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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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SPECIFICATIONS1 
AVDD = 2.7 V to 3.6 V or 4.75 V to 5.25 V, DVDD = 2.7 V to 3.6 V or 4.75 V to 5.25 V, REFIN(+) = 2.5 V, REFIN(–) = AGND; AGND = 
DGND = 0 V; XTAL1/XTAL2 = 32.768 kHz crystal; all specifications TMIN to TMAX, unless otherwise noted. Input buffer on for primary 
ADC, unless otherwise noted. Core speed = 1.57 MHz (default CD = 3), unless otherwise noted. 

Table 1.  
Parameter Min Typ Max Unit Test Conditions/Comments 
PRIMARY ADC      

Conversion Rate 5.4  105 Hz Chop on (ADCMODE.3 = 0) 
 16.06  1365 Hz Chop off (ADCMODE.3 = 1) 
No Missing Codes2 24    Bits ≤26.7 Hz update rate with chop enabled 
 24   Bits ≤80.3 Hz update rate with chop disabled 
Resolution (ADuC845/ADuC847) See Table 11 and Table 15    
Resolution (ADuC848) See Table 13 and Table 17    
Output Noise (ADuC845/ADuC847) See Table 10 and Table 14  μV (rms) Output noise varies with selected update rates, 

gain range, and chop status.  
Output Noise (ADuC848) See Table 12 and Table 16  μV (rms) Output noise varies with selected update rates, 

gain range, and chop status.  
Integral Nonlinearity   ±15 ppm of FSR 1 LSB16 

Offset Error3  ±3  μV Chop on  
   Chop off, offset error is in the order of the noise 

for the programmed gain and update rate 
following a calibration.  

Offset Error Drift vs. Temperature2  ±10  nV/°C Chop on (ADCMODE.3 = 0) 
  ±200  nV/°C Chop off (ADCMODE.3 = 1) 
Full-Scale Error4       

ADuC845/ADuC847  ±10   μV ±20 mV to ±2.56 V 
ADuC848  ±10   μV ±20 mV to ±640 mV 

  ±0.5  LSB16 ±1.28 V to ±2.56 V  
Gain Error Drift vs. Temperature4  ±0.5   ppm/°C  
Power Supply Rejection       

 80   dB AIN = 1 V, ±2.56 V, chop enabled 
  113   dB AIN = 7.8 mV, ±20 mV, chop enabled 
  80  dB AIN = 1 V, ±2.56 V, chop disabled2  
PRIMARY ADC ANALOG INPUTS      

Differential Input Voltage Ranges 5, 6      Gain = 1 to 128 
Bipolar Mode (ADC0CON1.5 = 0)  ±1.024 × 

VREF/GAIN 
 V VREF = REFIN(+) − REFIN(−) or REFIN2(+) − 

REFIN2(−) (or Int 1.25 VREF)  
Unipolar Mode (ADC0CON1.5 = 1)  0 – 1.024 × 

VREF/GAIN 
 V VREF = REFIN(+) − REFIN(−) or REFIN2(+) − 

REFIN2(−) (or Int 1.25 VREF)  
ADC Range Matching  ±2  μV AIN = 18 mV, chop enabled 
Common-Mode Rejection DC     Chop enabled, chop disabled 

On AIN 95   dB AIN = 7.8 mV, range = ±20 mV 
  113  dB AIN = 1 V, range = ±2.56 V 

Common-Mode Rejection  
50 Hz/60 Hz2 

    50 Hz/60 Hz ± 1 Hz, 16.6 Hz and 50 Hz update 
rate, chop enabled, REJ60 enabled 

On AIN 95   dB AIN = 7.8 mV, range = ±20 mV  
 90   dB AIN = 1 V, range = ±2.56 V 

http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC847?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC848?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC847?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC848?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC847?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC848?doc=ADuC845_847_848.pdf
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Parameter Min Typ Max Unit Test Conditions/Comments 
Normal Mode Rejection 50 Hz/60 Hz2      

On AIN 75   dB 50 Hz/60 Hz ± 1 Hz, 16.6 Hz Fadc, SF = 52H, chop 
on, REJ60 on 

 100   dB 50 Hz ± 1 Hz, 16.6 Hz Fadc, SF = 52H, chop on 
 67   dB 50 Hz/60 Hz ± 1 Hz, 50 Hz Fadc, SF = 52H, chop 

off, REJ60 on 
 100   dB 50 Hz ± 1 Hz, 50 Hz Fadc, SF = 52H, chop off 

Analog Input Current2   ±1 nA TMAX = 85°C, buffer on 
   ±5 nA TMAX = 125°C, buffer on 
Analog Input Current Drift   ±5  pA/°C TMAX = 85°C, buffer on 
  ±15  pA/°C TMAX = 125°C, buffer on 
Average Input Current  ±125  nA/V ±2.56 V range, buffer bypassed 
Average Input Current Drift  ±2  pA/V/°C Buffer bypassed 
Absolute AIN Voltage Limits2 AGND + 

0.1 
 AVDD − 

0.1 
V AIN1 … AIN10 and AINCOM with buffer enabled  

Absolute AIN Voltage Limits2 AGND − 
0.03 

 AVDD + 
0.03 

V AIN1 … AIN10 and AINCOM with buffer bypassed  

EXTERNAL REFERENCE INPUTS      
REFIN(+) to REFIN(–) Voltage  2.5  V REFIN refers to both REFIN and REFIN2 
REFIN(+) to REFIN(–) Range2 1  AVDD V REFIN refers to both REFIN and REFIN2 
Average Reference Input Current  ±1  μA/V Both ADCs enabled 
Average Reference Input Current 

Drift 
 ±0.1  nA/V/°C  

NOXREF Trigger Voltage 0.3  0.65 V NOXREF (ADCSTAT.4) bit active if  VREF > 0.3 V, and 
inactive if VREF > 0.65 V 

Common-Mode Rejection      
DC Rejection  125  dB AIN = 1 V, range = ±2.56 V 
50 Hz/60 Hz Rejection2 90   dB 50 Hz/60 Hz ± 1 Hz, AIN = 1 V, range = ±2.56 V,  

SF = 82  
Normal Mode Rejection  

50 Hz/60 Hz2 
75   dB 50 Hz/60 Hz ±1 Hz, AIN = 1 V, range = ±2.56 V,  

SF = 52H, chop on, REJ60 on 
 100   dB 50 Hz ± 1 Hz, AIN = 1 V, range = ±2.56 V,  

SF = 52H, chop on 
 67   dB 50 Hz/60 Hz ± 1 Hz, AIN = 1 V, range = ±2.56 V,  

SF = 52H, chop off, REJ60 on 
 100   dB 50 Hz ± 1 Hz, AIN = 1 V, range = ±2.56 V,  

SF = 52H, chop off 
AUXILIARY ADC (ADuC845 Only)      

Conversion Rate 5.4  105 Hz Chop on 
 16.06  1365 Hz Chop off 
No Missing Codes2 24    Bits ≤26.7 Hz update rate, chop enabled 
 24   Bits 80.3 Hz update rate, chop disabled  
Resolution See Table 19 and Table 21   
Output Noise  See Table 18 and Table 20  Output noise varies with selected update rates.  
Integral Nonlinearity   ±15 ppm of FSR 1 LSB16 
Offset Error3  ±3  μV Chop on 
  ±0.25  LSB16 Chop off 
Offset Error Drift2   10  nV/°C Chop on  
  200  nV/°C Chop off  
Full-Scale Error4  ±0.5   LSB16  
Gain Error Drift4  ±0.5  ppm/°C  
Power Supply Rejection  80   dB AIN = 1 V, range = ±2.56 V, chop enabled 

  80  dB AIN = 1 V, range = ±2.56 V, chop disabled 

http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
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Parameter Min Typ Max Unit Test Conditions/Comments 
TRANSDUCER BURNOUT CURRENT 

SOURCES 
     

AIN+ Current   −100  nA  AIN+ is the selected positive input (AIN4 or AIN6 
only) to the primary ADC 

AIN− Current  100  nA AIN− is the selected negative input (AIN5 or AIN7 
only) to the primary ADC 

Initial Tolerance at 25°C  ±10  %  
Drift  0.03  %/°C  

EXCITATION CURRENT SOURCES      
Output Current  200  μA Available from each current source 
Initial Tolerance at 25°C  ±10  %  
Drift  200  ppm/°C  
Initial Current Matching at 25°C  ±1  % Matching between both current sources 
Drift Matching   20   ppm/°C  
Line Regulation (AVDD)   1  μA/V AVDD = 5 V ± 5% 
Load Regulation   0.1  μA/V  
Output Compliance2 AGND   AVDD − 0.6 V  

POWER SUPPLY MONITOR (PSM)      
AVDD Trip Point Selection Range 2.63  4.63 V Four trip points selectable in this range 
AVDD Trip Point Accuracy   ±3.0 % TMAX = 85°C 
   ±4.0 % TMAX = 125°C 
DVDD Trip Point Selection Range 2.63  4.63 V Four trip points selectable in this range 
DVDD Trip Point Accuracy   ±3.0 % TMAX = 85°C 
   ±4.0 % TMAX = 125°C 

CRYSTAL OSCILLATOR (XTAL1 AND 
XTAL2) 

     

Logic Inputs, XTAL1 Only2      
VINL, Input Low Voltage   0.8 V DVDD = 5 V 
   0.4 V DVDD = 3 V 
VINH, Input Low Voltage 3.5   V DVDD = 5 V 

 2.5   V DVDD = 3 V 
XTAL1 Input Capacitance  18  pF  
XTAL2 Output Capacitance  18  pF  

LOGIC INPUTS       
All Inputs Except SCLOCK, RESET, 

and XTAL12 
     

VINL, Input Low Voltage   0.8 V DVDD = 5 V 
   0.4 V DVDD = 3 V 

VINH, Input Low Voltage 2.0   V  
SCLOCK and RESET Only  

(Schmidt Triggered Inputs)2 
     

VT+ 1.3  3.0 V DVDD = 5 V 
 0.95  2.5 V DVDD = 3 V 

VT− 0.8  1.4 V DVDD = 5 V 
 0.4  1.1 V DVDD = 3 V  

VT+ − VT− 0.3  0.85 V DVDD = 5 V or 3 V 
Input Currents      

Port 0, P1.0 to P1.7, EA    ±10 μA VIN = 0 V or VDD 

RESET   ±10 μA VIN = 0 V, DVDD = 5 V 
 35  105 μA VIN = DVDD, DVDD = 5 V, internal pull-down 

Port 2, Port 3   ±10 μA VIN = DVDD, DVDD = 5 V 
 −180  −660 μA VIN = 2 V, DVDD = 5 V 
 −20  −75 μA VIN = 0.45 V, DVDD = 5 V 
Input Capacitance  10  pF All digital inputs 
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Parameter Min Typ Max Unit Test Conditions/Comments 
LOGIC OUTPUTS (ALL DIGITAL 

OUTPUTS EXCEPT XTAL2) 
     

VOH, Output High Voltage2 2.4   V DVDD = 5 V, ISOURCE = 80 μA 
 2.4   V DVDD = 3 V, ISOURCE = 20 μA 
VOL, Output Low Voltage   0.4 V ISINK = 8 mA, SCLOCK, SDATA 
   0.4 V ISINK = 1.6 mA on P0, P1, P2 
Floating State Leakage Current2   ±10 μA  
Floating State Output Capacitance   10  pF  

START-UP TIME      
At Power-On  600  ms  
After Ext RESET in Normal Mode  3  ms  
After WDT RESET in Normal Mode  2  ms Controlled via WDCON SFR 
From Power-Down Mode      

Oscillator Running     PLLCON.7 = 0   
Wake-Up with INT0 Interrupt  20  μs  

Wake-Up with SPI Interrupt  20  μs  
Wake-Up with TIC Interrupt  20  μs  

Oscillator Powered Down     PLLCON.7 = 1 
Wake-Up with INT0 Interrupt  30  μs  

Wake-Up with SPI Interrupt  30  μs  
FLASH/EE MEMORY RELIABILITY 

CHARACTERISTICS 
     

Endurance9 100,000   Cycles  
Data Retention10 100   Years  

POWER REQUIREMENTS      
Power Supply Voltages      

AVDD 3 V Nominal 2.7  3.6 V  
AVDD 5 V Nominal 4.75  5.25 V  
DVDD 3 V Nominal 2.7  3.6 V  
DVDD 5 V Nominal 4.75  5.25 V  

5 V Power Consumption      4.75 V < DVDD < 5.25 V, AVDD = 5.25 V 
Normal Mode11, 12      

DVDD Current   10 mA  Core clock = 1.57 MHz 
  25 31 mA  Core clock = 12.58 MHz 

AVDD Current   180  μA   
Power-Down Mode11, 12      

DVDD Current  40 53  μA  TMAX = 85°C; OSC on; TIC on  
  50  μA  TMAX = 125°C; OSC on; TIC on 

  20 33 μA TMAX = 85°C; OSC off 
  30  μA TMAX = 125°C; OSC off  

AVDD Current    1 μA TMAX = 85°C; OSC on or off 
   3 μA TMAX = 125°C; OSC on or off 

Typical Additional Peripheral 
Currents (AIDD and DIDD) 

    5 V VDD, CD = 3 

Primary ADC  1  mA  
Auxiliary ADC (ADuC845 Only)  0.5  mA  
Power Supply Monitor  30  μA  
DAC   60  μA DACH/L = 000H 
Dual Excitation Current Sources  200  μA 200 μA each. Can be combined to give 400 μA on 

a single output.  
ALE Off  −20  μA PCON.4 = 1 (see Table 6) 
WDT  10  μA  

http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
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Pin No. 
Mnemonic Type1 Description 52-MQFP 56-LFCSP 

9 9 P1.4/AIN5 I On power-on default, P1.4/AIN5 is configured as the AIN5 analog input.  
AIN5 can be used as a pseudo differential input when used with AINCOM or as 
the positive input of a fully differential pair when used with AIN6.  
P1.0 has no digital output driver. It can function as a digital input for which 0 
must be written to the port bit. As a digital input, this pin must be driven high 
or low externally. 

10 10 P1.5/AIN6 I On power-on default, P1.5/AIN6 is configured as the AIN6 analog input.  
AIN6 can be used as a pseudo differential input when used with AINCOM or as 
the negative input of a fully differential pair when used with AIN5.  
P1.1 has no digital output driver. It can function as a digital input for which 0 
must be written to the port bit. As a digital input, this pin must be driven high 
or low externally. 

11 11 P1.6/AIN7/IEXC1 I/O On power-on default, P1.6/AIN7 is configured as the AIN7 analog input.  
AIN7 can be used as a pseudo differential input when used with AINCOM or as 
the positive input of a fully differential pair when used with AIN8. One or both 
current sources can also be configured at this pin.  
P1.6 has no digital output driver. It can, however, function as a digital input for 
which 0 must be written to the port bit. As a digital input, this pin must be 
driven high or low externally. 

12 12 P1.7/AIN8/IEXC2 I/O On power-on default, P1.7/AIN8 is configured as the AIN8 analog input.  
AIN8 can be used as a pseudo differential input when used with AINCOM or as 
the negative input of a fully differential pair when used with AIN7. One or 
both current sources can also be configured at this pin.  
P1.7 has no digital output driver. It can, however, function as a digital input for 
which 0 must be written to the port bit. As a digital input, this pin must be 
driven high or low externally. 

13 13 AINCOM/DAC I/O  All analog inputs can be referred to this pin, provided that a relevant pseudo 
differential input mode is selected. This pin also functions as an alternative pin 
out for the DAC. 

14 14 DAC O The voltage output from the DAC, if enabled, appears at this pin. 
Not 
applicable 

15 AIN9 I AIN9 can be used as a pseudo differential analog input when used with 
AINCOM or as the positive input of a fully differential pair when used with 
AIN10 (LFCSP version only).  

Not 
applicable 

16 AIN10 I AIN10 can be used as a pseudo differential analog input when used with 
AINCOM or as the negative input of a fully differential pair when used with 
AIN9 (LFCSP version only). 

15 17 RESET I Reset Input. A high level on this pin for 16 core clock cycles while the 
oscillator is running resets the device. This pin has an internal weak pull-down 
and a Schmitt trigger input stage. 

16 to 19, 
22 to 25 

18 to 21, 
24 to 27 

P3.0 to P3.7 I/O P3.0 to P3.7 are bidirectional port pins with internal pull-up resistors. Port 3 
pins that have 1s written to them are pulled high by the internal pull-up 
resistors, and in that state can be used as inputs. As inputs, Port 3 pins being 
pulled externally low source current because of the internal pull-up resistors. 
When driving a 0-to-1 output transition, a strong pull-up is active for one core 
clock period of the instruction cycle. 
Port 3 pins also have the various secondary functions described in this table. 

16 18 P3.0/RxD   Receiver Data for UART Serial Port. 
17 19 P3.1/TxD  Transmitter Data for UART Serial Port. 
18 20 P3.2/INT0  External Interrupt 0. This pin can also be used as a gate control input to Timer 0. 

19 21 P3.3/INT1  External Interrupt 1. This pin can also be used as a gate control input to Timer 1. 

22 24 P3.4/T0  Timer/Counter 0 External Input. 
23 25 P3.5/T1  Timer/Counter 1 External Input. 
24 26 P3.6/WR   External Data Memory Write Strobe. This pin latches the data byte from Port 0 

into an external data memory. 
25 27 P3.7/RD  External Data Memory Read Strobe. This pin enables the data from an external 

data memory to Port 0. 
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Pin No. 
Mnemonic Type1 Description 52-MQFP 56-LFCSP 

43 to 46, 
49 to 52 

46 to 49, 
52 to 55 

P0.0 to P0.7 I/O These pins are part of Port 0, which is an 8-bit open-drain bidirectional I/O 
port. Port 0 pins that have 1s written to them float, and, in that state, can be 
used as high impedance inputs. An external pull-up resistor is required on P0 
outputs to force a valid logic high level externally. Port 0 is also the 
multiplexed low-order address and data bus during accesses to external data 
memory. In this application, Port 0 uses strong internal pull-ups when 
emitting 1s. 

 EP EPAD  Exposed Pad. For the LFCSP, the exposed paddle must be left unconnected. 
 
1 I = input, S = supply, I/O means input/output, and O = output. 
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Notes on the ADCMODE Register 

Any change to the MD bits immediately resets both ADCs 
(auxiliary ADC only applicable to the ADuC845). A write to the 
MD2–MD0 bits with no change in contents is also treated as a 
reset. (See the exception to this in the third note of this section.)  

If ADC1CON1 and ADC1CON2 are written when ADC0EN = 
1, or if ADC0EN is changed from 0 to 1, both ADCs are also 
immediately reset. In other words, the primary ADC is given 
priority over the auxiliary ADC and any change requested on 
the primary ADC is immediately responded to. Only applicable 
to the ADuC845. 

On the other hand, if ADC1CON is written to or if ADC1EN is 
changed from 0 to 1, only the auxiliary ADC is reset. For 
example, if the primary ADC is continuously converting when 
the auxiliary ADC change or enable occurs, the primary ADC 
continues undisturbed. Rather than allow the auxiliary ADC to 
operate with a phase difference from the primary ADC, the 
auxiliary ADC falls into step with the outputs of the primary 
ADC. The result is that the first conversion time for the 
auxiliary ADC is delayed by up to three outputs while the 
auxiliary ADC update rate is synchronized to the primary ADC. 
Only applicable to ADuC845. If the ADC1CON write occurs 
after the primary ADC has completed its operation, the 
auxiliary ADC can respond immediately without having to fall 
into step with the primary ADCs output cycle. 

If the devices are powered down via the PD bit in the PCON 
register, the current ADCMODE bits are preserved, that is, they 
are not reset to default state. Upon a subsequent resumption of 
normal operating mode, the ADCs restarts the selected 
operation defined by the ADCMODE register. 

Once ADCMODE has been written with a calibration mode, 
the RDY0/1 (ADuC845 only) bits (ADCSTAT) are reset and the 
calibration commences. On completion, the appropriate 
calibration registers are written, the relevant bits in ADCSTAT 
are written, and the MD2–MD0 bits are reset to 000B to 
indicate that the ADC is back in power-down mode.  

Any calibration request of the auxiliary ADC while the 
temperature sensor is selected fails to complete. Although the 
RDY1 bit is set at the end of the calibration cycle, no update of 
the calibration SFRs takes place, and the ERR1 bit is set. 
ADuC845 only. 

Calibrations performed at maximum SF (see Table 28) value 
(slowest ADC throughput rate) help to ensure optimum 
calibration. 

The duration of a calibration cycle is 2/Fadc for chop-on mode 
and 4/Fadc for chop-off mode. 

 

 

http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
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SF (ADC SINC FILTER CONTROL REGISTER) 
The SF register is used to configure the decimation factor for the ADC, and therefore, has a direct influence on the ADC throughput rate.  

SFR Address:  D4H 
Power-On Default: 45H  
Bit Addressable:  No 

 

Table 28. Sinc Filter SFR Bit Designations 
SF.7 SF.6 SF.5 SF.4 SF.3 SF.2 SF.1 SF.0 
0 1 0 0 0 1 0 1 

 

The bits in this register set the decimation factor of the ADC. This has a direct bearing on the throughput rate of the ADC along with the 
chop setting. The equations used to determine the ADC throughput rate are  

Fadc (Chop On) = 
SFword 83

1 × 32.768 kHz 

where SFword is in decimal. 

Fadc (Chop Off) = 
SFword8

1 × 32.768 kHz 

where SFword is in decimal. 

 

Table 29. SF SFR Bit Examples 
Chop Enabled (ADCMODE.3 = 0) 
SF (Decimal) SF (Hexadecimal) Fadc (Hz) Tadc (ms) Tsettle (ms) 
131 0D 105.3 9.52 19.04 
69 45 19.79 50.53 101.1 
82 52 16.65 60.06 120.1 
255 FF 5.35 186.77 373.54 

 
Chop Disabled (ADCMODE.3 = 1) 
SF (Decimal) SF (Hexadecimal) Fadc (Hz) Tadc (ms) Tsettle (ms) 
3 03 1365.3 0.73 2.2 
69 45 59.36 16.84 50.52 
82 52 49.95 20.02 60.06 
255 FF 16.06 62.25 186.8 
 
1 With chop enabled, if an SF word smaller than 13 is written to this SF register, the filter automatically defaults to 13. 

 

During ADC calibration, the user-programmed value of SF word is used. The SF word does not default to the maximum setting (255) as it 
did on previous MicroConverter® products. However, for optimum calibration results, it is recommended that the maximum SF word be set. 
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ICON (EXCITATION CURRENT SOURCES CONTROL REGISTER) 
The ICON register is used to configure the current sources and the burnout detection source. 

SFR Address:  D5H 
Power-On Default:  00H 
Bit Addressable:  No 

 

Table 30. Excitation Current Source SFR Bit Designations 
Bit No. Name  Description 
7 ––– Not Implemented. Write Don’t Care. 
6 ICON.6 Burnout Current Enable Bit.  

When set, this bit enables the sensor burnout current sources on primary ADC channels AIN5/AIN6 or 
AIN7/AIN8. Not available on any other ADC input pins or on the auxiliary ADC (ADuC845 only). 

5 ICON.5 Not Implemented. Write Don’t Care. 
4 ICON.4 Not Implemented. Write Don’t Care. 
3 ICON.3 IEXC2 Pin Select. 0 selects AIN8, 1 selects AIN7 
2 ICON.2 IEXC1 Pin Select. 0 selects AIN7, 1 selects AIN8 
1 ICON.1 IEXC2 Enable Bit (0 = disable). 
0 ICON.0 IEXC1 Enable Bit (0 = disable). 

 

A write to the ICON register has an immediate effect but does not reset the ADCs. Therefore, if a current source is changed while an ADC 
is already converting, the user must wait until the third or fourth output at least (depending on the status of the chop mode) to see a fully 
settled new output. 

Both IEXC1 and IEXC2 can be configured to operate on the same output pin thereby increasing the current source capability to 400 μA. 

 

 

http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
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NONVOLATILE FLASH/EE MEMORY OVERVIEW 
The ADuC845/ADuC847/ADuC848 incorporate Flash/EE 
memory technology on-chip to provide the user with nonvolatile, 
in-circuit reprogrammable code and data memory space.  

Like EEPROM, flash memory can be programmed in-system at 
the byte level, although it must first be erased, in page blocks. 
Thus, flash memory is often and more correctly referred to as 
Flash/EE memory.  

EEPROM
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Figure 26. Flash/EE Memory Development 

Overall, Flash/EE memory represents a step closer to the ideal 
memory device that includes nonvolatility, in-circuit program-
mability, high density, and low cost. The Flash/EE memory 
technology allows the user to update program code space in-
circuit, without needing to replace onetime programmable 
(OTP) devices at remote operating nodes.  

Flash/EE Memory on the ADuC845, ADuC847, ADuC848 

The ADuC845/ADuC847/ADuC848 provide two arrays of 
Flash/EE memory for user applications—up to 62 kbytes of 
Flash/EE program space and 4 kbytes of Flash/EE data memory 
space. Also, 8-kbyte and 32-kbyte program memory options are 
available. All examples and references in this datasheet use the 
62-kbyte option; however, similar protocols and procedures are 
applicable to the 32-kbyte and 8-kbyte options unless otherwise 
noted, provided that the difference in memory size is taken into 
account. 

The 62 kbytes Flash/EE code space are provided on-chip to 
facilitate code execution without any external discrete ROM 
device requirements. The program memory can be programmed 
in-circuit, using the serial download mode provided, using 
conventional third party memory programmers, or via any 
user-defined protocol in user download (ULOAD) mode. 

The 4-kbyte Flash/EE data memory space can be used as a 
general-purpose, nonvolatile scratchpad area. User access to 
this area is via a group of seven SFRs. This space can be 
programmed at a byte level, although it must first be erased in 
4-byte pages. 

All the following sections use the 62-kbyte program space as an 
example when referring to program and ULOAD mode. For the 
64-kbyte part, the ULOAD area takes up the top 6 kbytes of the 
program space, that is, from 56 kbytes to 62 kbytes. For the 
32-kbyte part, the ULOAD space moves to the top 8 kbytes of the 
on-chip program memory, that is., from 24 kbytes to 32 kbytes. 

No ULOAD mode is available on the 8-kbyte part since the 
bootload area on the 8-kbyte part is 8 kbytes long, so no usable 
user program space remains. The kernel still resides in the 
protected area from 62 kbytes to 64 kbytes. 

Flash/EE Memory Reliability 

The Flash/EE program and data memory arrays on the 
ADuC845/ADuC847/ADuC848 are fully qualified for two key 
Flash/EE memory characteristics: Flash/EE memory cycling 
endurance and Flash/EE memory data retention.  

Endurance quantifies the ability of the Flash/EE memory to be 
cycled through many program, read, and erase cycles. In real 
terms, a single endurance cycle is composed of four independent, 
sequential events: 

1. Initial page erase sequence 

2. Read/verify sequence 

3. Byte program sequence 

4. Second read/verify sequence 

In reliability qualification, every byte in both the program and 
data Flash/EE memory is cycled from 00H to FFH until a first 
fail is recorded, signifying the endurance limit of the on-chip 
Flash/EE memory. 

As indicated in the Specifications table, the 
ADuC845/ADuC847/ ADuC848 Flash/EE memory endurance 
qualification has been carried out in accordance with JEDEC 
Specification A117 over the industrial temperature range of –
40°C, +25°C, +85°C, and +125°C. (The LFCSP package is 
qualified to +85°C only.) The results allow the specification of a 
minimum endurance figure over supply and temperature of 
100,000 cycles, with an endurance figure of 700,000 cycles being 
typical of operation at 25°C. 

Retention is the ability of the Flash/EE memory to retain its 
programmed data over time. Again, the devices have been qualified 
in accordance with the formal JEDEC Retention Lifetime Specifi-
cation (A117) at a specific junction temperature (TJ = 55°C). As 
part of this qualification procedure, the Flash/EE memory is 
cycled to its specified endurance limit described previously, 
before data retention is characterized. This means that the 
Flash/EE memory is guaranteed to retain its data for its full 
specified retention lifetime every time the Flash/EE memory is 
reprogrammed. It should also be noted that retention lifetime, 
based on an activation energy of 0.6 eV, derates with TJ as shown 
in Figure 27.  

http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC847?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC848?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC847?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC848?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC847?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC848?doc=ADuC845_847_848.pdf
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Figure 27. Flash/EE Memory Data Retention 

FLASH/EE PROGRAM MEMORY 
The ADuC845/ADuC847/ADuC848 contain a 64-kbyte array of 
Flash/EE program memory. The lower 62 kbytes of this program 
memory are available to the user for program storage or as 
additional NV data memory. 

The upper 2 kbytes of this Flash/EE program memory array 
contain permanently embedded firmware, allowing in-circuit 
serial download, serial debug, and nonintrusive single-pin 
emulation. These 2 kbytes of embedded firmware also contain 
a power-on configuration routine that downloads factory cali-
brated coefficients to the various calibrated peripherals such 
as ADC, temperature sensor, current sources, band gap, and 
references. 

These 2 kbytes of embedded firmware are hidden from the user 
code. Attempts to read this space read 0s; therefore, the embed-
ded firmware appears as NOP instructions to user code. 

In normal operating mode (power-on default), the 62 kbytes of 
user Flash/EE program memory appear as a single block. This 
block is used to store the user code as shown in Figure 28. 
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CODE TO BE DOWNLOADED TO ANY OF THE
62 kBYTES OF ON-CHIP PROGRAM MEMORY.
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Figure 28. Flash/EE Program Memory Map in Normal Mode 

In normal mode, the 62 kbytes of Flash/EE program memory 
can be programmed by serial downloading and by parallel 
programming.  

Serial Downloading (In-Circuit Programming) 

The ADuC845/ADuC847/ADuC848 facilitate code download 
via the standard UART serial port. The devices enter serial 
download mode after a reset or a power cycle if the PSEN pin  
is pulled low through an external 1 kΩ resistor. Once in serial 
download mode, the hidden embedded download kernel 
executes. This allows the user to download code to the full 
62 kbytes of Flash/EE program memory while the device is  
in circuit in its target application hardware.  

A PC serial download executable (WSD.EXE) is provided as 
part of the ADuC845/ADuC847/ADuC848 Quick Start 
development system. The AN-1074 Application Note fully 
describes the serial download protocol that is used by the 
embedded download kernel. 

Parallel Programming 

The parallel programming mode is fully compatible with 
conventional third-party flash or EEPROM device programmers. 
A block diagram of the external pin configuration required to 
support parallel programming is shown in Figure 29. In this 
mode, Ports 0 and 2 operate as the external address bus interface, 
P3 operates as the external data bus interface, and P1.0 operates 
as the write enable strobe. P1.1, P1.2, P1.3, and P1.4 are used as 
general configuration ports that configure the device for various 
program and erase operations during parallel programming. 
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Figure 29. Flash/EE Memory Parallel Programming 

The command words that are assigned to P1.1, P1.2, P1.3, and 
P1.4 are described in Table 31.  

Table 31. Flash/EE Memory Parallel Programming Modes 
Port 1 Pins  

P1.4 P1.3 P1.2 P1.1 Programming Mode 
0 0 0 0 Erase Flash/EE Program, Data, and 

Security Mode 
1 0 1 0 Program Code Byte 
0 0 1 0 Program Data Byte 
1 0 1 1 Read Code Byte 
0 0 1 1 Read Data Byte 
1 1 0 0 Program Security Modes 
1 1 0 1 Read/Verify Security Modes 
All other codes Redundant 

http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC847?doc=ADuC845_847_848.pdf
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USING FLASH/EE DATA MEMORY 
The 4 kbytes of Flash/EE data memory are configured as 1024 
pages, each of 4 bytes. As with the other ADuC845/ADuC847/ 
ADuC848 peripherals, the interface to this memory space is via 
a group of registers mapped in the SFR space. A group of four 
data registers (EDATA1–4) holds the 4 bytes of data at each 
page. The page is addressed via the EADRH and EADRL 
registers. Finally, ECON is an 8-bit control register that can be 
written to with one of nine Flash/EE memory access commands 
to trigger various read, write, erase, and verify functions. A 
block diagram of the SFR interface to the Flash/EE data memory 
array is shown in Figure 32.  

ECON—Flash/EE Memory Control SFR 

Programming either Flash/EE data memory or Flash/EE 
program memory is done through the Flash/EE memory 
control SFR (ECON). This SFR allows the user to read, write, 

erase, or verify the 4 kbytes of Flash/EE data memory or the 
56 kbytes of Flash/EE program memory.  
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Figure 32. Flash/EE Data Memory Control and Configuration 

 

Table 32. ECON—Flash/EE Memory Commands  
ECON Value Command Description (Normal Mode, Power-On Default) Command Description (ULOAD Mode) 
01H Read 4 bytes in the Flash/EE data memory, addressed by the page 

address EADRH/L, are read into EDATA1–4. 
Not implemented. Use the MOVC instruction. 

02H Write Results in 4 bytes in EDATA1–4 being written to the Flash/EE 
data memory, at the page address given by EADRH (0 ≤ 
EADRH < 0400H). Note that the 4 bytes in the page being 
addressed must be pre-erased. 

Bytes 0 to 255 of internal XRAM are written to the 256 bytes 
of Flash/EE program memory at the page address given by 
EADRH/L (0 ≤ EADRH/L < E0H). 
Note that the 256 bytes in the page being addressed must be 
pre-erased. 

03H Reserved. Reserved. 
04H Verify Verifies that the data in EDATA1–4 is contained in the page 

address given by EADRH/L. A subsequent read of the ECON 
SFR results in a 0 being read if the verification is valid, or a 
nonzero value being read to indicate an invalid verification. 

Not implemented. Use the MOVC and MOVX instructions to 
verify the Write in software. 

05H Erase 
Page 

4-byte page of Flash/EE data memory address is erased by 
the page address EADRH/L. 

64-byte page of FLASH/EE program memory addressed by 
the byte address EADRH/L is erased. A new page starts when 
EADRL is equal to 00H, 80H, or C0H. 

06H Erase All 4 kbytes of Flash/EE data memory are erased. The entire 56 kbytes of ULOAD are erased. 
81H ReadByte The byte in the Flash/EE data memory, addressed by the 

byte address EADRH/L, is read into EDATA1 (0 ≤ EADRH/L ≤ 
0FFFH). 

Not implemented. Use the MOVC command. 

82H WriteByte The byte in EDATA1 is written into Flash/EE data memory at 
the byte address EADRH/L. 

The byte in EDATA1 is written into Flash/EE program memory 
at the byte address EADRH/L (0 ≤ EADRH/L ≤ DFFFH). 

0FH EXULOAD Configures the ECON instructions (above) to operate on 
Flash/EE data memory. 

Enters normal mode, directing subsequent ECON instructions 
to operate on the Flash/EE data memory. 

F0H ULOAD Enters ULOAD mode; subsequent ECON instructions operate 
on Flash/EE program memory. 

Enables the ECON instructions to operate on the Flash/EE 
program memory. ULOAD entry mode. 

 

 

http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
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Mode 5 (Dual 8-Bit PWM) 

In Mode 5, the duty cycle and the resolution of the PWM outputs 
are individually programmable. The maximum resolution of the 
PWM output is 8 bits. 
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Figure 43. PWM Mode 5 

Mode 6 (Dual RZ 16-Bit Σ-∆ DAC) 

Mode 6 provides a high speed PWM output similar to that of a 
Σ-Δ DAC. Mode 6 operates very similarly to Mode 4; however, 
the key difference is that Mode 6 provides return to zero (RZ) 
Σ-Δ DAC output. Mode 4 provides non-return-to-zero Σ-Δ 
DAC outputs. RZ mode ensures that any difference in the rise 
and fall times does not affect the Σ-Δ DAC INL. However, RZ 
mode halves the dynamic range of the Σ-Δ DAC outputs from 
0 V− to AVDD down to 0 V to AVDD/2. For best results, this 
mode should be used with a PWM clock divider of 4. 

If PWM1H is set to 4010H (slightly above one-quarter of FS), 
typically P2.6 is low for three full clocks (3 × 80 ns), high for 
one-half a clock (40 ns), and then low again for one-half a clock 
(40 ns) before repeating itself. Over every 65536 clocks, the 
PWM compromises for the fact that the output should be 
slightly above one-quarter of full scale by leaving the output 
high for two half clocks in four every so often. 

For faster DAC outputs (at lower resolution), write 0s to the 
LSBs that are not required with a 1 in the LSB position. If, for 
example, only 12-bit performance is required, write 0001 to the 
4 LSBs. This means that a 12-bit accurate Σ-Δ DAC output can 
occur at 3 kHz. Similarly, writing 00000001 to the 8 LSBs gives 
an 8-bit accurate Σ-Δ DAC output at 49 kHz.  

The output resolution is set by the PWM1L and PWM1H SFRs 
for the P2.5 and P2.6 outputs, respectively. PWM0L and PWM0H 
set the duty cycles of the PWM outputs at P2.5 and P2.6, 
respectively. Both PWMs have the same clock source and clock 
divider.  
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Figure 44. PWM Mode 6 

 

Mode 7 

In Mode 7, the PWM is disabled, allowing P2.5 and P2.6 to be 
used as normal. 
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Hardware Slave Mode 

After reset, the ADuC845/ADuC847/ADuC848 default to 
hardware slave mode. Slave mode is enabled by clearing the 
I2CM bit in I2CCON. The devices have a full hardware slave. In 
slave mode, the I2C address is stored in the I2CADD register. 
Data received or to be transmitted is stored in the I2CDAT register. 

Once enabled in I2C slave mode, the slave controller waits for  
a start condition. If the parts detect a valid start condition, 
followed by a valid address, followed by the R/W bit, then the 
I2CI interrupt bit is automatically set by hardware. The I2C 
peripheral generates a core interrupt only if the user has pre-
configured the I2C interrupt enable bit in the IEIP2 SFR as well 
as the global interrupt bit, EA, in the IE SFR. Therefore, 

MOV IEIP2, #01h  ;Enable I2C Interrupt 
SETB EA 

An autoclear of the I2CI bit is implemented on the devices so 
that this bit is cleared automatically upon read or write access to 
the I2CDAT SFR. 

MOV I2CDAT, A  ;I2CI auto-cleared 
MOV A, I2CDAT  ;I2CI auto-cleared 

If for any reason the user tries to clear the interrupt more than 
once, that is, access the data SFR more than once per interrupt, 
the I2C controller stops. The interface then must be reset by 
using the I2CRS bit. 

The user can choose to poll the I2CI bit or to enable the 
interrupt. In the case of the interrupt, the PC counter vectors to 
003BH at the end of each complete byte. For the first byte, when 
the user gets to the I2CI ISR, the 7-bit address and the R/W bit 
appear in the I2CDAT SFR. 

The I2CTX bit contains the R/W bit sent from the master. If 
I2CTX is set, the master is ready to receive a byte; therefore the 
slave transmits data by writing to the I2CDAT register. If I2CTX 
is cleared, the master is ready to transmit a byte; therefore the 
slave receives a serial byte. Software can interrogate the state of 
I2CTX to determine whether it should write to or read from 
I2CDAT. 

Once the device has received a valid address, hardware holds 
SCLOCK low until the I2CI bit is cleared by software. This 
allows the master to wait for the slave to be ready before 
transmitting the clocks for the next byte. 

The I2CI interrupt bit is set every time a complete data byte is 
received or transmitted, provided that it is followed by a valid 
ACK. If the byte is followed by a NACK, an interrupt is not 
generated. 

The device continues to issue interrupts for each complete data 
byte transferred until a stop condition is received or the interface 
is reset. 

When a stop condition is received, the interface resets to a state 
in which it is waiting to be addressed (idle). Similarly, if the 
interface receives a NACK at the end of a sequence, it also 
returns to the default idle state. The I2CRS bit can be used to 
reset the I2C interface. This bit can be used to force the interface 
back to the default idle state. 

SPI SERIAL INTERFACE 
The ADuC845/ADuC847/ADuC848 integrate a complete 
hardware serial peripheral interface (SPI) interface on-chip. SPI 
is an industry-standard synchronous serial interface that allows 
8 bits of data to be synchronously transmitted and received 
simultaneously, that is, full duplex. Note that the SPI pins are 
multiplexed with the Port 2 pins, P2.0, P2.1, P2.2, and P2.3. These 
pins have SPI functionality only if SPE is set. Otherwise, with 
SPE cleared, standard Port 2 functionality is maintained. SPI 
can be configured for master or slave operation and typically 
consists of Pins SCLOCK, MISO, MOSI, and SS. 

SCLOCK (Serial Clock I/O Pin) 

Pin 28 (MQFP Package), Pin 30 (LFCSP Package) 
The master clock (SCLOCK) is used to synchronize the data 
transmitted and received through the MOSI and MISO data 
lines. 

A single data bit is transmitted and received in each SCLOCK 
period. Therefore, a byte is transmitted/received after eight 
SCLOCK periods. The SCLOCK pin is configured as an output 
in master mode and as an input in slave mode. In master mode, 
the bit rate, polarity, and phase of the clock are controlled by the 
CPOL, CPHA, SPR0, and SPR1 bits in the SPICON SFR (see 
Table 41). In slave mode, the SPICON register must be config-
ured with the same phase and polarity (CPHA and CPOL) as the 
master. The data is transmitted on one edge of the SCLOCK 
signal and sampled on the other. 

MISO (Master In, Slave Out Pin) 

Pin 30 (MQFP Package), Pin 32 (LFCSP Package) 
The MISO pin is configured as an input line in master mode 
and an output line in slave mode. The MISO line on the master 
(data in) should be connected to the MISO line in the slave 
device (data out). The data is transferred as byte-wide (8-bit) 
serial data, MSB first. 

MOSI (Master Out, Slave In Pin) 

Pin 29 (MQFP Package), Pin31 (LFCSP Package) 
The MOSI pin is configured as an output line in master mode 
and an input line in slave mode. The MOSI line on the master 
(data out) should be connected to the MOSI line in the slave 
device (data in). The data is transferred as byte-wide (8-bit) 
serial data, MSB first. 
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TIME INTERVAL COUNTER (TIC) 
A TIC is provided on-chip for counting longer intervals than 
the standard 8051-compatible timers can count. The TIC is 
capable of timeout intervals ranging from 1/128 second to 255 
hours. Also, this counter is clocked by the external 32.768 kHz 
crystal rather than by the core clock, and it can remain active in 
power-down mode and time long power-down intervals. This 
has obvious applications for remote battery-powered sensors 
where regular widely spaced readings are required. Note that 
instructions to the TIC SFRs are also clocked at 32.768 kHz, so 
sufficient time must be allowed in user code for these instructions 
to execute.  

Six SFRs are associated with the time interval counter, 
TIMECON being its control register. Depending on the 
configuration of the IT0 and IT1 bits in TIMECON, the selected 
time counter register overflow clocks the interval counter. When 
this counter is equal to the time interval value loaded in the 
INTVAL SFR, the TII bit (TIMECON.2) is set and generates an 
interrupt, if enabled. If the device is in power-down mode, 
again with TIC interrupt enabled, the TII bit wakes up the 
device and resumes code execution by vectoring directly to the 
TIC interrupt service vector address at 0053H. The TIC-related 
SFRs are described in Table 45. Note also that the time based 
SFRs can be written initially with the current time; the TIC can 
then be controlled and accessed by user software. In effect, this 
facilitates the implementation of a real-time clock. A basic block 
diagram of the TIC is shown in Figure 47. 

Because the TIC is clocked directly from a 32 kHz external 
crystal on the devices, instructions that access the TIC registers 
are also clocked at 32 kHz (not at the core frequency). The user 
must ensure that sufficient time is given for these instructions 
to execute. 
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Figure 47. TIC Simplified Block Diagram 
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T2CON—Timer/Counter 2 Control Register 

SFR Address:  C8H 
Power-On Default: 00H 
Bit Addressable:  Yes 

 

Table 52. T2CON SFR Bit Designations 
Bit No. Name Description 
7 TF2 Timer 2 Overflow Flag. 

Set by hardware on a Timer 2 overflow. TF2 cannot be set when either RCLK = 1 or TCLK = 1. 
Cleared by user software. 

6 EXF2 Timer 2 External Flag. 
Set by hardware when either a capture or reload is caused by a negative transition on T2EX and EXEN2 = 1. 
Cleared by user software. 

5 RCLK Receive Clock Enable Bit. 
Set by the user to enable the serial port to use Timer 2 overflow pulses for its receive clock in serial port Modes 1 and 3. 
Cleared by the user to enable Timer 1 overflow to be used for the receive clock. 

4 TCLK Transmit Clock Enable Bit. 
Set by the user to enable the serial port to use Timer 2 overflow pulses for its transmit clock in serial port Modes 1 and 3. 
Cleared by the user to enable Timer 1 overflow to be used for the transmit clock. 

3  EXEN2 Timer 2 External Enable Flag. 
Set by the user to enable a capture or reload to occur as a result of a negative transition on T2EX if Timer 2 is not being 
used to clock the serial port. 
Cleared by the user for Timer 2 to ignore events at T2EX. 

2  TR2 Timer 2 Start/Stop Control Bit. 
Set by the user to start Timer 2. 
Cleared by the user to stop Timer 2. 

1  CNT2 Timer 2 Timer or Counter Function Select Bit. 
Set by the user to select the counter function (input from external T2 pin). 
Cleared by the user to select the timer function (input from on-chip core clock). 

0  CAP2 Timer 2 Capture/Reload Select Bit. 
Set by the user to enable captures on negative transitions at T2EX if EXEN2 = 1. 
Cleared by the user to enable autoreloads with Timer 2 overflows or negative transitions at T2EX when EXEN2 = 1. 
When either RCLK = 1 or TCLK = 1, this bit is ignored and the timer is forced to autoreload on Timer 2 overflow. 

 

Timer/Counter 2 Data Registers 

Timer/Counter 2 also has two pairs of 8-bit data registers 
associated with it. These are used as both timer data registers 
and as timer capture/reload registers. 

TH2 and TL2—Timer 2 data high byte and low byte. 
SFR Address:   CDH and CCH respectively. 
Power-On Default: 00H and 00H, respectively. 

RCAP2H and RCAP2L—Timer 2 capture/reload byte and low  
                                         byte. 
SFR Address:   CBH and CAH, respectively. 
Power-On Default: 00H and 00H, respectively. 
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Mode 0 (8-Bit Shift Register Mode) 

Mode 0 is selected by clearing both the SM0 and SM1 bits in 
the SFR SCON. Serial data enters and exits through RxD. TxD 
outputs the shift clock. Eight data bits are transmitted or 
received. Transmission is initiated by any instruction that writes 
to SBUF. The data is shifted out of the RxD line. The 8 bits are 
transmitted with the least significant bit (LSB) first. 

Reception is initiated when the receive enable bit (REN) is 1 
and the receive interrupt bit (RI) is 0. When RI is cleared, the 
data is clocked into the RxD line, and the clock pulses are 
output from the TxD line as shown in Figure 58. 
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Figure 58. 8-Bit Shift Register Mode 

Mode 1 (8-Bit UART, Variable Baud Rate) 

Mode 1 is selected by clearing SM0 and setting SM1. Each data 
byte (LSB first) is preceded by a start bit (0) and followed by a 
stop bit (1). Therefore, 10 bits are transmitted on TxD or are 
received on RxD. The baud rate is set by the Timer 1 or Timer 2 
overflow rate, or a combination of the two (one for transmission 
and the other for reception). 

Transmission is initiated by writing to SBUF. The write to SBUF 
signal also loads a 1 (stop bit) into the 9th bit position of the 
transmit shift register. The data is output bit-by-bit until the 
stop bit appears on TxD and the transmit interrupt flag (TI) is 
automatically set as shown in Figure 59. 
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Figure 59. 8-Bit Variable Baud Rate 

Reception is initiated when a 1-to-0 transition is detected on 
RxD. Assuming that a valid start bit is detected, character 
reception continues. The start bit is skipped and the 8 data bits 
are clocked into the serial port shift register. When all 8 bits 
have been clocked in, the following events occur: 

 The 8 bits in the receive shift register are latched into SBUF. 

 The 9th bit (stop bit) is clocked into RB8 in SCON. 

 The receiver interrupt flag (RI) is set. 

 

All of the following conditions must be met at the time the final 
shift pulse is generated: 

 RI = 0 

 Either SM2 = 0 or SM2 = 1 

 Received stop bit = 1 

If any of these conditions is not met, the received frame is 
irretrievably lost, and RI is not set.  

Mode 2 (9-Bit UART with Fixed Baud Rate) 

Mode 2 is selected by setting SM0 and clearing SM1. In this 
mode, the UART operates in 9-bit mode with a fixed baud rate. 
The baud rate is fixed at Core_Clk/64 by default, although by 
setting the SMOD bit in PCON, the frequency can be doubled 
to Core_Clk/32. Eleven bits are transmitted or received: a start 
bit (0), 8 data bits, a programmable 9th bit, and a stop bit (1). 
The 9th bit is most often used as a parity bit, although it can be 
used for anything, including a ninth data bit if required. 

To transmit, the 8 data bits must be written into SBUF. The 
ninth bit must be written to TB8 in SCON. When transmission 
is initiated, the 8 data bits (from SBUF) are loaded into the 
transmit shift register (LSB first). The contents of TB8 are 
loaded into the 9th bit position of the transmit shift register. 
The transmission starts at the next valid baud rate clock. The  
TI flag is set as soon as the stop bit appears on TxD. 

Reception for Mode 2 is similar to that of Mode 1. The 8 data 
bytes are input at RxD (LSB first) and loaded onto the receive 
shift register. When all 8 bits have been clocked in, the 
following events occur: 

 The 8 bits in the receive shift register are latched into SBUF. 

 The 9th data bit is latched into RB8 in SCON. 

 The receiver interrupt flag (RI) is set. 

All of the following conditions must be met at the time the final 
shift pulse is generated: 

 RI = 0 

 Either SM2 = 0 or SM2 = 1 

 Received stop bit = 1 

If any of these conditions is not met, the received frame is 
irretrievably lost, and RI is not set. 
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Timer 3 Generated Baud Rates  

The high integer dividers in a UART block mean that high 
speed baud rates are not always possible. Also, generating baud 
rates requires the exclusive use of a timer, rendering it unusable 
for other applications when the UART is required. To address 
this problem, the ADuC845/ADuC847/ADuC848 have a 
dedicated baud rate timer (Timer 3) specifically for generating 
highly accurate baud rates. Timer 3 can be used instead of 
Timer 1 or Timer 2 for generating very accurate high speed 
UART baud rates including 115200 and 230400. Timer 3 also 
allows a much wider range of baud rates to be obtained. In fact, 
every desired bit rate from 12 bps to 393216 bps can be generated 
to within an error of ±0.8%. Timer 3 also frees up the other 
three timers, allowing them to be used for different applications. A 
block diagram of Timer 3 is shown in Figure 61. 
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Figure 61. Timer 3, UART Baud Rate 

Two SFRs (T3CON and T3FD) are used to control Timer 3. 
T3CON is the baud rate control SFR, allowing Timer 3 to be 
used to set up the UART baud rate, and to set up the binary 
divider (DIV). 

The appropriate value to write to the DIV2-1-0 bits can be 
calculated using the following formula where fCORE is defined in 
PLLCON SFR. Note that the DIV value must be rounded down. 

DIV = 
)2(log

16
log 








 RateBaud

FrequencyClockCore

 

T3FD is the fractional divider ratio required to achieve the 
required baud rate. The appropriate value for T3FD can be 
calculated with the following formula: 

T3FD = 
RateBaud

FrequencyClockCore
DIV 


12

2
− 64 

Note that T3FD should be rounded to the nearest integer. Once 
the values for DIV and T3FD are calculated, the actual baud 
rate can be calculated with the following formula:  

Actual Baud Rate = 
)64(2

2
1 


 T3FD

FrequencyClockCore
DIV

 

For example, to get a baud rate of 9600 while operating at a core 
clock frequency of 1.5725 MHz, that is, CD = 3,  

DIV = log(1572500/(16 × 9600))/log2 = 3.35 = 3 

Note that the DIV result is rounded down. 

T3FD = (2 × 1572500)/(23−1 × 9600) − 64 = 18 = 12H 

Therefore, the actual baud rate is 9588 bps, which gives an error 
of 0.12%. 

The T3CON and T3FD registers are used to control Timer 3. 

T3CON – Timer 3 Control Register 
SFR Address:  9EH 
Power-On Default: 00H 
Bit Addressable:  No 

 

 

http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC847?doc=ADuC845_847_848.pdf
http://www.analog.com/ADuC848?doc=ADuC845_847_848.pdf
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IEIP2—Secondary Interrupt Enable Register 

SFR Address:  A9H 
Power-On Default: A0H 
Bit Addressable:  No 

 

Table 60. IEIP2 Bit Designations 
Bit No. Name Description 
7 ---- Not Implemented. Write Don’t Care. 
6 PTI Time Interval Counter Interrupt Priority Setting (1 = High, 0 = Low). 
5 PPSM Power Supply Monitor Interrupt Priority Setting (1 = High, 0 = Low). 
4 PSI SPI/I2C Interrupt Priority Setting (1 = High, 0 = Low).  
3 ---- This bit must contain 0. 
2 ETI Set by the user to enable the time interval counter interrupt. 

Cleared by the user to disable the time interval counter interrupt. 
1 EPSMI Set by the user to enable the power supply monitor interrupt. 

Cleared by the user to disable the power supply monitor interrupt. 
0 ESI Set by the user to enable the SPI/I2C serial port interrupt. 

Cleared by the user to disable the SPI/I2C serial port interrupt. 

 

INTERRUPT PRIORITY 
The interrupt enable registers are written by the user to enable 
individual interrupt sources; the interrupt priority registers 
allow the user to select one of two priority levels for each 
interrupt. A high priority interrupt can interrupt the service 
routine of a low priority interrupt, and if two interrupts of 
different priorities occur at the same time, the higher level 
interrupt is serviced first. An interrupt cannot be interrupted by 
another interrupt of the same priority level. If two interrupts of 
the same priority level occur simultaneously, the polling 
sequence, as shown in Table 61, is observed. 

Table 61. Priority within Interrupt Level 

 

INTERRUPT VECTORS 
When an interrupt occurs, the program counter is pushed onto 
the stack, and the corresponding interrupt vector address is 
loaded into the program counter. The interrupt vector addresses 
are shown in Table 62. 

Table 62. Interrupt Vector Addresses 
Source Vector Address 
IE0 0003H 
TF0  000BH 
IE1 0013H 
TF1 001BH 
RI + TI 0023H 
TF2 + EXF2 002BH 
RDY0/RDY1 (ADuC845 only) 0033H 
ISPI/I2CI 003BH 
PSMI 0043H 
TII 0053H 
WDS 005BH 

 

Source Priority Description 
PSMI 1 (Highest) Power Supply Monitor Interrupt 
WDS 2 Watchdog Timer Interrupt 
IE0 2 External Interrupt 0 
RDY0/RDY1 3 ADC Interrupt 
TF0 4 Timer/Counter 0 Interrupt 
IE1 5 External Interrupt 1 
TF1 6 Timer/Counter 1 Interrupt 
ISPI/I2CI 7 SPI/I2C Interrupt 
RI/TI 8 UART Serial Port Interrupt 
TF2/EXF2 9 Timer/Counter 2 Interrupt 
TII 11 (Lowest) Timer Interval Counter Interrupt 

http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf
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ORDERING GUIDE 
Model1, 2, 3 Temperature Range  Package Description  Package Option  
ADuC845BSZ62-5 −40°C to +125°C 52-Lead MQFP, Lead Free, 62-kbyte, 5 V S-52-2 
ADuC845BSZ62-5-RL −40°C to +125°C 52-Lead MQFP, Lead Free, 62-kbyte, 5 V S-52-2 
ADuC845BSZ62-3 −40°C to +125°C 52-Lead MQFP, Lead Free, 62-kbyte, 3 V S-52-2 
ADuC845BSZ8-5 −40°C to +125°C 52-Lead MQFP, Lead Free, 8-kbyte, 5 V S-52-2 
ADuC845BSZ8-5-RL −40°C to +125°C 52-Lead MQFP, Lead Free, 8-kbyte, 5 V S-52-2 
ADuC845BSZ8-3 −40°C to +125°C 52-Lead MQFP, Lead Free, 8-kbyte, 3 V S-52-2 
ADuC845BCPZ62-5 −40°C to +85°C 56-Lead LFCSP, Lead Free, 62-kbyte, 5 V CP-56-11 
ADuC845BCPZ62-3 −40°C to +85°C 56-Lead LFCSP, Lead Free, 62-kbyte, 3 V CP-56-11 
ADuC845BCPZ8-5 −40°C to +85°C 56-Lead LFCSP, Lead Free, 8-kbyte, 5 V CP-56-11 
ADuC845BCPZ8-3 −40°C to +85°C 56-Lead LFCSP, Lead Free, 8-kbyte, 3 V CP-56-11 
ADuC847BSZ62-5 −40°C to +125°C 52-Lead MQFP, Lead Free, 62-kbyte, 5 V S-52-2 
ADuC847BSZ62-3 −40°C to +125°C 52-Lead MQFP, Lead Free, 62-kbyte, 3 V S-52-2 
ADuC847BSZ32-5 −40°C to +125°C 52-Lead MQFP, Lead Free, 32-kbyte, 5 V S-52-2 
ADuC847BSZ32-3 −40°C to +125°C 52-Lead MQFP, Lead Free, 32-kbyte, 3 V S-52-2 
ADuC847BSZ8-5 −40°C to +125°C 52-Lead MQFP, Lead Free, 8-kbyte, 5 V S-52-2 
ADuC847BSZ8-3 −40°C to +125°C 52-Lead MQFP, Lead Free, 8-kbyte, 3 V S-52-2 
ADuC847BCPZ62-5 −40°C to +85°C 56-Lead LFCSP, Lead Free, 62-kbyte, 5 V CP-56-11 
ADuC847BCPZ62-3 −40°C to +85°C 56-Lead LFCSP, Lead Free, 62-kbyte, 3 V CP-56-11 
ADuC847BCPZ8-5 −40°C to +85°C 56-Lead LFCSP, Lead Free, 8-kbyte, 5 V CP-56-11 
ADuC847BCPZ8-3 −40°C to +85°C 56-Lead LFCSP, Lead Free, 8-kbyte, 3 V CP-56-11 
ADuC848BSZ62-5 −40°C to +125°C 52-Lead MQFP, Lead Free, 62-kbyte, 5 V S-52-2 
ADuC848BSZ62-3 −40°C to +125°C 52-Lead MQFP, Lead Free, 62-kbyte, 3 V S-52-2 
ADuC848BSZ32-5 −40°C to +125°C 52-Lead MQFP, Lead Free, 32-kbyte, 5 V S-52-2 
ADuC848BSZ32-3 −40°C to +125°C 52-Lead MQFP, Lead Free, 32-kbyte, 3 V S-52-2 
ADuC848BSZ8-5 −40°C to +125°C 52-Lead MQFP, Lead Free, 8-kbyte, 5 V S-52-2 
ADuC848BSZ8-3 −40°C to +125°C 52-Lead MQFP, Lead Free, 8-kbyte, 3 V S-52-2 
ADuC848BCPZ62-5 −40°C to +85°C 56-Lead LFCSP, Lead Free, 62-kbyte, 5 V CP-56-11 
ADuC848BCPZ62-3 −40°C to +85°C 56-Lead LFCSP, Lead Free, 62-kbyte, 3 V CP-56-11 
ADuC848BCPZ8-5 −40°C to +85°C 56-Lead LFCSP, Lead Free, 8-kbyte, 5 V CP-56-11 
ADuC848BCPZ8-3 −40°C to +85°C 56-Lead LFCSP, Lead Free, 8-kbyte, 3 V CP-56-11 
EVAL-ADuC845QSZ  QuickStart Development System  
EVAL-ADuC845QSPZ  QuickStart-PLUS Development System  
EVAL-ADuC847QSZ  QuickStart Development System  
EVAL-ADUC-CABLE1Z  ADuC Serial Downloader Cable for UART  
 
1 The -3 and -5 in the Model column indicate the DVDD operating voltage. 
2 Z = RoHS Compliant Part. 
3 The QuickStart Plus system can only be ordered directly from Accutron. It can be purchased from the website http://www.accutron.com. 
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