --
1.0 1 TOOF TOOF
110 ACOES ACOES
111 KBIET KBIET

Bit 0: CP/RL2, Timer 2 mode control bit. Refer T2MOD.T2MSO0 description for the function definition.

T2MOD: Timer 2 Mode Register
SFR Page =0~F
SFR Address = 0xC9

Name T2SPL TL2X12 T2EXH T2X12 TR2L TR2LC T20E T2MS0

Reset 0 0 0 0 0 0 0 0

R/W R/W R/W RW RW R/W RW R/W RW

Bit 7: T2SPL, Timer 2 split mode control.
0: Disable Timer 2 to split mode.
1: Enable Timer 2 to split mode.

Bit 6: TL2X12, the clock control bit of TL2 in Timer 2 split mode. When selecting the asynchronous clock
(external clock from I/O pin or ILRCO) as the timer clock source, it's frequency needs to lower then 1/2 of
the system clock to ensure the edge event can be latched to trigger the counter.

0 0 SYSCLK/12
0 1 SYSCLK
10 SOTOF

1 1 INTOET

Bit 5: T2EXH, Timer 2 external enable flag on a positive transition of T2EX pin.

0: Cause Timer 2 to ignore positive transition events at T2EX pin.

1: Allows a capture or reload to occur as a result of a 0-to1 transition on T2EX pin if Timer 2 is not being
used to clock the serial port 0. If Timer 2 is configured to clock the serial port 0, the T2EX remains the
external transition detection and reports on EXF2 flag with Timer 2 interrupt.

Bit 4: T2X12, Timer 2 clock source selector. Refer to C/T2 description for the function defined.
Bit 3: TR2L, TL2 Run control bit in Timer 2 split mode.

0: Disabled to stop the TL2.
1: Enabled to start the TL2.
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Bit 2: TR2LC, TR2L Cleared control.
0: Disabled the TR2L cleared by hardware event.
1: Enabled the TR2L cleared by the TH2 overflow (Timer 2 in mode 0/1) or capture input (Timer 2 in mode

2/3).

Bit 1: T20E, Timer 2 clock-out enable bit.

0: Disable Timer 2 clock output.
1: Enable Timer 2 clock output.

Bit 0: T2MSO0, Timer 2 mode select bit 0.

0 0 0O Mode 0: Auto-Reload and External Interrupt
0O 0 0 1 Mode 1: Auto-Reload with External Interrupt
0010 Mode 2: Capture mode
00 11 Mode 3: Capture with Auto-Zero on Timer 2
10 00 Split Mode 0
10 0 1 Split Mode 1
1010 Split Mode 2
10 1 1 Split Mode 3
11 00 8-bit PWM Mode

Others Reserved

® T2MOD1: Timer 2 Mode Register 1
SFRPage =1 Only
SFR Address = 0x93

Name TL2CS TF2IG TL2IS T2CK2 T2MS1 CP2S]2:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 7: TL2CS. TL2 clock selection in Timer 2 split mode. Refer to T2MOD.TL2X12 description for the

function defined.

Bit 6: TF2IG, TF2 Interrupt iGnore.
0: Enabled TF2 interrupt. Default is enabled.

1: Disable TF2 interrupt.

Bit 5: TL2IS, TF2L and TL2IE access control.

0: Enable RCLK and TCLK access function on T2CON.5~4.
1: Enable TF2L and TL2IE access function on T2CON.5~4.
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Bit 4: T2CKS, Timer 2 clock selection. Refer to C/T2 description for the function defined.

Bit 3: T2MS1, Timer 2 mode selection bit 1. Refer T2MOD.T2MSO0 description for the function definition.

Bit 2~0: CP2S.2~0. These bits define the capture source selector of Timer 2.

0 0O T2EX Pin

0 1 RXDO
10 P6.0/XTAL2
1 1 INT2ET

0 0 ILRCO
0 1

10

1 1

ACOOUT
KBIET
TWIO_SCL

® TL2: Timer 2 Low byte Register
SFRPage =0~F
SFR Address = 0xCC

Name TL2[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

® TH2: Timer 2 High byte Register
SFR Page =0~F
SFR Address = 0xCD

Name TH2[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

® RCAP2L: Timer 2 Capture Low byte Register
SFR Page =0~F
SFR Address = OxCA

Name RCAP2[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Rev1.1| 145/298 www.cmostek.com



CMT2380F16

® RCAP2H: Timer 2 Capture High byte Register
SFRPage =0~F

SFR Address = 0xCB

NET L RCAP2[15:8]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

® AUXRA4: Auxiliary Register 4

SFR Page =1only

SFR Address = 0xA4

Name T2PS[1:0] T1PS1 T1PS0O SPIPSO -- ACOOE | ACOFLT1
R/W R/W R/W R/W R/W R/W w R/W R/W
Reset 0 0 0 0 0 X 0 0

15.3 Timer Global Control

When the applications are asking all timers work together in sync mode, just need to set the TRxE or TR2LE
in TRENO to start the timer at the same time. Those registers will be auto cleared by hardware after writing “1”
into it.

® TRENO: Timer Run Enalbe Register 0
SFRPage =1O0Only

SFR Address = 0x95

Name -- TR2LE -- -- TR2E TR1E TROE
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 7~6, Reserved, Software must write “0” on this bit when TRENO is written.
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Bit 5, TR2LE, write “1” on this bit to control TL2 by setting TR2L enabled (TR2L=1) when Timer 2 in split
mode. This bit is auto-cleared by hardware after writing “1” operation. Write “0” on this bit is no action.

Bit 4~3, Reserved, Software must write “0” on this bit when TRENO is written.

Bit 2, TR2E, write “1” on this bit to set TR2 enabled (TR2=1). This bit control whole timer when Timer 2 in
Full mode (16Bit timer). But when Timer 2 in split mode, this bit only control TH2. This bit is auto-cleared
by hardware after writing “1” operation. Write “0” on this bit is no action.

Bit 1, TR1E, write “1” on this bit to set TR1 enabled (TR1=1). This bit is auto-cleared by hardware after
writing “1” operation. Write “0” on this bit is no action.

Bit 0, TROE, write “1” on this bit to set TRO enabled (TR0=1). This bit is auto-cleared by hardware after
writing “1” operation. Write “0” on this bit is no action.

® TRLCO: Timer Reload Control Register 0
SFR Page =2 Only
SFR Address = 0x95

Bit 7~6, Reserved, Software must write “0” on this bit when TRLCO is written.

Bit 5, TL2RLC, write “1” on this bit to force TL2 reload condition active when Timer 2 in split mode. This
bit is auto-cleared by hardware after writing “1” operation. Write “0” on this bit is no action.

Bit 4~3, Reserved, Software must write “0” on this bit when TRLCO is written.

Bit 2, T2RLC, write “1” on this bit to force TH2 and TL2 reload when Timer 2 not in split mode. Or force
TH2 reload when Timer 2 in split mode. This bit is auto-cleared by hardware after writing “1” operation.
Write “0” on this bit is no action.

Bit 1, T1RLC, write “1” on this bit to force TL1 reload in Timer 1 mode 2. This bit is auto-cleared by
hardware after writing “1” operation. Write “0” on this bit is no action.

Bit 0, TORLC, write “1” on this bit to force TLO reload in Timer 0 mode 2. This bit is auto-cleared by
hardware after writing “1” operation. Write “0” on this bit is no action.
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® TSPCO: Timer Stop Control Register 0
SFR Page =3 Only
SFR Address = 0x95

Bit 7~6, Reserved, Software must write “0” on this bit when TSPCO is written.

Bit 5, TL2SC, write “1” on this bit to set TR2L disabled (TR2L=0) when Timer 2 in split mode. This bit is
auto-cleared by hardware after writing “1” operation. Write “0” on this bit is no action.

Bit 4~3, Reserved, Software must write “0” on this bit when TSPCO is written.

Bit 2, T2SC, write “1” on this bit to set TR2 disabled (TR2=0). This bit control whole timer when Timer 2 in
Full mode (16-Bit timer). But when Timer 2 in split mode, this bit only control TH2. This bit is auto-cleared
by hardware after writing “1” operation. Write “0” on this bit is no action.

Bit 1, T1SC, write “1” on this bit to set TR1 enabled (TR1=0). This bit is auto-cleared by hardware after
writing “1” operation. Write “0” on this bit is no action.

Bit 0, TOSC, write “1” on this bit to set TRO enabled (TR0=0). This bit is auto-cleared by hardware after
writing “1” operation. Write “0” on this bit is no action.
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16 Programmable Counter Array (PCADO0)

The CMT2380F16 is equipped with a Programmable Counter Array (PCAO), which provides more timing
capabilities with less CPU intervention than the standard timer/counters. Its advantages include reduced
software overhead and improved accuracy.

16.1 PCAO Overview

The PCAO consists of a dedicated timer/counter which serves as the time base for an array of Six
compare/capture modules. Figure 16-1 shows a block diagram of the PCAOQ. Notice that the PCAQ timer and
modules are all 16-bits. If an external event is associated with a module, that function is shared with the
corresponding Port pin. If the module is not using the port pin, the pin can still be used for standard I/O.

Module 0~5 can be programmed in any one of the following modes:

- Rising and/or Falling Edge Capture

- Software Timer (Compare)

- High Speed Output (Compare Output)

- Pulse Width Modulator Output (PWM)

- Compare Output on PWM Match case (COPM)

All of these modes will be discussed later in detail. However, let's first look at how to set up the PCAO timer
and modules.

16 Bits Each

»> Module 0 le——»[<] CEXO0 Port Pin

A 4

Module 1 le—>X] CEX1 Port Pin

16 Bits

A 4

Module 2 le—>»X] CEX2 Port Pin

overflow

PCAO Timer/Counter

A 4

Module 3 le——»[X] CEX3 Port Pin

reload

A 4

Module 4 le——»[X] CEX4 Port Pin

16 bits Reload
Resigter

> Module 5 le——»[X] CEX5 Port Pin

Figure 16-1. PCAO Block Diagram
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16.2 PCAO Timer / Counter

The timer/counter for the PCAO is an auto-reload 16-bit timer consisting of registers CH and CL (the high and
low bytes of the count values), CHRL, CLRL (the high and low bytes reload registers), as shown in Figure
16-2. CHRL and CLRL are reloaded to CH and CL at each time overflow on {CH+CL} counter which can
change the PCA cycle time for variable PWM resolution, such as 7-bit or 9-bit PWM.

{CH + CL} is the common time base for all modules and its clock input can be selected from the following
source:

- 1/12 the system clock frequency,

- 1/2 the system clock frequency,

- the Timer 0 overflow, which allows for a range of slower clock inputs to the timer,

- external clock input, 1-to-0 transitions, on ECI pin,

- CKMIX16, refer Section “8.1 Clock Structure”,

- directly from the system clock frequency,

- MCKDO, refer Section “8.1 Clock Structure”.

Special Function Register CMOD contains the Count Pulse Select bits (CPS2, CPS1 and CPS0) to specify
the PCAO timer input. This register also contains the ECF bit which enables an interrupt when the counter
{CH+CL} overflows. And the counter overflow toggles COCOR, it will output on port pin when COCKOE is
enabled. In addition, the user has the option of turning off the PCAOQ timer during Idle Mode by setting the
Counter Idle bit (CIDL). This can further reduce power consumption during ldle mode.

Port Latch

SYSCLK/12 —200) | !
SYSCLK/2 —©01 | To PCAO Module 0~5 |:
(Timer0 Overflow) TOOF —&10)_ 16-bits Up Counter ronge a
] COCKO

(PCAO External Input) ECI —&11) ] cH oL overflow . (;ooz
CKMIX16 —{1:00) [l | 8 bits 8 bits L
Enable
syscLk {12
LA reload
11,1 4 COCKOE
MCKDO : A
‘ -CF
! PCAQ Int t
CPS[2:0] Indexed CHRL CLRL | . nterrupf

! Enable

IDLE | cibL | BME4 | BME2 | BMEO | cPs2 | cPst | CPS0 | ECF |CMOD

L
7
|
|
l

v

[ o | cr [ccrs [ cora | cors [ cora | cert [ coro | coon

Figure 16-2. PCAO Timer / Counter
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® CMOD: PCAO Counter Mode Register
SFR Page =0~F
SFR Address = 0xD9

Name CIDL BME4 BME2 BMEO CPS2 CPS1 CPSO ECF
R/W R/W R/W RW RW R/W RW RW RW
R/W 0 0 0 0 0 0 0 0

Bit 7: CIDL, PCAO counter Idle control.
0: To keep the PCAO counter continue function available during Idle mode.
1: The PCAO counter be gated off during Idle mode.

Bit 6: BME4, Buffer Mode Enable on PCAO module 4/5. It is only valid on both of PCAO module 4 and
module 5 in capture mode, PWM mode or COPM mode.

0: PCAO Module 4/5 buffer mode disabled.

1: PCAO Module 4/5 buffer mode enabled.

Bit 5: BMEZ2, Buffer Mode Enable on PCAO module 2/3. It is only valid on both of PCAO module 2 and
module 3 in capture mode, PWM mode or COPM mode.

0: PCAO Module 2/3 buffer mode disabled.

1: PCAO Module 2/3 buffer mode enabled.

Bit 4: BMEO, Buffer Mode Enable on PCAO module 0/1. It is only valid on both of PCAO module 0 and
module 1 in capture mode, PWM mode or COPM mode.

0: PCAOQ Module 0/1 buffer mode disabled.

1: PCAO Module 0/1 buffer mode enabled.

Bit 3~1: CPS2~0, PCAO counter clock source select bits.

CPS2 CPS1 CPSO PCAO Clock Source

0 0 Internal clock, (system clock)/12
1 Internal clock, (system clock)/2
0 Timer 0 overflow
1 External clock at the ECI pin
0 CKMIX16 output
1
0
1

Internal clock, (system clock)/1
Reserved
MCK Divider Output, MCKDO

ey N ilellelE=y Yol o]

Al alalalo|lOlO

Bit 0: ECF, Enable PCAOQ counter overflow interrupt.
0: Disables an interrupt when CF bit (in CCON register) is set.
1: Enables an interrupt when CF bit (in CCON register) is set.

The CCON register shown below contains the run control bit for the PCAO and the flags for the PCAO timer
and each module. To run the PCAOQ counter, the CR bit (CCON.6) must be set by software. The PCAO is shut
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off by clearing this bit. The CF bit (CCON.7) is set when the PCAO counter overflows and an interrupt will be
generated if the ECF bit in the CMOD register is set. The CF bit can only be cleared by software. CCFO to
CCFb5 are the interrupt flags for module 0 to module 5, respectively, and they are set by hardware when either
a match or a capture occurs. These flags can only be cleared by software. The PCAO interrupt system is
shown Figure 16-3.

® CCON: PCAO Counter Control Register
SFR Page =0~F
SFR Address = 0xD8

Name CF CR CCF5 CCF4 CCF3 CCF2 CCF1 CCFO
R/W R/W R/W RW RW R/W RW R/W RW
Reset 0 0 0 0 0 0 0 0

Bit 7: CF, PCAOQ Counter Overflow flag.

0: Only be cleared by software.

1: Set by hardware when the counter rolls over. CF flag can generate an interrupt if bit ECF in CMOD is
set. CF may be set by either hardware or software.

Bit 6: CR, PCAO Counter Run control bit.
0: Must be cleared by software to turn the PCAQ counter off.
1: Set by software to turn the PCAO counter on.

Bit 5: CCF5, PCAO Module 5 interrupt flag.
0: Must be cleared by software.
1: Set by hardware when a match or capture occurs.

Bit 4: CCF4, PCAO Module 4 interrupt flag.
0: Must be cleared by software.
1: Set by hardware when a match or capture occurs.

Bit 3: CCF3, PCAO Module 3 interrupt flag.
0: Must be cleared by software.
1: Set by hardware when a match or capture occurs.

Bit 2: CCF2, PCAO Module 2 interrupt flag.
0: Must be cleared by software.
1: Set by hardware when a match or capture occurs.

Bit 1: CCF1, PCAO Module 1 interrupt flag.
0: Must be cleared by software.
1: Set by hardware when a match or capture occurs.
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Bit 0: CCF0, PCAO Module 0 interrupt flag.
0: Must be cleared by software.
1: Set by hardware when a match or capture occurs.

CF | CR | CCF5 | CCF4 | CCF3 | CCF2 | CCF1 | CCFO0 |CCON
CMOD.ECF yy

_@_

PCAO Timer/Counter

Module 0 I_o’:/c_l

I
Module 1 ; o

| 5_\ EIE1.EPCA IE.EA

|—0—| To Interrupt

Module 2 o’II/c S/ o  —» Priority Processing
Module 3 I_o’f'/c_l

I
Module 4 0"/0

I
Module 5 o o

I

CCAPMnN.0 (n=0~5)
ECCFO~ECCF5

Figure 16-3. PCAO Interrupt System

® CH: PCAOQ base timer High
SFRPage =0only
SFR Address = 0xF9

NETLE CHI[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

® CL: PCAO base timer Low
SFR Page =0~F
SFR Address = OxE9

Name CL[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
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® CHRL: PCAO CH Reload Register
SFR Page =0~F
SFR Address = OxCF

NET L CHRL[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 7~0: CHRL, reload value of CH.

® CLRL: PCAO CL Reload
SFR Page =0~F
SFR Address = 0xCE

Name CLRLJ[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 7~0: CLRL, reload value of CL.

16.3 Compare / Capture Modules

Each of the compare/capture module 0~5 has a mode register called CCAPMn (n = 0,1,2,3,4 or 5) to select
which function it will perform. Note the ECCFn bit which enables an interrupt to occur when a module's
interrupt flag is set.

® CCAPMnN: PCAO Module Compare/Capture Register, n=0~5
SFR Page =0~F
SFR Address = 0xDA~0xDF

NEINE - ECOMnN CAPPN CAPNnN MATnNn TOGn PWMn ECCFn
R/W W R/W R/W R/W R/W R/W R/W R/W
Reset X 0 0 0 0 0 0 0

Bit 7: Reserved. Software must write “0” on this bit when CCAPMn is written.

Bit 6: ECOMn, Enable Comparator.
0: Disable the digital comparator function.
1: Enables the digital comparator function.
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Bit 5: CAPPn, Capture Positive enabled.
0: Disable the PCAO capture function on CEXn positive edge detected.
1: Enable the PCAO capture function on CEXn positive edge detected.

Bit 4: CAPNn, Capture Negative enabled.
0: Disable the PCAO capture function on CEXn negative edge detected.
1: Enable the PCAO capture function on CEXn negative edge detected.

Bit 3: MATn, Match control.

0: Disable the digital comparator match event to set CCFn.

1: A match of the PCAO counter with this module’s compare/capture register causes the CCFn bit in
CCON to be set.

Bit 2: TOGn, Toggle control.
0: Disable the digital comparator match event to toggle CEXn.
1: A match of the PCAO counter with this module’s compare/capture register causes the CEXn pin to

toggle.

Bit 1: PWMn, PWM control.
0: Disable the PWM mode in PCAO module.
1: Enable the PWM function and cause CEXn pin to be used as a pulse width modulated output.

Bit 0: ECCFn, Enable CCFn interrupt.
0: Disable compare/capture flag CCFn in the CCON register to generate an interrupt.
1: Enable compare/capture flag CCFn in the CCON register to generate an interrupt.

Note: The bits CAPNn (CCAPMn.4) and CAPPn (CCAPMnN.5) determine the edge on which a capture input
will be active. If both bits are set, both edges will be enabled and a capture will occur for either transition.

Each module also has a pair of 8-bit compare/capture registers (CCAPnH, CCAPNL) associated with it. These
registers are used to store the time when a capture event occurred or when a compare event should occur.
When a module is used in the PWM mode, in addition to the above two registers, an extended register
PCAPWMn is used to improve the range of the duty cycle of the output. The improved range of the duty cycle
starts from 0%, up to 100%, with a step of 1/256.

® CCAPnH: PCAO Module n Capture High Register, n=0~5
SFR Page =0~F
SFR Address = OxFA~OxFF

Name CCAPNHI[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
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® CCAPnNL: PCAO Module n Capture Low Register, n=0~5

SFR Page
SFR Address = OXEA~OXEF

= 0~F

Name
R/W
Reset

CCAPNL[7:0]
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0

® PCAPWMn: PWM Mode Auxiliary Register, n=0~5
SFR Page
SFR Address = 0xF2~0xF7

= 0~F

Name
R/W
Reset

| ECAPnH

PnRS1 PnRSO -- -- -- PnINV ECAPNL
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 X X X 0 0 0

Bit 7~6: PnRS1~0, PWMn Resolution Setting 1~0.
00: 8 bit PWMn,
XXXX-XXXX-0000-0000.
10 bit PWMn, the overflow is active when [CH, CL] counts XXXX-XX11-1111-1111 >
XXXX-XX00-0000-0000.

01:

10:

12 bit

PWMn,

the overflow

XXXX-0000-0000-0000.

11:

0000-0000-0000-0000.

16 bit

PWMn,

the overflow

the overflow is active when [CH, CL] counts XXXX-XXXX-1111-1111 >

is active when [CH, CL] counts XXXX-1111-1111-111 >

is active when

[CH, CL] counts

Bit 5~3: Reserved. Software must write “0” on these bits when PCAPWMn is written.

Bit 2: PnINV, Invert Compare/PWM output (COPnOR) on CEXn pin.

0: Non-inverted Compare/PWM output (COPnOR).
1: Inverted Compare/PWM output (COPnOR).

1M1M11-1111-111-1111>

Bit 1: ECAPnH, Extended 9th bit (MSB bit), associated with CCAPnH to become a 9-bit register used in
PWM mode.

Bit 0: ECAPnL, Extended 9th bit (MSB bit), associated with CCAPNL to become a 9-bit register used in
PWM mode.
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16.4 Operation Modes of the PCA

Table 16-1 shows the CCAPMn register settings for the various PCA functions.

‘ECOMn‘CAPPn CAPNn MATn TOGn PWMn ECCFn

0

0

0

0

Table 16-1. PCA Module Modes

0

0

Module Function ‘

No operation

16-bit capture by a positive-edge trigger on CEXn

16-bit capture by a negative-edge trigger on CEXn

16-bit capture by a transition on CEXn

16-bit Software Timer (Compare)

X
X
X
1
1

| J]O|O| O

0
0
0
0
1

oO|jlo|loo|Oo|O|O

16-bit High Speed Output (HSO, Compare Output)

1

0

—_

Pulse Width Modulator (PWM)

1

O | OO0~ |O|~

0
1
1
0
0
0
0

o | ©

1

X | X[ X|X|[X]|X|X

Compare Output on PWM Match case (COPM)

Rev1.1]157/298

www.cmostek.com




CMT2380F16

16.4.1 Capture Mode

To use one of the PCAO modules in the capture mode, either one or both of the bits CAPN and CAPP for that
module must be set. The external CEX input for the module is sampled for a transition. When a valid transition
occurs the PCAO hardware loads the value of the PCAO counter registers (CH and CL) into the module’s
capture registers (CCAPnL and CCAPnH). If the CCFn and the ECCFn bits for the module are both set, an
interrupt will be generated.

Capture input of channel 4 can be selected by software between CEX4 port pin and ACOOUT of ACO output.
Also, Channel 2 input has the alternated selection on ILRCO clock source.

| CF | CR CCF5 | CCF4 | CCF3 | CCF2 | CCF1 | ccFo | CCON

A
A 4

(To CCFn) |
| | ccapnH | ccapnL
|
oTo 3
|
e N G\
| T >
CEXn X———=o
n=0~5 ' | PCA Timer/Counter
i | o] |
~_ —oTo | | cH cL
| I_|_I | overflow
| | |
! ! ! reload
CCAPMnN | = | ECOMn | CAPPn | CAPNn | MATn | TOGn | PWMn | ECCFn |
n=0~5 0 0 0/1 0/1 0 0 0 0/1
| cHRL | cLRL
CAPPn or CAPNn =1
CEX4 Port Pin [————p»0 CEX4 capture CEX2 Port Pin ——p»0 CEX2 capture
ACOOUT —— (1 input ILRCO clock ———1 input
(from ACO module) 74
C0IC4S0 C0IC2S0
(AUXR5.7) (AUXRS5.6)

Figure 16-4. PCA Capture Mode
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16.4.2 Buffered Capture Mode

To capture narrow input signal, buffered capture mode is necessary. If enabled, it set the odd module capture
data registers (CCAPnH, CCAPnL, n= 1, 3, 5) to be the buffer register of even module capture data registers
(channel 0, 2, 4). There is no influence on module 0/2/4 capture operation. BMEO enables the buffer operation
of channel 0 and channel 1. BME2 and BME4 control the module 2/3 and module 4/5.

I PCA Timer/Counter

> oTo » PCA Interrupt

CCON| CF | CR CCF5 | CCF4 | CCF3 | CCF2 | CCF1 | CCFO : | CCAPnH CCAPnL |[n=1,3,5
|
|
A |
(To CCFn) :
oTo > |

- — | CCAPNnH CCAPNL [(n=0,2,4
CEXn K———# :
n=0,2 4 Capture |

} g

|
|
1

|

|
— &

|

' |
MATn PWMn

CH CL |—
CCAPMnN | - | ECOMn | CAPPn | CAPNn TOGn ECCFn | overflow
n=0,2,4" 0 1 1 0 0 0 on
CAPPn or CAPNn =1 reload

CMOD| cibL | BME4 | BME2 | BMEO | cPs2 | cPst | CPSO | ECF |

on o on | CHRL | CLRL |
1. Module 0 and module 1 are paired if BMEO is set.
2. Module 2 and module 3 are paired if BME2 is set.
3. Module 4 and module 5 are paired if BME4 is set.

Figure 16-5. PCAO Buffered Capture Mode (BMEn=1, n=0, 2, 4)

n=0,24

{CH,CL} n-1 X

n X n+1

\ Transfer
{CCAPNnH,CCAPNL} m

n=0,24
\ Transfer

{CCAPNnH,CCAPnL} XA m
n=1,3,5 (buffer) +

I
CEXn input |
|
|
|
!
|
T
I
|

CCFn
CCFn Cleared n=0,24 A A
Before Capture Software clear Software clear

CCFn
n=1,35

CCFn un-Cleared n=0,24
Before Capture

Software clear

Software clear

Figure 16-6. PCAO Buffered Capture Mode Waveform
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16.4.3 16-bit Software Timer Mode (Compare mode)

The PCAO modules can be used as software timers by setting both the ECOM and MAT bits in the module’s
CCAPMn register. The PCAO timer will be compared to the module’s capture registers, and when a match

occurs an interrupt will be held if the CCFn and the ECCFn bits for the module are both set.

Write to

|CF|CR

CCF5 | CCF4 | CCF3 | CCF2 | CCF1 | CCFO

CCON

CCAPnL Reset

Write to | | | A
CCAPnH CCAPnH CCAPNL
n (To CCFn) PCA Interrupt

1 0 '
Enable Match |
—>| 16-Bit Comparator }—@— |
|
| |
PCA Timer/Counter | |
[ oo | < I I
overflow | |
| |
| |
reload | |
| |
| |
CHRL | cLRL | : :
| [
| |

|

| l
ECCFn

(4]

| = |ECOMn CAPPn | CAPNn | MATn TOGn PWMn

0 f 0 0 1 0 0

CCAPMn,n=0~5

Figure 16-7. PCAO Software Timer Mode

16.4.4 High Speed Output Mode (Compare Output mode)

In this mode the CEX output associated with the PCAO module will toggle each time a match occurs between
the PCAO counter and the module’s capture registers (CCAPnH & CCAPnNL). To activate this mode, the TOG,
MAT and ECOM bits in the module’s CCAPMn register must be set.

Write to
CCAPnL Reset

| CF | CR CCF5 | CCF4 | CCF3 | CCF2 | CCF1 | CcFo | CCON

Write to | | |
CCAPnH CCAPnH CCAPNL
n (To CCFn) PCA Interrupt
Enable Match ECCFn
—>| 16-Bit Comparator
| Port I/0
] PCA Timer/Counter !
| CH | CcL overflow :
| Toggle C
! 51 CEXn
X
reload w_» (PWMn)
! n=0~5
|
[ cHrRL | crL | :
|
[ |_—_—_—_—_—_—_—_—_—_— _________________________
! : !
| - |ECOMn CAPPn | CAPNn [ MATn | ToGn | PwMmn | EccFn [ CCAPMN,
0 0 0 o n=0~35
PnRS1 | PnRSO | - | - | PnINV |ECAPnH ecAPnL | PCAPWMn,
0 0 n=0~5

Figure 16-8. PCAO High Speed Output Mode
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16.4.5 Buffered 8-bit PWM Mode

All of the PCAO modules can be used as PWM outputs. The frequency of the output depends on the clock
source for the PCA timer. All of the modules will have the same frequency of output because they all share the
PCAO timer.

The duty cycle of each module is determined by the module’s capture register CCAPnL and the extended 9th
bit, ECAPnL. When the 9-bit value of { 0, [CL] } is less than the 9-bit value of { ECAPnL, [CCAPnNL] } the output
will be low, and if equal to or greater than the output will be high.

When CL overflows from OxFF to 0x00, { ECAPnL, [CCAPnNL] } is reloaded with the value of { ECAPnH,
[CCAPRNH] }. This allows updating the PWM without glitches. The PWMn and ECOMn bits in the module’s
CCAPMN register must be set to enable the PWM mode.

Using the 9-bit comparison, the duty cycle of the output can be improved to really start from 0%, and up to
100%. The formula for the duty cycle is:

Duty Cycle = 1 — { ECAPnH, [CCAPnH] } / 256.

Where, [CCAPNH] is the 8-bit value of the CCAPnH register, and ECAPnH (bit-1 in the PCAPWMn register) is
1-bit value. So, { ECAPnH, [CCAPNH)] } forms a 9-bit value for the 9-bit comparator.

For examples,

a. If ECAPnH=0 & CCAPnH=0x00 (i.e., 0x000), the duty cycle is 100%.
b. If ECAPnH=0 & CCAPnH=0x40 (i.e., 0x040) the duty cycle is 75%.
c. IfECAPnH=0 & CCAPnH=0xCO (i.e., 0x0CO0), the duty cycle is 25%.
d. If ECAPnH=1 & CCAPnH=0x00 (i.e., 0x100), the duty cycle is 0%.

Buffered 8-bit PWM: PnRS[1:0] = 00

0 1 0 0 0 0 1 0/1

| = |ECOMn | CAPPn | CAPan MATn | TOGN | PWMn |ECCFn | CCAPMn, | cF | crR | ccrs | CCF4 | CeF3 | ccF2 | CCF1 | ccFo | CCON
n=0~5

A
9 Bits

(To CCFn)
ECAPnH | CCAPnH A E—> PCA Interrupt

COPLK |

reload ::t : |
ECCFn

9 Bits Port I/0

ll COPnOR

9th Bit

Enable match
9-Bit Comparator I P s Q | CEXn
(PWMn)
a n=0~5
9 Bits >R Q
- overflow
PCA Timer/Counter || (Fixed 0)
reload
N
I | PnRS1 | PnRSO | = | = | = | PnINV |ECAPnH|ECAPnL| PCAPWMn,
0 ) n=0~5
CLRL

Figure 16-9. PCAO Buffered 8-bit PWM Mode
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16.4.6 Un-buffered 10/12/16-bit PWM Mode

The PCAO provides the variable PWM mode to enhance the control capability on PWM application. There are
additional un-buffered 10/12/16 bits PWM can be assigned in each channel and each PWM channel with

different resolution can operate concurrently.

Un-buffered 10/12/16-bit PWM: PnRS[1:0] = 01/10/11

0 1 0 0 0 0 1 o
CAPPn | CAPan MATn | TOGn | PWMn | ECCFn | CCAPMn, | CF | CR CCF5 | CCF4 | CCF3 | CCF2 | CCF1 | CCF0 | CCON
n=0~5

| - | ECOMn

A

\4
To CCFn
ECAPnH ( ) E—b PCA Interrupt
7, reload i:t : COPLK :
11/13/17th Bit ECCFn
11/13/17 Bits Port I/O
| ECAPnL | ccaAPnH | ccapnL | a
COPnOR
Enable N/ \/ N/ 1 match PWMnH 0
11/13/17-Bit Comparator | »{s Q e 0] —X] CEXn
PN VAN VAN PWMAL | 4 1 (PWMn)
» R 6 b I P A n=0~5
17 Bits overflow
PCATimer/Counter | b0 | cH [ o |——e
PWMn —
11/13/17th Bit reload
— \———
| PnRS1 | PnRSO | = | = | = | PnINV |ECAPnH| ECAPnLl PCAPWMn,
[ cre | cLrL | n=0~5

on 0/1

Figure 16-10. PCAO Un-buffered10/12/16-bit PWM Mode
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16.4.7 Buffered 10/12/16-bit PWM Mode

To use 10/12/16-bit PWM mode will cause unexpected duty cycle when change the duty cycle setting by
writing data into CCAPnH and CCAPnNL, because the 8 bit CPU can only write one byte at a time. To finish
fully setting it will take two write cycles, and the comparator will output unexpected duty cycle when the first
byte have been written. If the applications need accurate control when change the duty cycle, it needs to use
the Buffered PWM mode.

Buffered 10/12/16-bit PWM: BM0/BM2/BM4 = 1, PnRS[1:0] = 01/10/11

0 1 0 0 0 0 1 o1
| |ECQMn | CAPPn | CAPan MATn | TOGn | PWMn |ECCFn | CCAPMn, | CF | CR | CCF5 | CCF4 | CCF3 | CCF2 | CCF1 | CCFO0 |CCON
n=0to5
®
4
11/13/17lh Bit (To CCFn)

A 4

n=0,24
| ECAPnL | CCAPnH | CCAPnL |n 1,3,5 —E—» PCA Interrupt

reload COPLK :
ECCFn
11/13/17 Bits] Port 1/0

[ EcAPnL | ccaPnH | ccaAPL |n=0,2,4

SV I VN | Es

11/13/17-Bit Comparator

17 Blts overflow

PCA Timer/Counter | 1b'0'

PWMnH

Y
»
o

11/13/17th Bit reload
Port /1O
oY — - ° CEXn
1 (PWMn)
> n=13.5
PnINV
| PnRS1 | PnRSO | -~ | - | | PRINV |ECAPnH|ECAPnL| PCAPWMn, =135 PWMn
Z0-~5 n=1,35

01 01

| cibL | BME4 | BME2 | BMEO | cPs2 | CcPSt | CPS0 | ECF |CMOD
01

1. Module 0 and module 1 are paired if BMEO is set.
2. Module 2 and module 3 are paired if BME2 is set.
3. Module 4 and module 5 are paired if BME4 is set.

Figure 16-11. PCAO Buffered 10/12/16-bit PWM Mode
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16.4.8 COPM Mode

Compare Output on PWM Match mode is similar to High Speed Output Mode, but it uses PCA0 PWM
comparators instead of fixed 16-bit comparators. It gives more flexibility to the applications. For example, if it
uses 8-Bit PWM for the PCAO comparator, the output toggle frequency can higher then High Speed Output
Mode.

Un-buffered COPM: PnRS[1:0] = 00/01/10/11

| CF | CR CCF5 | CCF4 | CCF3 | CCF2 | CCF1 | ccrFo | CCON
0 1 0 0 0 1 1 01 A
| - |ECOMn CAPPn | CAPNn | MATn | TOGn | PWMn | ECCFn | CCAPMn,n=0~5 Y
(To CCFn) —E—b PCA Interrupt
|
[
ECCFn

Port I/O

Q
Toggle PnOR
Enable PCA Module n (n=0~5) | match N e (0Pno 0

PWMnH
D q|—FPWMnH 15 ——{x] CEXn
PWM Comparator bt ——F (PWMn)
> _|—’ 1 74 n=0~5
A
PWMn —
PnRS1 EcAPnL | PCAPWMn,

porso [ - [ -]
01 (4]

PnINV | ECAPnH

n=0~5

Figure 16-12. PCA0 COPM Mode
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16.4.9 Buffered COPM Mode

If the applications needs to have any phase control of the PWM signals, it needs to set the PCAO modules in
buffered COPM mode. One pair of the PCAO module (n=0&1 / 2&3 / 4&5) can program the time delay of the
two edges of one cycle of the PWM signal. It means you can set the start and end point of the waveform. This
is useful when the 2 or 3 correlation PWM signals can set the phase shift between each other.

Buffered COPM: PnRS[1:0] = 00/01/10/11, BMEO/BME2/BME4 = 1

| CF | CR CCF5 | CCF4 | CCF3 | CCF2 | CCF1 | ccrFo | CCON
0 1 0 0 0 1 1 (Al A A
| - | ECOMn | CAPPn | CAPNn | MATn | TOGn | PWMn | ECCFn | CCAPMnN, n= 0/2/4 Y
—E—b PCA Interrupt
(To CCFO0/2/4) |
|
(To CCF1/3/5) ECCFn
Port I/O
Q
COPNOR
Enabl = tch »
nable PCA Module n (n=0/2/4) | matc s a PWMnH o »0 d p[x| CEXn
PWM Comparator » 1 (PWMn)
bl Gh_PWMIL 1 £ n=0,24
o| PCA Module n (n=1/3/5) | match PnINV
d PWM Comparator - PWMn —
n=0,2,4 n
n=0,2,4
PnRS1 | PnRsO - - - PnINV [ECAPnH [ ECAPRL | PCAPWMN,
[rsirme] T~ ]~ [row [wweow] rormun N
Emm— | (PWMn)
| cibL | BME4 | BME2 | BMEO | cPs2 | CcPS1 | CcPSO | ECF |CMOD —‘>o—>1 =135
A n="1,9,
on on [ j
1. Module 0 and module 1 are paired if BMEO is set. PniNV PWMn
2. Module 2 and module 3 are paired if BME2 is set. n=1,35 n=135

3. Module 4 and module 5 are paired if BME4 is set.

Figure 16-13. PCAO Buffered COPM Mode
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16.4.10 PCAO Module Output Control

PCAO modules have multi output control mode can be selected for different applications. The CEXn
(n=1,3,4,5) can be programed as general 1/O port or the output of the PCAO module (PWM) 1, 3, 4 and 5.
When PWM has been assigned to the CEXn, the PnINV can switch between the normal PWM signal or
inverted PWM signal. POEn can be used to enable or disable the PWM output to the port pin.

In addition, PCAO module 0 and 2 have 2 “Cloned” signals to the different port pin. These three the same

PWM signals can be masked particular cycles by the POEnA or POEnB or PWMn for the applications which
need phase control.

Port /O

o

| CEXn(PWMn),
n=134,5

PWMnH ———p
PWMnL ———p|

PnINV
PWMn

POEnN

Port 1/O
Q
0
PWMnA
P 1 n=0,2
PWMn
POEnA
Port I/O
Q
0
PWMnH ——{0 | PWMnO ) CEXn(PWMn),
|- = 2
PWMnL —— ! 1 > n=0,
(N PWMn
PnINV POEN
Port 1/0O
Q
0 PWMnB
P 1 n=0,2
PWMn
POENB
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® PAOE: PWM Additional Output Enable Register
SFR Page =0~F
SFR Address = 0xF1

Name POE3 POE2B POE2A POE2 POE1 POEOB POEOA POEO

R/W R/W R/W RW RW R/W RW RW RW

Bit 7: POE3, PCAO PWM3 main channel (PWM3O) output control.
0: Disable PWMS3O output on port pin.
1: Enable PWM3O output on port pin. Default is enabled.

Bit 6: POE2B, PCAO0 PWM2 3rd channel (PWM2B) output control.
0: Disable PWM2B output on port pin. Default is disabled.
1: Enable PWM2B output on port pin.

Bit 5: POE2A, PCA0 PWM2 2nd channel (PWM2A) output control.
0: Disable PWM2A output on port pin. Default is disabled.
1: Enable PWM2A output on port pin.

Bit 4: POE2, PCAO0 PWM2 main channel (PWM20) output control.
0: Disable PWM20O output on port pin.
1: Enable PWM20O output on port pin. Default is enabled.

Bit 3: POE1, PCAO PWM1 main channel (PWM10) output control.
0: Disable PWM10 output on port pin.
1: Enable PWM10O output on port pin. Default is enabled.

Bit 2: POEOB, PCAO0 PWMO 3rd channel (PWMOB) output control.
0: Disable PWMOB output on port pin. Default is disabled.
1: Enable PWMOB output on port pin.

Bit 1: POEOA, PCAO0 PWMO 2nd channel (PWMOA) output control.
0: Disable PWMOA output on port pin. Default is disabled.
1: Enable PWMOA output on port pin.

Bit 0: POEO, PCAO PWMO main channel (PWMOO) output control.
0: Disable PWMOO output on port pin.
1: Enable PWMOO output on port pin. Default is enabled.

® AUXRY: Auxiliary Register 7
SFRPage = 4only
SFR Address = 0xA4
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Name POES POE4 COCKOE | SPIOMO
R/W R/W R/W RW RW w w w w
Reset 1 1 0 0 X X X X

Bit 7: POE5, PCAO PWMS5 main channel (PWM5O0) output control.
0: Disable PWM50 output on port pin.
1: Enable PWM5O0 output on port pin. Default is enabled.

Bit 6: POE4, PCAO PWM4 main channel (PWM40) output control.
0: Disable PWM40 output on port pin.
1: Enable PWM40 output on port pin. Default is enabled.

Bit 5: COCKOE, PCAO clock output enable.
0: Disable PCAO clock output.
1: Enable PCAO clock output with PCAO base timer overflow rate/2.

® AUXRS: Auxiliary Register 5

SFRPage =2only

SFR Address = 0xA4

Name C0IC4S0 | COIC2S0 | COPPS1 | COPPSO COPS1 COPSO ECIPSO | COCOPS
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 7: C0IC4S0, PCAO Input Channel 4 input port pin Selection.

C0IC4S0 CEX4 input

0

CEX4 Port Pin

1

ACOOUT

Bit 6: COIC2S0, PCAO Input Channel 2 input port pin Selection.

COIC2S0 CEX2 input

0

CEX2 Port Pin

1

ILRCO

Bit 5: COPPS1, {PWM2A, PWM2B} Port pin Selection 0.

COPPS1 PWM2A ‘ PWM2B
0 P4.0 P4.1
1 P3.4 P3.5
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Bit 4: COPPSO0, {PWMOA, PWMOB} Port pin Selection 0.

Bit 2: COPS0, PCAOQ Port pin Selection 0.

Bit 0: COCOPS, PCAOQ Clock Output (COCKO) port pin Selection.

COCOPS COCKO

0

P4.7

1

P3.3

COPPSO PWMOA ‘ PWMOB
0 P2.0 P2.1
1 P6.0 P6.1
Bit 3: COPS1, PCAOQ Port pin Selection 1.
COPS1 CEX3 | CEX5
0 P3.4 P3.5
1 P2.0 P2.1
COPSO CEXO0 CEX2 CEX4
0 pP2.2 P2.4 P2.6
1 P3.0 P3.1 P3.3
Bit 1: ECIPSO0, PCAO ECI Port pin Selection0.
ECIPSO =¢]
0 P1.3
1 P1.6
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17 Serial Port 0 (UARTO)

The serial port 0 of CMT2380F16 support full-duplex transmission, meaning it can transmit and receive
simultaneously. It is also receive-buffered, meaning it can commence reception of a the second byte before a
previously received byte has been read from the register. However, if the first byte hasn’t been read when the
second byte reception is completed, one of the byte will be lost. The serial port receive and transmit registers
are both accessed at special function register SOBUF. Writing to SOBUF loads the transmit register, and
reading from SOBUF accesses a physically separate receive register.

The serial port can operate in 5 modes: Mode 0 provides synchronous communication while Modes 1, 2, and
3 provide asynchronous communication. The asynchronous communication operates as a full-duplex
Universal Asynchronous Receiver and Transmitter (UART), which can transmit and receive simultaneously
and at different baud rates. Mode 4 in UARTO supports SPI master operation which data rate setting is same
as Mode 0.

® Mode 0: 8 data bits (LSB first) are transmitted or received through RXDO0. TXDO always outputs the shift
clock. The baud rate can be selected to 1/12 or 1/4 the system clock frequency by URMOX3 setting in
SOCFG register. In CMT2380F 16, the clock polarity of serial port Mode 0 can be selected by software. It
is decided by P3.1 state before serial data shift in or shift out. Figure 17-4 and Figure 17-5 show the clock
polarity waveform in Mode 0.

® Mode 1: 10 bits are transmitted through TXDO or received through RXDO0. The frame data includes a
start bit (0), 8 data bits (LSB first), and a stop bit (1), as shown in Figure 17-1. On receive, the stop bit
would be loaded into RB80 in SOCON register. The baud rate is variable.

Mode 1 Ir 8-bit data |

\Start | Do X D1 { D2 | D3 } D4 f D5 ) D6 D71>/Stop

Figure 17-1. Mode 1 Data Frame

® Mode 2: 11 bits are transmitted through TXDO or received through RXDO0. The frame data includes a start
bit (0), 8 data bits (LSB first), a programmable 9th data bit, and a stop bit (1), as shown in Figure 17-2. On
Transmit, the 9th data bit comes from TB80 in SOCON register can be assigned the value of 0 or 1. On
receive, the 9th data bit would be loaded into RB80 in SOCON register, while the stop bit is ignored. The
baud rate can be configured to 1/32 or 1/64 the system clock frequency.

Mode 2, 3 ! 9-bit data g

- \stert[ Do) b1\ b2 ) p3 ) b4 ) b5 ) D6\ o7 ) D8 ) stop

Figure 17-2. Mode 2, 3 Data Frame

® Mode 3: Mode 3 is the same as Mode 2 except the baud rate is variable.
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In all four modes, transmission is initiated by any instruction that uses SOBUF as a destination register. In
Mode 0, reception is initiated by the condition RI0O=0 and RENO=1. In the other modes, reception is initiated by
the incoming start bit with 1-to-0 transition if RENO=1.

In addition to the standard operation, the UARTO can perform framing error detection by looking for missing
stop bits, and automatic address recognition.

17.1 Serial Port 0 Mode 0

Serial data enters and exits through RXDO0. TXDO outputs the shift clock. 8 bits are transmitted/received: 8
data bits (LSB first). The shift clock source can be selected to 1/12 or 1/4 the system clock frequency by
URMOX3 setting in SOCFG register. Figure 17-3 shows a simplified functional diagram of the serial port 0 in
Mode 0.

Transmission is initiated by any instruction that uses SOBUF as a destination register. The “write to SOBUF”
signal triggers the UARTO engine to start the transmission. The data in the SOBUF would be shifted into the
RXDO(P3.0) pin by each raising edge of the shift clock on the TXDO(P3.1) pin. After eight raising edge of shift
clocks passed, TI0 would be asserted by hardware to indicate the end of transmission and its interrupt vector
can be switched to System Flag interrupt by BTl and UTIE gated. Figure 17-4 shows the transmission
waveform of Mode 0.

Reception is initiated by the condition RENO=1 and RI0=0. At the next instruction cycle, the Serial Port 0
Controller writes the bits 11111110 to the receive shift register, and in the next clock phase activates Receive.

Receive is enabled by the Shift Clock which directly comes from RX Clock to the alternate output function of
TXDO pin. When Receive is active, the contents on the RXDO pin would be sampled and shifted into shift
register by falling edge of shift clock. After eight falling edge of shift clock, RIO would be asserted by hardware
to indicate the end of reception. Figure 17-5 shows the reception waveform in Mode 0.
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SYSCLK

80C51 Internal BUS

apr Write
SOBUF
\- --------- URMOX3
RXDO Alternated
TX Clock o > TXBUF — for Input/output
» Function
RX Clock
>
< RXBUF 4—%%
UART engine
TXDO Alternated
P Shift-clock P for output
RENO RXSTART Function
RIO
RIO Serial Port 0 Interrupt
TI
BTI

UTIE System Flag Interrupt
Read

SOBUF '
ESF

80C51 Internal BUS

Figure 17-3. Serial Port 0 Mode 0

Write to
SOBUF |_|

TXDO l: §

Software set/clear TXDO0 assigned port pin to initial clock polarity, such as P3.1

TXDO Ii
%

RXDO X\ Do \ D1 \ D2 X D3 | D4 } D5 f D6 )\ D7 X

TIO [

RIO

Figure 17-4. Mode 0 Transmission Waveform
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Write to
SOCON

TXDO l: §

Software set/clear TXDO assigned port pin to initial clock polarity, such as P3.1

TXDO I:
P

RXDO X bo X b1 f D2 \ D3 ) D4 X D5 ) D6 ) D7

|_| Set RENO, Clear RIO

TIO

RIO N

Figure 17-5. Mode 0 Reception Waveform
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17.2 Serial Port 0 Mode 1

10 bits are transmitted through TXDO, or received through RXDO: a start bit (0), 8 data bits (LSB first), and a
stop bit (1). On receive, the stop bit goes into RB80 in SOCON. The baud rate is determined by the Timer 1 or
Timer 2 overflow rate. Figure 17-1 shows the data frame in Mode 1 and Figure 17-6 shows a simplified
functional diagram of the serial port in Mode 1.

Transmission is initiated by any instruction that uses SOBUF as a destination register. The “write to SOBUF”
signal requests the UARTO engine to start the transmission. After receiving a transmission request, the
UARTO engine would start the transmission at the raising edge of TX Clock. The data in the SOBUF would be
serial output on the TXDO pin with the data frame as shown in Figure 17-1 and data width depend on TX
Clock. After the end of 8th data transmission, TI0 would be asserted by hardware to indicate the end of data
transmission and its interrupt vector can be switched to System Flag interrupt by BTl and UTIE gated.

Reception is initiated when Serial Port 0 Controller detected 1-to-0 transition at RXDO sampled by RCK. The
data on the RXDO pin would be sampled by Bit Detector in Serial Port O Controller. After the end of STOP-bit
reception, RI0 would be asserted by hardware to indicate the end of data reception and load STOP-bit into
RB80 in SOCON register.

Mode 2 Mode 1, 3
clock source clock source
Timer 2 Timer 1 80C51 Internal BUS

SYSCLK/2 Overflow Overflow
Write
SO0BUF

SM00
SM10
TB80
SMOD2

» TXBUF ——op TXDO

SMOD1

RXBUF  [¢—— RXDO

1 TX Clock . RIO i
+16|————»  UARTengine Serial Port 0
° TIO Interrupt
BTI

T SM1

—>\ System Fla
------------- RCLK V! 9
\} UTIE Interrupt

{1 RCK RX Clock .
+16 |——» STOP-Bit N ESF
P 0

»

. RB80
9th-Bit "
SM10
Read
SMo0
SOBUF

80C51 Internal BUS

—o T
1
1
|
|
|
:
5
o
[
X

A

A A 4

Figure 17-6. Serial Port Mode 1, 2, 3
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17.3 Serial Port 0 Mode 2 and Mode 3

11 bits are transmitted through TXDO, or received through RXDO: a start bit (0), 8 data bits (LSB first), a
programmable 9th data bit, and a stop bit (1). On transmit, the 9th data bit (TB80) can be assigned either 0 or
1. For receive, the 9th data bit goes into RB80 in SOCON. The baud rate is programmable to 1/16, 1/32 or
1/64 of the system clock frequency in Mode 2. Mode 3 may have a variable baud rate generated from Timer 1
or Timer 2.

Figure 17-2 shows the data frame in Mode 2 and Mode 3. Figure 17-5 shows a functional diagram of the serial
port in Mode 2 and Mode 3. The receive portion is exactly the same as in Mode 1. The transmit portion differs
from Mode 1 only in the 9th bit of the transmit shift register.

The “write to SOBUF” signal requests the Serial Port 0 Controller to load TB80 into the 9th bit position of the
transmit shit register and starts the transmission. After receiving a transmission request, the UARTO engine
would start the transmission at the raising edge of TX Clock. The data in the SOBUF would be serial output on
the TXDO pin with the data frame as shown in Figure 17-2 and data width depend on TX Clock. After the end
of 9th data transmission, TI0 would be asserted by hardware to indicate the end of data transmission and its
interrupt vector can be switched to System Flag interrupt by BTl and UTIE gated.

Reception is initiated when the UARTO engine detected 1-to-0 transition at RXDO sampled by RCK. The data
on the RXDO pin would be sampled by Bit Detector in UARTO engine. After the end of 9th data bit reception,
RIO would be asserted by hardware to indicate the end of data reception and load the 9th data bit into RB80 in
SOCON register.

In all four modes, transmission is initiated by any instruction that use SOBUF as a destination register.
Reception is initiated in mode 0 by the condition RI0 = 0 and RENO = 1. Reception is initiated in the other
modes by the incoming start bit with 1-to-0 transition if RENO=1.

17.4 Frame Error Detection

When used for framing error detection, the UARTO looks for missing stop bits in the communication. A missing
stop bit will set the FE bit in the SOCON register. The FE bit shares the SOCON.7 bit with SM00 and the
function of SOCON.7 is determined by SMODO bit (PCON.6). If SMODO is set then SOCON.7 functions as FE.
SOCON.7 functions as SM0O0 when SMODO is cleared. When SOCON.7 functions as FE, it can only be
cleared by firmware. Refer to Figure 17-7.
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9-bit data ;}

le
A
\Startl(DOXD1XD2XD3XD4XD5XD6XD7XD8 . Stop
SET FE bit if STOP=0 o<}

> SMO00 to UART mode control

R

?

————— PCON0.SMODO

socon | SM% | sm10 | sm20 | RENo | TB8O | RB8O | TiO | RIO

Figure 17-7. UARTO Frame Error Detection

17.5 Multiprocessor Communications

Modes 2 and 3 have a special provision for multiprocessor communications as shown in Figure 17-8. In these
two modes, 9 bits are received. After the 9th bit goes into RB80, and then end with a stop bit. When the stop
bit is received, the serial port interrupt will be activated only if RB80=1. This feature is enabled by setting bit
SM20 (in SOCON register). A way to use this feature in multiprocessor systems is as follows:

When the master processor wants to transmit a block of data to one of several slaves, it first sends out an
address byte which identifies the target slave. An address byte comes with “1” of the 9th bit, and “0” of a data
byte. With SM20=1, no slave will be interrupted by a data byte. An address byte, however, will interrupt all
slaves, so that each slave can examine the received byte and check if it is being addressed. The slave which
has been addressed will clear its SM20 bit and prepare to receive the data in the coming bytes. The slaves
that weren'’t being addressed leave their SM20 set and go on about their business, ignoring the coming data
bytes.

SM20 has no effect in Mode 0, and in Mode 1 can be used to check the validity of the stop bit. In a Mode 1
reception, if SM20=1, the receive interrupt will not be activated unless a valid stop bit is received.

VCC

Pull-up

) e Slave 3 Slave 2 Slave 1 Master

RX TX RX TX RX TX RX TX

Figure 17-8. UARTO Multiprocessor Communications
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17.6 Automatic Address Recognition

Automatic Address Recognition is a feature which allows the UARTO to recognize certain addresses in the
serial bit stream by using hardware to make the comparisons. This feature saves a great deal of firmware
overhead by eliminating the need for the firmware to examine every serial address which passes by the serial
port. This feature is enabled by setting the SM20 bit in SOCON.

In the 9 bit UART modes, mode 2 and mode 3, the Receive Interrupt flag (RI0) will be automatically set when
the received byte contains either the “Given” address or the “Broadcast” address. The 9-bit mode requires
that the 9th information bit is a 1 to indicate that the received information is an address and not data.
Automatic address recognition is shown in 4§ix! R#&HFIHIE. . The 8 bit mode is called Mode 1. In this
ode the RI flag will be set if SM20 is enabled and the information received has a valid stop bit following the 8
address bits and the information is either a Given or Broadcast address. Mode 0 is the Shift Register mode
and SM20 is ignored.

Using the Automatic Address Recognition feature allows a master to selectively communicate with one or
more slaves by invoking the Given slave address or addresses. All of the slaves may be contacted by using
the Broadcast address. Two special Function Registers are used to define the slave’s address, SADDR, and
the address mask, SADEN.

SADEN is used to define which bits in the SADDR are to be used and which bits are “don’t care”. The SADEN
mask can be logically ANDed with the SADDR to create the “Given” address which the master will use for
addressing each of the slaves. Use of the Given address allows multiple slaves to be recognized while
excluding others.

The following examples will help to show the versatility of this scheme:

Slave 0

SADDR = 1100 0000
SADEN = 1111 1101
= 1100 00X0

Slave 1

SADDR = 1100 0000
SADEN = 1111 1110
= 1100 000X

Given Given

In the above example SADDR is the same and the SADEN data is used to differentiate between the two
slaves. Slave 0 requires a 0in bit 0 and it ignores bit 1. Slave 1 requires a 0 in bit 1 and bit 0 is ignored. A
unique address for Slave 0 would be 1100 0010 since slave 1 requires a 0 in bit 1. A unique address for slave
1 would be 1100 0001 since a 1 in bit O will exclude slave 0. Both slaves can be selected at the same time by
an address which has bit 0 = 0 (for slave 0) and bit 1 = 0 (for slave 1). Thus, both could be addressed with
1100 0000.

In a more complex system the following could be used to select slaves 1 and 2 while excluding slave 0:

Slave 0
SADDR = 1100 0000

Slave 1 Slave 2

SADEN = 1111 1001
Given = 1100 0XXO0

SADDR = 1110 0000
SADEN = 1111 1010
Given = 1110 0X0X

SADDR = 1110 0000
SADEN = 1111 1100
Given = 1110 00XX

In the above example the differentiation among the 3 slaves is in the lower 3 address bits. Slave 0 requires
that bit 0 = 0 and it can be uniquely addressed by 1110 0110. Slave 1 requires that bit 1 = 0 and it can be
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uniquely addressed by 1110 0101. Slave 2 requires that bit 2 = 0 and its unique address is 1110 0011. To
select Slaves 0 and 1 and exclude Slave 2 use address 1110 0100, since it is necessary to make bit 2 = 1 to
exclude slave 2.

The Broadcast Address for each slave is created by taking the logical OR of SADDR and SADEN. Zeros in
this result are treated as don’t-cares. In most cases, interpreting the don’t-cares as ones, the broadcast
address will be FF hexadecimal.

Upon reset SADDR (SFR address 0xA9) and SADEN (SFR address 0xB9) are loaded with Os. This produces
a given address of all “don’t cares” as well as a Broadcast address of all “don’t cares”. This effectively
disables the Automatic Addressing mode and allows the micro-controller to use standard 80C51 type UART
drivers which do not make use of this feature.

9-bit data

—\Start/<|‘DOXD1XDZXD3XD4XD5XD6XD7XD8V|)IStop
l—‘

socon | SM | sm10 | sm2o | RENO | TB8O | RB8O | TIO | RIO

>

Receive Address DO~D7 ————» addr match
Comparator N

Programmed Address ————

Figure 17-9. Auto-Address Recognition

Note:
(1) After address matching(addr_match=1), Clear SM20 to receive data bytes
(2) After all data bytes have been received, Set SM20 to wait for next address.

17.7 Baud Rate Setting

Bits T2X12 (T2MOD.4), T1X12 (AUXR2.3), URMOX3 (SOCFG.5) and SMOD2 (SOCFG.6) provide a new
option for the baud rate setting, as listed below.

17.7.1 Baud Rate Selection in SO

In the Mode 1 and Mode 3 operation of the UARTO, the software can select Timer 1 as the Baud Rate
Generator by clearing bits TCLK and RCLK in T2CON register. At this time, if URTS bit (SOCFG.7) is set, then
Timer 1 overflow signal will be replaced by the overflow signal of the UART 1 Baud Rate Generator (S1BRG).
In other words, the user can adopt S1BRG as the Baud Rate Generator for Mode 1 or Mode 3 of the UARTO
as long as RCLK=0, TCLK=0 and URTS=1. In this condition, Timer 1 is free for other application. Of course, if
UART1 (Mode 1 or Mode 3) is also operated at this time, these two UARTSs will have the same baud rates.
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UARTO

0 " Mode1 and Mode3
=2 0

Timer 1 Overflow
S1BRG Overflow 0

1
(S1TOF) 1 ) —» TX Clock
URTS
(SOCFG.7) SMOD1
TCLK

(PCONO.7 )
(T2CON.4)

0

—» RX Clock
Timer 2 Overflow 1J
RCLK

(T2CON.5)

Figure 17-10. Additional Baud Rate Source for the UARTO0

17.7.2 Baud Rate in Mode 0

Fsvscik : =12, if URM0X3=0

Mode 0 Baud Rate = :n=4, if URM0X3=1

n

Note:
If URMOX6=0, the baud rate formula is as same as standard 8051.

17.7.3 Baud Rate in Mode 2

23MOD1 X 2(SMOD2 X2)

Mode 2 Baud Rate = v X FsyscLk

Note:
If SMOD2=0, the baud rate formula is as same as standard 8051. If SMOD2=1, there is an enhanced function
for baud rate setting. Table 17-1 defines the Baud Rate setting with SMOD2 factor in Mode 2 baud rate

generator.

Table 17-1. SMOD2 application criteria in Mode 2

0 0 Default Baud Rate Standard function + 3%
0 1 Double Baud Rate Standard function + 3%
1 0 Double Baud Rate X2 | Enhanced function + 2%
1 1 Double Baud Rate X4 | Enhanced function + 1%
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17.7.4 Baud Rate in Mode 1 & 3

® Using Timer 1 as the Baud Rate Generator

SMOD1 (SMOD2 X 2)
2 X2 Fsyscik
Mode 1, 3 Baud Rate = X ; T1X12=0
32 12 x (256 - TH1)
9SMODT y »(SMOD2 X 2) FaysoLk
or = X ; T1X12=1
32 1x (256 - TH1)

Note:

If SMOD2=0, T1X12=0, the baud rate formula is as same as standard 8051. If SMOD2=1, there is an
enhanced function for baud rate setting. Table 17-2 defines the Baud Rate setting with SMOD2 factor in Timer
1 baud rate generator.

Table 17-2. SMOD2 application criteria in Mode 1 & 3 using Timer 1

0 0 Default Baud Rate Standard function + 3%
0 1 Double Baud Rate Standard function + 3%
1 0 Double Baud Rate X2 | Enhanced function + 2%
1 1 Double Baud Rate X4 | Enhanced function +1%

Note: When Timer 1 in Double Baud Rate x4 (SMOD1=1 & SMOD2=1) mode, the TH1 can not equal to 254 &
255.

Table 17-3 ~ Table 17-18 list various commonly used baud rates and how they can be obtained from Timer 1

in its 8-Bit Auto-Reload Mode. For the non-standard Baud Rate, the maximum frequency is 6MHz when
FSYSCLK = 48MHz).

Table 17-3. Timer 1 Generated Commonly Used Baud Rates @ FsyscL.xk=11.0592MHz

TH1, the Reload Value

Baud Rate T1X12=0 & SMOD2=0 ‘ T1X12=1 & SMOD2=0

SMOD1=0 SMOD1=1 Error ‘ SMOD1=0 SMOD1=1 Error

1200 232 208 0.0% -- -- -
2400 244 232 0.0% 112 -- 0.0%
4800 250 244 0.0% 184 112 0.0%
9600 253 250 0.0% 220 184 0.0%
14400 254 252 0.0% 232 208 0.0%
19200 -- 253 0.0% 238 220 0.0%
28800 255 254 0.0% 244 232 0.0%
38400 -- -- -- 247 238 0.0%
57600 - 255 0.0% 250 244 0.0%
115200 -- -- -- 253 250 0.0%
230400 -- -- -- -- 253 0.0%
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Table 17-4. Timer 1 Generated High Baud Rates @ Fsyscix =11.0592MHz

TH1, the Reload Value

Baud Rate T1X12=0 & SMOD2=1 ‘ T1X12=1 & SMOD2=1

SMOD1=0 SMOD1=1 Error ‘ SMOD=0 SMOD=1 Error
230.4K -- 255 0.0% 250 244 0.0%
460.8K -- -- -- 253 250 0.0%
691.2K -- -- -- 254 252 0.0%
921.6K -- -- -- -- 253 0.0%
1.3824M -- -- -- 255 254 0.0%
2.7648M -- -- -- -- 255 0.0%

Table 17-5. Timer 1 Generated Commonly Used Baud Rates @ Fsyscix=22.1184MHz

TH1, the Reload Value

Baud Rate T1X12=0 & SMOD2=0 ‘ T1X12=1 & SMOD2=0

SMOD1=0 SMOD1=1 Error ‘ SMOD1=0 SMOD1=1 Error

1200 208 160 0.0% -- -- --
2400 232 208 0.0% -- -- 0.0%
4800 244 232 0.0% 112 -- 0.0%
9600 250 244 0.0% 184 112 0.0%
14400 252 248 0.0% 208 160 0.0%
19200 253 250 0.0% 220 184 0.0%
28800 254 252 0.0% 232 208 0.0%
38400 -- 253 0.0% 238 220 0.0%
57600 255 254 0.0% 244 232 0.0%
115200 -- 255 0.0% 250 244 0.0%
230400 -- -- -- 253 250 0.0%
460800 -- -- -- -- 253 0.0%

Table 17-6. Timer 1 Generated High Baud Rates @ FsyscL.k=22.1184MHz

TH1, the Reload Value

Baud Rate T1X12=0 & SMOD2=1 ‘ T1X12=1 & SMOD2=1

SMOD1=0 SMOD1=1 Error ‘ SMOD=0 SMOD=1 Error

460.8K -- 255 0.0% 250 244 0.0%
691.2K - - -- 252 248 0.0%
921.6K - - -- 253 250 0.0%
1.3824M - - -- 254 252 0.0%
1.8432M -- 253 0.0%
2.7648M - - -- 255 254 0.0%
5.5296M -- -- -- -- 255 0.0%
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% 17-7. Timer 1 Generated Commonly Used Baud Rates @ Fsyscik=12.0MHz
TH1, the Reload Value

Baud Rate T1X12=0 & SMOD2=0 T1X12=1 & SMOD2=0

SMOD=0 SMOD=1 Error ‘ SMOD=0 SMOD=1 Error

1200 230 204 0.16% -- -- --
2400 243 230 0.16% 100 -- 0.16%
4800 -- 243 0.16% 178 100 0.16%
9600 -- -- -- 217 178 0.16%
14400 -- -- -- 230 204 0.16%
19200 -- -- -- -- 217 0.16%
28800 -- -- -- 243 230 0.16%
38400 -- -- -- 246 236 2.34%
57600 -- -- -- -- 243 0.16%

115200 -- -- -- -- -- --

% 17-8. Timer 1 Generated High Baud Rates @ Fsyscik=12.0MHz

TH1, the Reload Value

Baud Rate T1X12=0 & SMOD2=1 | T1X12=1 & SMOD2=1
SMOD1=0  SMOD1=1  Emor ~ SMOD=0  SMOD=1  Error
115.2K - - 1 243 230 0.16%
230.4K - - J - 243 0.16%
460.8K - B - - - -

TH1, the Reload Value

Baud Rate T1X12=0 & SMOD2=0 ‘ T1X12=1 & SMOD2=0

SMOD=0 SMOD=1 Error ‘ SMOD=0 SMOD=1 Error

1200 204 152 0.16% -- -- --

2400 230 204 0.16% -- -- --
4800 243 230 0.16% 100 -- 0.16%
9600 -- 243 0.16% 178 100 0.16%
14400 - -- - 204 152 0.16%
19200 - -- - 217 178 0.16%
28800 -- -- -- 230 204 0.16%
38400 -- -- -- -- 217 0.16%
57600 -- -- -- 243 230 0.16%
115200 -- -- -- -- 243 0.16%
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Table 17-10. Timer 1 Generated High Baud Rates @ FSYSCLK=24.0MHz

TH1, the Reload Value

Baud Rate T1X12=0 & SMOD2=1 \ T1X12=1 & SMOD2=1
SMOD1=0  SMOD1=1 Error \ SMOD=0  SMOD=1  Error
230.4K - - - 243 230 0.16%
460.8K - - - - 243 0.16%
691.2K - - - - - —
921.6K - - — ~ - A

Table 17-11. Timer 1 Generated Commonly Used Baud Rates @ FsyscL.k=29.4912MHz

TH1, the Reload Value
Baud Rate T1X12=0 & SMOD2=0 T1X12=1 & SMOD2=0

SMOD1=0 SMOD1=1 Error ‘ SMOD1=0 SMOD1=1 Error

1200 192 128 0.0% -- -- -

2400 224 192 0.0% -- -- --
4800 240 224 0.0% 64 -- 0.0%
9600 248 240 0.0% 160 64 0.0%
14400 -- -- - 192 128 0.0%
19200 252 248 0.0% 208 160 0.0%
28800 -- -- -- 224 192 0.0%
38400 -- -- -- 232 208 0.0%
57600 -- -- - 240 224 0.0%
115200 - -- - 248 240 0.0%
230.4K - -- - 252 248 0.0%
460.8K -- -- - 254 252 0.0%
921.6K -- -- -- 255 254 0.0%
1.8432M -- -- -- -- 255 0.0%

Table 17-12. Timer 1 Generated High Baud Rates @ Fsysci x=29.4912MHz

TH1, the Reload Value

Baud Rate T1X12=0 & SMOD2=1 T1X12=1 & SMOD2=1

SMOD1=0  SMOD1=1 Error \ SMOD1=0 SMOD1=1  Error

1.8432M - - - 254 252 0.0%
2.7648M - - - - - ~
3.6864M - - — - - —
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Table 17-13. Timer 1 Generated Commonly Used Baud Rates @ Fsysci k=44.2368MHz
THA1, the Reload Value

Baud Rate T1X12=0 & SMOD2=0 T1X12=1 & SMOD2=0

SMOD1=0 SMOD1=1 Error ‘ SMOD1=0 SMOD1=1 Error

1200 160 64 0.0% -- - -~

2400 208 160 0.0% - -- -

4800 232 208 0.0% -- - &
9600 244 232 0.0% 112 0.0%
14400 248 240 0.0% 160 64 0.0%
19200 250 244 0.0% 184 112 0.0%
28800 252 248 0.0% 208 160 0.0%
38400 253 250 0.0% 220 184 0.0%
57600 254 252 0.0% 232 208 0.0%
115200 255 254 0.0% 244 232 0.0%
230.4K -- 255 0.0% 250 244 0.0%
460.8K -- -- -- 253 250 0.0%
921.6K -- -- - -- 253 0.0%

1.8432M -- -- - - -- -
2.7648M -- -- -- -- 255 0.0%

Table 17-14. Timer 1 Generated High Baud Rates @ Fsysci x=44.2368MHz

TH1, the Reload Value

Baud Rate T1X12=0 & SMOD2=1 T1X12=1 & SMOD2=1
SMOD1=0  SMOD1=1  Emor = SMOD1=0 SMOD1=1  Error
2.7648M g - - 254 252 0.0%
3.6864M - - - - 253 0.0%
5.5296M = - - - -~ 0.0%

Table 17-15. Timer 1 Generated Commonly Used Baud Rates @ Fsysc k=32MHz
THA1, the Reload Value

Baud Rate T1X12=0 & SMOD2=0 ‘ T1X12=1 & SMOD2=0
SMOD1=0 SMOD1=1 Error ‘ SMOD1=0 SMOD1=1 Error

1200 187 118 0.64% -- - -

2400 221 186 -0.79% -- -- -

4800 239 222 2.12% 48 -- 0.16%
9600 -- 239 2.12% 152 48 0.16%
14400 -- -- -- 187 118 0.64%
19200 -- -- - 204 152 0.16%
28800 -- -- - 221 186 -0.79%
38400 - - - 230 204 0.16%
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57600 -- -- -- 239 222 2.12%
115200 -- -- -- -- 239 2.12%

Table 17-16. Timer 1 Generated High Baud Rates @ Fsyscik=32MHz

TH1, the Reload Value

Baud Rate T1X12=0 & SMOD2=1 ‘ T1X12=1 & SMOD2=1
SMOD1=0 SMOD1=1 Error ‘ SMOD1=0 SMOD1=1 Error
38400 -- -- -- 152 48 0.16%
57600 -- -- - - 117 -0.08%
115200 -- -- - - 187 0.64%
230.4K -- -- -- -- 221 -0.79%

Table 17-17. Timer 1 Generated Commonly Used Baud Rates @ Fsysc x=48.0MHz
TH1, the Reload Value

Baud Rate T1X12=0 & SMOD2=0 ‘ T1X12=1 & SMOD2=0

SMOD1=0 SMOD1=1 Error ‘ SMOD1=0 SMOD1=1 Error

1200 152 48 0.16% s - -

2400 204 152 0.16% -- -- -

4800 230 204 0.16% -- -- -
9600 243 230 0.16% 100 -- 0.16%
14400 -- 239 2.12% 152 48 0.16%
19200 -- 243 0.16% 178 100 0.16%
28800 -- -- -- 204 152 0.16%
38400 - - - 217 178 0.16%
57600 -- -- -- 230 204 0.16%
115200 - -- - 243 230 0.16%
230.4K - -- - - 243 0.16%

Table 17-18. Timer 1 Generated High Baud Rates @ Fsysc k=48.0MHz

TH1, the Reload Value

Baud Rate T1X12=0 & SMOD2=1 T1X12=1 & SMOD2=1
SMOD1=0 SMOD1=1 Error ‘ SMOD1=0 SMOD1=1 Error
230.4K -- -- -- 230 204 0.16%
460.8K -- -- -- 243 230 0.16%
921.6K -- -- -- -- 243 0.16%
1.8432M -- -- - - - -
2.7648M -- -- - - - -
3.6864M -- -- - - - -
5.5296M -- -- - - - -
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® Using Timer 2 as the Baud Rate Generator
When Timer 2 is used as the baud rate generator (either TCLK or RCLK in T2CON is ‘1’), the baud rate is as
follows.

SMOD2 X (SMOD1 + 1
2 ¢ ) x FsysciLk

Mode 1, 3 Baud Rate = - T2X12=0
32 x (65536 - (RCAP2H, RCAP2L))

SMOD2 X (SMOD1 +1) Fsvscik
or= ; T2X12=1
16 x (65536 - (RCAP2H, RCAP2L))

Note:

If SMOD2=0, the baud rate formula is as same as standard 8051. If SMOD2=1, there is an enhanced function
for baud rate setting. Table 17-19 defines the Baud Rate setting with SMOD2 factor in Timer 2 baud rate
generator.

Table 17-19. SMOD2 application criteria in Mode 1 & 3 using Timer 2

0 X Default Baud Rate Standard function + 3%

1 0 Double Baud Rate Enhanced function + 3%
1 1 Double Baud Rate X2 | Enhanced function +2%

Note: When Timer 2 in Double Baud Rate x2 (SMOD1=1 & SMOD2=1) mode, the RCAP2H & RPAC2L can
not equal to 65534 & 65535.

Table 17-20 ~ Table 17-35 list various commonly used baud rates and how they can be obtained from Timer 2

in its Baud-Rate Generator Mode. For the non-standard Baud Rate, the maximum frequency is 6MHz when
FSYSCLK = 48MHz).

Table 17-20. Timer 2 Generated Commonly Used Baud Rates @ Fsysc k=11.0592MHz

[RCAP2H, RCAP2L], the Reload Value

Baud Rate T2X12=0 & SMOD2=0 ‘ T2X12=1 & SMOD2=0

SMOD1=0 SMOD1=1 Error ‘ SMOD1=0 SMOD1=1 Error

1200 65248 65248 0.0% 64960 64960 0.0%
2400 65392 65392 0.0% 65248 65248 0.0%
4800 65464 65464 0.0% 65392 65392 0.0%
9600 65500 65500 0.0% 65464 65464 0.0%
14400 65512 65512 0.0% 65488 65488 0.0%
19200 65518 65518 0.0% 65500 65500 0.0%
28800 65524 65524 0.0% 65512 65512 0.0%
38400 65527 65527 0.0% 65518 65518 0.0%
57600 65530 65530 0.0% 65524 65524 0.0%
115200 65533 65533 0.0% 65530 65530 0.0%
230400 - - - 65533 65533 0.0%
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Table 17-21. Timer 2 Generated High Baud Rates @ Fsysc.x=11.0592MHz

[RCAP2H, RCAP2L] , the Reload Value

Baud Rate T2X12=0 & SMOD2=1 ‘ T2X12=1 & SMOD2=1

SMOD1=0 SMOD1=1 Error ‘ SMOD=0 SMOD=1 Error

230.4K 65533 65530 0.0% 65530 65524 0.0%
460.8K -- 65533 0.0% 65533 65530 0.0%
691.2K 65535 65534 0.0% 65534 65532 0.0%
921.6K -- -- -- -- 65533 0.0%
1.3824M -- 65535 0.0% 65535 -- 0.0%
2.7648M -- -- -- -- -- 0.0%

Table 17-22. Timer 2 Generated High Baud Rates @ Fsysc.x=22.1184MHz

[RCAP2H, RCAP2L] , the Reload Value

Baud Rate T2X12=0 & SMOD2=0 ‘ T2X12=1 & SMOD2=0

SMOD1=0 SMOD1=1 Error ‘ SMOD1=0 SMOD1=1 Error

1200 64960 64960 0.0% 64384 64384 0.0%
2400 65248 65248 0.0% 64960 64960 0.0%
4800 65392 65392 0.0% 65248 65248 0.0%
9600 65464 65464 0.0% 65392 65392 0.0%
14400 65488 65488 0.0% 65440 65440 0.0%
19200 65500 65500 0.0% 65464 65464 0.0%
28800 65512 65512 0.0% 65488 65488 0.0%
38400 65518 65518 0.0% 65500 65500 0.0%
57600 65524 65524 0.0% 65512 65512 0.0%
115200 65530 65530 0.0% 65524 65524 0.0%
230400 65533 65533 0.0% 65530 65530 0.0%
460800 -- -- -- 65533 65533 0.0%

Table 17-23. Timer 2 Generated High Baud Rates @ Fsysc k=22.1184MHz

[RCAP2H, RCAP2L], the Reload Value

Baud Rate T2X12=0 & SMOD2=1 ‘ T2X12=1 & SMOD2=1

SMOD1=0 SMOD1=1 Error ‘ SMOD=0 SMOD=1 Error

460.8K 65533 65530 0.0% 65530 65524 0.0%
691.2K 65534 65532 0.0% 65532 65528 0.0%
921.6K -- 65533 0.0% 65533 65530 0.0%
1.3824M 65535 65534 0.0% 65534 65532 0.0%
1.8432M - - -- -- 65533 0.0%
2.7648M -- 65535 0.0% 65535 65534 0.0%
5.5296M -- -- -- -- 65535 0.0%
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Table 17-24. Timer 2 Generated Commonly Used Baud Rates @ Fsyscix=12.0MHz

[RCAP2H, RCAP2L], the Reload Value

Baud Rate T2X12=0 & SMOD2=0 ‘ T2X12=1 & SMOD2=0

SMOD=0 SMOD=1 Error ‘ SMOD=0 SMOD=1 Error
1200 65224 65224 0.16% 64912 64912 0.16%
2400 65380 65380 0.16% 65224 65224 0.16%
4800 65458 65458 0.16% 65380 65380 0.16%
9600 65497 65497 0.16% 65458 65458 0.16%
14400 65510 65510 0.16% 65484 65484 0.16%
19200 65516 65516 2.34% 65497 65497 0.16%
28800 65523 65523 0.16% 65510 65510 0.16%
38400 -- -- -- 65516 65516 2.34%
57600 -- -- -- 65523 65523 0.16%

115200 -- -- -- -- -- --

Table 17-25. Timer 2 Generated High Baud Rates @ Fsyscix=12.0MHz

[RCAP2H, RCAP2L], the Reload Value

Baud Rate T2X12=0 & SMOD2=1 | T2X12=1 & SMOD2=1

SMOD1=0  SMOD1=1  Emor ~ SMOD=0  SMOD=1  Error

115.2K - 65523 0.16% | 65523 65510 | 0.16%

230.4K - - J - 65523 | 0.16%
460.8K - B - - - -

Table 17-26. Timer 2 Generated Commonly Used Baud Rates @ FSYSCLK=24.0MHz

[RCAP2H, RCAP2L], the Reload Value

Baud Rate T2X12=0 & SMOD2=0 ‘ T2X12=1 & SMOD2=0

SMOD=0 SMOD=1 Error ‘ SMOD=0 SMOD=1 Error

1200 64912 64912 0.16% 64288 64288 0.16%
2400 65224 65224 0.16% 64912 64912 0.16%
4800 65380 65380 0.16% 65224 65224 0.16%
9600 65458 65458 0.16% 65380 65380 0.16%
14400 65484 65484 0.16% 65432 65432 0.16%
19200 65497 65497 0.16% 65458 65458 0.16%
28800 65510 65510 0.16% 65484 65484 0.16%
38400 65516 65516 2.34% 65497 65497 0.16%
57600 65523 65523 0.16% 65510 65510 0.16%
115200 -- -- -- 65523 65523 0.16%
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Table 17-27. Timer 2 Generated High Baud Rates @ Fsyscix=24.0MHz

[RCAP2H, RCAP2L], the Reload Value

Baud Rate T2X12=0 & SMOD2=1 T2X12=1 & SMOD2=1
SMOD1=0 SMOD1=1 Error ‘ SMOD=0 SMOD=1 Error
230.4K - 65523 0.16% 65523 65510 0.16%
460.8K -- -- -- -- 65523 0.16%

Table 17-28. Timer 2 Generated Commonly Used Baud Rates @ Fsysc1 k=29.4912MHz

[RCAP2H, RCAP2L], the Reload Value

Baud Rate T2X12=0 & SMOD2=0 T2X12=1 & SMOD2=0

SMOD1=0 SMOD1=1 Error ‘ SMOD1=0 SMOD1=1 Error
1200 64768 64768 0.0% 64000 64000 0.0%
2400 65152 65152 0.0% 64768 64768 0.0%
4800 65344 65344 0.0% 65152 65152 0.0%
9600 65440 65440 0.0% 65344 65344 0.0%
14400 65472 65472 0.0% 65408 65408 0.0%
19200 65488 65488 0.0% 65440 65440 0.0%
28800 65504 65504 0.0% 65472 65472 0.0%
38400 65512 65512 0.0% 65488 65488 0.0%
57600 65520 65520 0.0% 65504 65504 0.0%
115200 65528 65528 0.0% 65520 65520 0.0%
230.4K 65532 65532 0.0% 65528 65528 0.0%
460.8K 65534 65534 0.0% 65532 65532 0.0%

691.2K -- -- - - -- -
921.6K 65535 65535 0.0% 65534 65534 0.0%

Table 17-29. Timer 2 Generated High Baud Rates @ Fsysc1«=29.4912MHz

Baud Rate

921.6K

SMOD1=0
65534

[RCAP2H, RCAP2L], the Reload Value
T2X12=0 & SMOD2=1

SMOD1=1
65532

Error \ SMOD1=0

0.0%

T2X12=1 & SMOD2=1

65532

SMOD1=1
65528

Error
0.0%

Table 17-30. Timer 2 Generated Commonly Used Baud Rates @ Fsysci k=44.2368MHz

[RCAP2H, RCAP2L], the Reload Value

Baud Rate T2X12=0 & SMOD2=0 T2X12=1 & SMOD2=0
SMOD1=0 SMOD1=1 Error ‘ SMOD1=0 SMOD1=1 Error
1200 64384 64384 0.0% 63232 63232 0.0%
2400 64960 64960 0.0% 64384 64384 0.0%
4800 65248 65248 0.0% 64960 64960 0.0%
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9600 65392 65392 0.0% 65248 65248 0.0%
14400 65440 65440 0.0% 65344 65344 0.0%
19200 65464 65464 0.0% 65392 65392 0.0%
28800 65488 65488 0.0% 65440 65440 0.0%
38400 65500 65500 0.0% 65464 65464 0.0%
57600 65512 65512 0.0% 65488 65488 0.0%
115200 65524 65524 0.0% 65512 65512 0.0%
230.4K 65530 65530 0.0% 65524 65524 0.0%
460.8K 65533 65533 0.0% 65530 65530 0.0%
691.2K 65534 65534 0.0% 65532 65532 0.0%
921.6K -- -- -- 65533 65533 0.0%

1.3824M 65535 65535 0.0% 65534 65534 0.0%
2.7648M -- -- -- 65535 65535 0.0%

Table 17-31. Timer 2 Generated High Baud Rates @ Fsysci k=44.2368MHz

[RCAP2H, RCAP2L], the Reload Value

Baud Rate T2X12=0 & SMOD2=1 T2X12=1 & SMOD2=1
SMOD1=0  SMOD1=1  Eror = SMOD1=0 SMOD1=1  Error
2.7648M 65535 65534 0.0% | 65534 65532 | 0.0%
5.5296M - 65535 0.0% | 65535 - 0.0%
11.0592M - - ] - - 0.0%

Table 17-32. Timer 2 Generated Commonly Used Baud Rates @ Fsyscix=32.0MHz

[RCAP2H, RCAP2L], the Reload Value

Baud Rate T2X12=0 & SMOD2=0 T2X12=1 & SMOD2=0

SMOD1=0 SMOD1=1 Error ‘ SMOD1=0 SMOD1=1 Error

1200 64703 64703 0.04% 63870 63870 0.04%
2400 65120 65120 0.16% 64703 64703 0.04%
4800 65328 65328 -0.16% 65120 65120 0.16%
9600 65432 65432 -0.16% 65328 65328 0.16%
14400 65467 65467 0.64% 65398 65398 0.64%
19200 65484 65484 0.16% 65432 65432 0.16%
28800 65502 65502 2.12% 65467 65467 0.64%
38400 65510 65510 0.16% 65484 65484 0.16%
57600 65519 65519 2.12% 65502 65502 2.12%
115200 -- -- - 65519 65519 2.12%
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Table 17-33. Timer 2 Generated High Baud Rates @ Fsyscix=32.0MHz

[RCAP2H, RCAP2L], the Reload Value

Baud Rate T2X12=0 & SMOD2=1 T2X12=1 & SMOD2=1
SMOD1=0 SMOD1=1 Error ‘ SMOD1=0 SMOD1=1 Error
115200 65519 65502 2.12% 65501 65467 0.64%
230.4K -- -- -- -- 65501 -0.79%

Table 17-34. Timer 2 Generated Commonly Used Baud Rates @ Fsysci x=48.0MHz

[RCAP2H, RCAP2L], the Reload Value

Baud Rate T2X12=0 & SMOD2=0 T2X12=1 & SMOD2=0

SMOD1=0 SMOD1=1 Error ‘ SMOD1=0 SMOD1=1 Error

1200 64286 64286 0.00% 63036 63036 0.00%
2400 64911 64911 0.00% 64286 64286 0.00%
4800 65224 65224 0.16% 64911 64911 0.00%
9600 65380 65380 0.16% 65224 65224 0.16%
14400 65432 65432 0.16% 65328 65328 0.16%
19200 65458 65458 0.16% 65380 65380 0.16%
28800 65484 65484 0.16% 65432 65432 0.16%
38400 65497 65497 0.16% 65458 65458 0.16%
57600 65510 65510 0.16% 65484 65484 0.16%
115200 65523 65523 0.16% 65510 65510 0.16%
230.4K -- -- - 65523 65523 0.16%

Table 17-35. Timer 2 Generated High Baud Rates @ Fsysci x=48.0MHz

[RCAP2H, RCAP2L], the Reload Value

Baud Rate T2X12=0 & SMOD2=1 T2X12=1 & SMOD2=1
230.4K 65523 65510 0.16% | 65510 65484 | 0.16%
460.8K - 65522 0.16% | 65523 65510 | 0.16%
691.2K - - - - - -
921.6K - - - - 65523 | 0.16%
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17.8 Serial Port 0 Mode 4 (SPI Master)

The Serial Port of CMT2380F 16 is embedded an additional Mode 4 to support SPI master engine. The Mode
4 is selected by SM30, SM00 and SM10. Table 17-36 shows the serial port mode definition in CMT2380F 16.

Table 17-36. Serial Port 0 Mode Selection

0 0 0 0 shift register SYSCLK/12 or SYSCLK/4
0 0 1 1 8-bit UART Variable

0 1 0 2 9-bit UART SYSCLK/64, /32

0 1 1 3 9-bit UART Variable

1 0 0 4 SPI Master SYSCLK/12 or SYSCLK/4
1 0 1 5 Reserved Reserved

1 1 0 6 Reserved Reserved

1 1 1 7 Reserved Reserved

URMOX3 also controls the SPI transfer speed. If URM0X3 = 0, the SPI clock frequency is SYSCLK/12. If
URMOX3 = 1, the SPI clock frequency is SYSCLK/4.

The SPI master in CMT2380F16 uses the TXD0 as SPICLK, RXD0 as MOSI, and SOMI as MISO. nSS is
selected by MCU software on other port pin. Figure 17-11 shows the SPI connection. It also can support the

configuration for multiple slaves communication in Figure 17-12.

MCU Serial Port n

TXDn SPICLK _
RXDn MOSI
Mode 4 »  SPI
(Master) | M MISO | slave
Port Pin nSS

Figure 17-11. Serial Port 0 Mode 4, Single Master and Single Slave configuration (n = 0)
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MCU Serial Port n

TXDn SPICLK
RXDn MOSI
soml Miso | Slave #1
) Port Pin 1‘ I nSS >
Mode 4
(Master)
SPICLK
MOSI :
| MISO | slave #2
Port Pin 2 ) nSS >

Figure 17-12. Serial Port 0 Mode 4, Single Master and Multiple Slaves configuration (n = 0)

The SPI master satisfies the transfer with the full function SPI module of Megawin MG82/84 series MCU with
CPOL, CPHA and DORD selection. For CPOL and CPHA condition, CMT2380F16 uses an easy way by
initialize SPI clock polarity to fit them. Table 17-37 shows the serial port Mode 4 mapping with the four SPI
operating mode.

Table 17-37. SPI mode mapping with Serial Port Mode 4 configuration

0 0 0 Clear TXDO output register to “0”

1 0 1 Clear TXDO output register to “0”
2 1 0 Set TXDO output register to “1”
3 1 1 Set TXDO output register to “1”

For bit order control (DORD) on SPI serial transfer, CMT2380F 16 provides a bit SODOR in SOCFG to control
the bit order. Default value of SODOR is 1 and control the bit order on LSB first. SODOR is active in all SO
operating modes.

Transmission is initiated by any instruction that uses SOBUF as a destination register. The “write to SOBUF”
signal triggers the UART engine to start the transmission. The data in the SOBUF would be shifted into the
RXDO0 pin as MOSI serial data. The SPI shift clock is built on the TXDO pin for SPICLK output. After eight
raising edge of shift clocks passing, TIO would be asserted by hardware to indicate the end of transmission.
And the contents on the SOMI pin would be sampled and shifted into shift register. Then, “read SOBUF” can
get the SPI shift-in data. Figure 17-13 shows the transmission waveform in Mode 0. RIO will not be asserted in
Mode 4.
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Write to SnBUF [ ]

S o S 0 e

Software set/clear TXDn assigned port pin to initial clock polarity

(,\I,Tégg X oo X b1 X b2 X b3 ¥ pa Y D5 X D6 X b7 X
(o) D ED D E3 ED €D 3 €D
TIn ,_
Rin

Figure 17-13. Serial Port 0 Mode 4 transmission waveform (n = 0)

17.9 Serial Port 0 Register

All the four operation modes of the serial port are the same as those of the standard 8051 except the baud
rate setting. Two registers, PCONO and SOCFG, are related to the baud rate setting:

® SO0CON: Serial port 0 Control Register
SFR Page =0~F
SFR Address = 0x98

Name SMOO/FE SM10 SM20 RENO TB80 RB80 TIO RIO
R/W R/W R/W RW RW R/W RW RW RW
Reset 0 0 0 0 0 0 0 0

Bit 7: FE, Framing Error bit. The SMODO bit must be set to enable access to the FE bit.
0: The FE bit is not cleared by valid frames but should be cleared by software.
1: This bit is set by the receiver when an invalid stop bit is detected.

Bit 7: Serial port 0 mode bit 0, (SMODO must = 0 to access bit SM00)

Bit 6: Serial port 0 mode bit 1.

SM30 SMO00 SM10 Mode Description Baud Rate
0 0 0 0 Shift register SYSCLK/12 or SYSCLK/4
0 0 1 1 8-bit UART Variable
0 1 0 2 9-bit UART SYSCLK/64, /32, /16 or /8
0 1 1 3 9-bit UART Variable
1 0 0 4 SPI Master SYSCLK/12 or SYSCLK/4
1 0 1 5 Reserved Reserved
1 1 0 6 Reserved Reserved
1 1 1 7 Reserved Reserved
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Bit 5: Serial port 0 mode bit 2.

0: Disable SM20 function.

1: Enable the automatic address recognition feature in Modes 2 and 3. If SM20=1, RIO will not be set
unless the received 9th data bit is 1, indicating an address, and the received byte is a Given or Broadcast
address. In mode1, if SM20=1 then RIO will not be set unless a valid stop Bit was received, and the
received byte is a Given or Broadcast address. In Mode 0, SM20 should be 0.

Bit 4: RENO, Enable serial reception.
0: Clear by software to disable reception.
1: Set by software to enable reception.

Bit 3: TB80, The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as
desired.

Bit 2: RB80, In Modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM20 = 0, RB80 is the
stop bit that was received. In Mode 0, RB80 is not used.

Bit 1: TIO. Transmit interrupt flag.

0: Must be cleared by software.

1: Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the other
modes, in any serial transmission.

Bit 0: RIO. Receive interrupt flag.

0: Must be cleared by software.

1: Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in the
other modes, in any serial reception (except see SM20).

® SO0BUF: Serial Port 0 Buffer Register
SFR Page =0~F
SFR Address = 0x99

Name SOBUF[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X

Bit 7~0: It is used as the buffer register in transmission and reception.
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® SADDR: Slave Address Register
SFRPage =0~F

SFR Address = 0xA9

NET L SADDR][7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

® SADEN: Slave Address Mask Register
SFRPage =0~F

SFR Address = 0xB9

Name SADEN([7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SADDR register is combined with SADEN register to form Given/Broadcast Address for automatic address

recognition. In fact, SADEN functions as the “mask” register for SADDR register. The following is the example
for it.

SADDR = 1100 0000
SADEN = 11111101
Given = 1100 00x0 —» The Given slave address will be checked except

bit 1 is treated as “don’t care”

The Broadcast Address for each slave is created by taking the logical OR of SADDR and SADEN. Zero in this
result is considered as “don’t care”. Upon reset, SADDR and SADEN are loaded with all Os. This produces a

Given Address of all “don’t care” and a Broadcast Address of all “don’t care”. This disables the automatic
address detection feature.

® PCONO: Power Control Register 0
SFR Page =0~F

SFR Address = 0x87, POR =0001-0000, Reset = 0000-0000

Name
R/W
Reset

Bit 7: SMOD1, double Baud rate control bit.

SMOD1 SMODO GF POF GF1 GFO PD IDL
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

0: Disable double Baud rate of the UART.
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1: Enable double Baud rate of the UART in mode 1, 2, or 3.

Bit 6: SMODO, Frame Error select.
0: SOCON.7 is SMO function.
1: SOCON.7 is FE function. Note that FE will be set after a frame error regardless of the state of SMODO.

SOCFG: Serial Port 0 Configuration Register
SFR Page =0~F
SFR Address = 0x9C, Reset = x000-100x

Name -- SMOD2 | URMOX3 SM30 SODOR BTI UTIE -
R/W R/W R/W RW RW R/W RW RW RW
Reset 0 0 0 0 0 0 0 0

Bit 7: Reserved. Software must write “0” on this bit when SOCFG is written.

Bit 6: SMOD2, UARTO extra double baud rate selector.
0: Disable extra double baud rate for UARTO.
1: Enable extra double baud rate for UARTO.

Bit 5: URMO0X3, Serial Port mode 0 and mode 4 baud rate selector.
0: Clear to select SYSCLK/12 as the baud rate for UART Mode 0 and Mode 4.
1: Set to select SYSCLK/4 as the baud rate for UART Mode 0 and Mode 4.

Bit 4: SM30, Serial Port Mode control bit 3. This bit function is defined with SM00 and SM10.

Bit 3: SODOR, Serial Port 0 data order control in all operating modes.
0: The MSB of the data byte is transmitted first.
1: The LSB of the data byte is transmitted first. SODOR is set to “1” in default.

Bit 2: BTI, Block TIO in Serial Port O Interrupt.
0: Retain the TIO0 to be a source of Serial Port O Interrupt.
1: Block TIO to be a source of Serial Port O Interrupt.

Bit 1: UTIE, SO TIO Enabled in system flag interrupt.
0: Disable the interrupt vector sharing for TIO in system flag interrupt.

1: Set TIO flag will share the interrupt vector with system flag interrupt.

Bit 0: Reserved. Software must write “0” on this bit when SOCFG is written.
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18 Serial Peripheral Interface (SPI)

The CMT2380F16 provides a high-speed serial communication interface, the SPI interface. SPI is a
full-duplex, high-speed and synchronous communication bus with two operation modes: Master mode and
Slave mode. Up to 3 Mbps can be supported in Master mode under a 12MHz system clock. It has a Transfer
Completion Flag (SPIF), Write Collision Flag (WCOL) and Mode Fault flag (MODF) in the SPI status register
(SPSTAT). And a specially designed Transmit Holding Register (THR) improves the transmit performance
compared to the conventional SPI and THRF flag indicates the THR is full or empty. SPIBSY read-only flag
reports the Busy state in SPI engine.

SET THREF if THRF=0, or

 SETWCOL if THRF=1 —» CLEARTHRF
. Transmit Holding Output Shift
. . .
CPU Write SPDAT Register (THR) Auto-Load Register (OSR) ¢ SPICLK
Receive Holding |, Auto-Load Input Shift |, —>» MISO
CPU Read SPDAT Register (RHR) [ Register (ISR) | c V? I
ontrol

<¢—» MOSI

/4 > SPI Control

/8 ¢— nSS
SYSCLK —¥» /16

/32 4 A A I A A

\ 4

164
/128

TOOF —»| TOOF/6
| SSIG | SPEN | DORD | MSTR | CPOL | CPHA | SPR1 | SPRO |SPCON

1 , ]

| SPIF | wcoL | THRF
y

| SPIES | Y | _ | - | SPR2 |SPSTAT

Figure 18-1. SPI Block Diagram

The SPI interface has four pins: MISO, MOSI, SPICLK and nSS:

® SPICLK, MOSI and MISO are typically tied together between two or more SPI devices. Data flows from
master to slave on the MOSI pin (Master Out / Slave In) and flows from slave to master on the MISO pin
(Master In / Slave Out). The SPICLK signal is output in the master mode and is input in the slave mode. If
the SPI system is disabled, i.e., SPEN (SPCTL.6) = 0, these pins function as normal I/O pins.

® /SSis the optional slave select pin. In a typical configuration, an SPI master asserts one of its port pins to
select one SPI device as the current slave. An SPI slave device uses its nSS pin to determine whether it
is selected. The /SS is ignored if any of the following conditions are true:
= If the SPI system is disabled, i.e. SPEN (SPCTL.6) = 0 (reset value).
= If the SPI is configured as a master, i.e., MSTR (SPCTL.4) = 1, and P1.4 (nSS) is configured as an

output.

= If the /SS pin is ignored, i.e. SSIG (SPCTL.7) bit = 1, this pin is configured for port functions.
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Note:

1. See the AUXRA4 for its alternate pin-out option.

2. Note that even if the SPI is configured as a master (MSTR=1), it can still be converted to slave mode by
the logic low of nSS pin input (if SSIG=0). Should this happen, the SPIF bit (SPSTAT.7) will be set and
SPEN will be cleared. (See Section “18.2.3 Mode Change on nSS pin”).

18.1 Typical SPI Configurations

18.1.1 Single Master & Single Slave

For the master: any port pin, including P1.4 (nSS), can be used to drive the nSS pin of the slave.
For the slave: SSIG is ‘0’, and n/SS pin is used to determine whether it is selected.

SPICLK SPICLK |
MOSI MOSI |

Master MISO MISO Slave
Port Pin nSS |

Figure 18-2. SPI single master & single slave configuration

18.1.2 Dual Device, where either can be a Master or a Slave

Two devices are connected to each other and either device can be a master or a slave. When no SPI
operation is occurring, both can be configured as masters with MSTR=1, SSIG=0 and P1.4 (nSS) configured
in quasi-bidirectional mode. When any device initiates a transfer, it can configure P1.4 as an output and drive
it low to force a “mode change to slave” in the other device. (See Section “18.2.3 Mode Change on nSS pin”).

| SPICLK SPICLK
| MOSI MOSI |
Master/ [€ »| Slave/
Slave [(MISO MISO I Master
_nSS nSS

Figure 18-3. SPI dual device configuration, where either can be a master or a slave

18.1.3 Single Master & Multiple Slaves

For the master: any port pin, including P1.4 (nSS), can be used to drive the nSS pins of the slaves. For all the
slaves: SSIG is ‘0’, and nSS pin are used to determine whether it is selected.
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SPICLK SPICLK _|
MOSI MOS| :
| MISO miso | Slave #1
) Port Pin 1 nSS >
Master
SPICLK .
P MISO
) mos | Slave #2
Port Pin 2 nSS ;

Figure 18-4. SPI single master multiple slaves configuration

18.1.4 Daisy-Chain Connection (MCU in SPI slave)

SPICLK SPICLK

L

MOSI MOSI

 MISO miso | Slave #1

Port Pin 1 nSS

L

Master SPICLK
MOSI
MISO Slave #2

nSS

L

SPICLK |

MOSI
MISO Slave #3

A

nSS

L

Figure 18-5. SPI single master multiple slaves configuration

18.2 Configuring the SPI

Tabel 18-1 shows configuration for the master/slave modes as well as usages and directions for the modes.
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Table 18-1. SPI Master and Slave Selection

SPEN SSIG nSS MSTR MISO | MOSI SPICLK o ’
emarks
(SPCTL.6) (SPCTL.7) -pin (SPCTL.4) -pin  -pin -pin
SPI
0 X X input | Input | Input | P1.4~P1.7 are used as general port pins.
disable
Slave
1 0 0 Output| Input | Input Selected as slave.
(selected)
Slave
1 0 0 (not Hi-Z | Input | Input Not selected.
selected)
Mode change to slave
Slave . o . .
if nSS pin is driven low, then MSTR will
1 0 1=>0 |(by mode|Output| Input | Input )
h ) be cleared to ‘0’ by H/W automatically,
change
9 and SPEN is cleared, MODF is set.
MOSI and SPICLK are at high
Master ) ) . . .
(idle) Hi-Z | Hi-Z |impedance to avoid bus contention
idle
1 0 1 Input when the Master is idle.
Master MOSI and SPICLK are push-pull when the
] Output| Output ) )
(Active) Master is active.
1 1 0 Slave |Output| Input | Input
1 1 1 Master | Input |Output| Output

“X” means “don’t care”.

18.2.1 Additional Considerations for a Slave

When CPHA is 0, SSIG must be 0 and nSS pin must be negated and reasserted between each successive
serial byte transfer. Note the SPDAT register cannot be written while nSS pin is active (low), and the operation
is undefined if CPHA is 0 and SSIG is 1.

When CPHA is 1, SSIG may be 0 or 1. If SSIG=0, the nSS pin may remain active low between successive
transfers (can be tied low at all times). This format is sometimes preferred for use in systems having a single
fixed master and a single slave configuration.

18.2.2 Additional Considerations for a Master

In SPI, transfers are always initiated by the master. If the SPI is enabled (SPEN=1) and selected as master,
writing to the SPI data register (SPDAT) by the master starts the SPI clock generator and data transfer. The
data will start to appear on MOSI about one half SPI bit-time to one SPI bit-time after data is written to SPDAT.

Before starting the transfer, the master may select a slave by driving the nSS pin of the corresponding device
low. Data written to the SPDAT register of the master is shifted out of MOSI pin of the master to the MOSI pin
of the slave. And, at the same time the data in SPDAT register of the selected slave is shifted out on MISO pin
to the MISO pin of the master.
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After shifting one byte, the SPI clock generator stops, setting the transfer completion flag (SPIF) and an
interrupt will be created if the SPI interrupt is enabled. The two shift registers in the master CPU and slave
CPU can be considered as one distributed 16-bit circular shift register. When data is shifted from the master to
the slave, data is also shifted in the opposite direction simultaneously. This means that during one shift cycle,
data in the master and the slave are interchanged.

18.2.3 Mode Change on nSS-pin (corrupt master transaction...)

If SPEN=1, SSIG=0, MSTR=1 and /SS pin=1, the SPI is enabled in master mode. In this case, another master
can drive this pin low to select this device as an SPI slave and start sending data to it. To avoid bus contention,
the SPI becomes a slave. As a result of the SPI becoming a slave, the MOSI and SPICLK pins are forced to
be an input and MISO becomes an output. The SPIF flag in SPSTAT is set, and if the SPI interrupt is enabled,
an SPI interrupt will occur. User software should always check the MSTR bit. If this bit is cleared by a slave
select and the user wants to continue to use the SPI as a master, the user must set the MSTR bit again,
otherwise it will stay in slave mode.

18.2.4 Transmit Holding Register Full Flag

To speed up the SPI transmit performance, a specially designed Transmit Holding Register (THR) improves
the latency time between byte to byte transmitting in CPU data moving. And a set THR-Full flag, THRF
(SPSTAT.5), indicates the data in THR is valid and waiting for transmitting. If THR is empty (THRF=0),
software writes one byte data to SPDAT will store the data in THR and set the THRF flag. If Output Shift
Register (OSR) is empty, hardware will move THR data into OSR immediately and clear the THRF flag. In SPI
mater mode, valid data in OSR triggers a SPI transmit. In SPI slave mode, valid data in OSR is waiting for
another SPI master to shift out the data. If THR is full (THRF=1), software writes one byte data to SPDAT will
set a write collision flag, WCOL (SPSTAT.6).

18.2.5 Write Collision

The SPI in CMT2380F16 is double buffered data both in the transmit direction and in the receive direction.
New data for transmission cannot be written to the THR until the THR is empty. The read-only flag, THRF,
indicates the THR is full or empty. The WCOL (SPSTAT.6) bit is set to indicate data collision when the data
register is written during set THRF. In this case, the SPDAT writing operation is ignored.

While write collision is detected for a master or a slave, it is uncommon for a master because the master has
full control of the transfer in progress. The slave, however, has no control over when the master will initiate a
transfer and therefore collision can occur.

WCOL can be cleared in software by writing ‘1’ to the bit.

18.2.6 SPI Clock Rate Select

The SPI clock rate selection (in master mode) uses the SPR1 and SPRO bits in the SPCON register and
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SPR2 in the SPSTAT register, as shown in Table 18-2.

Table 18-2. SPI Serial Clock Rates

0 0 0 SYSCLK/4 3 MHz 12 MHz
0 0 1 SYSCLK/8 1.5 MHz 6 MHz

0 1 0 SYSCLK/16 750 KHz 3 MHz

0 1 1 SYSCLK/32 375 KHz 1.5 MHz
1 0 0 SYSCLK/64 187.5 KHz 750 KHz
1 0 1 SYSCLK/128 93.75 KHz 375 KHz
1 1 0 Reserved -- --

1 1 1 TOOF/6 Variable Variable

Note:

1. SYSCLK s the system clock.
2. TOOF is Timer 0 Overflow.

18.3 Data Mode

Clock Phase Bit (CPHA) allows the user to set the edges for sampling and changing data. The Clock Polarity

bit, CPOL, allows the user to set the clock polarity. The following figures show the different settings of Clock

Phase Bit, CPHA.

Clock Cycle

SPICLK (CPOL=0)

SPICLK (CPOL=1)

MOSI
Slave Intput

MISO
Slave Output

nSS (if SSIG=0)

1st bit out
data sampled

This edge is used by the slave to shift out the 1st bit

of each data byte while CPHA=0

Figure 18-6. SPI Slave Transfer Format with CPHA=0
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Slave w/ CPHA=1

Clock Cycle

SPICLK (CPOL=0)

SPICLK (CPOL=1)

MOSI
Slave Intput

MISO
Slave Output

1st bit out
Not defined data sampled

nSS (if SSIG=0)

Clock Cycle Enable SPI |1

SPICLK (CPOL=0) |

SPICLK (CPOL=1)

1st bit out \ |
MOSI §<

Master Output DORD=0 ' MSB 6 | ! LSB
| |
|

5 3 1
| !
DORD=1 LS8 1! 2 4 6 MSB

MISO XX XXX XX D

Master Input

L4
L3

1st bit in
data sampled

nSs (if SSIG=0) | L.

Figure 18-8. SPI Master Transfer Format with CPHA=0
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Clock Cycle

SPICLK (CPOL=0)

SPICLK (CPOL=1)

MOSI
Master Output DORD=0 MSB 6 | 5, 4, 3 2| 1 LSB
| | | | | | | |
DORD=1 LsB 1! 21 3! 41 51 6 ! MSB
MISO CE XX XX XXX )
Master Input | | | | I I I
1st bit in

data sampled

nSS (if $SIG=0) | '

Figure 18-9. SPI Master Transfer Format with CPHA=1

18.4 SPI Register

The following special function registers are related to the SPI operation:

® SPCON: SPI Control Register
SFR Page =0~F

SFR Address = 0x85

Name SSIG SPEN DORD MSTR CPOL CPHA SPR1 SPRO
R/W R/W RW RW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 1 0 0

Bit 7: SSIG, nSS is ignored.
0: The nSS pin decides whether the device is a master or slave.
1: MSTR decides whether the device is a master or slave.

Bit 6: SPEN, SPI enable.
0: The SPI interface is disabled and all SPI pins will be general-purpose 1/O ports.
1: The SPI is enabled.

Bit 5: DORD, SPI data order.
0: The MSB of the data byte is transmitted first.
1: The LSB of the data byte is transmitted first.

Bit 4: MSTR, Master/Slave mode select
0: Selects slave SPI mode.
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1: Selects master SPI mode.

Bit 3: CPOL, SPI clock polarity select

0: SPICLK is low when Idle. The leading edge of SPICLK is the rising edge and the trailing edge is the
falling edge.

1: SPICLK is high when Idle. The leading edge of SPICLK is the falling edge and the trailing edge is the
rising edge.

Bit 2: CPHA, SPI clock phase select

0: Data is driven when /SS pin is low (SSIG=0) and changes on the trailing edge of SPICLK. Data is
sampled on the leading edge of SPICLK.

1: Data is driven on the leading edge of SPICLK, and is sampled on the trailing edge.

(Note: If SSIG=1, CPHA must not be 1, otherwise the operation is not defined.)

Bit 1~0: SPR1-SPRO, SPI clock rate select 0 & 1 (associated with SPR2, when in master mode)

0 0 0 SYSCLK/4 3 MHz 12 MHz
0 0 1 SYSCLK/8 1.5 MHz 6 MHz

0 1 0 SYSCLK/16 750 KHz 3 MHz

0 1 1 SYSCLK/32 375 KHz 1.5 MHz
1 0 0 SYSCLK/64 187.5 KHz 750 KHz
1 0 1 SYSCLK/128 93.75 KHz 375 KHz
1 1 0 Reserved -- -

1 1 1 TOOF/6 Variable Variable

Note:

1. SYSCLK is the system clock.
2. TOOF is Timer O Overflow.

® SPSTAT: SPI Status Register
SFR Page =0~F
SFR Address = 0x84

Name SPIF WCOL THRF SPIBSY MODF - - SPR2
R/W R/W R/W R R R/W W W R/W
Reset 0 0 0 0 X X X 0

Bit 7: SPIF, SPI transfer completion flag
0: The SPIF is cleared in software by writing “1” to this bit.
1: When a serial transfer finishes, the SPIF bit is set and an interrupt is generated if SPI interrupt is
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enabled. If nSS pin is driven low when SPI is in master mode with SSIG=0, SPIF will also be set to signal
the “mode change”.

Bit 6: WCOL, SPI write collision flag.

0: The WCOL flag is cleared in software by writing “1” to this bit.

1: The WCOL bit is set if the SPI data register, SPDAT, is written during a data transfer (see Section
“18.2.5 Write Collision”).

Bit 5: THRF, Transmit Holding Register (THR) Full flag. Read only.

0: Means the THR is “empty”. This bit is cleared by hardware when the THR is empty. That means the
data in THR is loaded (by H/W) into the Output Shift Register to be transmitted, and now the user can
write the next data byte to SPDAT for next transmission.

1: Means the THR is “full”. This bit is set by hardware just when SPDAT is written by software.

Bit 4, SPIBSY, SPI Busy flag. Read only.
0: It indicates SPI engine is idle and all shift registers are empty.
1: It is set to logic 1 when a SPI transfer is in progress (Master or slave Mode).

Bit 3: Mode Fault Flag. This bit is set to logic 1 by hardware when a master mode collision is detected
(nSS is low, MSTEN = 1, and SSIG = 0). If SPI interrupts are enabled, an interrupt will be generated. This
bit is not automatically cleared by hardware, and must be cleared by software writing “1”.

Bit 1~0: Reserved. Software must write “0” on these bits when SPSTAT is written.

Bit 0: SPR2, SPI clock rate select 2 (associated with SPR1 and SPRO0)

® SPDAT: SPI Data Register
SFR Page =0~F
SFR Address = 0x86

Name SPDAT[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SPDAT has two physical buffers for writing to and reading from during transmit and receive, respectively.
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® AUXR?7: Auxiliary Register 7

SFR Page

=4 only

SFR Address = 0xA4

(VAZ

HR
HE R
S AE

POE5 POE4 COCKOE | SPIOMO - - - .
R/W R/W RW RW w w w w
1 0 0 X X X 0

Bit 4: SPIOMO, SPI10 model control bit 0. It controls the SPI application with daisy-chain connection.
0: Disable the mode control.

1: Enable the mode control.

® AUXRA4: Auxiliary Register 4
SFR Page = 1 only
SFR Address = 0xA4

Name

R/W
Reset

T2PS1 T2PS0 T1PS1 T1PSO SPIPSO ACOOE | ACOFLT1
R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0
Bit 3: SPIPSO0, SPI Port Selection 0.
SPIPSO | nSS \ MOSI MISO SPICLK
0 P1.4 P1.5 P1.6 P1.7
1 P3.4 P3.5 P4.1 P4.0
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19 Two Wire serial Interface (TWIO0)

The Two-Wire serial Interface is a two-wire, bi-directional serial bus. It is ideally suited for typical
microcontroller applications.

The TWI protocol allows the systems designer to interconnect up to 128 different devices using only two
bi-directional bus lines, one for clock (TWIO_SCL) and one for data (TWIO_SDA). The TWI bus provides
control of _TWIO0_SDA (serial data), TWIO_SCL (serial clock) generation and synchronization, arbitration logic,
and START/STOP control and generation. The only external hardware needed to implement this bus is a
single pull-up resistor for each of the TWI bus lines. All devices connected to the bus have individual
addresses, and mechanisms for resolving bus contention are inherent in the TWI protocol.

VDD

Device 0 Device 1 Device 2 [ +eeeeeess Device n

TWIO_SDA < ®

v

TWIO_SCL <«

v

Figure 19-1. TWI Bus Interconnection

The TWI bus may operate as a master and/or slave, and may function on a bus with multiple masters. The
CPU interfaces to the TWI through the following four special function registers: SICON configures the TWI
bus; SISTA reports the status code of the TWI bus; and SIDAT is the data register, used for both transmitting
and receiving TWI data. SIADR is the slave address register. And, the TWI hardware interfaces to the serial
bus via two lines: SDA (serial data line) and SCL (serial clock line).

. Output Shift -
CPU Write SIDAT —— “p o
> «——» TWIO_SDA
Input Shift | 110
CPU Read SIDAT 4——— "piiice [ U e Control
< «——» TWI0_SCL
Slave Addr o
CPURW SIADR 4——>| g icier >
A ry A
/8
16
SYSCLK —p»] /32
164 SICON
128
1256 | CR2 | ENSI | STA | STO | S| | AA | CR1 | CRO |
TOOF —p| T0OF/6 - ~ SIsTA

t | b7 | b6 | b5 | b4 | b3 | b2 | b1 | b0 I{—

Figure 19-2. TWI Block Diagram
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19.1 Operating Modes

There are four operating modes for the TWI:
® Master/Transmitter mode

® Master/Receiver mode

® Slave/Transmitter mode

® Slave/Receiver mode

Bits STA, STO and AAin SICON decide the next action which the TWI hardware will take after Sl is cleared by
software. When the next action is completed, a new status code in SISTA will be updated and Sl will be set by
hardware in the same time. Now, the interrupt service routine is entered (if the TWI interrupt is enabled), and
the new status code can be used to determine which appropriate routine in the software is to branch to.

19.1.1 Master Transmitter Mode

In the master transmitter mode, a number of data bytes are transmitted to a slave receiver. Before the master
transmitter mode can be entered, SICON must be initialized as follows:

® SICON

INET[) CR2 ENSI STA STO Sl AA CR1 CRO
R/W R/W R/W RW RW R/W RW RW RW
Reset X 1 0 0 0 X X X

CRO, CR1, and CR2 define the serial bit rate. ENSI must be set to logic 1 to enable TWI. If the AA bit is reset,
TWI will not acknowledge its own slave address or the general call address in the event of another device
becoming master of the bus. In other words, if AA is reset, TWI cannot enter a slave mode. STA, STO, and SI
must be reset.

The master transmitter mode may now be entered by software setting the STA bit. The TWI logic will now test
the serial bus and generate a START condition as soon as the bus becomes free. When a START condition is
transmitted, the serial interrupt flag (Sl) is set, and the status code in the status register (SISTA) will be 08H.
This status code must be used as a vector to an interrupt service routine that loads SIDAT with the slave
address and the data direction bit (SLA+W). The Sl bit in SICON must then be reset before the serial transfer
can continue.

When the slave address and the direction bit have been transmitted and an acknowledgment bit has been
received, the serial interrupt flag (Sl) is set again, and a number of status codes in SISTA are possible. There
are 18H, 20H, or 38H for the master mode and also 68H, 78H, or BOH if the slave mode was enabled (AA=1).
The appropriate action to be taken for each of these status codes is detailed in the following operating flow
chart. After a repeated START condition (state 10H), TWI may switch to the master receiver mode by loading
SIDAT with SLA+R.
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19.1.2 Master Receiver Mode

In the master receiver mode, a number of data bytes are received from a slave transmitter. SICON must be
initialized as in the master transmitter mode. When the start condition has been transmitted, the interrupt
service routine must load SIDAT with the 7-bit slave address and the data direction bit (SLA+R). The Sl bit in
SICON must then be cleared before the serial transfer can continue.

When the slave address and the data direction bit have been transmitted and an acknowledgment bit has
been received, the serial interrupt flag (Sl) is set again, and a number of status codes in SISTA are possible.
They are 40H, 48H, or 38H for the master mode and also 68H, 78H, or BOH if the slave mode was enabled
(AA=1). The appropriate action to be taken for each of these status codes is detailed in the following operating
flow chart. After a repeated start condition (state 10H), TWI may switch to the master transmitter mode by
loading SIDAT with SLA+W.

19.1.3 Slave Transmitter Mode

In the slave transmitter mode, a number of data bytes are transmitted to a master receiver. To initiate the
slave transmitter mode, SIADR and SICON must be loaded as follows:

® SIADR

Name A6 A5 A4 A3 A2 A1 A0 GC
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 X 0 0
|< Own Slave Address >|

The upper 7 bits are the address to which TWI will respond when addressed by a master. If the LSB (GC) is
set, TWI will respond to the general call address (00H); otherwise it ignores the general call address.

® SICON

Name CR2 ENSI STA STO Si AA CR1 CRO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset X 1 0 0 0 X X X

CRO, CR1, and CR2 do not affect TWI in the slave mode. ENSI must be set to “1” to enable TWI. The AA bit
must be set to enable TWI to acknowledge its own slave address or the general call address. STA, STO, and
S| must be cleared to “0”.

When SIADR and SICON have been initialized, TWI waits until it is addressed by its own slave address
followed by the data direction bit which must be “1” (R) for TWI to operate in the slave transmitter mode. After
its own slave address and the “R” bit have been received, the serial interrupt flag (SI) is set and a valid status
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code can be read from SISTA. This status code is used to vector to an interrupt service routine, and the
appropriate action to be taken for each of these status codes is detailed in the following operating flow chart.
The slave transmitter mode may also be entered if arbitration is lost while TWI is in the master mode (see
state BOH).

If the AA bit is reset during a transfer, TWI will transmit the last byte of the transfer and enter state COH or C8H.
TWI is switched to the not-addressed slave mode and will ignore the master receiver if it continues the
transfer. Thus the master receiver receives all 1s as serial data. While AAis reset, TWI does not respond to its
own slave address or a general call address. However, the serial bus is still monitored, and address
recognition may be resumed at any time by setting AA. This means that the AA bit may be used to temporarily
isolate TWI from the bus.

19.1.4 Slave Receiver Mode

In the slave receiver mode, a number of data bytes are received from a master transmitter. Data transfer is
initialized as in the slave transmitter mode.

When SIADR and SICON have been initialized, TWI waits until it is addressed by its own slave address
followed by the data direction bit which must be “0” (W) for TWI to operate in the slave receiver mode. After its
own slave address and the W bit have been received, the serial interrupt flag (SI) is set and a valid status
code can be read from SISTA. This status code is used as a vector to an interrupt service routine, and the
appropriate action to be taken for each of these status codes is detailed in the following operating flow chart.
The slave receiver mode may also be entered if arbitration is lost while TWI is in the master mode (see status
68H and 78H).

If the AA bit is reset during a transfer, TWI will return a not acknowledge (logic 1) to SDA after the next
received data byte. While AA is reset, TWI does not respond to its own slave address or a general call
address. However, the serial bus is still monitored and address recognition may be resumed at any time by
setting AA. This means that the AA bit may be used to temporarily isolate from the bus.

19.2 Miscellaneous States

There are two SISTA codes that do not correspond to a defined TWI hardware state, as described below.

® S1STA=F8H
This status code indicates that no relevant information is available because the serial interrupt flag, Sl, is not
yet set. This occurs between other states and when TWI is not involved in a serial transfer.

® S1STA=00H:

This status code indicates that a bus error has occurred during a TWI serial transfer. A bus error is caused
when a START or STOP condition occurs at an illegal position in the format frame. Examples of such illegal
positions are during the serial transfer of an address byte, a data byte, or an acknowledge bit. A bus error may
also be caused when external interference disturbs the internal TWI signals. When a bus error occurs, Sl is
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set. To recover from a bus error, the STO flag must be set and S| must be cleared by software. This causes
TWI to enter the “not-addressed” slave mode (a defined state) and to clear the STO flag (no other bits in
SICON are affected). The TWIO_SDA and TWIO_SCL lines are released (a STOP condition is not
transmitted).

19.3 Using the TWI

The TWI is byte-oriented and interrupt based. Interrupts are issued after all bus events, like reception of a
byte or transmission of a START condition. Because the TWI is interrupt-based, the application software is
free to carry on other operations during a TWI byte transfer. Note that the TWIO interrupt enable bit ETWIO bit
(EIE1.6) together with the EA bit allow the application to decide whether or not assertion of the Sl Flag should
generate an interrupt request. When the Sl flag is asserted, the TWI has finished an operation and awaits
application response. In this case, the status register SISTA contains a status code indicating the current state
of the TWI bus. The application software can then decide how the TWI should behave in the next TWI bus
operation by properly programming the STA, STO and AA bits (in SICON).

The following operating flow charts will instruct the user to use the TWI using state-by-state operation. First,
the user should fill SIADR with its own Slave address (refer to the previous description about SIADR). To act
as a master, after initializing the SICON, the first step is to set “STA” bit to generate a START condition to the
bus. To act as a slave, after initializing the SICON, the TWI waits until it is addressed. And then follow the
operating flow chart for a number a next actions by properly programming (STA,STO,SI,AA) in the SICON.
Since the TWI hardware will take next action when Sl is just cleared, it is recommended to program
(STA,STO,SI,AA) by two steps, first STA, STO and AA, then clear Sl bit (may use instruction “CLR SI”) for
safe operation. “don’t care”

The figure below shows how to read the flow charts.

Set STA to generate
a START

A 4

T

08H. i iti
R The status code in SISTA, it is the current bus state.

transmitted

The TWSI bus operation has just finished.

A 4
(STA,STO,S1,AA)=(0,0,0,X)

Setting for the next bus operation. "X" means "don't care".

SLA+W will be transmitted;
ACK bit will be received

—— The expected next bus operation.
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(1) Master/Transmitter Mode

Set STA to generate
a START

From Slave Mode @—P

A 4

A

08H
A START has been
transmitted

A 4
(STA,STO,S1,AA)=(0,0,0,X)

SLA+W will be transmitted;
ACK bit will be received.

4—. From Master/Receiver

A 4

18H
SLA+W will be transmitted;
ACK bit will be received.

or
20H

SLA+W will be transmitted;
NOT ACK bit will be received.

A 4 A 4 A A 4
(STA,STO,SI,AA)=(0,0,0,X) (STA,STO,SI,AA)=(1,0,0,X) (STA,STO,SI,AA)=(0,1,0,X) (STA,STO,SI,AA)=(1,1,0,X)
Data byte will be transmitted,; A repeated START will be A STOP will be transmitted; A STOP followed by a
ACK bit will be received. transmitted. STO flag will be reset. START will be transmitted;
STO flag will be reset.
A
28H 10 =
H
Data byte in SIDAT has Arepeated START has Send a STOP Send a STOP
been transmitted; ACK has been transmitted. followed by a START
been received.
or
30H
Data byte in SIDAT has ld
been transmitted; NOT ACK
has been received.
38H
Arbitration lost in
SLA+W or Data bytes
A 4
(STA,STO,SI,AA)=(0,0,0,X)
SLA+R will be transmitted;
ACK will be received;
TWSI will be switched to A y
Master/Receiver mode (STA,STO,SI,AA)=(0,0,0,X) (STA,STO,SI,AA)=(1,0,0,X)
The bus will be released; A START will be transmitted
Not addressed Slave mode when the bus becomes free.
will be entered.
To Master/Receiver v /—vﬁ
Send a START
Enter NAslave \flvhen bus becomes
ree
N J

Rev1.1 | 214/298 www.cmostek.com



CMT2380F16

(2) Master/Receiver Mode

Set STA to generate
a START.

-~ C From Slave Mode

08H

A START has been
transmitted.

Y

(STA,STO,SI,AA)=0,0,0,X)
SLA+R will be transmitted;
ACK will be received.

From Master/Transmitter .

A
T V oy
| 48H 40H
SLA+R has been transmitted; SLA+R has been transmitted;

. NOT ACK has been received. ACK has been received.

-t

1 1

(STA,STO,SI,AA)=0,0,0,0) (STA,STO,SI,AA)=0,0,0,1)
Data byte will be received; Data byte will be received;
NOT ACK will be returned. ACK will be returned.

// ‘ //
58H 50H
Data byte has been received; Data byte has been received;

i NOT ACK has been returned. i ACK has been returned.

. | 3
I I }

(STA,STO,SI,AA)=(1,1,0,X) (STA,STO,SI,AA)=0,1,0,X) (STA,STO,SI,AA)=(1,0,0,X)
A STOP followed by a START will A STOP will be transmitted; A repeated START will be transmitted.
be transmitted; STO flag will be reset.

STO flag will be reset.

’ 9 | Send a STOP [ 10H
Send a STOP \ !

e A ted START has b
followed by a START | L et EEET |
.| ‘
( 38H | (STA,STO,SI,AA)=(0,0,0,X)
Arbitration lost in SLA+R SLA+W will be transmitted;
. or NOT ACK bit ACK will be received;
N : 4 TWSI will be switched to MST/TRX mode.

+ + n

(STA,STO,SL,AA)=(1,0,0,X) (STA,STO,SI,AA)=(0,0,0,X) B
A START will be transmitted The bus will be released;
when the bus becomes free. Not addressed SLV mode will be entered. To Master/Transmitter
B ‘ (/ N
Send a START | Enter NAslave
when bus becomes free ) /
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(3) Slave/Transmitter Mode

‘ Set AA

\
A8H

Own SLA+R has been received;
ACK has been returned.

or

BOH

Arbitration lost in SLA+R/W as master;
Own SLA+R has been received;
i\ ACK has been returned.

Y 1

(STA,STO,SI,AA)=(0,0,0,0)
Last data byte will be transmitted;
ACK will be received.

(STA,STO,SI,AA)=(0,0,0, 1)
Data byte will be transmitted:
ACK will be received.

Y

i
COH BS8H
Data byte or Last data byte in SIDAT has been transmitted;
NOT ACK has been received.

[ C8H

Last data byte in SIDAT has been transmitted;
i\ ACK has been received. J

Data byte in SIDAT has been transmitted;
. ACK has been received.

Y

Y

1

(STA,STO,SI,AA)=(0,0,0,0)
Last data byte will be transmitted:
ACK will be received.

(STA,STO,SI,AA)=(0,0,0, 1)
Data byte will be transmitted
ACK will be received.

. |

I

' \ v

(STA,STO,SI,AA)=(1,0,0,1)

Switch to not addressed SLV mode;
Own SLA will be recognized;

A START will be transmitted when
the bus becomes free.

(STA,STO,SI,AA)=(1,0,0,0)
Switch to not addressed SLV mode;
No recognition of own SLA;
A START will be transmitted when

(STA,STO,SI,AA)=0,0,0,1)
Switch to not addressed SLV mode;
Own SLA will be recognized.

the bus becomes free. ‘

!

(STA,STO,SI,AA)=0,0,0,0)
Switch to not addressed SLV mode;
No recognition of own SLA.

I B

| Senda START ‘ ’
| when bus becomes free |

k

To Master Mode

Y . | Enter NAslav j
\
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(4) Slave/Receiver Mode

‘ Set AA ‘

60H
Own SLA+W has been received;
ACK has been returned.

or

68H

Arbitration lost in SLA+R/W as master|
Own SLA+W has been received;
i\ ACK has been returned.

1

(STA,STO,SI,AA)=(0,0,0,0)
Data byte will be received;
NOT ACK will be returned.

1

(STA,STO,SI,AA)=0,0,0,1)
Data byte will be received;
ACK will be returned.

88H

Data byte has been received;
i\ NOT ACK has been returned.

AO0H

——
A STOP or repeated START has been
i received while still addressed as SLV/REC.

{

80H

ACK has been returned.

Data byte has been received;

Y

'

(STA,STO,SI,AA)=(0,0,0,0)
Data will be received;
NOT ACK will be returned.

(STA,STO,SI,AA)=0,0,0, 1)
Data will be received;
ACK will be returned.

_ L \NY

I

'

(STA,STO,SI,AA)=(1,0,0,1)

Switch to not addressed SLV mode;
Own SLA will be recognized;

A START will be transmitted when
the bus becomes free.

'

(STA,STO,SI,AA)=(1,0,0,0)

Switch to not addressed SLV mode;
No recognition of own SLA;

A START will be transmitted when
the bus becomes free.

/

/

‘ Send a START

\ =

C)

when bus becomes free

.

N

To Master Mode

v

(STA,STO,SI,AA)=0,0,0,1)
Switch to not addressed SLV mode;
Own SLA will be recognized.

'

(STA,STO,SI,AA)=0,0,0,0)
Switch to not addressed SLV mode;
No recognition of own SLA.

4

\

Enter NAslave

Y
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(5) Slave/Receiver Mode (For General Call)

Set AA

70H

General Call address has been received;

ACK has been returned.

or

78H

Arbitration lost in SLA+R/W as master;
General Call address has been received;

i\ ACK has been returned.

1

(STA,STO,SI,AA)<(0,0,0,0)
Data byte will be received;
NOT ACK will be returned.

98H

Previously addressed with General Call address;
Data byte has been received;
NOT ACK has been returned.

AOH

A STOP or repeated START has been
i received while still addressed as SLV/REC.

—

1

ACK will be returned.

(STA,STO,SI,AA)=0,0,0,1)
Data byte will be received;

-

A

90H

Previously addressed with General Call address;

Data byte has been received;
i ACK has been returned.

1

'

(STA,STO,SI, AA)=0,0,0,0)
Data will be received;
NOT ACK will be returned.

_ £ NY

(STA,STO,SI,AA)=0,0,0,1)
Data will be received;
ACK will be returned.

]

'

(STA,STO,SI,AA)=(1,0,0,1)
Switch to not addressed SLV mode;
Own SLA will be recognized;

A START will be transmitted when
the bus becomes free.

\

(STA,STO,SL,AA)=(1,0,0,0)
Switch to not addressed SLV mode;
No recognition of own SLA;

A START will be transmitted when
the bus becomes free.

/

| Send a START
when bus becomes free

'

c

To Master Mode

v

(STA,STO,SI,AA)=(0,0,0,1)
Switch to not addressed SLV mode;
Own SLA will be recognized.

'

(STA,STO,SI,AA)=0,0,0,0)
Switch to not addressed SLV mode;
No recognition of own SLA.

Y

Enter NAslave
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19.4 TWIO Register

® SIADR: TWIO Address Register
SFR Page =0~F
SFR Address = 0xD1

INET[) A6 A5 A4 A3 A2 A1 A0 GC
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

The CPU can read from and write to this register directly. SIADR is not affected by the TWIO hardware. The
contents of this register are irrelevant when TWIO is in a master mode. In the slave mode, the seven most
significant bits must be loaded with the microcontroller’'s own slave address, and, if the least significant bit
(GC) is set, the general call address (00H) is recognized; otherwise it is ignored. The most significant bit
corresponds to the first bit received from the TWIO bus after a START condition.

® SIDAT: TWIO Data Register
SFR Page =0~F
SFR Address = 0xD2

This register contains a byte of serial data to be transmitted or a byte which has just been received. The CPU
can read from or write to this register directly while it is not in the process of shifting a byte. This occurs when
TWIO is in a defined state and the serial interrupt flag (Sl) is set. Data in SIDAT remains stable as long as Sl is
set. While data is being shifted out, data on the bus is simultaneously being shifted in; SIDAT always contains
the last data byte present on the bus. Thus, in the event of lost arbitration, the transition from master
transmitter to slave receiver is made with the correct data in SIDAT.

SIDAT and the ACK flag form a 9-bit shift register which shifts in or shifts out an 8-bit byte, followed by an
acknowledge bit. The ACK flag is controlled by the TWIO hardware and cannot be accessed by the CPU.
Serial data is shifted through the ACK flag into SIDAT on the rising edges of serial clock pulses on the
TWIO_SCL line. When a byte has been shifted into SIDAT, the serial data is available in SIDAT, and the
acknowledge bit is returned by the control logic during the 9th clock pulse. Serial data is shifted out from
SIDAT on the falling edges of clock pulses on the TWIO_SCL line.

When the CPU writes to SIDAT, the bit SD7 is the first bit to be transmitted to the SDA line. After nine serial
clock pulses, the eight bits in SIDAT will have been transmitted to the SDA line, and the acknowledge bit will
be present in the ACK flag. Note that the eight transmitted bits are shifted back into SIDAT.
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® SICON: TWIO Control Register
SFR Page =0~F
SFR Address = 0xD4

Name CR2 ENSI STA STO SI AA CR1 CRO
R/W R/W R/W RW RW R/W RW RW RW
Reset 0 0 0 0 0 0 0 0

The CPU can read from and write to this register directly. Two bits are affected by the TWIQ hardware: the Sl
bit is set when a serial interrupt is requested, and the STO bit is cleared when a STOP condition is present on
the bus. The STO bit is also cleared when ENSI="0".

Bit 7: CR2, TWIO Clock Rate select bit 2 (associated with CR1 and CRO).

Bit 6: ENSI, the TWIO Hardware Enable Bit

When ENSI is "0", the TWIO_SDA and TWIO_SCL outputs are in a high impedance state. TWI0_SDA and
TWIO_SCL input signals are ignored, TWI is in the not-addressed slave state, and STO bit in SICON is
forced to "0". No other bits are affected, and, TWIO_SDA and TWIO_SCL assigned port pins may be used
as general purpose I/O pins. When ENSI is "1", TWIO is enabled, and, the TWIO_SDA and TWIO_SCL
assigned port pin latches, such as P4.1 and P4.0, must be set to logic 1 and I/O mode must be
configured to open-drain mode for the following serial communication.

Bit 5: STA, the START Flag

When the STA bit is set to enter a master mode, the TWIO hardware checks the status of the serial bus
and generates a START condition if the bus is free. If the bus is not free, then TWIO waits for a STOP
condition and generates a START condition after a delay. If STA is set while TWIO is already in a master
mode and one or more bytes are transmitted or received, TWIO transmits a repeated START condition.
STA may be set at any time. STA may also be set when TWIO is an addressed slave. When the STA bit is
reset, no START condition or repeated START condition will be generated.

Bit 4: STO, the STOP Flag

When the STO bit is set while TWIO is in a master mode, a STOP condition is transmitted to the serial bus.
When the STOP condition is detected on the bus, the TWIO hardware clears the STO flag. In a slave
mode, the STO flag may be set to recover from a bus error condition. In this case, no STOP condition is
transmitted to the bus. However, the TWI0 hardware behaves as if a STOP condition has been received
and switches to the defined not addressed slave receiver mode. The STO flag is automatically cleared by
hardware. If the STA and STO bits are both set, then a STOP condition is transmitted to the bus if TWIO is
in a master mode (in a slave mode, TWI0 generates an internal STOP condition which is not transmitted),
and then transmits a START condition.

Bit 3: Sl, the Serial Interrupt Flag
When a new TWIO state is present in the SISTA register, the Sl flag is set by hardware. And, if the TWIO
interrupt is enabled, an interrupt service routine will be serviced. The only state that does not cause Sl to
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be set is state F8H, which indicates that no relevant state information is available. When Sl is set, the low
period of the serial clock on the TWIO_SCL line is stretched, and the serial transfer is suspended. A high
level on the TWIO_SCL line is unaffected by the serial interrupt flag. SI must be cleared by software
writing “0” on this bit. When the Sl flag is reset, no serial interrupt is requested, and there is no stretching
on the serial clock on the TWI0_SCL line.

Bit 2: AA, the Assert Acknowledge Flag

If the AA flag is set to “1”, an acknowledge (low level to TWIO_SDA) will be returned during the
acknowledge clock pulse on the TWIO_SCL line when:

1) The own slave address has been received.

2) A data byte has been received while TWIO is in the master/receiver mode.

3) A data byte has been received while TWIO is in the addressed slave/receiver mode.

If the AA flag is reset to “0”, a not acknowledge (high level to TWI0_SDA) will be returned during the
acknowledge clock pulse on TWI0_SCL when:

1) A data has been received while TWIO is in the master/receiver mode.

2) A data byte has been received while TWIO is in the addressed slave/receiver mode.

Bit 7, 1~0: CR2, CR1 and CRO, the Clock Rate select Bits

These three bits determine the serial clock frequency when TWIO is in a master mode. The clock rate is
not important when TWIO is in a slave mode because TWIO will automatically synchronize with any clock
frequency, which is from a master, up to 100KHz. The various serial clock rates are shown in Table 19-1.

Table 19-1. TWIO Serial Clock Rates

‘ CR2 CR1 CRO ‘ TWIO Clock Selection TWIO Clock Rate @ SYSCLK=12MHz ‘
0 0 0 SYSCLK/8 1.5 MHz
0 0 1 SYSCLK/16 750 KHz
0 1 0 SYSCLK/32 375 KHz
0 1 1 SYSCLK/64 187.5 KHz
1 0 0 SYSCLK/128 93.75 KHz
1 0 1 SYSCLK/256 46.875 KHz
1 1 0 Reserved --
1 1 1 TOOF/6 Variable
Note:

1. SYSCLK is the system clock.
2. TOOF is Timer 0 Overflow.
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® SISTA: TWIO Status Register
SFR Page =0~F
SFR Address = 0xD3

SISTA is an 8-bit read-only register. The three least significant bits are always 0. The five most significant bits
contain the status code. There are a number of possible status codes. When SISTA contains F8H, no serial
interrupt is requested. All other SISTA values correspond to defined TWIO states. When each of these states
is entered, a status interrupt is requested (SI=1). A valid status code is present in SISTA when Sl is set by
hardware.

In addition, state 00H stands for a Bus Error. A Bus Error occurs when a START or STOP condition is present
at an illegal position, such as inside an address/data byte or just on an acknowledge bit.

® AUXRS3: Auxiliary Register 3
SFRPage =0only
SFR Address = 0xA4

Name TOPS1 TOPSO BPQC1 BPOCO SOPS0 TWIPS[1:0] TOXL
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
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20 Serial Interface Detection (SID/STWI)

The serial interface detection module is always monitoring the “Start” and “Stop” condition on software
two-wire-interface (STWI). STWI_SCL is the serial clock signal and STWI_SDA is the serial data signal. If any
matched condition is detected, hardware set the flag on STAF and STOF. Software can poll these two flags or
set SIDFIE (SFIE.7) to share the interrupt vector on System Flag. And STWI_SCL is located on nINT1 which
helps MCU to strobe the serial data by nINT1 interrupt. Software can use these resources to implement a

variable TWI slave device.

20.1 SID (STWI) Structure

Figure 20-1 shows the configuration of STAF and STOF detection, interrupt architecture and event detecting

waveform.

STWI_SDA input
(SOMI)

SYSCLK

STWI_SCL input
(nINT1)

—>

enable

Transition
Detection

A

Figure 20-1. Serial Interface Detection structure

20.2 SID/STWI Register

® AUXR2: Auxiliary Register 2

SFR Page

= 0~F

SFR Address = 0xA3

STWI_SDA

STWI_SCL

AUXR2.7

—> X |—>] sTAF

—» L |—» sTOF

AUXR2.6

ESF
(EIE1.3)

SIDFIE
(SFIE.7)

4

v
Set STAF

Ly

A 4

v
Set STOF

SID Flags
Interrupt

Name STAF STOF
R/W R/W R/W w w W W
Reset 0 0 X X 0 0 0

Bit 7: STAF, Start Flag detection of TWI2.

0: Clear by firmware by writing “0” on it.
1: Set by hardware to indicate the START condition occurred on STWI bus.
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Bit 6: STOF, Stop Flag detection of TWI2.
0: Clear by firmware by writing “0” on it.
1: Set by hardware to indicate the START condition occurred on STWI bus.

® SFIE: System Flag Interrupt Enable Register
SFRPage =0~F
SFR Address = 0x8E

RESET = 0110-x000

Name SIDFIE
R/W R/W R/W R/W R/W W R/W R/W R/W
Reset 0 1 1 0 X 0 0 0

Bit 7: SIDFIE, Serial Interface (STWI) Detection Flag Interrupt Enabled.
0: Disable SID Flags (STAF or STOF) interrupt.
1: Enable SID Flags (STAF or STOF) interrupt.
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21 Beeper

The beeper function outputs a signal on the BEEP pin for sound generation. The signal is in the range about 1,
2 or 4 kHz which is divided from ILRCO. Figure 21-1 shows the beeper generator circuit. But ILRCO is not the
precision clock source. Please refer Section ILRCO Characteristics for more detailed ILRCO frequency
deviation range.

SFR P4.4
I
+32 1
——»{ ] BEEP
2
ILRCO(32KHz) =16 >3
00: P4.4
01: ILRCO/32 (~= 1K)
10: ILRCO/16 (~= 2K)
BPOCI1:0] 11: ILRCO/8 (~= 4K)

(AUXR3.5~4)

Figure 21-1. Beeper Generator

® AUXRS3: Auxiliary Register 3

SFRPage =0only

SFR Address = 0xA4

Name BPOCI1:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 5~4: BPOC1~0, Beeper output control bits.
BPOCI1:0] P4.4 function ‘ I/O Mode

00 P4.4 By P4MO0.4 & P4M1.4

01 ILRCO/32 By P4MO0.4 & P4M1.4

10 ILRCO/16 By P4MO0.4 & P4M1.4

11 ILRCO/8 By P4MO0.4 & P4M1.4

For beeper on P4.4 function, it is recommended to configure P4.4 as push-push output mode.
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22 Keypad Interrupt (KBI)

The Keypad Interrupt function is intended primarily to allow a single interrupt to be generated when KBI.7~0 is
equal to or not equal to a certain pattern. This function can be used for bus address recognition or keypad
recognition.

There are three SFRs used for this function. The Keypad Interrupt Mask Register (KBMASK) is used to define
which input pins connected to Port 2 are enabled to trigger the interrupt. The Keypad Pattern Register
(KBPATN) is used to define a pattern that is compared to the value of keypad input. The Keypad Interrupt Flag
(KBIF) in the Keypad Interrupt Control Register (KBCON) is set by hardware when the condition is matched.
An interrupt will be generated if it has been enabled by setting the EKBI bit in EIE1 register and EA=1. The
PATN_SEL bit in the Keypad Interrupt Control Register (KBCON) is used to define “equal”’ or “not-equal” for
the comparison. The keypad input can be assigned on the different port pins, please refer Section Alternate
Function Redirection for more detailed information.

In order to use the Keypad Interrupt as the “Keyboard” Interrupt, the user needs to set KBPATN=0xFF and
PATN_SEL=0 (not equal), then any key connected to keypad input which is enabled by KBMASK register will
cause the hardware to set the interrupt flag KBIF and generate an interrupt if it has been enabled. The
interrupt may wake up the CPU from Idle mode or Power-Down mode. This feature is particularly useful in
handheld, battery powered systems that need to carefully manage power consumption but also need to be
convenient to use.

22.1 KBI Structure

KBIO [K——> oto eque
Comparator L not-equal.0 KBPATN Register
0 ,_|_| not-equal.1
KBPATN.O o[ o -notequal 0 not-equal.2 | KBPATNI7:0] |
I

[not—equa|.3
not-equal.4
not-equal.5

not-equal.6
not-equal.7

D_ KBMASK Register

| KBMASK7:0] |

equal.1

o

KBI1 [XF———p )
Comparator Sampling Type

|_> ! Selection
KBPATN.A not-equal.6

Pattern Not Equal

i

» 0

]
KBI2 X——» ’ : Pattern Equal i SYSCLK x3 §,f4

’ : 4 3 SYSCLK/6 x 3 ]
KBI3 X—» . KBMASK x = 1, clock z 2

' to enable compare output Filter
KBl4 R—» | 3
KBI5 [F——» : equal.0 — T A

' equal.1 ——
KBI6 [X—» ' equal.2 — KBCS[1:0]

N [ equal.3 —D_ SYSCLK (KBCON.7~6)

[ ]
KBI7 K——» caual Sauals —

Comparator equal.6 —
KBPATN.7 ) 7 -':_c not-equal.7 equal.7
1 o—‘>°—> KBIET, low active,
. to internal logic
KBMASK.7 KBCON Register Y
- _ PATN_ ] » KBI
I e I s | rer | > Interrupt

Figure 22-1. Keypad Interrupt (KBI) structure
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22.2 KBI Register

The following special function registers are related to the KBI operation:

® KBPATN: Keypad Pattern Register
SFR Page =0~F
SFR Address = 0xD5

Name KBPATN[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bit 7~0: KBPATN.7~0: The keypad pattern, reset value is OxFF.

® KBCON: Keypad Control Register
SFR Page =0~F
SFR Address = 0xD6

NE KBCS[1:0] - [ — - PATN_SEL | KBIF
RIW RIW RIW W W W W RIW RIW
Reset X X X X X X 0 1

Bit 7~6: KBCS1~0, KBI Filter mode control.

KBCS[1:0] KBI input filter mode

00 Disable

01 SYSCLK x 3
10 SYSCLK/6 x 3
11 Reserved

Bit 5~2: Reserved. Software must write “0” on these bits when KBCON is written.

Bit 1: PATN_SEL, Pattern Matching Polarity selection.
0: The keypad input has to be not equal to the user-defined keypad pattern in KBPATN to generate the
interrupt.

1: The keypad input has to be equal to the user-defined keypad pattern in KBPATN to generate the
interrupt.

Bit 0: KBIF, Keypad Interrupt Flag. The default value of KBIF is set to “1”.
0: Must be cleared by software by writing “0”.

1: Set when keypad input matches user defined conditions specified in KBPATN, KBMASK, and
PATN_SEL.
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® KBMASK: Keypad Interrupt Mask Register
SFR Page

=0~F

SFR Address = 0xD7

Name
R/W
Reset

KBMASK.7:
KBMASK.6:
KBMASK.5:
KBMASK .4:
KBMASK.3:
KBMASK.2:
KBMASK.1:
KBMASK.0:

KBMASKI7:0]

RW

R/W

0

0

® AUXRG: Auxiliary Register 6

SFR Page

=3 only

SFR Address = 0xA4

When set, enables KBI7 input as a cause of a Keypad Interrupt.
When set, enables KBI6 input as a cause of a Keypad Interrupt.
When set, enables KBI5 input as a cause of a Keypad Interrupt.
When set, enables KBI4 input as a cause of a Keypad Interrupt.
When set, enables KBI3 input as a cause of a Keypad Interrupt.
When set, enables KBI2 input as a cause of a Keypad Interrupt.
When set, enables KBI1 input as a cause of a Keypad Interrupt.
When set, enables KBIO input as a cause of a Keypad Interrupt.

Name
R/W

Reset

KBI4PS1 | KB4IPSO | KBI6PSO | KBI2PSO | KBIOPSO - SOMIPS | SOCOPS
R/W R/W R/W R/W R/W w R/W R/W
0 0 0 0 0 X 0 0
Bit 7~6: KBI4PS1~0, KBI4~5 Port pin Selection [1:0].

KBI4PS1~0 KBI4 KBI5
00 P1.4 P1.5
01 P3.4 P3.5
10 P6.0 P6.1
11 P2.0 P2.1

Bit 5: KBI6PS0, KBI6~7 Port pin Selection 0.
KBI6PSO KBI6 KBI7
0 P1.6 P1.7
1 P3.0 P3.1

Bit 4: KBI2PS0, KBI2~3 Port pin Selection 0.
KBI2PS0 KBI2 KBI3
0 P1.2 P1.3
1 P2.2 P2.4
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Bit 3: KBIOPSO0, KBIO~1 Port pin Selection 0.

KBIOPS KBIO KBI1
0 P1.0 P1.1
1 P4.0 P4.1
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23 10-bit ADC

The ADC subsystem for the CMT2380F16 consists of an analog multiplexer (AMUX), and a 1M sps, 10-bit
successive-approximation-register ADC. The AMUX can be configured via the Special Function Registers
shown in Figure 23-1. ADC operates in Single-ended mode, and may be configured to measure any of the
pins on Port 1 or internal reference. The ADC subsystem is enabled only when the ADEN bit in the ADC
Control register (ADCONO) is set to logic 1. The ADC subsystem is in low power shutdown when this bit is
logic 0.

23.1 ADC Structure

|BQ|88|B7|BG|BS|B4|BS|BZ|ADCDH

(P1.0) AIN0 2200 I\~ AMUX VDD (=VREF+)
(P1.1) AN —©00.1) 3 T [oJeo [ -T-T-T-7-]- ]aocoL
(P1.2) AIN2 0010y

(P1.3) AIN3 2211 |
(P1.4)
(P1.5)
(P1.6)
(

-Bi 10
P1.4) AIN4 —21.00) ] AN fD%t +}E ADCFGH1

T o1 4 Offset Adjustment
P1.6) AINg —2110p l 7 'y
P1.7) AIN7 2Lt ) 1

(IVR/1.4V) Int. VREF {111 )

Load

g ADC Clock
SYSCLK —p 14

8 |ADCEN| -~ | CHS3 | ADCI | ADCS | CHS2 | CHS1 | CHS0 |ADCONO
/16

132

L[|

T20F —p| T20F/2 |ADCKSZ|ADCKS1 |ADCKSO| ADRJ | - | - | ADTM1 | ADTMO | ADCFGO
or TL20F ? l l |
if T2SPL=1 ® ®

| SHT.7 | SHT.6 | SHT.5 | SHT.4 | SHT.3 | SHT.2 | SHT.1 | SHT.0 |ADCFG2

|ADPS1|ADPSO| HA | = | - | - | - | - |ADCFG3

Figure 23-1. ADC Block Diagram

23.2 ADC Operation

ADC has a maximum conversion speed of 1M sps. The ADC conversion clock is a divided version of the
system clock or Timer 2 overflow, determined by the ADCKS2~0 bits in the ADCFGO register. The ADC
conversion clock should be no more than 24MHz.
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After the conversion is complete (ADCI is high), the conversion result can be found in the ADC Result
Registers (ADCDH, ADCDL). For single ended conversion, the result is

Vin * 1024
VDD(or VREF+) Voltage

ADC Result =

23.2.1 ADC Input Channels

The analog multiplexer (AMUX) selects the inputs to the ADC, allowing any of the pins on Port 1 to be
measured in single-ended mode and one internal voltage reference (IVR, 1.4V). The ADC input channels are
configured and selected by CHS3~0 in the ADCONO register as shown in Figure 23-1. The selected pin is
measured with respect to GND.

23.2.2 ADC Internal Voltage Reference

The default ADC reference is VDD. If the VDD is not fixed at a certain voltage, then use the following steps to

read voltage:

(1) To set the analog multiplexer (AMUX) to IVR.

(2) Convert and store the IVR value by ADC. (Hint: Different VDD voltage will get different IVR read back
value, but IVR is fixed at 1.4V. So this read back value can be tread as the reference value.)

(3) To use the IVR read back reference value to calculate the VDD value. Now the VDD get a certain value,
and can be treated as the reference voltage.

(4) To use the reference voltage convert the input voltage.

23.2.3 Starting a Conversion

Prior to using the ADC function, the user should:

—_

Turn on the ADC hardware by setting the ADCEN bit,

)
2) Configure the ADC input clock by bits ADCKS2, ADCKS1 and ADCKSO
3) Select the analog input channel by bits CHS3, CHS2, CHS1 and CHSO
4) Configure the selected input pin (shared with P1) to the Analog-Input-Only mode, and
5) Configure ADC result arrangement using ADRJ bit.

Now, user can set the ADCS bit to start the A-to-D conversion. The conversion time is controlled by the bits
HA, SHT[7:0], ADCKS2, ADCKS1 and ADCKSO0. Once the conversion is completed, the hardware will
automatically clear the ADCS bit, set the interrupt flag ADCI and load the 10 bits of conversion result into
ADCDH and ADCDL (according to ADRJ bit) simultaneously. If user sets the ADCS and selects the ADC
trigger mode to Timer2 over flow or free-run, then the ADC will keep conversion continuously unless ADCEN
is cleared or configure ADC to manual mode.

As described above, the interrupt flag ADCI, when set by hardware, shows a completed conversion. Thus two
ways may be used to check if the conversion is completed: (1) Always polling the interrupt flag ADCI by
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software; (2) Enable the ADC interrupt by setting bits EADC (in EIE1 register) and EA (in |IE register), and then
the CPU will jump into its Interrupt Service Routine when the conversion is completed. Regardless of (1) or (2),
the ADCI flag should be cleared by software before next conversion.

23.2.4 ADC Conversion Rate

The user can select the appropriate conversion speed according to the frequency of the analog input signal.
The maximum input clock of the ADC is 24MHz and it operates a minimum conversion time with 24 ADC
clocks. User can configure the ADCKS2~0 (ADCFGO0.7~5), SHT (ADCFG2.7~0) and HA (ADCFG3.5) to
specify the conversion rate. The following equation is the clock number of one ADC conversion:

ADC Clock Freq. : X = SHT, 0~255

ADC Conversion Rate = 24 T X+ Y6) - Y= HA, 0~1

For example,
(1) To get 1MHz Sample Rate:

If SYSCLK= 48MHz and the ADCKS = SYSCLK/2 is selected, SFT = 0, HA = 0, then the frequency of the
analog input should be no more than 500KHz to maintain the conversion accuracy. (Conversion rate =
48MHz/2/(24+0+0) = 1M Hz.)

(2) To get 666KHz Sample Rate:

if SYSCLK= 48MHz and the ADCKS = SYSCLK/2 is selected, SFT = 0, HA = 2, then the frequency of the
analog input should be no more than 333KHz to maintain the conversion accuracy. (Conversion rate =
48MHz/2/(24+0+12) = 666KHz.)

23.2.5 1/0 Pins Used with ADC Function

The analog input pins used for the A/D converters also have its I/O port ‘s digital input and output function. In
order to give the proper analog performance, a pin that is being used with the ADC should disable its digital
output. It is done by putting the port pin into the analog-input-only mode. The port pin configuration for analog
input function is described in Table 13-3 General Port Configuration Settings and Section 13.2.1 Port 1
Reqgister.

23.2.6 Idle and Power-Down Mode

If the ADC is turned on in Idle mode and Power-Down mode, it will consume a little power. So, power
consumption can be reduced by turning off the ADC hardware (ADCEN=0) before entering Idle mode and
Power-Down mode.

In Power-Down mode, the ADC does not function. If software triggers the ADC operation in Idle mode, the
ADC will finish the conversion and set the ADC interrupt flag, ADCI. When the ADC interrupt enable (EADC,
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EIE1.1) is set, the ADC interrupt will wake up CPU from Idle mode.

23.3 ADC Register

® ADCONO: ADC Control Register 0
SFRPage =0~F
SFR Address = 0xC4

Name ADCEN -- CHS3 ADCI ADCS CHSJ[2:0]
R/W R/W w R/W R/W RW R/W R/W RW
Reset 0 X 0 0 0 0 0 0

Bit 7: ADCEN, ADC Enable.
0: Clear to turn off the ADC block.
1: Set to turn on the ADC block. At least 5us ADC enabled time is required before set ADCS.

Bit 6: Reserved. Software must write “0” on this bit when ADCONQO is written.
Bit 5: CHS3. Combined CH2~0 to select ADC input channel.

Bit 4: ADCI, ADC Interrupt Flag.
0: The flag must be cleared by software.
1: This flag is set when an A/D conversion is completed. An interrupt is invoked if it is enabled.

Bit 3: ADCS. ADC Start of conversion.

0: ADCS cannot be cleared by software.

1: Setting this bit by software starts an A/D conversion. On completion of the conversion, the ADC
hardware will clear ADCS and set the ADCI. A new conversion may not be started while either ADCS or
ADClI is high.

Bit 2~0: CHS2 ~ CHS1, Input Channel Selection for ADC analog multiplexer.

In Single-ended mode:

CHSI[3:0] Selected Channel

0000 AINO (P1.0)
000 1 AIN1 (P1.1)
0010 AIN2 (P1.2)
00 1 1 AIN3 (P1.3)
0100 AIN4 (P1.4)
010 1 AIN5 (P1.5)
0110 AING (P1.6)
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CHSJ[3:0] Selected Channel

o1 1 1 AIN7 (P1.7)
171 1 1 Int.VREF (IVR/1.4V)
Others Reserved

® ADCFGO0: ADC Configuration Register 0
SFRPage =0only
SFR Address = 0xC3

Name ADCKSJ[2:0] ADRJ -- - ADTM1 ADTMO
R/W R/W RW R/W R/W RW R/W R/W RW
Reset 0 0 0 0 X X 0 0

0 0O SYSCLK

0 1 SYSCLK/2
10 SYSCLK/4
11 SYSCLK/8
0 0 SYSCLK/16
0 1
1.0
1 1

SYSCLK/32
Reserved
T20F/2

Note:
1. SYSCLK is the system clock.
2. T20OF is Timer2 Overflow.

Bit 4: ADRJ, ADC result Right-Justified selection.

0: The most significant 8 bits of conversion result are saved in ADCDHI7:0], while the least significant 2
bits in ADCDL[7:6].

1: The most significant 2 bits of conversion result are saved in ADCDH[1:0], while the least significant 8
bits in ADCDL[7:0].

(1) FADRJ=0

® ADCDH: ADC Date High Byte Register
SFRPage =0~F
SFR Address = 0xC6

Name ADCD[9:2]
R/W R R R R R R R R
Reset X X X X X X X X
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® ADCL: ADC Data Low Byte Register
SFRPage =0~F

SFR Address = 0xC5

Name ADCD[1:0] - - - - - -
RIW R R R R R R R R
Reset X X X X X X X X
(2) IFADRJ =1
e ADCDH
Name - - - = - - ADCDI[9:8]
RIW R R R R R R R R
Reset X X X X X X X X
e ADCDL
Name ADCDI[7:0]
RIW R R R R R R R R
Reset X X X X X X X X

When in Single-ended Mode, conversion codes are represented as 10-bit unsigned integers. Inputs are
measured from ‘0’ to VREF x 1023/1024. Example codes are shown below for both right-justified and

left-justified data. Unused bits in the ADCDH and ADCDL registers are set to ‘0’.

VDD(or VREF+) x 1023/1024 OxFFCO Ox03FF
VDD(or VREF+) x 512/1024 0x8000 0x0200
VDD(or VREF+) x 256/1024 0x4000 0x0100
VDD(or VREF+) x 128/1024 0x2000 0x0080

0 0x0000 0x0000

Bit 3~2: Reserved. Software must write “0” on these bits when ADCFGO is written.

Bit 1~0: ADC Trigger Mode selection.

ADTM[1:0] ADC Conversion Start Selection
00 Set ADCS
01 Timer O overflow
10 Free running mode
11 Reserved
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® ADCFG1: ADC Configuration Register 1
SFRPage =10Only

SFR Address = 0xC3

Name -- -- -- SIGN AOS.3 AOS.2 AOS.1 AOS.0
R/W w w w RW RW RW RW RW
Reset X X X 0 0 0 0 0

Bit 7~5: Reserved. Software must write “0” on these bits when ADCFG1 is written.

Bit 4~0: SIGN and AOS.3~0. The register value adjusts the ADC result in {ADCDH, ADCDL} for offset
cancellation. Software can dynamically collect the ADC offset value by setting ADCONO.AZEN and
update the offset value to ADOROC for an auto-cancellation on ADC transfer result. Software can also
stores the value in MG82FG5DXX IAP zone to use it as a constant parameter for ADC offset cancellation.
The following table lists the ADOROC adjustment value for ADC transfer result.

{Sign, AOS.[3:0]} Value in {ADCDH, ADCDL}

0 111 ADC transfer value + 15
0_1110 ADC transfer value + 14
0 0010 ADC transfer value + 2
0 0001 ADC transfer value + 1
0 0000 ADC transfer value + 0
1 1111 ADC transfer value — 1
11110 ADC transfer value — 2
10001 ADC transfer value — 15
10000 ADC transfer value — 16

® ADCFG2: ADC Configuration Register 2

SFRPage =2only

SFR Address = 0xC3

Name SHTI[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 7~0: SHT[7:0], extend ADC sample time. The value of SHT is 0~255 ADC clocks.
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® ADCFG3: ADC Configuration Register 3
SFRPage =30Only
SFR Address = 0xC3

(R
e ADPS1 ADPS0 HA - - - - -
EERHE RW R/W R/W W W W W
SAE 0 1 0 0 0 0 0 0

0 High power, high speed

0

0o 1 Medium high power, medium high speed (default)
1 0 Medium low power, medium low speed

17 1 Low power, low speed

Bit 5: HA, extend 6 ADC clock for ADC conversion.

Bit 4~0: Reserved. Software must write “0” on these bits when ADCFG3 is written.

® PCON3: Power Control Register 3
SFRPage =P Only
SFR Address = 0x45

Name IVREN - oy - LDOC1 | LDOCO | FLDO LDOL
RIW RIW W W W RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bit 7: IVREN, Internal Voltage Reference Enable.
0: Disable on-chip IVR (1.4V).
1: Enable on-chip IVR (1.4V).
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24 Analog Comparator 0 (ACO)

24.1 ACO Structure

00 Sampling T
ACOPI0 (P1.0) —2210 2ping ype Analog Comparator 0 Structure
ACOPI (P2.0) —1 i1
AcoPi2 (P2.1) —1 12 | acnio — » ACOOUT to internal logi
- 0 Internal logic
ACOPI3 (P1.2) —1 i3 ’ SYSCLK 319 ?
SYSCLK x 3
f 1 —
3 I ACO0UT > » ACOOUT to Port Pin
ACOPIS[1:0] L clock |—SYSCLKI6x3 41, L =
Filter 3
VA

SYSCLK —T

|

|

|

| EACO

| (EIE1.7)

| ACO

ACOF Interrupt

|

ACONI (P1.1)
(IVR/1.4V) Int. VREF
{ACOFLT1,ACOFLT} —
(AUXR4.0, ACOMOD.2)
NVRS[3:0] :
: » ACOES
ACOCON | ACOLP |ACOPDX|ACO0UT| ACOF | ACOEN |A<:0|Nv| ACOM1 | ACOMO | :
H OSSOSO | |
ACOMOD | NVRS3 | NVRS2 | NVRS1 | NVRSO | - |ACOFLT |ACOPIS1 |ACDP\SO| :
|
AUXR4 | [ [ [ [ [ [ Acooe JacorLri]
Analog Comparator 0 behavior Analog Comparator 0 behavior
when ACOINV =1 & {ACOFLT1, ACOFLT} =00 when ACOINV= 0 & {ACOFLT, ACOFLT} = 01

g+ e~ A O O R R

(ACOINV=1) (ACOINV=0)

ACOF | T ACOF | |

If ACOMO=1 Clear by CPU If ACOM1=1 If ACOMO=1 If ACOM1=1 If ACOM1=1 Clear by CPU If ACOMO=1

Figure 24-1. Analog Comparator 0 Block Diagram

24.2 ACO Register

® ACOCON: Analog Comparator 0 Control & Status Register
SFRPage =0~F
SFR Address = 0x9E

Name ACOLP | ACOPDX | ACOOUT ACOF ACOEN ACOINV | ACOM1 ACOMO

R/W R/W R/W R R/W R/W R/W R/W R/W
Reset 0 0 X 0 0 0 0 0

Bit 7: ACOLP, Analog Comparator 0 Low Power Enable.
0: Disable ACO low power mode.
1: Enable ACO low power mode.
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Bit 6: ACOPDX, Analog Comparator 0 control in PD mode.

0: Program the Analog Comparator 0 to be gated off during PD mode.

1: Program the Analog Comparator 0 to continue its function during PD mode.

If ACOEN, ACOPDX and EACO have been set, the comparator in PD function can only wake up CPU with
level input (low level or high level).

Bit 5: ACOOUT, this is a read-only bit from comparator output.

ACO Input ACOINV = 0 ACOINV = 1
ACPIO(+) > ACNIO(-) ACOOUT = 1 ACOOUT =0
ACPIO(+) < ACNIO(-) ACOOUT =0 ACOOUT = 1

Bit 4: ACOF. Analog Comparator O Interrupt Flag.

0: The flag must be cleared by software.

1: Set when the comparator output meets the conditions specified by the ACOM [1:0] bits and ACOEN is
set. The interrupt may be enabled/disabled by setting/clearing bit 7 of EIE1.

Bit 3: ACOEN. Analog Comparator 0 Enable.
0: Clearing this bit will force the comparator output low and prevent further events from setting ACOF.
1: Set this bit to enable the comparator.

Bit 2: ACOINV, Analog Comparator 0 output inversion bit.
0: ACO output not inverted.
1: ACO output inverted.

Bit 1~0: ACOM[1:0], Analog Comparator O Interrupt Mode.

ACOM[1:0] ACO Interrupt Mode

0 0 Reserved

0 1 Comparator 0 detects output Falling edge
10 Comparator 0 detects output Rising edge
1 1 Comparator 0 detects output Toggle

® ACOMOD: Analog Comparator 0 Mode Register

SFR Page =0~F

SFR Address = 0x9F

Name NVRS3 NVRS2 NVRS1 NVRSO0 - ACOFLT | ACOPIS1 | ACOPISO
R/W w W W R/W W R/W R/W R/W
Reset 0 0 0 0 X 0 0 0

Bit 7~5: NVRS[3:0], Negative input on Voltage Reference selector of analog comparator 0. The four bits
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determine the analog comparator (V-) input source as following:

NVRS[3:0] (V-) Input
0000 ACONI(P1.1)
1111(1xxx) Int. VREF (1.4V)

Bit 2: ACOFLT, Analog Comparator 0 output Filter control. It selects ACOOUT filter mode with ACOFLT1

(AUXR4.0)
0 0 Disable
0 1 SYSCLK x 3
10 SYSCLK/6 x 3
11 Reserved

Bit 1~0: ACOPIS[1:0], Positive input on I/O channel selector of analog comparator 0. The two bits
determine the analog comparator (V+) input source as following:

ACOPIS[1:0] | (V+) Input Select
00 ACOPIO(P1.0)
0 1 ACOPI1(P2.0)
1 0 ACOPI2(P2.1)
1 1 ACOPI3(P6.0)

® AUXRA4: Auxiliary Register 4
SFRPage =1only
SFR Address = 0xA4

NEINE
R/W
Reset

T2PS1 T2PS0 T1PS1 T1PS0O SPIPSO ACOOE | ACOFLT1
R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0

Bit 1: ACOOE, ACOOUT output enable on port pin.
0: Disable ACOOUT output on port pin.
1: Enable ACOOUT output on P6.1.

® PCON3: Power Control Register 3

SFR Page
SFR Address = 0x45

=P only

Name
R/W
Reset

IVREN
RW w w w w w w
0 X X X X X X
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Bit 7: IVREN, Internal Voltage Reference Enable.
0: Disable on-chip Int. VREF (IVR/1.4V).
1: Enable on-chip Int. VREF (IVR/1.4V).
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25 Internal Voltage Reference (IVR, 1.4V)

The IVR can be used as the reference voltage of the ACO and ADC. The typical output is 1.4V. It can be
disable by IVREN.

25.1 IVR (1.4V) Structure

To ADC, BODx,
IHRCO

On-chip
Bias Generator

i

Internal Voltage IVR14
Reference 1.4V

>

Channel Input of
ADC, ACO

EN

(PCON3.7)
Figure 25-1. IVR Diagram

25.2 IVR Register

® PCON3: Power Control Register 3
SFR Page =Ponly
SFR Address = 0x45

NEIE IVREN
R/W R/W W w w w W w
Reset 0 X X X X X X

Bit 7: IVREN, Internal Voltage Reference Enable.
0: Disable on-chip IVR (1.4V).
1: Enable on-chip IVR (1.4V).
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26 ISP and IAP

The flash memory of CMT2380F 16 is partitioned into AP-memory, IAP-memory and ISP-memory. AP-memory
is used to store user’s application program; IAP-memory is used to store the non-volatile application data; and,
ISP-memory is used to store the boot loader program for In-System Programming. When MCU is running in
ISP region, MCU could modify the AP and IAP memory for software upgraded. If MCU is running in AP region,
software could only modify the IAP memory for storage data updated.

26.1 CMT2380F16 Flash Memory Configuration

There are total 16K bytes of Flash Memory in CMT2380F16 and Figure 26-1 shows the device flash
configuration of CMT2380F16. The ISP-memory can be configured as disabled or up to 7.5K bytes space by
hardware option setting with 0.5KB step. The flash size of IAP memory is located between the IAP low
boundary and IAP high boundary. The IAP low boundary is defined by the value of IAPLB register. The IAP
high boundary is associated with ISP start address which decides ISP memory size by hardware option. The
IAPLB register value is configured by hardware option or AP software programming. All of the AP, IAP and ISP
memory are shared the total 16K bytes flash memory.

Note:

(1) ISP Start Address:
0x2200 if ISP Size = 7.5KB
0x2400 if ISP Size = 7TKB

0x0000] A

0x3CO00 if ISP Size = 1KB
0x3EOQO0 if ISP Size = 0.5KB

Application Code AP-memory

(2) IAP Size :
IAPLB = IAP Low Boundary (ROM High-Byte address)

IAP Start Address = {IAPLB, 00H} - i Flash Memory
IAP Size = ISP Start Address - IAP Start Address IAP Low Boundary ¢ Total: 16KB
Set LAPLB = Change IAP Size IAPLB = 0x36 (default)
IAP start 0x3600
(3) If ISP is enabled: IAP Data IAP-memory

IAP High Boundary = ISP Start Address - 1
IAP Low Boundary = ISP Start Address - IAP Size IAP High Boundary‘ -

ISP Start Address v

(4) If ISP is disabled:
IAP High Boundary = Ox3FFF
IAP Low Boundary = 0x3FFF - IAP Size +1

ISP start 0x3A00 (default)

ISP-memory

ISP Code

« 3 —Pe—

OX3FFF

Figure 26-1. CMT2380F16 Flash Memory Configuration

Note:

In default, the CMT2380F16 that Megawin shipped had configured the flash memory for 1.5K ISP, 1.0K IAP
and Lock enabled. The 1.5K ISP region is inserted Megawin proprietary COMBO ISP code to perform
In-System-Programming through Megawin 1-Line ISP protocol and COM port ISP. The 1.0K |IAP size can be
re-configured by software for application required.
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26.2 CMT2380F16 Flash Access in ISP/IAP

There are 3 flash access modes are provided in CMT2380F 16 for ISP and IAP application: page erase mode,
byte program mode and read mode. MCU software uses these three modes to update new data into flash
storage and get flash content. This section shows the flow chart and demo code for the various flash modes.

Before perform ISP/IAP operation, the user should fill the bits XCKS5~XCKSO0 in CKCON1 register with a
proper value. (Refer to Section “8.7 Clock Register”)

® To do Page Erase (512 Bytes per Page)

Step 1: Set MS[2:0]=[0,1,1] in ISPCR register to select Page Erase Mode.
Step 2: Fill page address in IFADRH & IFADRL registers.
Step 3: Sequentially write 0x46h then 0xB9h to SCMD register to trigger an ISP processing.

® To do Byte Program

Step 1: Set MS[2:0]=[0,1,0] in ISPCR register to select Byte Program Mode.

Step 2: Fill byte address in IFADRH & IFADRL registers.

Step 3: Fill data to be programmed in IFD register.

Step 4: Sequentially write 0x46h then 0xB9h to SCMD register to trigger an ISP processing.

® TodoRead

Step 1: Set MS[2:0]=[0,0,1] in ISPCR register to select Read Mode.

Step 2: Fill byte address in IFADRH & IFADRL registers.

Step 3: Sequentially write 0x46h then 0xB9h to SCMD register to trigger an ISP processing.
Step 4: Now, the Flash data is in IFD register.

The detailed descriptions of flash page erase, byte program and flash read in CMT2380F 16 is listed in the
following sections:

26.2.1 ISP/IAP Flash Page Erase Mode

The any bit in flash data of CMT2380F 16 only can be programmed to “0”. If user would like to write a “1” into
flash data, the flash erase is necessary. But the flash erase in CMT2380F16 ISP/IAP operation only support
“page erase” mode, a page erase will write all data bits to “1” in one page. There are 512 bytes in one page of
CMT2380F16 and the page start address is aligned to A8~AQ = 0x000. The targeted flash address is defined
in IFADRH and IFADRL. So, in flash page erase mode, the IFADRH.0(A8) and IFADRL.7~0(A7~A0) must be
written to “0” for right page address selection. Figure 26-2 shows the flash page erase flow in ISPIAP
operation.
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( Start )

A

Define ISP/IAP
time base

==> Configure CKCON1.XCKS5~0

A

Enable ISP/IAP

; ==> Set ISPCR.ISPEN = "1"
engine

A

Set "Page Erase"

==> Write IFMT.MS2~0 = "011"
Mode

A

q Define targeted
flash page address

==> Define IFADRH & IFADRL

A

Trigger engine for | ==> write SCMD = 0x46, then

"Erase" ==> Write SCMD = 0xB9

end of page

YES

Set Standby and ==> Write IFMT.MS2~0 = "000"
disable engine ==> Set ISPCR.ISPEN ="1"
A
End
Figure 26-2. ISP/IAP Page Erase Flow

Figure 26-3. Demo Code for ISP/IAP Page Erase

MOV
MOV
MOV
MOV
MOV
MOV
MOV

ISPCR, #00010111b
ISPCR, #10000000b
IFMT, #03h

IFADRH, ??
IFADRL, ??

SCMD, #46h
SCMD, #0B9h

; XCKS4~0 = decimal 23 when OSCin = 24MHz
; ISPCR.7 =1, enable ISP

; select Page Erase Mode

; fill [IFADRH,IFADRL] with page address

; trigger ISP/IAP processing

; Now, MCU will halt here until processing completed

MOV
MOV

IFMT, #00h
ISPCR, #00000000b

; select Standby Mode
; ISPCR.7 =0, disable ISP
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26.2.2 ISP/IAP Flash Byte Program Mode

The “program” mode of CMT2380F16 provides the byte write operation into flash memory for new data
updated. The IFADRH and IFADRL point to the physical flash byte address. IFD stores the content which will
be programmed into the flash. Figure 26-4 shows the flash byte program flow in ISP/IAP operation.

( Start )

A

Define ISP/IAP
time base

==> Configure CKCON1.XCKS5~0

A

Enable ISP/IAP
engine

==> Set ISPCR.ISPEN = "1"

A

Set byte "Program"
mode

==> Write [FMT.MS2~0 ="010"

A

q Define targeted
flash byte address

==> Define IFADRH & IFADRL

A

Ready for
new stored data

==> Write updated data to IFD

A

Trigger engine for | ==> Write SCMD = 0x46, then
"Program" ==> Write SCMD = 0xB9

end of address

YES

Set Standby and ==> Write IFMT.MS2~0 = "000"
disable engine ==> Set ISPCR.ISPEN = "1"
A 4
End

Figure 26-4. ISP/IAP byte Program Flow
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Figure 26-5. ISP/IAP Demo Code for ISP/IAP byte Program

MOV ISPCR, #00010111b  ; XCKS4~0 = decimal 23 when OSCin = 24MHz

MOV ISPCR, #10000011b  ; ISPCR.7=1, enable ISP

MOV IFMT, #02h ; select Program Mode

MOV IFADRH, ?? ; fill [IFADRH,IFADRL] with byte address
MOV IFADRL, ?7? ;

MOV IFD, ?? ; fill IFD with the data to be programmed
MOV SCMD, #46h ; trigger ISP/IAP processing

MOV SCMD, #0B9h ;

; Now, MCU will halt here until processing completed

MOV IFMT, #00h ; select Standby Mode
MOV ISPCR, #00000000b ; ISPCR.7 = 0, disable ISP
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26.2.3 ISP/IAP Flash Read Mode

The “read” mode of CMT2380F 16 provides the byte read operation from flash memory to get the stored data.
The IFADRH and IFADRL point to the physical flash byte address. IFD stores the data which is read from the
flash content. It is recommended to verify the flash data by read mode after data programmed or page erase.

Figure 26-6 shows the flash byte read flow in ISP/IAP operation.

( Start )

A

Define ISP/IAP
time base

==> Configure CKCON1.XCKS5~0

A

Enable ISP/IAP
engine

==> Set ISPCR.ISPEN = "1"

A

Set byte "Read"
mode

==> Write IFMT.MS2~0 ="001"

A

q Define targeted
flash byte address

==> Define IFADRH & IFADRL

A

Trigger engine for | ==> Write SCMD = 0x46, then
"Read" ==> Write SCMD = 0xB9
A
Get data ==> Read stored data from IFD

end of address

YES

Set Standby and ==> Write IFMT.MS2~0 = "000"
disable engine ==> Set ISPCR.ISPEN = "1"
A 4
End

Figure 26-6. ISP/IAP byte Read Flow
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Figure 26-7. ISP/IAP Demo Code for ISP/IAP byte Read

MOV ISPCR, #00010111b  ; XCKS4~0 = decimal 23 when OSCin = 24MHz
MOV ISPCR, #10000011b  ; ISPCR.7=1, enable ISP

MOV IFMT, #01h ; select Read Mode

MOV IFADRH, ?? ; fill [IFADRH,IFADRL] with byte address
MOV IFADRL, ?7? ;

MOV SCMD, #46h ; trigger ISP/IAP processing

MOV SCMD, #0B9%h :
; Now, MCU will halt here until processing completed
MOV A, IFD ; now, the read data exists in IFD

MOV IFMT, #00h ; select Standby Mode
MOV ISPCR, #00000000b ; ISPCR.7 =0, disable ISP

26.3 ISP Operation

ISP means In-System-Programming which makes it possible to update the user’s application program (in
AP-memory) and non-volatile application data (in IAP-memory) without removing the MCU chip from the
actual end product. This useful capability makes a wide range of field-update applications possible. The ISP
mode is used in the loader program to program both the AP-memory and IAP-memory.

Note:

(1) Before using the ISP feature, the user should configure an ISP-memory space and pre-program the ISP
code (boot loader program) into the ISP-memory by a universal Writer/Programmer or Megawin proprietary
Writer/Programmer.

(2) ISP code in the ISP-memory can only program the AP-memory and IAP-memory.

After ISP operation has been finished, software writes “001” on ISPCR.7 ~ ISPCR.5 which triggers an
software RESET and makes CPU reboot into application program memory (AP-memory) on the address
0x0000.

As we have known, the purpose of the ISP code is to program both AP-memory and IAP-memory. Therefore,
the MCU must boot from the ISP-memory in order to execute the ISP code. There are two methods to
implement In-System Programming according to how the MCU boots from the ISP-memory.

26.3.1 Hardware approached ISP

To make the MCU directly boot from the ISP-memory when it is just powered on, the MCU’s hardware options
HWBS and ISP Memory must be enabled. The ISP entrance method by hardware option is named hardware
approached. Once HWBS and ISP Memory are enabled, the MCU will always boot from the ISP-memory to
execute the ISP code (boot loader program) when it is just powered on. The first thing the ISP code should do
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is to check if there is an ISP request. If there is no ISP requested, the ISP code should trigger a software reset
(setting ISPCR.7~5 to “101” simultaneously) to make the MCU re-boot from the AP-memory to run the user’s
application program..

If the additional hardware option, HWBS2, is enabled with HWBS and ISP Memory, the MCU will always boot
from ISP memory after power-on or external reset finished. It provides another hardware approached way to
enter ISP mode by external reset signal. After first time power-on, MG82FG5DXX can perform ISP operation
by external reset trigger and doesn’'t wait for next time power-on, which suits the non-power-off system to
apply the hardware approached ISP function.

26.3.2 Software approached ISP

The software approached ISP to make the MCU boot from the ISP-memory is to trigger a software reset while
the MCU is running in the AP-memory. In this case, neither HWBS nor HWBS2 is enabled. The only way for
the MCU to boot from the ISP-memory is to trigger a software reset, setting ISPCR.7~5 to “111”
simultaneously, when running in the AP-memory.

Note: the ISP memory must be configured a valid space by hardware option to reserve ISP mode for software
approached ISP application.

26.3.3 Notes for ISP

® Developing of the ISP Code

Although the ISP code is programmed in the ISP-memory that has an ISP Start Address in the MCU'’s Flash
(see Figure 26-1 $5= ! AR FI5IFHIE. for CMT2380F16), it doesn’t mean you need to put this offset (= ISP
tart Address) in your source code. The code offset is automatically manipulated by the hardware. User just
needs to develop it like an application program in the AP-memory.

® Interrupts during ISP

After triggering the ISP/IAP flash processing, the MCU will halt for a while for internal ISP processing until the
processing is completed. At this time, the interrupt will queue up for being serviced if the interrupt is enabled
previously. Once the processing is completed, the MCU continues running and the interrupts in the queue will
be serviced immediately if the interrupt flag is still active. The user, however, should be aware of the following:

(1) Any interrupt can not be in-time serviced when the MCU halts for ISP processing.
(2) The low/high-level triggered external interrupts, nINTx, should keep activated until the ISP is completed,
or they will be neglected.

® ISP and Idle mode

CMT2380F16 does not make use of idle-mode to perform ISP function. Instead, it freezes CPU running to
release the flash memory for ISP/IAP engine operating. Once ISP/IAP operation finished, CPU will be
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resumed and advanced to the instruction which follows the previous instruction that invokes ISP/AP activity.
® Accessing Destination of ISP

As mentioned previously, the ISP is used to program both the AP-memory and the IAP-memory. Once the
accessing destination address is beyond the last byte of the IAP-memory, the hardware will automatically
neglect the triggering of ISP processing. That triggering of ISP is invalid and the hardware does nothing.

® Flash Endurance for ISP

The endurance of the embedded Flash is 20,000 erase/write cycles, that is to say, the erase-then-write cycles
shouldn’t exceed 20,000 times. Thus the user should pay attention to it in the application which needs to
frequently update the AP-memory and IAP-memory.

26.4 In-Application-Programming(lIAP)

The CMT2380F 16 has built a function as In Application Programmable (IAP), which allows some region in the
Flash memory to be used as non-volatile data storage while the application program is running. This useful
feature can be applied to the application where the data must be kept after power off. Thus, there is no need
to use an external serial EEPROM (such as 93C46, 24C01, .., and so on) for saving the non-volatile data.

In fact, the operating of IAP is the same as that of ISP except the Flash range to be programmed is different.
The programmable Flash range for ISP operating is located within the AP and IAP memory, while the range
for IAP operating is only located within the configured IAP-memory.

Note:
(1) For CMT2380F16 IAP feature, the software should specify an IAP-memory space by writing IAPLB in
IFMT defined. The IAP-memory space can be also configured by a universal Writer/Programmer or Megawin
proprietary Writer/Programmer which configuration is corresponding to IAPLB initial value.

(2) The program code to execute IAP is located in the AP-memory and just only program |IAP-memory not
ISP-memory.

26.4.1 IAP- memory Boundary/Range

If ISP-memory is specified, the range of the IAP-memory is determined by IAP and the ISP starts address as
listed below.

IAP high boundary = ISP start address —1.
IAP low boundary = ISP start address - IAP.

If ISP-memory is not specified, the range of the IAP-memory is determined by the following formula.

IAP high boundary = Ox3FFF.
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IAP low boundary = Ox3FFF — IAP + 1.

For example in CMT2380F 16, if ISP-memory is 1.5K, so that ISP start address is 0x3A00, and IAP-memory is
1K, then the IAP-memory range is located at 0x3600 ~ Ox39FF. The IAP low boundary in CMT2380F16 is
defined by IAPLB register which can be modified by software to adjust the IAP size in user’s AP program.

26.4.2 Update data in IAP-memory

The special function registers are related to ISP/IAP would be shown in Section “26.6 ISP/IAP Register”.

Because of the IAP-memory is a part of Flash memory, only Page Erase, no Byte Erase, is provided for Flash
erasing. To update “one byte” in the IAP-memory, users can not directly program the new datum into that byte.
The following steps show the proper procedure:

Step 1: Save the whole page Flash data (with 512 bytes) into XRAM buffer which contains the data to be
updated.

Step 2: Erase this page (using ISP/IAP Flash Page Erase mode).

Step 3: Modify the new data on the byte(s) in the XRAM buffer.

Step 4: Program the updated data out of the XRAM buffer into this page (using ISP/IAP Flash Program
mode).

To read the data in the IAP-memory, users can use the ISP/IAP Flash Read mode to get the targeted data.

26.4.3 Notes for IAP

® Interrupts during IAP

After triggering the ISP/IAP flash processing for In-Application Programming, the MCU will halt for a while for
internal IAP processing until the processing is completed. At this time, the interrupt will queue up for being
serviced if the interrupt is enabled previously. Once the processing is completed, the MCU continues running
and the interrupts in the queue will be serviced immediately if the interrupt flag is still active. Users, however,
should be aware of the following:

(1) -~ Any interrupt can not be in-time serviced during the MCU halts for IAP processing.
(2) The low/high-level triggered external interrupts, nINTx, should keep activated until the IAP is completed,
or they will be neglected.

® |AP and Idle mode
CMT2380F16 does not make use of idle-mode to perform IAP function. Instead, it freezes CPU running to

release the flash memory for ISP/IAP engine operating. Once ISP/IAP operation finished, CPU will be
resumed and advanced to the instruction which follows the previous instruction that invokes ISP/AP activity.
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® Accessing Destination of IAP

As mentioned previously, the IAP is used to program only the IAP-memory. Once the accessing destination is
not within the IAP-memory, the hardware will automatically neglect the triggering of IAP processing. That
triggering of IAP is invalid and the hardware does nothing.

® An Alternative Method to Read IAP Data

To read the Flash data in the IAP-memory, in addition to using the Flash Read Mode, the alternative method is
using the instruction “MOVC A,@A+DPTR”. Where, DPTR and ACC are filled with the wanted address and
the offset, respectively. And, the accessing destination must be within the IAP-memory, or the read data will
be indeterminate. Note that using ‘MOVC’ instruction is much faster than using the Flash Read Mode.

® Flash Endurance for IAP

The endurance of the embedded Flash is 20,000 erase/write cycles, that is to say, the erase-then-write cycles
shouldn’t exceed 20,000 times. Thus the user should pay attention to it in the application which needs to
frequently update the IAP-memory.

26.5 ISP/IAP Register

The following special function registers are related to the access of ISP, IAP and Page-P SFR:

® IFD: ISP/IAP Flash Data Register
SFR Page =0~F
SFR Address = 0xE2

Name IFD[7:0]

R/W R/W RW RW R/W R/W R/W R/W RW

IFD is the data port register for ISP/IAP/Page-P operation. The data in IFD will be written into the desired
address in operating ISP/IAP/Page-P write and it is the data window of readout in operating ISP/IAP read.

® IFADRH: ISP/IAP Address for High-byte addressing
SFR Page =0~F
SFR Address = 0xE3

NER IFADRHI[7:0]
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
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IFADRH is the high-byte address port for all ISP/IAP modes. It is not defined in Page-P mode.

® |IFADRL: ISP/IAP Address for Low-byte addressing
SFR Page =0~F
SFR Address = OxE4

NE IFADRL[7:0]
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

IFADRL is the low byte address port for all ISP/IAP/Page-P modes. In flash page erase operation, it is
ignored.

® |FMT: ISP/IAP Flash Mode Table
SFRPage =0~F
SFR Address = OxE5

Bit 7~4: Reserved. Software must write “0000-0” on these bits when IFMT is written.

Bit 3~0: ISP/IAP/Page-P operating mode selection.

MS[7:0] Mode
0000-0000 |Standby
0000-0001 |Flash byte read of AP/IAP-memory
0000-0010 [Flash byte program of AP/IAP-memory
0000-0011 |Flash page erase of AP/IAP-memory
0000-0100 |Page P SFR Write
0000-0101 |Page P SFR Read

Others Reserved

IFMT is used to select the flash mode for performing numerous ISP/IAP function or to select page P SFR

access.
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® SCMD: Sequential Command Data register
SFRPage =0~F
SFR Address = 0xE6

Name SCMDJ[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X

SCMD is the command port for triggering ISP/IAP/Page-P activity. If SCMD is filled with sequential 0x46h,
0xB9h and if ISPCR.7 = 1, ISP/IAP/Page-P activity will be triggered.

® |ISPCR: ISP Control Register
SFRPage =0~F
SFR Address = 0xE7

Name ISPEN SWBS SWRST CFAIL - - - --
R/W R/W R/W R/W R/W W W W w
Reset 0 0 0 0 X X X X

Bit 7: ISPEN, ISP/IAP/Page-P operation enable.
0: Global disable all ISP/IAP/Page-P program/erase/read function.
1: Enable ISP/IAP/Page-P program/erase/read function.

Bit 6: SWBS, software boot selection control.
0: Boot from main-memory after reset.
1: Boot from ISP memory after reset.

Bit 5: SWRST, software reset trigger control.
0: No operation
1: Generate software system reset. It will be cleared by hardware automatically.

Bit 4: CFAIL, Command Fail indication for ISP/IAP operation.
0: The last ISP/IAP command has finished successfully.

1: The last ISP/IAP command failed. It could be caused since the access of flash memory was inhibited.

Bit 3~0: Reserved. Software must write “0” on these bits when ISPCR is written.
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® CKCON1: Clock Control Register 1
SFRPage =0~F&P

SFR Address = 0xBF

Name XTOR -- XCKS5 XCKS4 XCKS3 XCKS2 XCKS1 XCKS0
R/W R w RW R/W R/W RW RW RW
Reset 0 X 0 0 1 0 1 1

Bit 5~0: This is set the OSCin frequency value to define the time base of ISP/IAP programming. Fill with a

proper value according to OSCin, as listed below.

[XCKS5~XCKSO0] = OSCin — 1, *4 OSCin=1~40 (MHz).

For examples,
(1) If OSCin=12MHz, then fill [XCKS5~XCKSO0] with 11, i.e., 00-1011B.

(2) If OSCin=6MHz, then fill [XCKS5~XCKSO0] with 5, i.e., 00-0101B.

OSCin XCKS[5:0]

1MHz 00-0000
2MHz 00-0001
3MHz 00-0010
4MHz 00-0011
38MHz 10-0101
39MHz 10-0110
40MHz 10-0111

The default value of XCKS= 00-1011 for OSCin= 12MHz.

® |APLB: IAP Low Boundary

SFR Page = Page Ponly
RESET = 0011-0110, 0001-0110

SFR Address = 0x03

Name IAPLB[7:0]
R/W W w W W W w w w
Reset 0 0 1 1 0 1 1 0

Bit 7~0: The IAPLB determines the IAP-memory lower boundary. Since a Flash page has 512 bytes, the

IAPLB must be an even number.
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To read IAPLB, MCU need to define the IMFT for mode selection on IAPLB Read and set ISPCR.ISPEN. And
then write 0x46h & 0xB9h sequentially into SCMD. The IAPLB content is available in IFD. If write IAPLB, MCU
will put new IAPLB setting value in IFD firstly. And then select IMFT, enable ISPCR.ISPEN and then set
SCMD. The IAPLB content has already finished the updated sequence.

The range of the IAP-memory is determined by IAPLB and the ISP start address as listed below.

IAP lower boundary = IAPLB[7:0] x 256, and
IAP higher boundary = ISP start address — 1.

For example in CMT2380F 16, if IAPLB=0x36 and ISP start address is 0x3A00, then the IAP-memory range is
located at 0x3600 ~ Ox39FF.

Additional attention point, the IAP low boundary address must not be higher than ISP start address.

26.6 ISP/IAP Sample Code

The following shows a sample code for ISP operation.

; ISP Ui F

IFD DATA OE2h
IFADRH DATA OE3h
IFADRL DATA OE4h
IFMT DATA OESh
SCMD DATA  OEG6h
ISPCR DATA OE7h

MOV ISPCR,#10000000b ;ISPCR.7=1, enable ISP

; 1. Page Erase Mode (512 bytes per page)

ORL IFMT,#03h ;MS[2:0]=[0,1,1], select Page Erase Mode
MOV IFADRH,?? ;fill page address in IFADRH & IFADRL
MOV IFADRL,?? ;

MOV SCMD,#46h ; trigger ISP processing

MOV SCMD,#0B%Sh ;

;Now in processing...(CPU will halt here until complete)

)

; 2. Byte Program Mode
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ORL IFMT,#02h ; MS[2:0]=[0,1,0], select Byte Program Mode
ANL ISPCR,#0FAh ;

MOV IFADRH,?? ; fill byte address in IFADRH & IFADRL
MOV IFADRL,??
MOV IFD,?? ; fill the data to be programmed in IFD
MOV SCMD,#46h ; trigger ISP processing

MOV SCMD,#0B%h

;Now in processing...(CPU will halt here until complete)

= == === ===

; 3. Verify using Read Mode

= == === ===

ANL IFMT,#0F9h ; MS1[2:0]=[0,0,1], select Byte Read Mode
ORL IFMT,#01h ;

MOV IFADRH,?? ; fill byte address in IFADRH & IFADRL
MOV IFADRL,?? ;

MOV SCMD,#46h ; trigger ISP processing

MOV SCMD,#0B%h
; Now in processing...(CPU will halt here until complete)
MOV  AJIFD ; data will be in IFD

CJNE  A,wanted,ISP_error ; compare with the wanted value

ISP_error:
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27 Page P SFR Access

CMT2380F16 builds a special SFR page (Page P) to store the control registers for MCU operation. These
SFRs can be accessed by the ISP/IAP operation with different IFMT. In page P access, IFADRH must set to
“00” and IFADRL indexes the SFR address in page P. If IFMT= 04H for Page P writing, the content in IFD will
be loaded to the SFR in IFADRL indexed after the SCMD triggered. If IFMT = 05H for Page P reading, the
content in IFD is stored the SFR value in IFADRL indexed after the SCMD triggered.

Following descriptions are the SFR function definition in Page P:

® |APLB: IAP Low Boundary
SFRPage =P
SFR Address = 0x03 Reset = 0011-0110, 0001-0110

Name IAPLBJ[7:0]
R/W w w w W W W W W
Reset 0 0 1 1 0 1 1 0

Bit 7~0: The IAPLB determines the IAP-memory lower boundary. Since a Flash page has 512 bytes, the
IAPLB must be an even number.

To read IAPLB, MCU need to define the IFADRL for SFR address in Page-P, the IMFT for mode selection
on Page-P Read and set ISPCR.ISPEN. And then write Ox46h & 0xB9h sequentially into SCMD. The
IAPLB content is available in IFD. If write IAPLB, MCU will put new IAPLB setting value in IFD firstly. And
index IFADRL, select IMFT, enable ISPCR.ISPEN and then set SCMD. The IAPLB content has already
finished the updated sequence.

The range of the IAP-memory is determined by IAPLB and the ISP Start address as listed below.

IAP lower boundary = IAPLBx256, and
IAP higher boundary = ISP start address — 1.

For example in CMT2380F 16, if IAPLB=0x36 and ISP start address is 0x3A00, then the IAP-memory
range is located at 0x3600 ~ Ox39FF.

Additional attention point, the IAP low boundary address must not be higher than ISP start address.
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® CKCON2: Clock Control Register 2
SFRPage =P
SFR Address = 0x40

Name XTGS1 XTGSO0 XTALE IHRCOE MCKS1 MCKSO0 OSCSH1 0SCSo

R/W R/W R/W RW R/W R/W RW RW RW
Reset 0 1 0 1 0 0 0 0

Bit 7~6: XTGS1~XTGSO0, OSC Driving control Register.

‘ XTGS1, XTGSO0 Gain Define
0,0 Gain for 32.768K
0,1 Gain for 2MHz ~ 25MHz
Others Reserved

Bit 5: XTALE, external Crystal(XTAL) Enable.

0: Disable XTAL oscillating circuit. In this case, XTAL2 and XTAL1 behave as Port 6.0 and Port 6.1.

1: Enable XTAL oscillating circuit. If this bit is set by CPU software, software polls the XTOR (CKCON1.7)
true to indicate the crystal oscillator is ready for OSCin clock selected.

Bit 4: IHRCOE, Internal High frequency RC Oscillator Enable.

0: Disable internal high frequency RC oscillator.

1: Enable internal high frequency RC oscillator. If this bit is set by CPU software, it needs 32 us to have
stable output after IHRCOE is enabled.

Bit 3~2: MCKSJ[1:0], MCK Source Selection.

0OSCin =12MHz  OSCin =11.059MHz

MCKS[1:0] MCK Source Selection

CKMIS = [01] CKMIS = [01]
00 0SCin 12MHz 11.059MHz
0 1 CKMI x 4 (ENCKM =1) 24MHz 22.118MHz
1 0 | CKMIx5.33 (ENCKM =1) 32MHz 29.491MHz
1 1 CKMI x 8 (ENCKM =1) 48MHz 44.236MHz

Bit 1~0: OSCSJ[1:0], OSCin Source selection.

OSCSJ[1:0] OSCin source selection

0 0 IHRCO
0 1 XTAL
10 ILRCO
11 ECKI, External Clock Input (P6.0) as OSCin.
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® CKCONS3: Clock Control Register 3
SFRPage =P

SFR Address = 0x41

1
Name WDTCS1 | WDTCSO -- WDTFS MCKD1 MCKDO 1 0
R/W R/W R/W R/W R/W RW w RW
Reset 0 0 0 0 0 0 1 0

Bit 7~6: WDTCS1~0, WDT Clock Source selection [1:0].

WDTCS1~0  WDT Clock Source

00 ILRCO

01 XTAL2/ECKI(P6.0)
10 SYSCLK/12

11 Reserved

Bit 5: Reserved. Software must write “0” on this bit when CKCONS3 is written.

Bit 4: WDTFS. WDT overflow source selection.
0: Select WDT bit-8 overflow as WDT event source.
1: Select WDT bit-0 overflow as WDT event source.

Bit 3~2: MCKD][1:0], MCK Divider Output selection.

MCKDI[1:0]

MCKDO Frequency

If MCK = 12MHz

If MCK = 48MHz

00 MCKDO = MCK MCKDO = 12MHz MCKDO = 48MHz
0 1 MCKDO = MCK/2 MCKDO = 6MHz MCKDO = 24MHz
10 MCKDO = MCK/4 MCKDO = 3MHz MCKDO = 12MHz
11 MCKDO = MCK/8 MCKDO = 1.5MHz MCKDO = 6MHz

Bit 1~0: Reserved. Software must write “10” on these bits when PCON1 is written.

® CKCON4: Clock Control Register 4

SFR Page =Ponly

SFR Address = 0x42

NEINLE RCSS2 RCSS1 RCSS0 RPSC2 RPSCA1 RPSCO RTCCS3 | RTCCS2
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 7~5: RCSS2~0, RTC module Clock Source Selection bits 2~0.
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RCSS[2:0] | RTC module Clock Source
000 XTAL2/ECKI (P6.0)
0 0 1 ILRCO
010 WDTPS

01 1 WDTOF
100 SYSCLK
Others Reserved

Bit 4: RPSC2, RTC PreScaler Control 2.
Bit 3: RPSC1, RTC PreScaler Control 1.
Bit 2: RPSC1, RTC PreScaler Control 0.

Bit 1~0: RTCCS3~2, RTC Counter Clock Selection. The function is active with RTCCS1~0.

® PCON2: Power Control Register 2
SFR Page =Ponly
SFR Address = 0x44

6 0
Name AWBOD1 0 BO1S1 BO1S0 BO1RE EBOD1 BOORE 1
R/W R/W w RW R/W R/W R/W R/W w
Reset 0 0 1 1 0 1 0 1

Bit 7: AWBOD1, Awaked BOD1 in PD mode.
0: BOD1 is disabled in power-down mode.
1: BOD1 keeps operation in power-down mode.

Bit 0: Reserved. Software must write “0” on this bit when PCON2 is written.

Bit 5~4: BO1S[1:0]. Brown-Out detector 1 monitored level Selection. The initial values of these two bits
are loaded from OR1.BO1S10 and OR1.BO1S00.

Not Allow

Bit 3: BO1RE, BOD1 Reset Enabled.
0: Disable BOD1 to trigger a system reset when BOF1 is set.
1: Enable BOD1 to trigger a system reset when BOF1 is set.

Bit 2: EBOD1, Enable BOD1 that monitors VDD power dropped at a BO1S1~0 specified voltage level.
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0: Disable BOD1 to slow down the chip power consumption.
1: Enable BOD1 to monitor VDD power dropped.

Bit 1: BOORE, BODO Reset Enabled.
0: Disable BODO to trigger a system reset when BOFO is set.
1: Enable BODO to trigger a system reset when BOFO is set (VDD meets 2.2V).

Bit 0: Reserved. Software must write “1” on this bit when PCON2 is written.

® PCON3: Power Control Register 3
SFR Page =Ponly
SFR Address = 0x45

Name IVREN - - - - 2 — -
R/W R/W W W W W W W W
Reset 0 X X X X X X X

Bit 7: IVREN, Internal Voltage Reference Enable.
0: Disable on-chip IVR (1.4V).
1: Enable on-chip IVR (1.4V).

Bit 6~0: Reserved. Software must write “0” on these bits when PCONS is written.
® SPCONO: SFR Page Control 0

SFRPage =Ponly
SFR Address = 0x48

Name RTCCTL P6CTL P4CTL WRCTL | CKCTL1 | CKCTLO | PWCTL1 | PWCTLO

R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 7: RTCCTL. RTCCR SFR access Control.
If RTCCTL is set, it will disable the RTCCR SFR modified in general Page. RTCCR in general Page only
keeps the SFR read function. But software always owns the modification capability in SFR Page P.

Bit 6: P6CTL. P6 SFR access Control.
If P6BCTL is set, it will disable the P6 SFR modified in Page 0~F. P6 in Page 0~F only keeps the SFR read
function. But software always owns the modification capability in SFR Page P.

Bit 5: PACTL. P4 SFR access Control.
If PACTL is set, it will disable the P4 SFR modified in Page 0~F. P4 in Page 0~F only keeps the SFR read
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function. But software always owns the modification capability in SFR Page P.

Bit 4: WRCTL. WDTCR SFR access Control.
If WRCTL is set, it will disable the WDTCR SFR modified in Page 0~F. WDTCR in Page 0~F only keeps
the SFR read function. But software always owns the modification capability in SFR Page P.

Bit 3: CKCTL1. CKCON1 SFR access Control.
If CKCTL1 is set, it will disable the CKCON1 SFR modified in Page 0~F. CKCON1 in Page 0~F only
keeps the SFR read function. But software always owns the modification capability in SFR Page P.

Bit 2: CKCTLO. CKCONO SFR access Control.
If CKCTLO is set, it will disable the CKCONO SFR modified in Page 0~F. CKCONO in Page 0~F only
keeps the SFR read function. But software always owns the modification capability in SFR Page P.

Bit 1: PWCTL1. PCON1 SFR access Control.
If PWCTLA1 is set, it will disable the PCON1 SFR modified in Page 0~F. PCON1 in Page 0~F only keeps
the SFR read function. But software always owns the modification capability in SFR Page P.

Bit 0: PWCTLO. PCONO SFR access Control.
If PWCTLO is set, it will disable the PCONO SFR modified in Page 0~F. PCONO in Page 0~F only keeps
the SFR read function. But software always owns the modification capability in SFR Page P.

DCONO: Device Control 0
SFR Page =P Only
SFR Address = 0x4C

Name HSE IAPO -- -- -- IORCTL RSTIO OCDE
R/W R/W R/W w w w w R/W w
Reset 1 0 X X X 0 1 1

Bit 7: HSE, High Speed operation Enable.

0: Select CPU running in lower speed mode (FCPUCLK < 6MHz) which is slow down internal circuit to
reduce power consumption.

1: Enable CPU full speed operation if FCPUCLK > 6MHz. Before select high frequency clock (> 6MHz)
on SYSCLK, software must set HSE to switch internal circuit for high speed operation.

Bit 6: IAPO, IAP function Only.
0: Maintain IAP region to service IAP function and code execution.
1: Disable the code execution in IAP region and the region only service IAP function.

Bit 5: HSE1, High Speed operation Enable 1.
0: No function.
1: Enable MCU for ultra-high speed operation. (FCPUCLK > 25MHz)
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Bit 4~3: Reserved. Software must write “0” on these bits when DCONO is written.

Bit 2: IORCTL, GPIO Reset Control.
0: Port 6 keeps reset condition for all reset events.
1: If this bit is set, Port 6 is only reset by POR/LVR/Ext_Reset/BOR0/BOR1 (if BORO0/1 is enabled).

Bit 1: RSTIO, RST function on /0,
0: Select I/O pad function for P47.
1: Select I/0 pad function for external reset input, RST.

Bit 0: OCDE, OCD enable.
0: Disable OCD interface on P4.4 and P4.5
1: Enable OCD interface on P4.4 and P4.5.
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28

28.1

Auxiliary SFRs

SFR Map(Page 0~F)

Table 28-1. SFR Map (Page 0~F)

0/8 19 2A 3B 4C 5D 6/E 7IF
F8 (1’ P6 CH | CCAPOH | CCAP1H | CCAP2H | CCAP3H | CCAP4H | CCAPSH
o l0 5 AOE | PCAPWM | PCAPWM | PCAPWM | PCAPWM | PCAPWM | PCAPWM
1 0 1 2 3 4 5
ES (1’ P4 cL | ccapoL | ccapiL | ccapzL | ccapsL | ccapal | ccapsL
EO ? ACC W%TC IFD IFADRH | IFADRL IFMT SCMD ISPCR
'g (1) CCON | CMOD | CCAPMO | CCAPM1 | CCAPM2 | CCAPM3 | CCAPM4 | CCAPMS
'3 (1) psw | SIADR | SIDAT SISTA SICON | KBPATN | KBCON | KBMASK
g (1) Tzﬁo ToMoD | RCAP2L | RCAP2H TL2 TH2 CLRL CHRL
0| XICFG ADCFGO
c [1] XICFG1 ADCFG1
0 [2] XICON - \DCFaa | ADCONO | ADCDL | ADCDH | CKCONO
3 - ADCFG3
S 9] iPoL | SADEN . . . . RTCCR | CKCON1
0| P4MO = =
B |1 - - PGMO
o [z] P | PaMo | Pawi - . A RTCTM IPOH
3 - PDRVC1 -
': ? IE | SADDR < . SFRPI EIE1 EIP1L EIP1H
1 0| AUXR3
N AUXR4
8 [2] P2 | AUXRO | AUXR1 | AUXR2 | AUXRs . . .
3 AUXR6
4 AUXR7
98 ? SO,\?O SOBUF SOCFG - ACOCON | ACOMOD
0 P1M1 ~ ~ P2MO
1 p2M1 | T2mOD1 . TRENO
9 — P71 | PIMO BOREV | PCON1
2 PAM1 - - TRLCO
3 PEM1 - - TSPCO
88 ? TCON | TMOD TLO TL1 THO TH1 SFIE XRPS
80 (1) - sp DPL DPH SPSTAT | SPCON | SPDAT | PCONO
0/ 19 2A 3B 4iC 5D 6/E 7IF

Note: User needs to set SFRPI as SFRPI=0x00 ~ 0x02 for SFR page access.

(MCU will not keep SFRPI value in interrupt. User need to keep SFRPI value in software flow.)
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® SFRPI: SFR Page Index Register
SFR Page =0~F
SFR Address = 0xAC

Reset = xxxx-0000

Name - - -- -- PIDX3 PIDX2 PIDX1 PIDX0
R/W w w w w R/W RW RW R/W
Reset X X X X 0 0 0 0

Bit 7~4: Reserved. Software must write “0” on these bits when SFRPI is written.

Bit 3~0: SFR Page Index. The available pages are only page “0” and “1”.

| PO ] esteedPane |

0000 w0
0001 7 A
0010 7 2
0011 7 3
1111 mF
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28.2 SFR Bit Assignment (Page 0~F)

Table 28-2. SFR Bit Assignment (Page 0~F)

Bit Address and Symbol

Description
Bit-6 Bit-5 Bit-4 Bit-3 Bit-2

SP Stack Pointer 81H 7 .6 5 4 .3 2 A .0 00000111
DPL Data Pointer Low 82H 7 .6 5 4 .3 2 A .0 00000000
DPH Data Pointer High 83H 7 .6 5 4 .3 2 A .0 00000000

SPSTAT SPI Status Register 84H | SPIF WCOL | THRF | SPIBSY | MODF - - SPR2 | 00000xx0

SPCON SPI Control Register 85H | SSIG SPEN | DORD | MSTR | CPOL | CPHA | SPR1 SPRO | 00000100

SPDAT SPI Data Register 86H 7 .6 5 4 3 2 A .0 00000000
PCONO Power Control 0 87H | SMOD1 | SMODO GF POFO GF1 GFO0 PD IDL 00010000
TCON Timer Control 88H TF1 TR1 TFO TRO IE1 IT1 IEO ITO 00000000
TMOD Timer Mode 89H | TIGATE | T1C/T T1IM1 TIMO | TOGATE | TOC/T | TOM1 TOMO | 00000000
TLO Timer Low 0 8AH 7 .6 5 4 3 2 A .0 00000000
TL1 Timer Low 1 8BH 7 .6 5 4 .3 2 A .0 00000000
THO Timer High O 8CH 7 .6 5 4 3 2 1 0 00000000
TH1 Timer High 1 8DH 7 .6 5 4 .3 2 A .0 00000000
SFIE System Flag INT Enable | 8EH | SIDFIE | MCDRE | MCDFIE | RTCFIE - BOF1IE | BOFOIE | WDTFIE | 0110x000
XRPS XRAM Page Select 8FH - - - -- - - XRPS.1 | XRPS.0 | xxxxxx00
P1 Port 1 90H P1.7 P1.6 P1.5 P1.4 P1.3 P1.2 P1.1 P1.0 11111111
P1MO P1 Mode Register 0 91H | PIMO.7 | PIM0.6 | PIM0.5 | PIMO.4 | P1IM0.3 | P1IMO.2 | P1M0.1 | P1MO0.0 | 00000000
P1M1 P1 Mode Register 1 92H | PIM1.7 | PIM1.6 | PIM1.5 | PIM14 | PIM1.3 | PIM1.2 | PIM1.1 | PIM1.0 | 11111111
P2M1 P2 Mode Register 1 92H - P2M1.6 -- P2M1.4 - P2M1.2 | P2M1.1 | P2M1.0 | x1x1x111
P4M1 P4 Mode Register 1 92H | P4M1.7 - P4M1.5 | P4AM1.4 - - P4AM1.1 | P4AM1.0 | 1x11xx11
P6M1 P6 Mode Register 1 92H -- -- -- -- -- -- P6M1.1 | P6M1.0 | xxxxxx11

T2MOD1 | Timer 2 mode 1 Register | 93H | TL2CS | TF2IG TL2IS | T2CKS | T2MS1 | CP2S2 | CP2S1 | CP2S0 | 00000000

P2M0O P2 Mode Register 0 95H - P2M0.6 - P2M0.4 - P2M0.2 | P2M0.1 | P2MO0.0 | x0x0x000
Timer Run Enable Register
TRENO 95H - - TR2LE - - TR2E TR1E TROE | 00000000
0
Timer Reload Control
TRLCO 95H - - TL2RLC - - T2RLC | T1RLC | TORLC | 00000000
Register 0
Timer Stop Control
TSPCO 95H - - TL2SC - - T2SC T1SC TOSC | 00000000
Register 0
BOREV Bit Order Reversed 96H 7 .6 5 4 .3 2 A1 .0 00000000
PCON1 Power Control 1 97H | SWRF | EXRF | MCDF | RTCF - BOF1 BOFO WDTF | 0000x000
SM00
SOCON Serial 0 Control 98H SM10 SM20 RENO TB80 RB80 TIO RIO 00000000
/FE
SOBUF Serial 0 Buffer 99H 7 .6 5 4 3 2 A .0 XXXXXXXX
SOCFG S0 Configuration 9CH GF SMOD2 [URMOX3| SM30 | SODOR BTI UTIE - 00000000

ACOCON ACO Control Register 9EH | ACOLP |ACOPDX|ACOOUT| ACOF | ACOEN | ACOINV | ACOM1 | ACOMO |00x00000B
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ADD Bit Address and Symbol
Description R T D R D
R Bit-7 Bit-6 Bit-5 Bit-4 Bit-3 Bit-2 Bit-1 Bit-0
ACOMOD ACO Mode Register 9FH | NVRS3 | NVRS2 | NVRS1 | NVRS0 - ACOFLT | ACOPIS1| ACOPISO | 00000000B
P2 Port 2 AOH - P2.6 - P2.4 - pP2.2 P2.1 P2.0 x1x1x111
AUXRO Auxiliary Register 0 A1H | P600OC1 | P60OCO | P60OFD - - - INT1H INTOH | 000xxx00
AUXR1 Auxiliary Register 1 A2H - - - -- - - - DPS XXXXXXXO0
AUXR2 Auxiliary Register 2 A3H | STAF STOF - - T1X12 | TOX12 | T1CKOE | TOCKOE | 00xx0000
AUXR3 Auxiliary Register 3 A4H | TOPS1 | TOPSO | BPOC1 | BPOCO | SOPSO | TWIPS1 | TWIPSO | TOXL 00000000
AUXR4 Auxiliary Register 4 A4H | T2PS1 | T2PSO | T1PS1 | T1PSO | SPIPSO GF ACOOE | ACOFLT1 | 00000x00
AUXR5 Auxiliary Register 5 A4H | C0IC4S0|C0IC2S0| COPPS1 | COPPSO | COPS1 | COPSO | ECIPSO | COCOPS | 00000000
AUXR6 Auxiliary Register 6 A4H | KBI4PS1|KBI4PS0 | KBIGPSO | KBI2PSO | KBIOPSO - SOMIPS | SOCOPS | 00000x00
AUXR7 Auxiliary Register 7 A4H | POE5 POE4 |COCKOE | SPIOMO - - - - 1100xxxx
IE Interrupt Enable A8H EA GF4 ET2 ESO ET1 EX1 ETO EXO0 00000000
SADDR Slave Address A9H 7 .6 5 4 3 2 A .0 00000000
SFRPI SFR Page Index ACH - - - - IDX3 IDX2 IDX1 IDX0 xxxx0000
EIE1 Extended INT Enable1 ADH| EACO | ETWIO EKB - ESF EPCA | EADC ESPI 000x0000
EIP1L Ext. INT Priority 1 Low AEH | PACOL | PTWIOL | PKBL - PSFL | PPCAL | PADCL | PSPIL | 000x0000
EIP1H Ext. INT Priority 1 High AFH | PACOH | PTWIOH | PKBH - PSFH | PPCAH | PADCH | PSPIH | 000x0000
P3 Port 3 BOH - - P3.5 P3.4 P3.3 - P3.1 P3.0 xx111x11
P3MO P3 Mode Register 0 B1H - - P3M0.5 | P3M0.4 | P3MO0.3 - P3M0.1 | P3MO0.0 | xx000x00
P3M1 P3 Mode Register 1 B2H - - P3M1.5 | P3M1.4 | P3M1.3 - P3M1.1 | P3M1.0 | xx000x00
P4MO P4 Mode Register 0 B3H | P4MO0.7 - P4M0.5 | P4AMO0.4 - - P4M0.1 | P4MO0.0 | 0x00xx00
PDRVCO Port Driving Control 0 B4H | P3DC1 | P3DCO | P2DC1 | P2DCO | P1DC1 | P1DCO - - 000000xx
PDRVC1 Port Driving Control 1 B4H - - - - - - P4DC1 | P4DCO | xxxxxx00
P6MO P6 Mode Register 0 B5H - - - -- - - P6MO0.1 | P6MO0.0 | xxxxxx00
RTCTM RTC Timer Register B6H | RTCCS1 |RTCCSO0 | RTCCT5 | RTCCT4 | RTCCT3 |RTCCT2 | RTCCT1 | RTCCTO | 01111111
IPOH Interrupt Priority 0 High B7H - PX2H PT2H PSH PT1H PX1H PTOH PXO0H | x0000000
IPOL Interrupt Priority 0 Low B8H - PX2L PT2L PSL PT1L PX1L PTOL PXOL | x0000000
SADEN Slave Address B9H 7 .6 5 4 3 2 A .0 00000000
RTCCR RTC Control Register BEH| RTCE RTCO | RTCRL5 | RTCRL4 | RTCRL3 |RTCRL2 | RTCRL1 | RTCRLO | 00111111
CKCON1 Clock Control 1 BFH | XTOR - XCKS5 | XCKS4 | XCKS3 | XCKS2 | XCKS1 | XCKSO | 0x001011
XICON External INT Control COH - - - - INT2H EX2 IE2 T2 xxxx0000
XICFG Ext. INT. Configure C1H | INT1IS1 | INT1ISO | INTOIS1 | INTOISO - X2FLT | X1FLT | XOFLT | 0000x000
XICFG1 Ext. INT. Configure 1 C1H | INT1IS2 | INTOIS2 | INT2IS1 | INT2ISO - X2FLT1 | X1FLT1 | XOFLT1 | 0000x000
ADCFGO ADC Configuration 0 C3H | ADCKS2 | ADCKS1| ADCKSO| ADRJ - - ADTM1 | ADTMO | 0000xx00
ADCFG1 ADC Configuration 1 C3H - - - SIGN AOS.3 | AOS.2 | AOSA1 AOS.0 | xxx00000
ADCFG2 ADC Configuration 2 C3H| SHT.7 SHT.6 SHT.5 SHT.4 SHT.3 | SHT.2 | SHTA SHT.0 | 00000000
ADCFG3 ADC Configuration 3 C3H | ADPS1 | ADPSO HA - - - - - 010xxXXX
ADCONO ADC Control 0 C4H | ADCEN - CHS3 ADCI ADCS | CHS2 CHS1 CHSO | 0x000000
ADCDL ADC Data Low C5H | ADCV.1 | ADCV.0 - - - - - -- XXXXXXXX
ADCDH ADC Data High C6H | ADCV.9 | ADCV.8 | ADCV.7 | ADCV.6 | ADCV.5 | ADCV.4 | ADCV.3 | ADCV.2 | XXXXXXXX
CKCONO Clock Control 0 C7H| AFS | ENCKM | CKMIS1 | CKMISO | CCKS | SCKS2 | SCKS1 | SCKSO0 | 00010000
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Bit Address and Symbol

Description
Bit-5 Bit-4 Bit-3 Bit-2 Bit-1 Bit-0
RCLK/ | TCLK/
T2CON Timer 2 Control Register | C8H | TF2 EXF2 EXEN2 TR2 CIT2 CP/RL2 | 00000000
TF2L TL2IE
T2MOD Timer 2 mode Register | CO9H | T2SPL | TL2X12 | T2EXH | T2X12 | TR2L | TR2LC | T20E | T2MS0O | 00000000
RCAP2L Timer 2 Capture Low CAH 7 .6 5 4 3 2 A .0 00000000
RCAP2H Timer 2 Capture High CBH 7 .6 5 4 2 A .0 00000000
TL2 Timer Low 2 CCH 7 .6 5 4 3 2 A1 .0 00000000
TH2 Timer High 2 CDH 7 .6 5 4 3 2 A1 .0 00000000
CLRL CL Reload register CEH 7 .6 5 4 .3 2 A .0 00000000
CHRL CH Reload register CFH 7 .6 5 4 2 A .0 00000000
PSW Program Status Word DOH CcYy AC FO RS1 RSO ov F1 P 00000000
SIADR TWIO Address Register | D1H 7 .6 5 4 .3 2 A GC 00000000
SIDAT TWIO Data Register D2H 7 .6 5 4 3 2 A .0 00000000
SISTA TWIO Status Register D3H | SIs7 SIS6 SIS5 Sis4 SIS3 SIS2 SIs1 SIS0 11111000
SICON TWIO Control Register D4H | CR2 ENSI STA STO Sl AA CR1 CRO 00000000
KBPATN Keypad Pattern D5H 7 .6 5 4 3 2 A .0 11111111
PATN_

KBCON Keypad Control D6H | KBCS1 | KBCSO - - = - SEL KBIF 00xxxx01
KBMASK Keypad Int. Mask D7H 7 .6 5 4 3 2 A .0 00000000
CCON PCAO Control Register D8H CF CR CCF5 CCF4 CCF3 CCF2 CCF1 CCFO | 00000000
CMOD PCAO Mode Register D9H | CIDL BME4 BME2 BMEO CPS2 CPS1 CPS0 ECF 00000000
CCAPMO PCAO Module 0 Mode DAH - ECOMO | CAPPO | CAPNO | MATO | TOGO | PWMO | ECCFO | x0000000
CCAPM1 PCAO Module 1 Mode DBH - ECOM1 | CAPP1 | CAPN1 MAT1 TOG1 PWM1 ECCF1 | x0000000
CCAPM2 PCAO Module 2 Mode DCH - ECOM2 | CAPP2 | CAPN2 | MAT2 TOG2 PWM2 | ECCF2 | x0000000
CCAPM3 PCAO Module 3 Mode DDH - ECOM3 | CAPP3 | CAPN3 | MAT3 | TOG3 | PWM3 | ECCF3 | x0000000
CCAPM4 PCAO Module 4 Mode DEH - ECOM4 | CAPP4 | CAPN4 | MAT4 TOG4 PWM4 | ECCF4 | x0000000
CCAPM5 PCAO Module 5 Mode DFH - ECOMS5 | CAPP5 | CAPN5 | MAT5 | TOG5 | PWM5 | ECCF5 | x0000000
ACC Accumulator EOH | ACC.7 | ACC.6 | ACC.5 | ACC4 | ACC.3 | ACC.2 | ACC.1 ACC.0 | 00000000
WDTCR WDT Control Register E1H | WREN NSW ENW CLRW | WIDL PS2 PS1 PSSO 00000000
IFD ISP Flash Data E2H 7 .6 5 4 3 2 A .0 11111111
IFADRH ISP Flash Addr. High E3H 7 .6 5 4 .3 2 A .0 00000000
IFADRL ISP Flash Addr. Low E4H 7 .6 5 4 .3 2 A .0 00000000
IFMT ISP Mode Table ESH - - - - - MS.2 MS.1 MS.0 xxxxx000
SCMD ISP Serial Command E6H XXXXXXXX
ISPCR ISP Control Register E7H | ISPEN | SWBS SRST CFAIL -- -- -- - 0000xxxx
P4 Port 4 E8H P4.7 - P4.5 P4.4 - - P4.1 P4.0 1x11xx11
CL PCAO Control Register E9H 7 .6 5 4 3 2 A1 .0 00000000
CCAPOL |PCAO module0 Capture Low| EAH 7 .6 5 4 3 2 A1 .0 00000000
CCAP1L |PCAO module1 Capture Low| EBH 7 .6 5 4 3 2 A1 .0 00000000
CCAP2L |PCAO module2 Capture Low| ECH 7 .6 5 4 3 2 A1 .0 00000000
CCAP3L |PCAO0 module3 Capture Low| EDH 7 .6 5 4 .3 2 A1 .0 00000000
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Bit Address and Symbol

Description
Bit-6 Bit-5 Bit-4 Bit-3 Bit-2 Bit-1 Bit-0
CCAP4L |PCAO module4 Capture Low| EEH 7 .6 5 4 .3 2 A1 .0 00000000
CCAP5L | PCAO module5 Capture Low| EFH 7 .6 5 4 .3 2 A1 .0 00000000
B B Register FOH B.7 B.6 B.5 B.4 B.3 B.2 B.1 B.0 00000000
PWM Additional Output
PAOE F1H | POE3 | POE2B | POE2A | POE2 POE1 | POEOB | POEOA | POEO | 10011001
Enable
PCAPWMO PCAO0 PWMO Mode F2H | PORS1 | PORSO - - - POINV | ECAPOH | ECAPOL | 00xxx000
PCAPWM1 PCAO0 PWM1 Mode F3H | P1IRS1 | P1RSO - - - P1INV | ECAP1H| ECAP1L | 00xxx000
PCAPWM2 PCAO0 PWM2 Mode F4H | P2RS1 | P2RS0 - - - P2INV | ECAP2H| ECAP2L | 00xxx000
PCAPWM3 PCAO0 PWM3 Mode F5H | P3RS1 | P3RS0 - - - P3INV | ECAP3H | ECAP3L | 00xxx000
PCAPWM4 PCAO0 PWM4 Mode F6H | P4ARS1 | P4RSO - - - P4INV | ECAP4H | ECAP4L | 00xxx000
PCAPWM5 PCAO0 PWMS5 Mode F7H | P5RS1 | P5RSO - - - P5INV | ECAP5H | ECAP5L | 00xxx000
P6 Port 6 F8H - - - -- - - P6.1 P6.0 XXXXXX11
CH PCAO base timer High FOH 7 .6 5 4 3 2 A 0 00000000
CCAPOH |PCAO Module0 capture High| FAH 7 .6 5 4 3 2 A 0 00000000
CCAP1H |PCAO Module1 capture High| FBH 7 .6 5 4 3 2 A1 0 00000000
CCAP2H |PCAO Module2 capture High| FCH 7 .6 5 4 .3 2 A1 0 00000000
CCAP3H |PCAO Module3 capture High| FDH 7 .6 5 4 .3 2 A1 0 00000000
CCAP4H |PCAO Module4 capture High| FEH 7 .6 5 4 .3 2 A1 0 00000000
CCAP5H | PCAO Module5 capture High| FFH 7 .6 5 4 .3 2 A1 0 00000000

28.3 Auxiliary SFR Map(Page P)

CMT2380F16 has an auxiliary SFR page which is indexed by page P and its data write method is different
from the standard 8051. The registers in auxiliary SFR map are addressed by IFMT and SCMD like ISP/IAP
access flow. Page P has 256 bytes space that can target to 8 physical bytes and 8 logical bytes. The 8
physical bytes include IAPLB, CKCON2, CKCON3, CKCON4, PCON2, PCON3, SPCONO and DCONO. The 8
logical bytes include PCONO, PCON1, CKCONO, CKCON1, WDTCR, P4, P6 and RTCCR. Access on the 8
logical bytes gets the coherence content with the same SFR in Page O~F. Please refer Section “27 Page P
SFR Access” for more detail information.

Table 28-3. Auxiliary SFR Map (Page P)

FO - - - - - - - -
E8 P4 - - - - - - -
=) - WDTCR - - - - - -
D8 - - - - - - - -
DO - - - - - - - -

co - - - - - - - CKCONO
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B8

CKCON1

=]0]

A8

AO

98

90

88

80

78

70

68

60

58

50

48

SPCONO

40

CKCON2

38

30

28

20

18

10

08

(0[0]

28.4 Aukxiliary SFR Bit Assignment (Page P)

Table 28-4. Auxiliary SFR Bit Assignment (Page P)

Physical Bytes
IAP Low
IAPLB 03H | IAPLB6 | IAPLB5 | IAPLB4 | IAPLB3 | IAPLB2 | IAPLB1 IAPLBO 0
Boundary
CKCON2| Clock Control 2 | 40H | XTGSH1 XTGS0 XTALE | IHRCOE [ MCKS1 | MCKSO | OSCS1 OSCS0 |01010000
CKCON3| Clock Control 3 | 41H | WDTCS1 | WDTCSO0 - WDTFS | MCKD1 | MCKDO 1 0 00000010
CKCON4 | Clock Control 4 | 42H | RCSS2 RCSS1 RCSS0 RPSC2 | RPSC1 RPSCO [ RTCCS3 [ RTCCS2 |00000000
PCON2 | Power Control 2| 44H | AWBOD1 0 BO1S1 BO1S0 | BO1RE | EBOD1 BOORE 1 0000x1x1
PCON3 | Power Control 3| 45H IVREN -- -- -- - -- - -- OXXXXXXX
SFR Page
SPCONO 48H | RTCCTL | P6CTL PACTL | WRCTL | CKCTL1 | CKCTLO | PWCTL1 | PWCTLO |00000000
Control 0
DCONO |Device Control 0| 4CH HSE IAPO - - -- IORCTL | RSTIO OCDE | 10xxx011
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Logical Bytes
PCONO | Power Control 0| 87H | SMOD1 [ SMODO GF POFO GF1 GFO PD IDL 00010000
PCON1 | Power Control 1| 97H | SWRF EXRF MCDF RTCF -- BOF1 BOFO WDTF |0000x000
RTC Control
RTCCR BEH | RTCE RTCO | RTCRL.5 [ RTCRL.4 [ RTCRL.3 | RTCRL.2 | RTCRL.1 [ RTCRL.0 | 00111111
Register
CKCON?1 | Clock Control 1 | BFH [ XTOR - XCKS5 | XCKS4 | XCKS3 | XCKS2 | XCKS1 XCKS0 |0x001011
CKCONQO | Clock Control 0 | C7H AFS ENCKM | CKMIS1 | CKMISO | CCKS SCKS2 | SCKS1 SCKSO0 |00010000
WDT Control
WDTCR E1H | WREN NSW ENW CLRW WIDL PS2 PS1 PSO |00000000
Register
P4 Port 4 E8H P4.7 - P4.5 P4.4 - - P4.1 P4.0 1x11xx11
P6 Port 6 F8H - - - - -- - P6.1 P6.0 XXXXXX 11

28.5 Auxiliary SFRs

® AUXRO: Auxiliary Register 0

SFR Page

= 0~F

SFR Address = 0xA1

P600C1 P600CO P60FD -- -- -- INT1H INTOH
R/W R/W R/W w w w R/W R/W
0 0 0 X X X 0 0

Bit 7~6: P6.0 function configured control bit 1 and 0. The two bits only act when internal RC oscillator
(IHRCO or ILRCO) is selected for system clock source. In crystal mode, XTAL2 and XTAL1 are the
alternated function of P6.0 and P6.1. In external clock input mode, P6.0 is the dedicated clock input pin.
In internal oscillator condition, P6.0 provides the following selections for GPIO or clock source generator.
When P600C[1:0] index to non-P6.0 GPIO function, P6.0 will drive the on-chip RC oscillator output to
provide the clock source for other devices.

00 P60 By P6MO0.0
01 MCK By P6MO0.0
10 MCK/2 By P6MO0.0
11 MCK/4 By P6MO0.0

Please refer Section “8 System Clock” to get the more detailed clock information. For clock-out on P6.0
function, it is recommended to set P6MO0.0 to “1” which selects P6.0 as push-push output mode.

Bit 5: P60FD, P6.0 Fast Driving.

0: P6.0 output with default driving.
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1: P6.0 output with fast driving enabled. If P6.0 is configured to clock output, enable this bit when P6.0
output frequency is more than 12MHz at 5V application or more than 6MHz at 3V application.

Bit 4~2: Reserved. Software must write “0” on these bits when AUXRO is written.

Bit 1: INT1H, INT1 High/Rising trigger enable.
0: Remain nINT1 triggered on low level or falling edge on nINT1 port pin.
1: Set nINT1 triggered on high level or rising edge on nINT1 port pin.

Bit 0: INTOH, INTO High/Rising trigger enable.
0: Remain nINTO triggered on low level or falling edge on nINTO port pin.
1: Set nINTO triggered on high level or rising edge on nINTO port pin.

AUXR1: Auxiliary Control Register 1
SFRPage =0~F
SFR Address = 0xA2

Name - - - - & - - DPS
RIW W W W W W W W RIW
Reset 0 0 0 0 0 0 0 0

Bit 7~1: Reserved. Software must write “0” on these bits when AUXR1 is written.

Bit 0: DPS, DPTR select bit. Use to switch between DPTRO and DPTR1.
0: Select DPTRO.
1: Select DPTR1.

DPS Selected DPTR
0 DPTRO
1 DPTR1

AUXR2: Auxiliary Register 2
SFR Page =0~F
SFR Address = 0xA3

NEINLE STAF STOF - -- T1X12 TOX12 T1CKOE | TOCKOE
R/W R/W R/W w w R/W R/W R/W R/W
Reset 0 0 X X 0 0 0 0

Bit 7: STAF, Start Flag detection of TWI2.
0: Clear by firmware by writing “0” on it.
1: Set by hardware to indicate the START condition occurred on STWI bus.
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Bit 6: STOF, Stop Flag detection of TWI2.
0: Clear by firmware by writing “0” on it.
1: Set by hardware to indicate the START condition occurred on STWI bus.

Bit 5~4: Reserved. Software must write “0” on these bits when AUXR2 is written.
When selecting the asynchronous clock (external clock from 1/O pin or ILRCO) as the timer clock source,
it's frequency needs to lower then 1/2 of the system clock to ensure the edge event can be latched to

trigger the counter.

Bit 3: T1X12, Timer 1 clock source selection with T1C/T control.

T1X12, T1C/T \ Timer 1 Clock Selection
0 0 SYSCLK/12
0 1 T1 Pin
10 SYSCLK
1 1 SYSCLK/48

Bit 2: TOX12, Timer 0O clock source selection with TOC/T and TOXL control.

TOXL, TOX12, TOC/T  Timer 0 Clock Selection

0 00 SYSCLK/12
0 0 1 TO Pin
010 SYSCLK
01 1 ILRCO
100 SYSCLK/48
1.0 1 WDTPS
1.1 0 SYSCLK/192
111 T10F

Bit 1: T1CKOE, Timer 1 Clock Output Enable.
0: Disable Timer 1 clock output.
1: Enable Timer 1 clock output on T1CKO port pin.

Bit 0: TOCKOE, Timer 0 Clock Output Enable.
0: Disable Timer 0 clock output.
1: Enable Timer 0 clock output on TOCKO port pin.

® AUXRS3: Auxiliary Register 3
SFR Page =0only
SFR Address = 0xA4

Name TOPS1 TOPSO BPOC1 BPOCO SOPS0 TWIPS1 | TWIPSO TOXL

RW R/W R/W RW R/W R/W RW RW RW
Reset 0 0 0 0 0 0 0 0
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Bit 7~6: TOPS1~0, Timer 0 Port pin Selection [1:0].

TOPS1~0 TO/TOCKO

00 P3.4
01 P4.4
10 P2.2
11 P2.6

Bit 5~4: BPOC1~0, Beeper output control bits.

For beeper on P4.4 function, it is recommended to configure P4.4 as push-push output mode.

BPOC[1:0] P4.4 function I/O Mode
00 P4.4 By P4M0.4 & P4M1.4
01 ILRCO/32 By P4M0.4 & P4M1.4
10 ILRCO/16 By P4M0.4 & P4M1.4
11 ILRCO/8 By P4MO0.4 & P4M1.4

Bit 3: SOPSO0, Serial Port 0 pin Selection 0.

Bit 2~1: TWIPS1~0, TWIO Port pin Selection [1:0].

SOPS0 RXDO TXDO

0 P3.0 P3.1

1 P4.4 P4.5

TWIPS1~0 TWIO_SCL TWIO_SDA

00 P4.0 P4.1

01 P6.0 P6.1

10 P3.0 P3.1

11 P2.2 P2.4

Bit 0: TOXL is the Timer O clock source selection bit. Please refer T0X12 for TOXL function definition.

® AUXRA4: Auxiliary Register 4

SFR Page
SFR Addrss = 0xA4

=1only

Name
R/W
Reset

T2PS1 T2PS0 T1PS1 T1PS0 SPIPSO -- ACOOE | ACOFLT1
R/W R/W R/W R/W R/W w R/W R/W
0 0 0 0 0 X 0 0
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Bit 7~6: T2PS1~0, Timer 2 Port pin Selection [1:0].

T2PS1~0 T2/T2CKO ‘ T2EX
00 P1.0 P1.1
01 P3.0 P3.1
10 P4.0 P4.1
11 P4.5 P4.4

Bit 5~4: T1PS1~0, Timer 1 Port pin Selection [1:0].

T1PS1~0 T1/T1CKO

00 P3.5
01 P4.5
10 P1.7
11 P2.6
Bit 3: SPIPSO0, SPI Port pin Selection 0.
SPIPSO0 ‘ nSS MOSI MISO SPICLK
0 P1.4 P1.5 P1.6 P1.7
1 P3.4 P3.5 P4.1 P4.0

Bit 2: Reserved. Software must write “0” on this bit when AUXR4 is written.

Bit 1: ACOOE, ACOOUT output enable on port pin.
0: Disable ACOOUT output on port pin.
1: Enable ACOOUT output on P6.1.

Bit 0: ACOFLT1 is the Analog Comparator 0 (ACO) input filter control bit. Please refer ACOFLT for
ACOFLT1 function definition.

AUXRS5: Auxiliary Register 5

SFRPage =2only

SFR Address = 0xA4

fir 35

AR
E RN
E=E AT

C0IC4S0 | COIC2S0 | COPPS1 | COPPSO COPS1 COPSO ECIPSO | COCOPS
R/W R/W RW R/W R/W RW RW RW
0 0 0 0 0 0 0 0
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Bit 7:

Bit 6:

Bit &:

Bit 4:

Bit 3:

Bit 2:

Bit 1:

Bit O:

CO0IC4S0, PCAO Input Channel 4 input port pin Selection.

C0IC4S0 CEX4 input
0 CEX4 Port Pin
1 ACOOUT

C0IC2S0, PCAO Input Channel 2 input port pin Selection.

C0IC2S0 CEX2 input
0 CEX2 Port Pin
1 ILRCO

COPPS1, {PWM2A, PWM2B} Port pin Selection 0.

COCOPS, PCAOQ Clock Output (COCKO) port pin Selection.

COCOPS COCKO

0

P4.7

1

P3.3

COPPS1 PWM2A ‘ PWM2B
0 P4.0 P4.1
1 P3.4 P3.5
COPPSO0, {PWMOA, PWMOB} Port pin Selection 0.
COPPSO PWMOA ‘ PWMOB
0 P20 | P21 |
1 P6.0 P6.1
COPS1, PCAO Port pin Selection 1.
COPS1 CEX3 | CEX5
0 P3.4 P3.5
1 P2.0 P2.1
COPSO0, PCAOQ Port pin SelectionO.
COPSO CEXO0 CEX2 CEX4
0 P2.2 P2.4 P2.6
1 P3.0 P3.1 P3.3
ECIPS0, PCAOQ ECI Port pin SelectionO.
ECIPSO ECI
0 P1.3
1 P1.6
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® AUXRG6: Auxiliary Register 6

SFR Page
SFR address = 0xA4

=3 only

Name
R/W

Reset

KBI4PS1 | KB4IPSO | KBI6PSO | KBI2PSO | KBIOPSO - SOMIPS | SOCOPS
R/W R/W R/W R/W R/W w R/W R/W
0 0 0 0 0 X 0 0
Bit 7~6: KBI4PS1~0, KBI4~5 Port pin Selection [1:0].

KBI4PS1~0 KBI4 KBI5
00 P1.4 P1.5
01 P3.4 P3.5
10 P6.0 P6.1
11 P2.0 P2.1

Bit 5: KBI6PSO0, KBI6~7 Port pin Selection 0.
KBI6PSO KBI6 KBI7
0 P1.6 P1.7
1 P3.0 P3.1

Bit 4: KBI2PSO0, KBI2~3 Port pin Selection 0.
KBI2PS0 KBI2 KBI3
0 P1.2 P1.3
1 pP2.2 P2.4

Bit 3: KBIOPSO0, KBIO~1 Port pin Selection 0.
KBIOPS KBIO KBI1
0 P1.0 P1.1
1 P4.0 P4.1

Bit 2 : Reserved. Software must write “0” on this bit when AUXRG6 is written.

Bit 1: SOMIPS, SOMI Port pin Selection.

SOMIPS SOMI

0

P1.6

1

P3.3
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Bit 0: SOCOPS, SOBRG Clock Output (SOCKO) port pin Selection.

SO0COPS SO0CKO

0 P4.7
1 P3.3

® AUXRY: Auxiliary Register 7
SFR Page =4only
SFR Address = 0xA4

Name POES5 POE4 COCKOE | SPIOMO -- - - -~
R/W R/W R/W R/W R/W w w w w
Reset 1 1 0 0 X X X X

Bit 7: POE5, PCAO PWMS5 main channel (PWM5O0) output control.
0: Disable PWM50 output on port pin.
1: Enable PWM5O0 output on port pin. Default is enabled.

Bit 6: POE4, PCAO PWM4 main channel (PWM40) output control.
0: Disable PWM40 output on port pin.
1: Enable PWM40 output on port pin. Default is enabled.

Bit 5: COCKOE, PCAO clock output enable.
0: Disable PCAO clock output.
1: Enable PCAO clock output with PCAO base timer overflow rate/2.

Bit 4: SPIOMO, SPI0 model control bit 0. It controls the SPI application with daisy-chain connection.
0: Disable the mode control.

1: Enable the mode control.

Bit 3~0: Reserved. Software must write “0” on these bits when AUXRY7 is written.

® SFRPI: SFR Page Index Register
SFR Page =0~F
SFR Address = 0xAC

NETlE -- -- - -- PIDX3 PIDX2 PIDX1 PIDX0
R/W w w w w R/W R/W R/W R/W
Reset X X X X 0 0 0 0

Bit 7~4: Reserved. Software must write “0” on these bits when SFRPI is written.
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Bit 3~0: SFR Page Index. The available pages are only page “0” and “1”.

PIDX[3:0] Selected Page

0000 Page O
0001 Page 1
0010 Page 2
0011 Page 3
1111 Page F
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29 Hardware Option

The MCU’s Hardware Option defines the device behavior which cannot be programmed or controlled by
software. The hardware options can only be programmed by a Universal Programmer, the “Writer U1” or the
‘ICE Adapter” (The ICE adapter also supports ICP programming function. Refer Section “30.5
In-Chip-Programming Function”). After whole-chip erased, all the hardware options are left in “disabled” state
and there is no ISP-memory and IAP-memory configured. The CMT2380F16 has the following Hardware
Options:

® LOCK:
M: Enabled. Code dumped on a universal Writer or Programmer is locked to OxFF for security.
O: Disabled. Not locked.

® ISP-memory Space:

The ISP-memory space is specified by its starting address. And, its higher boundary is limited by the Flash
end address, i.e., 0x3FFF. The following table lists the ISP space option in this chip. In default setting,
CMT2380F16 ISP space is configured to 1.5K that had been embedded Megawin proprietary COMBO ISP
code to perform device firmware upgrade through Megawin 1-Line ISP protocol and COM port ISP.

ISP-memory Size ISP Start Address

7.5K bytes 2200
7.0K bytes 2400
6.5K bytes 2600
6.0K bytes 2800
5.5K bytes 2A00
5.0K bytes 2C00
4 5K bytes 2E00
4.0K bytes 3000
3.5K bytes 3200
3.0K bytes 3400
2.5K bytes 3600
2.0K bytes 3800
1.5K bytes 3A00
1.0K bytes 3C00
0.5K bytes 3EO00
No ISP Space --

® HWBS:
M: Enabled. When powered up, MCU will boot from ISP-memory if ISP-memory is configured.
O: Disabled. MCU always boots from AP-memory.
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® HWBS2:

M: Enabled. Not only power-up but also any reset will cause MCU to boot from ISP-memory if
ISP-memory is configured.

O: Disabled. Where MCU boots from is determined by HWBS.

® |AP-memory Space:
The IAP-memory space specifies the user defined IAP space. The IAP-memory Space can be configured by
hardware option or MCU software by modifying IAPLB. In default, it is configured to 2.5K bytes.

® BO1S10, BO1S00:
M,M: Select BOD1 to detect 2.0V.
M,0: Select BOD1 to detect 2.4V.
O,4: Select BOD1 to detect 3.7V.

® BOOREO:
M: Enabled. BODO will trigger a RESET event to CPU on AP program start address. (2.2V)
O: Disabled. BODO can not trigger a RESET to CPU.

® BO1REO:

M: Enabled. BOD1 will trigger a RESET event to CPU on AP program start address. (4.2V, 3.7V, 2.4V or
2.0V)

O: Disabled. BOD1 can not trigger a RESET to CPU.

® WRENO:
M: Enabled. Set WDTCR.WREN to enable a system reset function by WDTF.
O: Disabled. Clear WDTCR.WREN to disable the system reset function by WDTF.

® NSWDT: Non-Stopped WDT

M: Enabled. Set WDTCR.NSW to enable the WDT running in power down mode (watch mode).

O: Disabled. Clear WDTCR.NSW to disable the WDT running in power down mode (disable Watch
mode).

® HWENW: Hardware loaded for “ENW” of WDTCR.

M: Enabled. Enable WDT and load the content of WRENO, NSWDT, HWWIDL and HWPS2~0 to
WDTCR after power-on.

O: Disabled. WDT is not enabled automatically after power-on.

® HWWIDL, HWPS2, HWPS1, HWPSO:
When HWENW is enabled, the content on these four fused bits will be loaded to WDTCR SFR after
power-on.

® WDSFWP:
M: Enabled. The WDT SFRs, WREN, NSW, WIDL, PS2, PS1 and PS0 in WDTCR, will be
write-protected.
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O: Disabled. The WDT SFRs, WREN, NSW, WIDL, PS2, PS1 and PS0 in WDTCR, are free for writing of
software.
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30 Application Notes

30.1 Power Supply Circuit

To have the CMT2380F16 work with power supply varying from 1.8V to 3.6V, adding some external
decoupling and bypass capacitors is necessary, as shown in Figure 30-1.

Power Suppl
MCU pply

vDD [[}
1 1

0.1uF

[—H

10uF

Figure 30-1. Power Supplied Circuit

30.2 Reset Circuit

Normally, the power-on reset can be successfully generated during power-up. However, to further ensure the
MCU a reliable reset during power-up, the external reset is necessary. Figure 30-2 shows the external reset
circuit, which consists of a capacitor Cexr connected to VDD (power supply) and a resistor Rexr connected to
VSS (ground).

In general, Rexr is optional because the RST pin has an internal pull-down resistor (Rrst). This internal
diffused resistor to VSS permits a power-up reset using only an external capacitor Cexy to VDD.

See Section DC Characteristics for Rgst Value.

Power Supply MCU

Py Vo)
4.7UF::CEXT
RST

47KQ Rext Rrst
(Optional)

VSS

Figure 30-2. Reset Circuit
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30.3 XTAL Oscillating Circuit

To achieve successful and exact oscillating (up to 24MHz), the capacitors C1 and C2 are necessary, as
shown in Figure 30-3. Normally, C1 and C2 have the same value. Table 30-1 lists the C1 & C2 value for the
different frequency crystal application.

MCU

[IXTAL2

Crystal
E |:| }T[]xmu
I 1

Figure 30-3. XTAL Oscillating Circuit

C1

Table 30-1. Reference Capacitance of C1 & C2 for crystal oscillating circuit

Crystal C1, C2 Capacitance

16MHz ~ 25MHz 10pF
6MHz ~ 16MHz 15pF
2MHz ~ 6MHz 33pF

30.4 ICP and OCD Interface Circuit

CMT2380F16 devices include an on-chip Megawin proprietary debug interface to allow In-Chip-Programming
(ICP) and in-system On-Chip-Debugging (OCD) with the production part installed in the end application. The
ICP and OCD share the same interface to use a clock signal (ICP_SCL/OCD_SCL) and a bi-directional data
signal (ICP_SDA/OCD_SDA) to transfer information between the device and a host system.

The ICP interface allows the ICP_SCL/ICP_SDA pins to be shared with user functions so that In-Chip Flash
Programming function could be performed. This is practicable because ICP communication is performed
when the device is in the halt state, where the on-chip peripherals and user software are stalled. In this halted
state, the ICP interface can safely ‘borrow’ the ICP_SCL (P4.4) and ICP_SDA (P4.5) pins. In most
applications, external resistors are required to isolate ICP interface traffic from the user application. A typical
isolation configuration is shown in Figure 30-4.

It is strongly recommended to build the ICP interface circuit on target system. It will reserve the whole
capability for software programming and device options configured.

After power-on, the P4.4 and P4.5 of CMT2380F16 are configured to OCD_SCL/OCD_SDA for in-system
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On-Chip-Debugging function. This is possible because OCD communication is typically performed when the
CPU is in the halt state, where the user software is stalled. In this halted state, the OCD interface can safely
‘use’ the OCD_SCL (P4.4) and OCD_SDA (P4.5) pins. As mentioned ICP interface isolation in Figure 30-4,
external resistors are required to isolate OCD interface traffic from the user application.

If user gives up the OCD function, software can configure the OCD_SCL and OCD_SDA to port pins: P4.4
and P4.5 by clearing OCDE on bit 0 of PCON3. When user would like to regain the OCD function, user can
predict an event that triggers the software to switch the P4.4 and P4.5 back to OCD_SCL and OCD_SDA by
setting OCED as “1”. Or “Erase” the on-chip flash by ICP which cleans the user software to stop the port pins
switching.

| |
' Target System '
| getsy mMcu |
| |
| |
I RESET N 4.7KQ H I
I Input W (IRST I
| |
| 4.7KQ |
: Input 1 '|> AN {Tlocb_scL :
: Output 1 %— :
| N 4.7KQ H |
: Input 2 > [TJocD_SbA :
| Output2 %— |
| |

OCD ICE Adaptor or
Megawin Writer

Figure 30-4. ICP and OCD Interface Circuit

30.5 In-Chip-Programming Function

The ICP, like the traditional parallel programming method, can be used to program anywhere in the MCU,
including the Flash and MCU’s Hardware Option. And, owing to its dedicated serial programming interface
(via the On-Chip Debug path), the ICP can update the MCU without removing the MCU chip from the actual
end product, just like the ISP does.

The proprietary 6-pin “ICE Adapter” can support the In-Circuit Programming of CMT2380F16. “ICE Adapter”
has the in-system storage to store the user program code and device options. So, the tools can perform a
portable and stand-alone programming without a host on-line, such as connecting the tool to PC. Following
lists the features of the ICP function:

Features:

® No need to have a loader program pre-programmed in the target MCU.
® Dedicated serial interface; no port pin is occupied.

® The target MCU needn’t be in running state; it just needs to be powered.
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® Capable of portable and stand-alone working without host’s intervention.

The above valuable features make the ICP function very friendly to the user. Particularly, it is capable of
stand-alone working after the programming data is downloaded. This is especially useful in the field without a
PC. The system diagrams of the ICP function for the stand-alone programming are shown in Figure 30-5.
Only five pins are used for the ICP interface: the SDA line and SCL line function as serial data and serial clock,
respectively, to transmit the programming data from the 6-pin “ICE Adapter” to the target MCU; the RST line to
halt the MCU, and the VCC & GND are the power supply entry of the 6-pin “ICE Adapter” for portable
programming application. The USB connector can be directly plugged into the PC’s USB port to download the
programming data from PC to the 6-pin “ICE Adapter”.

Target System
MCU ICP & OCD
| f
. r_ltg( gc_e. START button: for code programming
| . NGC.
: . ——— P3.0 USB
OCD_SCL — SCL . —— SCL &
VCC -
VDD ————=~2 6 (less than 20cm) . —— vCC o
. _ =
OCD_SDA _ﬂ . —— SDA ICE Adapter (] ngrlam COdi
T GND GND download pat
VSS ——————— | RST
. . ——]
RST — RST -

Figure 30-5. Stand-alone programming via ICP

30.6 On-Chip-Debug Function

The CMT2380F16 is equipped with a proprietary On-Chip Debug (OCD) interface for In-Circuit Emulator (ICE).
The OCD interface provides on-chip and in-system non-intrusive debugging without any target resource
occupied. Several operations necessary for an ICE are supported, such as Reset, Run, Stop, Step, Run to
Cursor and Breakpoint Setting.

Using the OCD technology, the “OCD ICE” for the user, as shown in Figure 30-6. The user has no need to
prepare any development board during developing, or the socket adapter used in the traditional ICE probe. All
the thing the user needs to do is to reserve a 6-pin connector on the system for the dedicated OCD interface:
P3.0, RST, VCC, OCD_SDA, OCD_SCL and GND as shown in Figure 30-6.

In addition, the most powerful feature is that it can directly connect the user’s target system to the Keil 8051
IDE software for debugging, which directly utilizes the Keil IDE’s dScope-Debugger function. Of course, all the
advantages are based on your using Keil 8051 IDE software.

Note: “Keil” is the trade mark of “Keil Elektronik GmbH and Keil Software, Inc.”.
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Features:

OCD (On-Chip-Debug) technology

On-chip & in-system real-time debugging

5-pin dedicated serial interface for OCD, no target resource occupied

Directly linked to the debugger function of the Keil 8051 IDE Software

USB connection between target and host (PC)

Helpful debug actions: Reset, Run, Stop, Step and Run to Cursor
Programmable breakpoints, up to 4 breakpoints can be inserted simultaneously
Several debug-helpful windows: Register/Disassembly/Watch/Memory Windows

Source-level (Assembly or C-language) debugging capability

Target System
co ICP & OCD
e, OCD ICE PC
_l iNe
: : ——{ P3.0
0ep_Set - : =—— SCL Keil 8051
vDD ———YCEC | (less than 20em) _ ——] vce 5 ] UsB IDE
) —>,
0CD_SDA —|—SDA_ € — soa ICE Adapter o (€
sfe =B /
. :
RST ———RST_

Figure 30-6. System Diagram for the ICE Function
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31 Instruction Set

\ MNEMONIC

DESCRIPTION

DATA TRASFER

BYTE

EXECUTION
Cycles

MOV @Ri,direct

Move direct byte to indirect RAM

MOV @Ri,#data

Move immediate data to indirect RAM

MOV A,Rn Move register to Acc 1
MOV A direct Move direct byte o Acc 2
MOV A, @Ri Move indirect RAM to Acc 2
MOV A #data Move immediate data to Acc 2
MOV Rn,A Move Acc to register 2
MOV Rn,direct Move direct byte to register 4
MOV Rn,#data Move immediate data to register 2
MOV direct,A Move Acc to direct byte 3
MQV direct,Rn Move register to direct byte 3
MOV direct,direct Move direct byte to direct byte 4
MOV direct, @RI Move indirect RAM to direct byte 4
MOV direct,#data Move immediate data to direct byte 3
MOV @Ri,A Move Acc to indirect RAM 3
3
3
3
4
4
3
3
3

S22 INI=2ININ[2R 222222222 WININNI_2IWINIWININDININDI=2INI=2IN]—~

MOV DPTR, #data16 Load DPTR with a 16-bit constant

MOVC A,@A+DPTR Move code byte relative to DPTR to Acc

MOVC A,@A+PC Move code byte relative to PC to Acc

MOVXA,@Ri Move on-chip auxiliary RAM(8-bit address) to Acc

MOVX A,@DPTR Move on-chip auxiliary RAM(16-bit address) to Acc

MOVX @Ri,A Move Acc to on-chip auxiliary RAM(8-bit address)

MOVX @DPTR,A Move Acc to on-chip auxiliary RAM(16-bit address) 3
MOVX A @RI Move external RAM(8-bit address) to Acc not support
MOVX A @DPTR Move external RAM(16-bit address) to Acc not support
MOVX @Ri,A Move Acc to external RAM(8-bit address) not support
MOVX @DPTR,A Move Acc to external RAM(16-bit address) not support
PUSH direct Push direct byte onto Stack 4

POP direct Pop direct byte from Stack 3
XCHA,Rn Exchange register with Acc 3

XCH A, direct Exchange direct byte with Acc 4

XCH A,@Ri Exchange indirect RAM with Acc 4
XCHD A,@Ri Exchange low-order digit indirect RAM with Acc 4
ARITHEMATIC OPERATIONS

ADD A,Rn Add register to Acc 1 2

ADD A, direct Add direct byte to Acc 2 3

ADD A,@Ri Add indirect RAM to Acc 1 3

ADD A #data Add immediate data to Acc 2 2
ADDC A,Rn Add register to Acc with Carry 1 2
ADDC A, direct Add direct byte to Acc with Carry 2 3
ADDC A,@Ri Add indirect RAM to Acc with Carry 1 3
ADDC A #data Add immediate data to Acc with Carry 2 2
SUBB A,Rn Subtract register from Acc with borrow 1 2
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. MNEMONIC DESCRIPTION BYTE EXES::ZLON ’
SUBB A,direct Subtract direct byte from Acc with borrow 2 3
SUBB A,@Ri Subtract indirect RAM from Acc with borrow 1 3
SUBB A #data Subtract immediate data from Acc with borrow 2 2
INCA Increment Acc 1 2
INC Rn Increment register 1 3
INC direct Increment direct byte 2 4
INC @Ri Increment indirect RAM 1 4
DECA Decrement Acc 1 2
DEC Rn Decrement register 1 3
DEC direct Decrement direct byte 2 4
DEC @Ri Decrement indirect RAM 1 4
INC DPTR Increment DPTR 1 1
MUL AB Multiply A and B 1 4
DIV AB Divide A by B 1 5
DAA Decimal Adjust Acc 1 4
LOGIC OPERATION

ANL A,Rn AND register to Acc 1 2
ANL A,direct AND direct byte to Acc 2 3
ANL A, @RI AND indirect RAM to Acc 1 3
ANL A #data AND immediate data to Acc 2 2
ANL direct,A AND Acc to direct byte 2 4
ANL direct,#data AND immediate data to direct byte 3 4
ORLA,Rn OR register to Acc 1 2
ORL A, direct OR direct byte to Acc 2 3
ORLA,@Ri OR indirect RAM to Acc 1 3
ORL A #data OR immediate data to Acc 2 2
ORL direct,A OR Acc to direct byte 2 4
ORL direct,#data OR immediate data to direct byte 3 4
XRLA,Rn Exclusive-OR register to Acc 1 2
XRL A, direct Exclusive-OR direct byte to Acc 2 3
XRLA @RI Exclusive-OR indirect RAM to Acc 1 3
XRL A #data Exclusive-OR immediate data to Acc 2 2
XRL direct,A Exclusive-OR Acc to direct byte 2 4
XRL direct,#data Exclusive-OR immediate data to direct byte 3 4
CLRA Clear Acc 1 1
CPLA Complement Acc 1 2
RLA Rotate Acc Left 1 1
RLC A Rotate Acc Left through the Carry 1 1
RRA Rotate Acc Right 1 1
RRC A Rotate Acc Right through the Carry 1 1
SWAP A Swap nibbles within the Acc 1 1
BOOLEAN VARIABLE MANIPULATION

CLRC Clear Carry 1 1
CLR bit Clear direct bit 2 4
SETB C Set Carry 1 1
SETB bit Set direct bit 2 4

Rev1.1]291/298

www.cmostek.com



CMT2380F16

. MNEMONIC DESCRIPTION BYTE EXES:::LON ’
CPLC Complement Carry 1 1
CPL bit Complement direct bit 2 4
ANL C,bit AND direct bit to Carry 2 3
ANL C,/bit AND complement of direct bit to Carry 2 3
ORL C,bit OR direct bit to Carry 2 3
ORL C,/bit OR complement of direct bit to Carry 2 3
MOV C,bit Move direct bit to Carry 2 3
MOV bit,C Move Carry to direct bit 2 4
BOOLEAN VARIABLE MANIPULATION

JC rel Jump if Carry is set 2 3
JNC rel Jump if Carry not set 2 3
JB bit,rel Jump if direct bit is set 3 4
JNB bit,rel Jump if direct bit not set 3 4
JBC bit,rel Jump if direct bit is set and then clear bit 3 5
PROAGRAM BRACHING

ACALL addr11 Absolute subroutine call 2 6
LCALL addr16 Long subroutine call 3 6
RET Return from subroutine 1 4
RETI Return from interrupt subroutine 1 4
AJMP addr11 Absolute jump 2 3
LJMP addr16 Long jump 3 4
SJMP rel Short jump 2 3
JMP @A+DPTR Jump indirect relative to DPTR 1 3
JZ rel Jump if Acc is zero 2 3
JNZ rel Jump if Acc not zero 2 3
CJINE A direct,rel Compare direct byte to Acc  and jump if not equal 3 5
CJINE A #data,rel Compare immediate data to Acc and jump if not equal 3 4
CJINE Rn,#data,rel Compare immediate data to register and jump if not equal 3 4
CJINE @Ri,#data,rel Compare immediate data to indirect RAM and jump if not equal 3 5
DJNZ Rn,rel Decrement register and jump if not equal 2 4
DJNZ direct,rel Decrement direct byte and jump if not equal 3 5
NOP No Operation 1 1

Rev1.1]292/298

www.cmostek.com



CMT2380F16

32 Ordering Information

Table 32-1. CMT2380F16 Ordering Information

. . . Operation
Product Number Description Package Packing "
Condition
CMT2380F 16-EQR!" CMT2380F16, fE2h¥e QFN48 (6x6) Tapin 1.810.3.6V, 3,000
Sub-1GHz §iHillk SoC ping 4010 85°C ’

Remarks:

[1]. "E" stands for the extended industrial grade with a temperature range of -40 to +85.
“S” stands for the package type of SOPS.
“R” stands for the braid and tape type. MOQ is 3000pcs;

For more information on products and product lines, please visit www.cmostek.com.

For purchasing or price requirements, please contact sales@cmostek.com or local sales representative.

www.cmostek.com
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33 Packaging Information

CMT2380F16 package QFN48 related packaging information, as shown in the following figure

and the following table.
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Figure 33-1. QFN48 6x6 Package

Table 33-1. QFN48 6x6 Package Size

Size (mm)
Typ.
A 0.70 0.75 0.80
A1 0 0.02 0.05
0.15 0.20 0.25
c 0.18 0.20 0.23
D 5.90 6.00 6.10
D2 4.10 4.20 4.30
e 0.40 BSC
Ne 4.40 BSC
Nd 4.40 BSC
E 5.90 6.00 6.10
E2 4.10 4.20 4.30
L 0.35 0.40 0.45
h 0.30 0.35 0.40
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34 Top Marking

E9 DD
® Y WW

Figure 34-1. CMT2380F16 Top Marking

Table 34-2. CMT2380F16 Top Marking Description

Silk-print Pattern Laser
Pin 1 mark Circle diameter = 0.3 mm
Font height 0.5 mm, right aligned
Line 1 marking 2380F 16 stands for the model CMT2380F 16
Line 2 marking E9@® is the internal tracking coding.

. . YWW is the date number set by the packaging factory. Y stands for the year, and
Line 3 marking .

WW stands for the working week.
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35 Other Documents

Table 35-1. Other documents related with CMT2380F16

Doc. No. Doc. Name Description
AN141 CMT2300AW Schematic and PCB Layout Design Guideline CMT2380F 16 layout guide
AN142 CMT2300A Quick Start Guide CMT2380F 16 start guide
AN143 CMT2300A FIFO and Packet Format Usage GuideLine
AN144 CMT2300A RSSI Usage Guideline
AN146 CMT2300A Low Power Mode Usage Guideline
AN147 CMT2300A Features Usage Guideline
AN149 CMT2300A RF Parameter Configuration Guideline
AN150 CMT2300A Low Voltage Transmitting Power Compensation
AN197 CMT2300A-CMT2119B-CMT2219B HtifiF sk 47ICN)

AN198 CMT2300A-CMT2119B-CMT2219B IR & #eik 7% FH I (CN)
AN199 CMT2300A-CMT2119B-CMT2219B St #iii4li % i1 5575 (CN)
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36 Document Modification Record

Table 36-1. Document Modification Record Sheet

Version Modification descriptions

1.1 2018-6-8
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37 Contact Information

CMOSTEK Microelectronics Co., Ltd. Shenzhen Branch
Address: 2/F Building 3, Pingshan Private Enterprise S.T. Park, Xili, Nanshan District, Shenzhen,
Guangdong, China

Tel: +86-755-83231427
Post Code: 518057

Sales: sales@cmostek.com
Supports: support@cmostek.com
Website: www.cmostek.com

Copyright. CMOSTEK Microelectronics Co., Ltd. All rights are reserved.

The information furnished by CMOSTEK is believed to be accurate and reliable. However, no responsibility is assumed for
inaccuracies and specifications within this document are subject to change without notice. The material contained herein is
the exclusive property of CMOSTEK and shall not be distributed, reproduced, or disclosed in whole or in part without prior
written permission of CMOSTEK. CMOSTEK products are not authorized for use as critical components in life support
devices or systems without express written approval of CMOSTEK. The CMOSTEK logo is a registered trademark of
CMOSTEK Microelectronics Co., Ltd. All other names are the property of their respective owners.
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