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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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Product Status Active

Core Processor 8052

Core Size 8-Bit

Speed 12.58MHz

Connectivity I²C, SPI, UART/USART

Peripherals POR, PSM, PWM, Temp Sensor, WDT

Number of I/O 34

Program Memory Size 8KB (8K x 8)

Program Memory Type FLASH

EEPROM Size 4K x 8

RAM Size 2.25K x 8

Voltage - Supply (Vcc/Vdd) 2.7V ~ 3.6V

Data Converters A/D 10x16b; D/A 1x12b, 2x16b

Oscillator Type Internal

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Surface Mount

Package / Case 56-VFQFN Exposed Pad, CSP

Supplier Device Package 56-LFCSP-VQ (8x8)
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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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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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1. THE PIN NUMBERS REFER TO THE LFCSP PACKAGE ONLY.

 
Figure 4. Detailed Block Diagram of the ADuC845 
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AUXILIARY ADC (ADUC845 ONLY) 

Table 18. ADuC845 Typical Output RMS Noise (μV) vs.  
Update Rate with Chop Enabled 
SF Word Data Update Rate (Hz) μV 
13 105.03 17.46 
23 59.36 3.13 
27 50.56 4.56 
69 19.79 2.66 
255 5.35 1.13 

 

Table 19. ADuC845 Typical Peak-to-Peak Resolution (Bits) 
vs. Update Rate1 with Chop Enabled 
SF Word Data Update Rate (Hz) Bits 
13 105.03 15.5 
23 59.36 18 
27 50.56 17.5 
69 19.79 18 
255 5.35 19.5 
1 ADC converting in bipolar mode. 

 

Table 20. ADuC845 Typical Output RMS Noise (μV) vs. 
Update Rate with Chop Disabled 
SF Word Data Update Rate (Hz) μV 
3 1365.33 1386.58 
13 315.08 34.94 
66 62.06 3.2 
69 59.36 3.19 
81 50.57 3.14 
255 16.06 1.71  

 

Table 21. ADuC845 Peak-to-Peak Resolution (Bits) vs. 
Update Rate with Chop Disabled 
SF Word Data Update Rate (Hz) Bits 
3 1365.33 9 
13 315.08 14.5 
66 62.06 18 
69 59.36 18 
81 50.57 18 
255 16.06 19 
 

REFERENCE INPUTS 
The ADuC845/ADuC847/ADuC848 each have two separate 
differential reference inputs, REFIN± and REFIN2±. While 
both references are available for use with the primary ADC, 
only REFIN± is available for the auxiliary ADC (ADuC845 only). 
The common-mode range for these differential references is 
from AGND to AVDD. The nominal external reference voltage is 

2.5 V, with the primary and auxiliary (ADuC845 only) reference 
select bits configured from the ADC0CON2 and ADC1CON 
(ADuC845 only), respectively.  

When an external reference voltage is used, the primary ADC 
sees this internally as a 2.56 V reference (VREF × 1.024). 
Therefore, any calculations of LSB size should account for this. 
For instance, with a 2.5 V external reference connected and 
using a gain of 1 on a unipolar range (2.56 V), the LSB size is 
(2.56/224) = 152.6 nV (if using the 24-bit ADC on the ADuC845 
or ADuC847). If a bipolar gain of 4 is used (±640 mV), the LSB 
size is (±640 mV)/224) = 76.3 nV (again using the 24-bit ADC 
on the ADuC845 or ADuC847). 

The ADuC845/ADuC847/ADuC848 can also be configured to 
use the on-chip band gap reference via the XREF0/1 bits in the 
ADC0CON2 SFR (for primary ADC) or the AXREF bit in 
ADC1CON (for auxiliary ADC (ADuC845 only)). In this mode 
of operation, the ADC sees the internal reference of 1.25 V, 
thereby halving all the input ranges. A consequence of using the 
internal band gap reference is a noticeable degradation in peak-
to-peak resolution. For this reason, operation with an external 
reference is recommended.  

In applications where the excitation (voltage or current) for the 
transducer on the analog input also drives the reference inputs 
for the device, the effect of any low frequency noise in the 
excitation source is removed because the application is ratio-
metric. If the devices are not used in a ratiometric configuration, 
use a low noise reference. Recommended reference voltage 
sources for the ADuC845/ADuC847/ADuC848 include the 
ADR421, REF43, and REF192. 

The reference inputs provide a high impedance, dynamic load 
to external connections. Because the impedance of each reference 
input is dynamic, resistor/capacitor combinations on these pins 
can cause dc gain errors, depending on the output impedance of 
the source that is driving the reference inputs. Reference voltage 
sources, such as those mentioned above, for example, the ADR421, 
typically have low output impedances, and, therefore, decoupling 
capacitors on the REFIN± or REFIN2± inputs would be recom-
mended (typically 0.1 μF). Deriving the reference voltage from 
an external resistor configuration means that the reference input 
sees a significant external source impedance. External decoupling 
of the REFIN± and/or REFIN2± inputs is not recommended in 
this type of configuration.  

BURNOUT CURRENT SOURCES 
The primary ADC on the ADuC845 and the ADC on the 
ADuC847 and ADuC848 incorporate two 100 nA constant 
current generators that are used to detect a failure in a connected 
sensor. One sources current from the AVDD to AIN(+), and one 
sinks current from AIN(−) to AGND. These currents are only 
configurable for use on AIN5/AIN6 and/or AIN7/AIN8 in 
differential mode only, from the ICON.6 bit in the ICON SFR 
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(REJ60 bit, ADCMODE.6). This fixed filter can be enabled or 
disabled by setting or clearing the REJ60 bit in the ADCMODE 
register (ADCMODE.6). This 60 Hz drop-in notch filter can be 
enabled for any SF word that yields an ADC throughput that is 
less than 20 Hz with chop enabled (SF ≥ 68 decimal).  

ADC CHOPPING 
The ADCs on the ADuC845/ADuC847/ADuC848 implement a 
chopping scheme whereby the ADC repeatedly reverses its 
inputs. The decimated digital output words from the Sinc3 filter, 
therefore, have a positive and negative offset term included. As 
a result, a final summing stage is included in each ADC so that 
each output word from the filter is summed and averaged with 
the previous filter output to produce a new valid output result 
to be written to the ADC data SFRs. The ADC throughput or 
update rate is listed in Table 29. The chopping scheme incor-
porated into the devices results in excellent dc offset and offset 
drift specifications, and is extremely beneficial in applications 
where drift, noise rejection, and optimum EMI performance are 
important. ADC chop can be disabled via the chop bit in the 
ADCMODE SFR (ADCMODE.3). Setting this bit to 1 (logic 
high) disables chop mode. 

CALIBRATION 
The ADuC845/ADuC847/ADuC848 incorporate four 
calibration modes that can be programmed via the mode bits in 
the ADCMODE SFR detailed in Table 24. Every device is 
calibrated before it leaves the factory. The resulting offset and 
gain calibration coefficients for both the primary and auxiliary 
(ADuC845 only) ADCs are stored on-chip in manufacturing-
specific Flash/EE memory locations. At power-on or after a 
reset, these factory calibration registers are automatically 
downloaded to the ADC calibration registers in the SFR space 
of the device. To facilitate user calibration, each of the primary 
and auxiliary (ADuC845 only) ADCs have dedicated calibration 
control SFRs, which are described in the ADC SFR Interface 
section. Once a user initiates a calibration procedure, the factory 
calibration values that were initially downloaded during the 
power-on sequence to the ADC calibration SFRs are overwritten. 
The ADC to be calibrated must be enabled via the ADC enable 
bits in the ADCMODE register.  

Even though an internal offset calibration mode is described in 
this section, note that the ADCs can be chopped. This chopping 
scheme inherently minimizes offset errors and means that an 
offset calibration should never be required. Also, because 
factory 5 V/25°C gain calibration coefficients are automatically 
present at power-on, an internal full-scale calibration is required 
only if the device is operated at 3 V or at temperatures 
significantly different from 25°C. 

If the device is operated in chop disabled mode, a calibration 
may need to be done with every gain range change that occurs 
via the PGA. 

The ADuC845/ADuC847/ADuC848 each offer internal or 
system calibration facilities. For full calibration to occur on the 
selected ADC, the calibration logic must record the modulator 
output for two input conditions: zero-scale and full-scale points. 
These points are derived by performing a conversion on the 
different input voltages (zero-scale and full-scale) provided to the 
input of the modulator during calibration. The result of the 
zero-scale calibration conversion is stored in the offset 
calibration registers for the appropriate ADC. The result of the 
full-scale calibration conversion is stored in the gain calibration 
registers for the appropriate ADC. With these readings, the 
calibration logic can calculate the offset and the gain slope for 
the input-to-output transfer function of the converter. 

During an internal zero-scale or full-scale calibration, the 
respective zero-scale input or full-scale input is automatically 
connected to the ADC inputs internally. A system calibration, 
however, expects the system zero-scale and system full-scale 
voltages to be applied externally to the ADC pins by the user 
before the calibration mode is initiated. In this way, external 
errors are taken into account and minimized. Note that all 
ADuC845/ADuC847/ADuC848 ADC calibrations are carried 
out at the user-selected SF word update rate. To optimize 
calibration accuracy, it is recommended that the slowest possible 
update rate be used.  

Internally in the devices, the coefficients are normalized before 
being used to scale the words coming out of the digital filter. 
The offset calibration coefficient is subtracted from the result 
prior to the multiplication by the gain coefficient. 

From an operational point of view, a calibration should be 
treated just like an ordinary ADC conversion. A zero-scale 
calibration (if required) should always be carried out before a 
full-scale calibration. System software should monitor the 
relevant ADC RDY0/1 bit in the ADCSTAT SFR to determine 
the end of calibration by using a polling sequence or an interrupt 
driven routine. If required, the NOEXREF0/1 bits can be moni-
tored to detect unconnected or low voltage errors in the reference 
during conversion. In the event of the reference becoming 
disconnected, causing a NOXREF flag during a calibration, the 
calibration is immediately halted and no write to the calibration 
SFRs takes place.  

Internal Calibration Example 

With chop enabled, a zero-scale or offset calibration should 
never be required, although a full-scale or gain calibration may 
be required. However, if a full internal calibration is required, 
the procedure should be to select a PGA gain of 1 (±2.56 V) and 
perform a zero-scale calibration (MD2...0 = 100B in the 
ADCMODE register). Next, select and perform full-scale 
calibration by setting MD2...0 = 101B in the ADCMODE SFR. 
Now select the desired PGA range and perform a zero-scale 
calibration again (MD2..0 = 100B in ADCMODE) at the new 
PGA range. The reason for the double zero-scale calibration is 
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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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Using the DAC 

The on-chip DAC architecture consists of a resistor string DAC 
followed by an output buffer amplifier, the functional equivalent 
of which is shown in Figure 33. 
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Figure 33. Resistor String DAC Functional Equivalent 

Features of this architecture include inherent guaranteed 
monotonicity and excellent differential linearity. As shown in 
Figure 33, the reference source for the DAC is user-selectable in 
software. It can be either AVDD or VREF. In 0 V-to-AVDD mode, 
the DAC output transfer function spans from 0 V to the voltage 
at the AVDD pin. In 0 V-to-VREF mode, the DAC output transfer 
function spans from 0 V to the internal VREF (2.5 V). The DAC 
output buffer amplifier features a true rail-to-rail output stage 
implementation. This means that, unloaded, each output is 
capable of swinging to within less than 100 mV of both AVDD 
and ground. Moreover, the DAC’s linearity specification (when 
driving a 10 kΩ resistive load to ground) is guaranteed through 
the full transfer function except Codes 0 to 48 in 0 V-to-VREF 
mode; Codes 0 to 100; and Codes 3950 to 4095 in 0 V-to-VDD 
mode.  

Linearity degradation near ground and VDD is caused by satura-
tion of the output amplifier; a general representation of its effects 
(neglecting offset and gain error) is shown in Figure 34. The 
dotted line indicates the ideal transfer function, and the solid 
line represents what the transfer function might look like with 
endpoint nonlinearities due to saturation of the output amplifier.  

Note that Figure 34 represents a transfer function in 0-to-VDD 
mode only. In 0 V-to-VREF mode (with VREF < VDD), the lower 
nonlinearity would be similar, but the upper portion of the 
transfer function would follow the ideal line to the end, 
showing no signs of the high-end endpoint linearity error.  
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Figure 34. Endpoint Nonlinearities Due to Amplifier Saturation 

The endpoint nonlinearities shown in Figure 34 become worse 
as a function of output loading. Most data sheet specifications 
assume a 10 kΩ resistive load to ground at the DAC output. As 
the output is forced to source or sink more current, the nonlinear 
regions at the top or bottom, respectively, of Figure 34 become 
larger. With larger current demands, this can significantly limit 
output voltage swing. Figure 35 and Figure 36 illustrate this 
behavior. Note that the upper trace in each of these figures is 
valid only for an output range selection of 0 V to AVDD. In 0 V-
to-VREF mode, DAC loading does not cause high-side voltage 
nonlinearities while the reference voltage remains below the 
upper trace in the corresponding figure. For example, if AVDD = 
3 V and VREF = 2.5 V, the high-side voltage is not affected by 
loads of less than 5 mA. But around 7 mA, the upper curve in 
Figure 36 drops below 2.5 V (VREF), indicating that at these 
higher currents, the output is not capable of reaching VREF.  
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Figure 35. Source and Sink Current Capability with VREF = AVDD = 5 V 
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The outputs of the PWM at P2.5 and P2.6 are shown in Figure 40. 
As can be seen, the output of PWM0 (P2.5) goes low when the 
PWM counter equals PWM0L. The output of PWM1 (P2.6) goes 
high when the PWM counter equals PWM1H and goes low 
again when the PWM counter equals PWM0H. Setting PWM1H 
to 0 ensures that both PWM outputs start simultaneously.  
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Figure 40. PWM Mode 2 

Mode 3 (Twin 16-Bit PWM) 

In Mode 3, the PWM counter is fixed to count from 0 to 65536, 
giving a fixed 16-bit PWM. Operating from the 12.58 MHz core 
clock results in a PWM output rate of 192 Hz. The duty cycle of 
the PWM outputs at P2.5 and P2.6 are independently 
programmable.  

As shown in Figure 41, while the PWM counter is less than 
PWM0H/L, the output of PWM0 (P2.5) is high. Once the 
PWM counter equals PWM0H/L, PWM0 (P2.5) goes low and 
remains low until the PWM counter rolls over.  

Similarly, while the PWM counter is less than PWM1H/L, the 
output of PWM1 (P2.6) is high. Once the PWM counter equals 
PWM1H/L, PWM1 (P2.6) goes low and remains low until the 
PWM counter rolls over.  

In this mode, both PWM outputs are synchronized, that is, once 
the PWM counter rolls over to 0, both PWM0 (P2.5) and PWM1 
(P2.6) go high.  
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Figure 41. PWM Mode 3 

Mode 4 (Dual NRZ 16-Bit Σ-∆ DAC) 

Mode 4 provides a high speed PWM output similar to that of a 
Σ-Δ DAC. Typically, this mode is used with the PWM clock 
equal to 12.58 MHz.  

In this mode, P2.5 and P2.6 are updated every PWM clock  
(80 ns in the case of 12.58 MHz). Over any 65536 cycles (16-bit 
PWM), PWM0 (P2.5) is high for PWM0H/L cycles and low for 
(65536 – PWM0H/L) cycles. Similarly, PWM1 (P2.6) is high for 
PWM1H/L cycles and low for (65536 – PWM1H/L) cycles.  

If PWM1H is set to 4010H (slightly above one-quarter of FS), 
typically P2.6 is low for three clocks and high for one clock 
(each clock is approximately 80 ns). Over every 65536 clocks, 
the PWM compromises for the fact that the output should be 
slightly above one-quarter of full scale, by having a high cycle 
followed by only two low cycles. 
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Figure 42. PWM Mode 4 

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.  
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ON-CHIP PLL (PLLCON) 
The ADuC845/ADuC847/ADuC848 are intended for use with a 
32.768 kHz watch crystal. A PLL locks onto a multiple (384) of 
this to provide a stable 12.582912 MHz clock for the system. 
The core can operate at this frequency or at binary submultiples 
of it to allow power saving when maximum core performance is 
not required. The default core clock is the PLL clock divided by 
8 or 1.572864 MHz. The ADC clocks are also derived from the 
PLL clock, with the modulator rate being the same as the crystal 
oscillator frequency. The control register for the PLL is called 
PLLCON and is described as follows. 

The 5 V parts can be set to a maximum core frequency of 
12.58 MHz (CD2...0 = 000) while at 3 V, the maximum core 
clock rate is 6.29 MHz (CD2...0 = 001). The CD bits should not 
be set to 000b on the 3 V parts. 

The 3 V parts are limited to a core clock speed of 6.29 MHz 
(CD = 1). 

PLLCON PLL Control Register 

SFR Address:  D7H 
Power-On Default: 53H 
Bit Addressable:  No 

 

Table 39. PLLCON PLL Control Register 
Bit No.  Name Description 
7 OSC_PD Oscillator Power-Down Bit. 

If low, the 32 kHz crystal oscillator continues running in power-down mode.  
If high, the 32.768 kHz oscillator is powered down. 
When this bit is low, the seconds counter continues to count in power-down mode and can interrupt the CPU 
to exit power-down. The oscillator is always enabled in normal mode. 

6 LOCK PLL Lock Bit. This is a read-only bit.  
Set automatically at power-on to indicate that the PLL loop is correctly tracking the crystal clock. After power-
down, this bit can be polled to wait for the PLL to lock.  
Cleared automatically at power-on to indicate that the PLL is not correctly tracking the crystal clock. This 
might be due to the absence of a crystal clock or an external crystal at power-on. In this mode, the PLL output 
can be 12.58 MHz ± 20%. After the device wakes up from power-down, user code can poll this bit to wait for 
the PLL to lock. If LOCK = 0, the PLL is not locked. 

5 ––– Not Implemented. Write Don’t Care. 
4 LTEA EA Status. Read-only bit. Reading this bit returns the state of the external EA pin latched at reset or power-on. 

3 FINT Fast Interrupt Response Bit.  
Set by the user to enable the response to any interrupt to be executed at the fastest core clock frequency. 
Cleared by the user to disable the fast interrupt response feature. 
This function must not be used on 3 V parts.  

2, 1, 0 CD2, CD1, CD0 CPU (Core Clock) Divider Bits. This number determines the frequency at which the core operates. 
CD2 CD1 CD0 Core Clock Frequency (MHz) 
0 0 0 12.582912. Not a valid selection on 3 V parts. 
0 0 1 6.291456 (Maximum core clock rate allowed on the 3 V parts) 
0 1 0 3.145728 
0 1 1 1.572864 (Default core frequency) 
1 0 0 0.786432 
1 0 1 0.393216 
1 1 0 0.196608 
1 1 1 0.098304 

  On 3 V parts (ADuC84xBCPxx-3 or ADuC84xBSxx-3), the CD settings can be only CD = 1; CD = 0 is not a valid 
selection. If CD = 0 is selected on a 3 V part by writing to PLLCON, the instruction is ignored, and the previous 
CD value is retained. 
The Fast Interrupt bit (FINT) must not be used on 3 V parts since it automatically sets the CD bits to 0, which is 
not a valid setting. 

 

 

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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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. 

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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SPICON—SPI Control Register 

SFR Address:  F8H 
Power-On Default: 05H 
Bit Addressable:  Yes 

 

Table 41. SPICON SFR Bit Designations 
Bit No. Name Description 
7 ISPI SPI Interrupt Bit. 

Set by the MicroConverter at the end of each SPI transfer. 
Cleared directly by user code or indirectly by reading the SPIDAT SFR. 

6 WCOL Write Collision Error Bit. 
Set by the MicroConverter if SPIDAT is written to while an SPI transfer is in progress.  
Cleared by user code. 

5 SPE SPI Interface Enable Bit. 
Set by user code to enable SPI functionality.  
Cleared by user code to enable standard Port 2 functionality. 

4 SPIM SPI Master/Slave Mode Select Bit. 
Set by user code to enable master mode operation (SCLOCK is an output). 
Cleared by user code to enable slave mode operation (SCLOCK is an input). 

3 CPOL1 Clock Polarity Bit. 
Set by user code to enable SCLOCK idle high.  
Cleared by user code to enable SCLOCK idle low. 

2 CPHA1 Clock Phase Select Bit. 
Set by user code if the leading SCLOCK edge is to transmit data.  
Cleared by user code if the trailing SCLOCK edge is to transmit data. 

1, 0 SPR1, SPR0 SPI Bit-Rate Bits. 
SPR1 SPR0 Selected Bit Rate 
0 0 fcore/2 
0 1 fcore/4 
1 0 fcore/8 
1 1 fcore/16 

 
1 The CPOL and CPHA bits should both contain the same values for master and slave devices.  

 

Note that both SPI and I2C use the same ISR (Vector Address 3BH); therefore, when using SPI and I2C simultaneously, it is necessary to 
check the interfaces following an interrupt to determine which one caused the interrupt. 

 

SPIDAT: SPI Data Register 

SFR Address:  7FH 
Power-On Default: 00H 
Bit Addressable:  No 
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POWER SUPPLY MONITOR 
The power supply monitor, once enabled, monitors the DVDD 
and AVDD supplies on the devices. It indicates when any of the 
supply pins drop below one of four user-selectable voltage trip 
points from 2.63 V to 4.63 V. For correct operation of the power 
supply monitor function, AVDD must be equal to or greater than 
2.63 V. Monitor function is controlled via the PSMCON SFR. If 
enabled via the IEIP2 SFR, the monitor interrupts the core by 
using the PSMI bit in the PSMCON SFR. This bit is not cleared 
until the failing power supply returns above the trip point for at 
least 250 ms.  

The monitor function allows the user to save working registers 
to avoid possible data loss due to the low supply condition, and 
also ensures that normal code execution does not resume until a 

safe supply level is well established. The supply monitor is also 
protected against spurious glitches triggering the interrupt 
circuit. 

The 5 V part has an internal POR trip level of 4.63 V, which 
means that there are no usable DVDD PSM trip levels on the 5 V 
part. The 3 V part has a POR trip level of 2.63 V following a 
reset and initialization sequence, allowing all relevant PSM trip 
points to be used. 

PSMCON—Power Supply Monitor Control Register 

SFR Address:  DFH 
Power-On Default: DEH 
Bit Addressable:  No 

 

Table 43. PSMCON SFR Bit Designations 
Bit No. Name Description 
7 CMPD DVDD Comparator Bit. 

This read-only bit directly reflects the state of the DVDD comparator. 
Read 1 indicates that the DVDD supply is above its selected trip point. 
Read 0 indicates that the DVDD supply is below its selected trip point. 

6 CMPA AVDD Comparator Bit. 
This read-only bit directly reflects the state of the AVDD comparator. 
Read 1 indicates that the AVDD supply is above its selected trip point. 
Read 0 indicates that the AVDD supply is below its selected trip point. 

5 PSMI Power Supply Monitor Interrupt Bit. 
Set high by the MicroConverter if either CMPA or CMPD is low, indicating low analog or digital supply. The PSMI 
bit can be used to interrupt the processor. Once CMPD and/or CMPA returns (and remains) high, a 250 ms 
counter is started. When this counter times out, the PSMI interrupt is cleared. PSMI can also be written by the 
user. However, if either comparator output is low, it is not possible for the user to clear PSMI. 

4, 3 TPD1, TPD0 DVDD Trip Point Selection Bits. 
A 5 V part has no valid PSM trip points. If the DVDD supply falls below the 4.63 V point, the device resets (POR). 
For a 3 V part, all relevant PSM trip points are valid. The 3 V POR trip point is 2.63 V (fixed). 
These bits select the DVDD trip point voltage as follows: 
TPD1 TPD0 Selected DVDD Trip Point (V) 
0 0 4.63 
0 1 3.08 
1 0 2.93 
1 1 2.63 

2, 1 TPA1, TPA0 AVDD Trip Point Selection Bits. These bits select the AVDD trip point voltage as follows: 
TPA1 TPA0 Selected AVDD Trip Point (V) 
0 0 4.63 
0 1 3.08 
1 0 2.93 
1 1 2.63 

0 PSMEN Power Supply Monitor Enable Bit. 
Set to 1 by the user to enable the power supply monitor circuit. 
Cleared to 0 by the user to disable the power supply monitor circuit. 
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WATCHDOG TIMER 
The watchdog timer generates a device reset or interrupt within a 
reasonable amount of time if the ADuC845/ADuC847/ 
ADuC848 enters an erroneous state, possibly due to a program-
ming error or electrical noise. The watchdog function can be 
disabled by clearing the WDE (watchdog enable) bit in the 
watchdog control (WDCON) SFR. When enabled, the 
watchdog circuit generates a system reset or interrupt (WDS) if 
the user program fails to set the WDE bit within a predetermined 
amount of time (see the PRE3…0 bits in Table 44). The 

watchdog timer is clocked from the 32 kHz external crystal 
connected between the XTAL1 and XTAL2 pins. The WDCOM 
SFR can be written only by user software if the double write 
sequence described in WDWR is initiated on every write access 
to the WDCON SFR.  

WDCON—Watchdog Control Register 

SFR Address:  C0H 
Power-On Default: 10H 
Bit Addressable:  Yes 

 

Table 44. WDCON SFR Bit Designations 
Bit No. Name  Description 
7, 6, 5, 4 PRE3, PRE2, PRE1, PRE0 Watchdog Timer Prescale Bits. 

The watchdog timeout period is given by the equation 
tWD = (2PRE × (29/ fXTAL)) (0 ≤ PRE ≤ 7; fXTAL = 32.768 kHz) 
PRE3 PRE2 PRE1 PRE0 Timeout Period (ms) Action 
0 0 0 0 15.6 Reset or interrupt 
0 0 0 1 31.2 Reset or interrupt 
0 0 1 0 62.5 Reset or interrupt 
0 0 1 1 125 Reset or interrupt 
0 1 0 0 250 Reset or interrupt 
0 1 0 1 500 Reset or interrupt 
0 1 1 0 1000 Reset or interrupt 
0 1 1 1 2000 Reset or interrupt 
1 0 0 0 0.0 Immediate reset 
PRE3–PRE0 > 1000b Reserved. Not a valid selection. 

3 WDIR Watchdog Interrupt Response Enable Bit. 
If this bit is set by the user, the watchdog generates an interrupt response instead of a system reset 
when the watchdog timeout period expires. This interrupt is not disabled by the CLR EA instruction, 
and it is also a fixed, high priority interrupt. If the watchdog timer is not being used to monitor the 
system, it can be used alternatively as a timer. The prescaler is used to set the timeout period in 
which an interrupt is generated. 

2 WDS Watchdog Status Bit. 
Set by the watchdog controller to indicate that a watchdog timeout has occurred. 
Cleared by writing a 0 or by an external hardware reset. It is not cleared by a watchdog reset. 

1 WDE Watchdog Enable Bit. 
Set by the user to enable the watchdog and clear its counters. If this bit is not set by the user within 
the watchdog timeout period, the watchdog timer generates a reset or interrupt, depending on 
WDIR.  
Cleared under the following conditions: user writes 0; watchdog reset (WDIR = 0); hardware reset; 
PSM interrupt. 

0 WDWR Watchdog Write Enable Bit. 
Writing data to the WDCON SFR involves a double instruction sequence. Global interrupts must first 
be disabled. The WDWR bit is set with the very next instruction, a write to the WDCON SFR. For 
example: 
CLR EA           ;Disable Interrupts while configuring to WDT 
SETB WDWR        ;Allow Write to WDCON 
MOV WDCON, #72H  ;Enable WDT for 2.0s timeout 
SETB EA          ;Enable Interrupts again (if required)  

 

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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P2.5 and P2.6 can also be used as PWM outputs, while P2.7 can 
act as an alternate PWM clock source. When selected as the 
PWM outputs, they overwrite anything written to P2.5 or P2.6. 

Table 47. Port 2 Alternate Functions 
Pin No. Alternate Function 
P2.0 SCLOCK for SPI 
P2.1 MOSI for SPI 
P2.2 MISO for SPI 
P2.3  SS and T2 clock input 

P2.4 T2EX alternate control for T2 
P2.5 PWM0 output 
P2.6 PWM1 output 
P2.7 PWMCLK 
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Figure 50. Port 2 Bit Latch and I/O Buffer 

Port 3 

Port 3 is a bidirectional port with internal pull-ups directly 
controlled via the P3 SFR (B0H). Port 3 pins that have 1s 
written to them are pulled high by the internal pull-ups and, in 
that state, can be used as inputs. As inputs, Port 3 pins pulled 
externally low source current because of the internal pull-ups. 

Port 3 pins with 0s written to them drive a logic low output 
voltage (VOL) and are capable of sinking 4 mA. Port 3 pins also 
have various secondary functions as described in Table 48. The 
alternate functions of Port 3 pins can be activated only if the 
corresponding bit latch in the P3 SFR contains a 1. Otherwise, 
the port pin remains at 0. 

Table 48. Port 3 Alternate Functions 
Pin No. Alternate Function 
P3.0 RxD (UART input pin, or serial data I/O in Mode 0) 
P3.1 TxD (UART output pin, or serial clock output in Mode 0) 
P3.2 INT0 (External Interrupt 0) 

P3.3 INT1 (External Interrupt 1) 

P3.4 T0 (Timer/Counter 0 external input) 
P3.5 T1 (Timer/Counter 1 external input) 
P3.6 WR (external data memory write strobe) 

P3.7 RD (external data memory read strobe) 
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Figure 51. Port 3 Bit Latch and I/O Buffer 

Read-Modify-Write Instructions 

Some 8051 instructions read the latch while others read the pin. 
The instructions that read the latch rather than the pins are the 
ones that read a value, possibly change it, and rewrite it to the 
latch. These are called read-modify-write instructions, which 
are listed in Table 49. When the destination operand is a port or 
a port bit, these instructions read the latch rather than the pin. 

Table 49. Read-Modify-Write Instructions 
Instruction Description 
ANL  Logical AND, for example, ANL P1, A 
ORL  Logical OR, for example, ORL P2, A 
XRL  Logical EX-OR, for example, XRL P3, A 
JBC  Jump if Bit = 1 and clear bit, for example, JBC 

P1.1, LABEL 
CPL  Complement bit, for example, CPL P3.0 
INC  Increment, for example, INC P2 
DEC  Decrement, for example, DEC P2 
DJNZ  Decrement and jump if not zero, for example, 

DJNZ P3, LABEL 
MOV PX.Y, C1 Move Carry to Bit Y of Port X 
CLR PX.Y1  Clear Bit Y of Port X 
SETB PX.Y1  Set Bit Y of Port X 
___________________________________________ 

1 These instructions read the port byte (all 8 bits), modify the addressed bit, 
and write the new byte back to the latch. 

 

Read-modify-write instructions are directed to the latch rather 
than to the pin to avoid a possible misinterpretation of the 
voltage level of a pin. For example, a port pin might be used to 
drive the base of a transistor. When 1 is written to the bit, the 
transistor is turned on. If the CPU reads the same port bit at the 
pin rather than the latch, it reads the base voltage of the 
transistor and interprets it as Logic 0. Reading the latch rather 
than the pin returns the correct value of 1. 
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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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Mode 3 (9-Bit UART with Variable Baud Rate) 

Mode 3 is selected by setting both SM0 and SM1. In this mode, 
the 8051 UART serial port operates in 9-bit mode with a variable 
baud rate determined by either Timer 1 or Timer 2. The opera-
tion of the 9-bit UART is the same as for Mode 2, but the baud 
rate can be varied as for Mode 1. 

In all four modes, transmission is initiated by any instruction 
that uses SBUF as a destination register. Reception is initiated in 
Mode 0 when RI = 0 and REN = 1. Reception is initiated in the 
other modes by the incoming start bit if REN = 1.  

UART Serial Port Baud Rate Generation 

Mode 0 Baud Rate Generation 

The baud rate in Mode 0 is fixed: 

Mode 0 Baud Rate = 







12

FrequencyClockCore
 

Mode 2 Baud Rate Generation 

The baud rate in Mode 2 depends on the value of the SMOD bit 
in the PCON SFR. If SMOD = 0, the baud rate is 1/32 of the 
core clock. If SMOD = 1, the baud rate is 1/16 of the core clock: 

Mode 2 Baud Rate = 
32

2SMOD

 × Core Clock Frequency 

Modes 1 and 3 Baud Rate Generation 

The baud rates in Modes 1 and 3 are determined by the overflow 
rate in Timer 1 or Timer 2, or in both (one for transmit and the 
other for receive). 

Timer 1 Generated Baud Rates 

When Timer 1 is used as the baud rate generator, the baud rates 
in Modes 1 and 3 are determined by the Timer 1 overflow rate 
and the value of SMOD as follows: 

Modes 1 and 3 Baud Rate = 
32

2SMOD

 × Timer 1 Overflow Rate 

The Timer 1 interrupt should be disabled in this application. 
The timer itself can be configured for either timer or counter 
operation, and in any of its three running modes. In the most 
typical application, it is configured for timer operation in 
autoreload mode (high nibble of TMOD = 0010 binary). In that 
case, the baud rate is given by the formula 

Modes 1 and 3 Baud Rate = 
)256(32

2

TH1

FrequencyClockCoreSMOD


  

Timer 2 Generated Baud Rates 

Baud rates can also be generated by using Timer 2. Using Timer 2 
is similar to using Timer 1 in that the timer must overflow 16 
times before a bit is transmitted or received. Because Timer 2 
has a 16-bit autoreload mode, a wider range of baud rates is 
possible.  

Modes 1 and 3 Baud Rate = 
16

1  × Timer 2 Overflow Rate 

Therefore, when Timer 2 is used to generate baud rates, the 
timer increments every two clock cycles rather than every core 
machine cycle as before. It increments six times faster than 
Timer 1, and, therefore, baud rates six times faster are possible. 
Because Timer 2 has 16-bit autoreload capability, very low baud 
rates are still possible.  

Timer 2 is selected as the baud rate generator by setting the 
TCLK and/or RCLK in T2CON. The baud rates for transmit 
and receive can be simultaneously different. Setting RCLK 
and/or TCLK puts Timer 2 into its baud rate generator mode as 
shown in Figure 60. 

In this case, the baud rate is given by the formula 

Modes 1 and 3 Baud Rate = 

   LRCAPHRCAP

FrequencyClockCore

2:26553616 
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Figure 60. Timer 2, UART Baud Rates 
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Figure 75. I2C-Compatible Interface Timing 
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Table 72. UART TIMING (SHIFT REGISTER MODE) Parameter 
 12.58 MHz Core_Clk Variable Core_Clk  
 Min Typ Max Min Typ Max Unit 
TXLXL Serial Port Clock Cycle Time  954   12tcore  ns 
TQVXH Output Data Setup to Clock 662      ns 
TDVXH Input Data Setup to Clock 292      ns 
TXHDX Input Data Hold After Clock 0      ns 
TXHQX Output Data Hold After Clock 22      ns 
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Figure 80. UART Timing in Shift Register Mode 
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OUTLINE DIMENSIONS 
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Figure 81. 52-Lead Metric Quad Flat Package [MQFP]  

(S-52-2)  
Dimensions shown in millimeters 
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Figure 82. 56-Lead Lead Frame Chip Scale Package [LFCSP] 

8 mm × 8 mm Body and 0.75 mm Package Height 
(CP-56-11) 

Dimensions shown in millimeters 


