ANALOG MicroConverter® 12-Bit ADCs and DACs with

DEVICES

Embedded High Speed 62-kB Flash MCU

ADuC841/ADuC842/ADuC843

FEATURES
Pin compatable ugrade of ADuC812/ADuC831/ADuC832
Increased performance
Single-cycle 20 MIPS 8052 core
High speed 420 kSPS 12-bit ADC
Increased memory
Up to 62 kBytes on-chip Flash/EE program memory
4 kBytes on-chip Flash/EE data memory
In-circuit reprogrammable
Flash/EE, 100 year retention, 100 kCycle endurance
2304 bytes on-chip data RAM
Smaller package
8 mm x 8 mm chip scale package
52-lead PQFP—pin compatable upgrade

Analog 1/0
8-channel, 420 kSPS high accuracy, 12-bit ADC
On-chip, 15 ppm/°C voltage reference
DMA controller, high speed ADC-to-RAM capture
Two 12-bit voltage output DACs'
Dual output PWM X-A DACs
On-chip temperature monitor function

8052 based core
8051 compatible instruction set (20 MHz max)
High performance single-cycle core
32 kHz external crystal, on-chip programmable PLL
12 interrupt sources, 2 priority levels
Dual data pointers, extended 11-bit stack pointer

On-chip peripherals
Time interval counter (TIC)
UART, I12C®, and SPI® Serial I/0
Watchdog timer (WDT)
Power supply monitor (PSM)

Power
Normal: 4.5 mA @ 3 V (core CLK = 2.098 MHz)
Power-down: 10 pA @ 3 V?

Development tools
Low cost, comprehensive development system
incorporating nonintrusive single-pin emulation,
IDE based assembly and C source debugging

APPLICATIONS

Optical networking—laser power control
Base station systems

Precision instrumentation, smart sensors
Transient capture systems

DAS and communications systems

' ADuC841/ADuC842 only.
2 ADuC842/ADuC843 only, ADuC841 driven directly by external crystal.
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GENERAL DESCRIPTION

The ADuC841/ADuC842/ADuC843 are complete smart
transducer front ends, that integrates a high performance self-
calibrating multichannel ADC, a dual DAC, and an optimized
single-cycle 20 MHz 8-bit MCU (8051 instruction set
compatible) on a single chip.

The ADuC841 and ADuC842 are identical with the exception of
the clock oscillator circuit; the ADuC841 is clocked directly
from an external crystal up to 20 MHz whereas the ADuC842
uses a 32 kHz crystal with an on-chip PLL generating a
programmable core clock up to 16.78 MHz.

The ADuC843 is identical to the ADuC842 except that the
ADu(C843 has no analog DAC outputs.

The microcontroller is an optimized 8052 core offering up to
20 MIPS peak performance. Three different memory options
are available offering up to 62 kBytes of nonvolatile Flash/EE
program memory. Four kBytes of nonvolatile Flash/EE data
memory, 256 bytes RAM, and 2 kBytes of extended RAM are
also integrated on-chip.

(continued on page 15)
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ADuC841/ADuC842/ADuC843

SPECIFICATIONS'

Table 1. AVop=DVpp=2.7 V10 3.6 Vor4.75 V to 5.25 V; Ve = 2.5 V internal reference, fcore = 16.78 MHz @ 5V 8.38 MHz @ 3 V;
all specifications T = Ty to Twmax, unless otherwise noted

Parameter Voo=5V Voo=3V Unit Test Conditions/Comments
ADC CHANNEL SPECIFICATIONS
DC ACCURACY?3 fsawee = 120 kHz, see the Typical
Performance Characteristics for typical
performance at other values of fsameLe
Resolution 12 12 Bits
Integral Nonlinearity +1 +1 LSB max 2.5 Vinternal reference
+0.3 +0.3 LSB typ
Differential Nonlinearity +1/-0.9 +1/-0.9 LSB max 2.5 Vinternal reference
+0.3 +0.3 LSB typ
Integral Nonlinearity* +2 +1.5 LSB max 1V external reference
Differential Nonlinearity* +1.5/-0.9 +1.5/-0.9 LSB max 1V external reference
Code Distribution 1 1 LSB typ ADC input is a dc voltage
CALIBRATED ENDPOINT ERRORS* ¢
Offset Error +3 +2 LSB max
Offset Error Match +1 +1 LSB typ
Gain Error +3 +2 LSB max
Gain Error Match +1 +1 LSB typ
DYNAMIC PERFORMANCE fin = 10 kHz sine wave
fsampLe = 120 kHz
Signal-to-Noise Ratio (SNR)” 71 71 dB typ
Total Harmonic Distortion (THD) -85 -85 dB typ
Peak Harmonic or Spurious Noise -85 -85 dB typ
Channel-to-Channel Crosstalk® -80 -80 dB typ
ANALOG INPUT
Input Voltage Range 0 to Vrer 0 to Vrer Vv
Leakage Current +1 +1 MA max
Input Capacitance 32 32 pF typ
TEMPERATURE SENSOR?®
Voltage Output at 25°C 700 700 mV typ
Voltage TC -14 -14 mV/°C typ
Accuracy +1.5 +1.5 °Ctyp Internal/External 2.5 V Veer
DAC CHANNEL SPECIFICATIONS DAC load to AGND
Internal Buffer Enabled RL=10kQ, C. =100 pF
ADuC841/ADuC842 Only
DC ACCURACY?™®
Resolution 12 12 Bits
Relative Accuracy +3 +3 LSB typ
Differential Nonlinearity" -1 -1 LSB max Guaranteed 12-bit monotonic
+1/2 +1/2 LSB typ
Offset Error +50 +50 mV max Vrer range
Gain Error +1 +1 % max AVop range
+1 +1 % typ Vrer range
Gain Error Mismatch 0.5 0.5 % typ % of full-scale on DAC1
ANALOG OUTPUTS
Voltage Range_0 0 to Vrer 0 to Vrer Vtyp DAC Vrer =25V
Voltage Range_1 0to Voo 0to Voo Vtyp DAC Veer = Voo
Output Impedance 0.5 0.5 Qtyp
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Parameter Voo=5V | Vop=3V | Unit Test Conditions/Comments
DAC AC CHARACTERISTICS
Voltage Output Settling Time 15 15 ps typ Full-scale settling time to within
5 LSB of final value
Digital-to-Analog Glitch Energy 10 10 nV-sec typ 1 LSB change at major carry
DAC CHANNEL SPECIFICATIONS™> 13
Internal Buffer Disabled ADuC841/ADuC842 Only
DC ACCURACY'®
Resolution 12 12 Bits
Relative Accuracy +3 +3 LSB typ
Differential Nonlinearity -1 -1 LSB max Guaranteed 12-bit monotonic
+1/2 +1/2 LSB typ
Offset Error +5 +5 mV max Vrer range
Gain Error +0.5 +0.5 % typ Vrer range
Gain Error Mismatch* 0.5 0.5 % typ % of full-scale on DAC1
ANALOG OUTPUTS
Voltage Range_0 0 to Vrer 0 to Vrer Vityp DAC Veer =25V
REFERENCE INPUT/OUTPUT REFERENCE OUTPUT™
Output Voltage (Vrer) 2.5 2.5 Vv
Accuracy +10 +10 mV Max Of Vrer measured at the Crer pin
Ta=25°C
Power Supply Rejection 65 67 dB typ
Reference Temperature Coefficient +15 +15 ppm/°C typ
Internal Veer Power-On Time 2 2 ms typ
EXTERNAL REFERENCE INPUT'
Voltage Range (Vrer) 1 1 V min
Voo Voo V max
Input Impedance 20 20 kQ typ
Input Leakage 1 1 MA max Internal band gap deselected via
ADCCON1.6
POWER SUPPLY MONITOR (PSM)
DVoo Trip Point Selection Range 293 V min Two trip points selectable in this
3.08 V max range programmed via TPD1-0 in
PSMCON, 3 V part only
DVopo Power Supply Trip Point Accuracy +2.5 % max
WATCHDOG TIMER (WDT)*
Timeout Period 0 0 ms min Nine timeout periods selectable in
2000 2000 ms max this range
FLASH/EE MEMORY RELIABILITY CHARACTERISTICS'™®
Endurance'” 100,000 100,000 Cycles min
Data Retention'® 100 100 Years min
DIGITAL INPUTS
Input Leakage Current (Port 0, EA) =10 =10 MA max Vin=0V or Vop
+1 +1 UA typ Vin=0V orVop
Logic 1 Input Current
(All Digital Inputs), SDATA, SCLOCK +10 +10 MA max Vin = Voo
+1 +1 UA typ Vin = Voo
Logic 0 Input Current (Ports 1, 2, 3) SDATA, SCLOCK -75 -25 MA max
-40 -15 WA typ Vi =450 mV
Logic 1 to Logic 0 Transition Current (Ports 2 and 3) -660 -250 MA max V=2V
-400 -140 MA typ V=2V
RESET +10 +10 MA max Vin=0V
10 5 MA min Vin=5V, 3 VInternal Pull Down
105 35 MA max Vin=5V, 3 VInternal Pull Down
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ADuC841/ADuC842/ADuC843

Parameter Voo=5V Vop=3V Unit Test Conditions/Comments
LOGIC INPUTS*
INPUT VOLTAGES
All Inputs Except SCLOCK, SDATA, RESET, and
XTAL1
VINL, Input Low Voltage 0.8 0.4 V max
VINH, Input High Voltage 2.0 2.0 V min
SDATA
VINL, Input Low Voltage 0.8 0.8 V max
VINH, Input High Voltage 2.0 2.0 V min
SCLOCK and RESET Only*
(Schmitt-Triggered Inputs)
Vs 1.3 0.95 V min
3.0 0.25 V max
Vr- 0.8 0.4 V min
1.4 1.1 V max
V1= Vi 0.3 0.3 V min
0.85 0.85 V max
CRYSTAL OSCILLATOR
Logic Inputs, XTAL1 Only
Vine, Input Low Voltage 0.8 0.4 Vtyp
Vinw, Input High Voltage 35 2.5 Vtyp
XTAL1 Input Capacitance 18 18 pF typ
XTAL2 Output Capacitance 18 18 pF typ
MCU CLOCK RATE 16.78 8.38 MHz max ADuC842/ADuC843 Only
20 8.38 MHz max ADuC841 Only
DIGITAL OUTPUTS
Output High Voltage (Von) 24 V min Voo=45Vto55V
4 Vityp Isource = 80 PA
2.4 V min Vop=27Vto33V
2.6 Vtyp Isource = 20 A
Output Low Voltage (Vo)
ALE, Ports 0 and 2 0.4 04 V max lsink = 1.6 MA
0.2 0.2 Vtyp lsink = 1.6 mA
Port 3 04 04 V max lsink =4 mA
SCLOCK/SDATA 0.4 0.4 V max Isnk = 8 mA, 12C Enabled
Floating State Leakage Current* +10 +10 UA max
+1 +1 MA typ
STARTUP TIME At any core CLK
At Power-On 500 500 ms typ
From Idle Mode 100 100 us typ
From Power-Down Mode
Wake-up with INTO Interrupt 150 400 ps typ
Wake-up with SPI/I?C Interrupt 150 400 us typ
Wake-up with External RESET 150 400 s typ
After External RESET in Normal Mode 30 30 ms typ
After WDT Reset in Normal Mode 3 3 ms typ Controlled via WDCON SFR
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ADuC841/ADuC842/ADuC843

Parameter Voo=5V Vop=3V Unit Test Conditions/Comments
POWER REQUIREMENTS': 20
Power Supply Voltages
AVpp/DVop - AGND 27 V min AVpp/DVop =3V nom
3.6 V max
475 V min AVpp/DVop =5V nom
5.25 V max
Power Supply Currents Normal Mode?'
DVop Current? 10 45 mA typ Core CLK =2.097 MHz
AVpp Current 1.7 1.7 mA max Core CLK=2.097 MHz
DVop Current 38 12 mA max Core CLK=16.78MHz/8.38 MHz 5 V/3 V
33 10 mA typ Core CLK = 16.78MHz/8.38 MHz 5 /3 V
AVpp Current 1.7 1.7 mA max Core CLK = 16.78MHz/8.38 MHz 5 V/3 V
DVoo Current? 45 N/A mA max Core CLK =20MHz ADuC841 Only
Power Supply Currents Idle Mode?'
DVop Current 4.5 2.2 mA typ Core CLK=2.097 MHz
AVpp Current 3 2 HA typ Core CLK=2.097 MHz
DVoo Current* 12 5 mMA max Core CLK =16.78MHz/8.38 MHz 5 /3 V
10 3.5 mA typ Core CLK=16.78MHz/8.38 MHz 5 V/3 V
AVpp Current 3 2 MA typ Core CLK=16.78MHz/8.38 MHz 5 V/3 V
Power Supply Currents Power-Down Mode?' Core CLK = any frequency
DVop Current 28 18 MA max Oscillator Off / TIMECON.1 =0
20 10 HA typ
AVpp Current 2 1 UA typ Core CLK = any frequency
ADuC841 Only
DVoo Current* 3 1 mA max TIMECON.1 =1
DVpo Current* 50 22 MA max Core CLK = any frequency
40 15 UA typ ADuC842/ADuC843 Only
Oscillator On
Typical Additional Power Supply Currents
PSM Peripheral 15 10 MA typ AVpp = DVop
ADC* 1.0 1.0 mA min MCLK Divider = 32
2.8 1.8 mA max MCLK Divider = 2
DAC 150 130 UA typ

See footnotes on the next page.
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' Temperature Range -40°C to +85°C.
2 ADC linearity is guaranteed during normal MicroConverter core operation.
3 ADC LSB size = Ver/2'?, ie., for internal Vger = 2.5V, 1 LSB = 610 pV, and for external Vgege = 1V, 1 LSB = 244 pV.
“These numbers are not production tested but are supported by design and/or characterization data on production release.
® Offset and gain error and offset and gain error match are measured after factory calibration.
¢ Based on external ADC system components, the user may need to execute a system calibration to remove additional external channel errors to achieve these
specifications.
7 SNR calculation includes distortion and noise components.
8 Channel-to-channel crosstalk is measured on adjacent channels.
° The temperature monitor gives a measure of the die temperature directly; air temperature can be inferred from this result.
° DAC linearity is calculated using:
Reduced code range of 100 to 4095, 0 V to Veer range.
Reduced code range of 100 to 3945, 0V to Vop range.
DAC output load = 10 kQ and 100 pF.
"' DAC differential nonlinearity specified on 0 V to Vger and 0V to Vpp ranges.
2 DAC specification for output impedance in the unbuffered case depends on DAC code.
'3 DAC specifications for Isink, voltage output settling time, and digital-to-analog glitch energy depend on external buffer implementation in unbuffered mode. DAC in
unbuffered mode tested with OP270 external buffer, which has a low input leakage current.
* Measured with Cggr pin decoupled with 0.47 pF capacitor to ground. Power-up time for the internal reference is determined by the value of the decoupling capacitor
chosen for the Cger pin.
> When using an external reference device, the internal band gap reference input can be bypassed by setting the ADCCON1.6 bit.
16 Flash/EE memory reliability characteristics apply to both the Flash/EE program memory and the Flash/EE data memory.
7 Endurance is qualified to 100,000 cycles as per JEDEC Std. 22 method A117 and measured at -40°C, +25°C, and +85°C. Typical endurance at 25°C is 700,000 cycles.
'8 Retention lifetime equivalent at junction temperature (T;) = 55°C as per JEDEC Std. 22 method A117. Retention lifetime based on an activation energy of 0.6 eV derates
with junction temperature as shown in Figure 38 in the Flash/EE Memory Reliability section.
' Power supply current consumption is measured in normal, idle, and power-down modes under the following conditions:

Normal Mode: Reset = 0.4V, digital I/0 pins = open circuit, Core Clk changed via CD bits in PLLCON (ADuC842/ADuC843), core executing internal
software loop.
Idle Mode: Reset = 0.4V, digital I/0 pins = open circuit, Core Clk changed via CD bits in PLLCON (ADuC842/ADuC843), PCON.O = 1, core execution

suspended in idle mode.
Power-Down Mode:  Reset=0.4V, all Port 0 pins = 0.4 V, All other digital I/O and Port 1 pins are open circuit, Core Clk changed via CD bits in PLLCON
(ADuC842/ADuC843), PCON.0 = 1, core execution suspended in power-down mode, OSC turned on or off via OSC_PD bit (PLLCON.7) in
PLLCON SFR (ADuC842/ADuC843).
20 DVpp power supply current increases typically by 3 mA (3 V operation) and 10 mA (5 V operation) during a Flash/EE memory program or erase cycle.
21 Power supply currents are production tested at 5.25 Vand 3.3V fora 5V and 3 V part, respectively.
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ADuC841/ADuC842/ADuC843

ABSOLUTE MAXIMUM RATINGS

Table 2. Ta= 25°C, unless otherwise noted

Parameter Rating
AVpp to DVop -03Vto+0.3V
AGND to DGND -03Vto+03V
DVbp to DGND, AVop to AGND -03Vto+7V
Digital Input Voltage to DGND -03VtoDVop+ 03V
Digital Output Voltage to DGND -03VtoDVop+ 03V
Vrer to AGND ~03VtoAVop+0.3V Stresses above those listed under Absolute Maximum Ratings
Analog Inputs to AGND —03VtoAVoo+ 03V may cause permanent damage to the device. This is a stress
Operating Temperature Range, rating only and functional operation of the device at these or
Industrial -40°C to +85°C any other conditions above those indicated in the operational
ADu(C841BS,ADuC842BS,ADuC843BS section of this specification is not implied. Exposure to absolute
ADuC841BCP, ADuC8428BCP, maximum rating conditions for extended periods may affect
ADuC843BCP device reliability.
Storage Temperature Range -65°C to +150°C
Junction Temperature 150°C
0:a Thermal Impedance (ADuC84xBS) 90°C/W
6,a Thermal Impedance (ADuC84xBCP) | 52°C/W
Lead Temperature, Soldering

Vapor Phase (60 sec) 215°C

Infrared (15 sec) 220°C

ESD CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily accumulate on the
human body and test equipment and can discharge without detection. Although this product features
proprietary ESD protection circuitry, permanent damage may occur on devices subjected to high energy
electrostatic discharges. Therefore, proper ESD precautions are recommended to avoid performance
degradation or loss of functionality.

Ty

ESD SENSITIVE DEVICE
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Figure 2. ADuC Block Diagram (Shaded Areas are Features Not Present on the ADuC812),
No DACs on ADuC843, PLL on ADuC842/ADu(C843 Only.
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PIN CONFIGURATIONS AND FUNCTIONAL DESCRIPTIONS
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Table 3. Pin Function Descriptions
Mnemonic Type | Function
DVoo P Digital Positive Supply Voltage. 3V or 5V nominal.
AVbp P Analog Positive Supply Voltage. 3V or 5V nominal.
Crer I/0 Decoupling Input for On-Chip Reference. Connect a 0.47 pF capacitor between this pin and AGND.
Vrer NC Not connected. This was reference out on the ADuC812; the Crer pin should be used instead.
AGND G Analog Ground. Ground reference point for the analog circuitry.
P1.0-P1.7 I Port 1 is an 8-bit input port only. Unlike other ports, Port 1 defaults to analog input mode. To configure any of
these port pins as a digital input, write a 0 to the port bit.
ADCO-ADC7 I Analog Inputs. Eight single-ended analog inputs. Channel selection is via ADCCON2 SFR.
T2 I Timer 2 Digital Input. Input to Timer/Counter 2. When enabled, Counter 2 is incremented in response to a 1-to-0
transition of the T2 input.
T2EX I Digital Input. Capture/reload trigger for Counter 2; also functions as an up/down control input for Counter 2.
SS I Slave Select Input for the SPI Interface.
SDATA 1/0 User Selectable, 12C Compatible, or SPI Data Input/Output Pin.
SCLOCK I/0 Serial Clock Pin for I2C Compatible or for SPI Serial Interface Clock.
MOSI I/0 SPI Master Output/Slave Input Data I/0 Pin for SPI Interface.
MISO I/0 SPI Master Input/Slave Output Data I/0 Pin for SPI Serial Interface.
DACO (o] Voltage Output from DACO. This pin is a no connect on the ADuC843.
DAC1 (o] Voltage Output from DAC1. This pin is a no connect on the ADuC843.
RESET | Digital Input. A high level on this pin for 24 master clock cycles while the oscillator is running resets the device.
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Mnemonic Type | Function

P3.0-P3.7 I/0 Port 3 is a bidirectional port 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. Port 3 pins also contain various secondary
functions, which are described below.

PWMC | PWM Clock Input.

PWMO (0] PWMO Voltage Output. PWM outputs can be configured to use Ports 2.6 and 2.7 or Ports 3.4 and 3.3.

PWM1 0] PWMT1 Voltage Output. See the CFG841/CFG842 register for further information.

RxD I/0 Receiver Data Input (Asynchronous) or Data Input/Output (Synchronous) of the Serial (UART) Port.

TxD (6] Transmitter Data Output (Asynchronous) or Clock Output (Synchronous) of the Serial (UART) Port.

INTO I Interrupt 0. Programmable edge or level triggered interrupt input; can be programmed to one of two priority
levels. This pin can also be used as a gate control input to Timer 0.

INTT I Interrupt 1. Programmable edge or level triggered interrupt input; can be programmed to one of two priority
levels. This pin can also be used as a gate control input to Timer 1.

TO I Timer/Counter 0 Input.

T1 I Timer/Counter 1 Input.

CONVST I Active Low Convert Start Logic Input for the ADC Block when the External Convert Start Function is Enabled. A
low-to-high transition on this input puts the track-and-hold into hold mode and starts the conversion.

EXTCLK I Input for External Clock Signal. Has to be enabled via the CFG842 register.

WR (0] Write Control Signal, Logic Output. Latches the data byte from Port 0 into the external data memory.

RD (e} Read Control Signal, Logic Output. Enables the external data memory to Port 0.

XTAL2 0 Output of the Inverting Oscillator Amplifier.

XTAL1 | Input to the Inverting Oscillator Amplifier.

DGND G Digital Ground. Ground reference point for the digital circuitry.

P2.0-P2.7 I/0 Port 2 is a bidirectional port with internal pull-up resistors. Port 2 pins that have 1s written to them are pulled high

(A8-A15) by the internal pull-up resistors, and in that state can be used as inputs. As inputs, Port 2 pins being pulled

(A16-A23) externally low source current because of the internal pull-up resistors. Port 2 emits the middle and high-order
address bytes during accesses to the external 24-bit external data memory space.

PSEN 0 Program Store Enable, Logic Output. This pin remains low during internal program execution. PSEN is used to
enable serial download mode when pulled low through a resistor on power-up or reset. On reset this pin will
momentarily become an input and the status of the pin is sampled. If there is no pulldown resistor in place the pin
will go momentarilly high and then user code will execute. If a pull-down resistor is in place, the embedded serial
download/debug kernel will execute.

ALE (0] Address Latch Enable, Logic Output. This output is used to latch the low byte and page byte for 24-bit address
space accesses of the address into external data memory.

EA I External Access Enable, Logic Input. When held high, this input enables the device to fetch code from internal
program memory locations. The parts do not support external code memory. This pin should not be left floating.

P0.7-P0.0 I/0 Port 0 is an 8-bit open-drain bidirectional I/O port. Port 0 pins that have 1s written to them float, and in that state

(AO-A7) can be used as high impedance inputs. Port 0 is also the multiplexed low-order address and data bus during

accesses to external data memory. In this application, it uses strong internal pull-ups when emitting 1s.

Types: P = Power, G = Ground, I= Input, O = Output., NC = No Connect
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TERMINOLOGY
ADC SPECIFICATIONS

Integral Nonlinearity

The maximum deviation of any code from a straight line
passing through the endpoints of the ADC transfer function.
The endpoints of the transfer function are zero scale, a point
% LSB below the first code transition, and full scale, a point
Y5 LSB above the last code transition.

Differential Nonlinearity

The difference between the measured and the ideal 1 LSB
change between any two adjacent codes in the ADC.
Offset Error

The deviation of the first code transition (0000 ... 000) to
(0000 ...001) from the ideal, i.e., +% LSB.

Gain Error

The deviation of the last code transition from the ideal AIN
voltage (Full Scale - % LSB) after the offset error has been
adjusted out.

Signal-to-(Noise + Distortion) Ratio

The measured ratio of signal to (noise + distortion) at the
output of the ADC. The signal is the rms amplitude of the
fundamental. Noise is the rms sum of all nonfundamental
signals up to half the sampling frequency (fs/2), excluding dc.
The ratio depends on the number of quantization levels in the
digitization process; the more levels, the smaller the quantization
noise. The theoretical signal-to-(noise + distortion) ratio for an
ideal N-bit converter with a sine wave input is given by

Signal-to-(Noise + Distortion) = (6.02N + 1.76) dB
Thus for a 12-bit converter, this is 74 dB.

Total Harmonic Distortion (THD)

The ratio of the rms sum of the harmonics to the fundamental.

DAC SPECIFICATIONS
Relative Accuracy

Relative accuracy or endpoint linearity is a measure of the
maximum deviation from a straight line passing through the
endpoints of the DAC transfer function. It is measured after
adjusting for zero error and full-scale error.

Voltage Output Settling Time

The amount of time it takes for the output to settle to a
specified level for a full-scale input change.
Digital-to-Analog Glitch Impulse

The amount of charge injected into the analog output when the
inputs change state. It is specified as the area of the glitch in nV-sec.
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TYPICAL PERFORMANCE CHARACTERISTICS

The typical performance plots presented in this section
illustrate typical performance of the ADuC841/ADuC842/
ADuC843 under various operating conditions.

Figure 5 and Figure 6 show typical ADC integral nonlinearity
(INL) errors from ADC Code 0 to Code 4095 at 5V and 3V
supplies, respectively. The ADC is using its internal reference
(2.5V) and is operating at a sampling rate of 152 kHz; the
typical worst-case errors in both plots are just less than 0.3 LSB.
Figure 7 and Figure 8 also show ADC INL at a higher sampling
rate of 400 kHz. Figure 9 and Figure 10 show the variation in
worst-case positive (WCP) INL and worst-case negative (WCN)
INL versus external reference input voltage.

Figure 11 and Figure 12 show typical ADC differential
nonlinearity (DNL) errors from ADC Code 0 to Code 4095 at
5V and 3V supplies, respectively. The ADC is using its internal
reference (2.5 V) and is operating at a sampling rate of 152 kHz;
the typical worst-case errors in both plots are just less than

0.2 LSB. Figure 13 and Figure 14 show the variation in worst-
case positive (WCP) DNL and worst-case negative (WCN) DNL
versus external reference input voltage.

Figure 15 shows a histogram plot of 10,000 ADC conversion
results on a dc input with Vop = 5 V. The plot illustrates an
excellent code distribution pointing to the low noise
performance of the on-chip precision ADC.

1.0 T T
AVpp /DVpp =5V _|

08 fg = 152kHz

0.6

0.4

0.2 1

0 511 1023 1535 2047 2559 3071 3583 4095
ADC CODES

03260-0-005

Figure 5. Typical INL Errot, Vop =5V, fi= 152 kHz

Figure 16 shows a histogram plot of 10,000 ADC conversion
results on a dc input for Voo = 3 V. The plot again illustrates a
very tight code distribution of 1 LSB with the majority of codes
appearing in one output pin.

Figure 17 and Figure 18 show typical FFT plots for the parts.
These plots were generated using an external clock input. The
ADC is using its internal reference (2.5 V), sampling a full-scale,
10 kHz sine wave test tone input at a sampling rate of 149.79 kHz.
The resulting FFTs shown at 5V and 3 V supplies illustrate an
excellent 100 dB noise floor, 71 dB signal-to-noise ratio (SNR),
and THD greater than -80 dB.

Figure 19 and Figure 20 show typical dynamic performance
versus external reference voltages. Again, excellent ac perform-
ance can be observed in both plots with some roll-off being
observed as Ve falls below 1'V.

Figure 21 shows typical dynamic performance versus sampling
frequency. SNR levels of 71 dB are obtained across the sampling
range of the parts.

Figure 22 shows the voltage output of the on-chip temperature
sensor versus temperature. Although the initial voltage output at
25°C can vary from part to part, the resulting slope of —1.4 mV/°C
is constant across all parts.

1.0 . .
AVpp/DVpp = 3V

0.8 fg=152kHz A

06

04

0.2 ;

LSBs
o

0 511 1023 1535 2047 2559 3071 3583 4095
ADC CODES

03260-0-006

Figure 6. Typical INL Error, Vop = 3V, fs= 152 kHz
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Figure 7. Typical INL Error, Vop = 5V, fs = 400 kHz
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Figure 8. Typical INL Error, Vop = 3V, fs = 400 kHz
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Figure 9. Typical Worst-Case INL Error vs. Vier, Vop =5V
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Figure 10. Typical Worst-Case INL Error vs. Vrer, Vop =3V
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Figure 11. Typical DNL Error, Vop =5V
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Figure 12. Typical DNL Error, Vop = 3V
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Figure 13. Typical Worst-Case DNL Error vs. Vrer, Vop =5V
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Figure 14. Typical Worst-Case DNL Error vs. Vrer, Vop =3V
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Figure 16. Code Histogram Plot, Vpop =3V
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Figure 17. Dynamic Performance at Vop =5V
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Figure 18. Dynamic Performance at Vpp =3 V
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Figure 20. Typical Dynamic Performance vs. Vaer, Voo = 3 V Figure 22. Typical Temperature Sensor Output vs. Temperature

GENERAL DESCRIPTION (continued)

However, there is also the option to allow SPI operate separately
on P3.3,P3.4,and P3.5, while I°C uses the standard pins. The
I’C interface has also been enhanced to offer repeated start,
general call, and quad addressing.

The parts also incorporate additional analog functionality with
two 12-bit DACs, power supply monitor, and a band gap
reference. On-chip digital peripherals include two 16-bit 3-A.
DACs, a dual output 16-bit PWM, a watchdog timer, a time

interval counter, three timers/counters, and three serial I/O On-chip factory firmware supports in-circuit serial download

ports (SPL I’C, and UART). and debug modes (via UART) as well as single-pin emulation

On the ADuC812 and the ADuC832, the I2C and SPI interfaces mode via the EA pin. A functional block diagram of the parts is
share some of the same pins. For backwards compatibility, this shown on the first page.
is also the case for the ADuC841/ADuC842/ADuC843.
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FUNCTIONAL DESCRIPTION

8052 INSTRUCTION SET

Table 4 documents the number of clock cycles required for each
instruction. Most instructions are executed in one or two clock
cycles, resulting in a 16 MIPS peak performance when operating
at PLLCON = 00H on the ADuC842/ADuC843. On the ADuC841,
20 MIPS peak performance is possible with a 20 MHz external

crystal.

Table 4. Instructions

Mnemonic Description Bytes Cycles

Arithmetic
ADD A,Rn Add register to A 1 1
ADD A,@Ri Add indirect memory to A 1 2
ADD A dir Add direct byte to A 2 2
ADD A #data Add immediate to A 2 2
ADDCA,Rn Add register to A with carry 1 1
ADDC A @Ri Add indirect memory to A with carry 1 2
ADDC A dir Add direct byte to A with carry 2 2
ADD A #data Add immediate to A with carry 2 2
SUBB A,Rn Subtract register from A with borrow 1 1
SUBB A,@Ri Subtract indirect memory from A with borrow 1 2
SUBB A,dir Subtract direct from A with borrow 2 2
SUBB A #data Subtract immediate from A with borrow 2 2
INCA Increment A 1 1
INCRn Increment register 1 1
INC @Ri Increment indirect memory 1 2
INC dir Increment direct byte 2 2
INC DPTR Increment data pointer 1 3
DECA Decrement A 1 1
DECRn Decrement register 1 1
DEC @Ri Decrement indirect memory 1 2
DEC dir Decrement direct byte 2 2
MUL AB Multiply A by B 1 9
DIV AB Divide A by B 1 9
DAA Decimal adjust A 1 2

Logic
ANL A,Rn AND register to A 1 1
ANL A,@Ri AND indirect memory to A 1 2
ANL A dir AND direct byte to A 2 2
ANL A #data AND immediate to A 2 2
ANL dir,A AND A to direct byte 2 2
ANL dir,#data AND immediate data to direct byte 3 3
ORL A,Rn OR register to A 1 1
ORL A,@Ri OR indirect memory to A 1 2
ORL A,dir OR direct byte to A 2 2
ORL A #data OR immediate to A 2 2
ORL dir,A OR A to direct byte 2 2
ORL dir,#data OR immediate data to direct byte 3 3
XRL A,Rn Exclusive-OR register to A 1 1
XRL A,@Ri Exclusive-OR indirect memory to A 2 2
XRL A #data Exclusive-OR immediate to A 2 2
XRL dir,A Exclusive-OR A to direct byte 2 2
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Mnemonic Description Bytes Cycles
XRL A dir Exclusive-OR indirect memory to A 2 2
XRL dir,#data Exclusive-OR immediate data to direct 3 3
CLRA Clear A 1 1
CPLA Complement A 1 1
SWAP A Swap nibbles of A 1 1
RLA Rotate A left 1 1
RLCA Rotate A left through carry 1 1
RRA Rotate A right 1 1
RRCA Rotate A right through carry 1 1

Data Transfer
MOV ARn Move register to A 1 1
MOV A,@Ri Move indirect memory to A 1 2
MOV Rn,A Move A to register 1 1
MOV @Ri,A Move A to indirect memory 1 2
MOV A,dir Move direct byte to A 2 2
MOV A #data Move immediate to A 2 2
MOV Rn,#data Move register to immediate 2 2
MOV dir,A Move A to direct byte 2 2
MOV Rn, dir Move register to direct byte 2 2
MOV dir, Rn Move direct to register 2 2
MOV @Ri #data Move immediate to indirect memory 2 2
MOV dir,@Ri Move indirect to direct memory 2 2
MOV @Ri dir Move direct to indirect memory 2 2
MOV dir,dir Move direct byte to direct byte 3 3
MOV dir,#data Move immediate to direct byte 3 3
MOV DPTR #data Move immediate to data pointer 3 3
MOVC A,@A+DPTR Move code byte relative DPTR to A 1 4
MOVC A,@A+PC Move code byte relative PC to A 1 4
MOVX A @Ri Move external (A8) data to A 1 4
MOVX A,@DPTR Move external (A16) data to A 1 4
MOVX @Ri,A Move A to external data (A8) 1 4
MOVX @DPTR,A Move A to external data (A16) 1 4
PUSH dir Push direct byte onto stack 2 2
POP dir Pop direct byte from stack 2 2
XCHARn Exchange A and register 1 1
XCH A,@Ri Exchange A and indirect memory 1 2
XCHD A,@Ri Exchange A and indirect memory nibble 1 2
XCH A dir Exchange A and direct byte 2 2

Boolean
CLRC Clear carry 1 1
CLR bit Clear direct bit 2 2
SETBC Set carry 1 1
SETB bit Set direct bit 2 2
CPLC Complement carry 1 1
CPL bit Complement direct bit 2 2
ANL C,bit AND direct bit and carry 2 2
ANL C,/bit AND direct bit inverse to carry 2 2
ORL C,bit OR direct bit and carry 2 2
ORL C,/bit OR direct bit inverse to carry 2 2
MOV C,bit Move direct bit to carry 2 2
MOV bit,C Move carry to direct bit 2 2
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CJNE A #data,rel
CJNE Rn,#data,rel
CJNE @Ri,#data,rel

Compare A, immediate JNE relative

Compare register, immediate JNE relative
Compare indirect, immediate JNE relative

Mnemonic Description Bytes Cycles
Branching

JMP @A+DPTR Jump indirect relative to DPTR 1 3
RET Return from subroutine 1 4
RETI Return from interrupt 1 4
ACALL addr11 Absolute jump to subroutine 2 3
AJMP addr11 Absolute jump unconditional 2 3
SIMP rel Short jump (relative address) 2 3
JCrel Jump on carry equal to 1 2 3
JNCrrel Jump on carry equal to 0 2 3
JZ rel Jump on accumulator =0 2 3
INZ rel Jump on accumulator not equal to 0 2 3
DJNZ Rn,rel Decrement register, JNZ relative 2 3
LIJMP Long jump unconditional 3 4
LCALL addr16 Long jump to subroutine 3 4
JB bit,rel Jump on direct bit=1 3 4
JNB bit,rel Jump on direct bit=0 3 4
JBC bit,rel Jump on direct bit = 1 and clear 3 4
CJNE A dir,rel Compare A, direct JNE relative 3 4

3 4

3 4

3 4

3 4

DJNZ dir,rel Decrement direct byte, JNZ relative
Miscellaneous
NOP No operation 1 1

1. One cycle is one clock.

2. Cycles of MOVX instructions are four cycles when they have 0 wait state. Cycles of MOVX instructions are 4 + n cycles when they have n wait states.
3. Cycles of LCALL instruction are three cycles when the LCALL instruction comes from interrupt.

OTHER SINGLE-CYCLE CORE FEATURES

Timer Operation

Timers on a standard 8052 increment by 1 with each machine
cycle. On the ADuC841/ADuC842/ADuC843, one machine
cycle is equal to one clock cycle; therefore the timers increment

at the same rate as the core clock.

ALE

The output on the ALE pin on a standard 8052 part is a clock at
1/6th of the core operating frequency. On the ADuC841/
ADuC842/ADuC843 the ALE pin operates as follows. For a
single machine cycle instruction,ALE is high for the first half of
the machine cycle and low for the second half. The ALE output
is at the core operating frequency. For a two or more machine
cycle instruction, ALE is high for the first half of the first
machine cycle and low for the rest of the machine cycles.

External Memory Access

There is no support for external program memory access on the
parts. When accessing external RAM, the EWAIT register may
need to be programmed to give extra machine cycles to MOVX
commands. This is to account for differing external RAM access
speeds.

EWAIT SFR

SFR Address 9FH
Power-On Default 00H
Bit Addressable No

This special function register (SFR) is programmed with the
number of wait states for a MOVX instruction. This value can
range from OH to 7H.
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MEMORY ORGANIZATION

The ADuC841/ADuC842/ADuC843 each contain four different
memory blocks:

e  Up to 62 kBytes of on-chip Flash/EE program memory
e 4 kBytes of on-chip Flash/EE data memory

e 256 bytes of general-purpose RAM

e 2 kBytes of internal XRAM

Flash/EE Program Memory

The parts provide up to 62 kBytes of Flash/EE program mem-
ory to run user code. The user can run code from this internal
memory only. Unlike the ADuC812, where code execution can
overflow from the internal code space to external code space
once the PC becomes greater than 1FFFH, the parts do not
support the roll-over from F7FFH in internal code space to
F800H in external code space. Instead, the 2048 bytes between
F800H and FFFFH appear as NOP instructions to user code.

This internal code space can be downloaded via the UART
serial port while the device is in-circuit. 56 kBytes of the
program memory can be reprogrammed during run time; thus
the code space can be upgraded in the field by using a user
defined protocol, or it can be used as a data memory. This is
discussed in more detail in the Flash/EE Memory section.

For the 32 kBytes memory model, the top 8 kBytes function as
the ULOAD space; this is explained in the Flash/EE Memory
section.

Flash/EE Data Memory

4 kBytes of Flash/EE data memory are available to the user and
can be accessed indirectly via a group of control registers
mapped into the special function register (SFR) area. Access to
the Flash/EE data memory is discussed in detail in the Flash/EE
Memory section.

General-Purpose RAM

The general-purpose RAM is divided into two separate
memories: the upper and the lower 128 bytes of RAM. The
lower 128 bytes of RAM can be accessed through direct or
indirect addressing. The upper 128 bytes of RAM can be
accessed only through indirect addressing because it shares the
same address space as the SFR space, which can be accessed
only through direct addressing.

The lower 128 bytes of internal data memory are mapped as
shown in Figure 23. The lowest 32 bytes are grouped into four
banks of eight registers addressed as R0 to R7. The next 16 bytes
(128 bits), locations 20H to 2FH above the register banks, form
a block of directly addressable bit locations at Bit Addresses
00H to 7FH. The stack can be located anywhere in the internal
memory address space, and the stack depth can be expanded up
to 2048 bytes.

Reset initializes the stack pointer to location 07H and incre-
ments it once before loading the stack to start from location
08H, which is also the first register (R0) of register bank 1. Thus,
if the user needs to use more than one register bank, the stack
pointer should be initialized to an area of RAM not used for
data storage.

7FH
GENERAL-PURPOSE
AREA
30H
2FH
BIT-ADDRESSABLE
BANKS (BIT ADDRESSES)
SELECTED
VIA 20H
BITS IN PSW el )

11
18H

{
{

FOUR BANKS OF EIGHT

g

oFH REGISTERS
o1 RO TO R7
08H
07H | |*—RESETVALUEOF 4
00 STACK POINTER &
{ 00H ) §

Figure 23. Lower 128 Bytes of Internal Data Memory

The parts contain 2048 bytes of internal XRAM, 1792 bytes of
which can be configured to an extended 11-bit stack pointer.

By default, the stack operates exactly like an 8052 in that it rolls
over from FFH to 00H in the general-purpose RAM. On the
parts, however, it is possible (by setting CFG841.7 or CFG842.7)
to enable the 11-bit extended stack pointer. In this case, the
stack rolls over from FFH in RAM to 0100H in XRAM.

The 11-bit stack pointer is visible in the SP and SPH SFRs. The
SP SFR is located at 81H as with a standard 8052. The SPH SFR
is located at B7H. The 3 LSBs of this SFR contain the 3 extra bits
necessary to extend the 8-bit stack pointer into an 11-bit stack
pointer.
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Figure 24. Extended Stack Pointer Operation

External Data Memory (External XRAM)

Just like a standard 8051 compatible core, the ADuC841/
ADuC842/ADuC843 can access external data memory by using
a MOVX instruction. The MOVX instruction automatically
outputs the various control strobes required to access the data
memory.

The parts, however, can access up to 16 MBytes of external data
memory. This is an enhancement of the 64 kBytes of external
data memory space available on a standard 8051 compatible core.
The external data memory is discussed in more detail in the
Hardware Design Considerations section.

Internal XRAM

The parts contain 2 kBytes of on-chip data memory. This
memory, although on-chip, is also accessed via the MOVX
instruction. The 2 kBytes of internal XRAM are mapped into
the bottom 2 kBytes of the external address space if the
CFG841/CFG842 bit is set. Otherwise, access to the external
data memory occurs just like a standard 8051. When using the
internal XRAM, Ports 0 and 2 are free to be used as general-
purpose I/O.

FFFFFFH FFFFFFH
L EXTERNAL AL 2, EXTERNAL 2
DATA T DATA
MEMORY MEMORY
SPACE SPACE
(24-BIT (24-BIT
ADDRESS ADDRESS
SPACE) SPACE)
000800H
0007FFH
2 KBYTES
ON-CHIP
000000H 000000H XRAM 2
CFG841.0=0 CFG8410=1 &
CFG842.0=0 CFG842.0=0

Figure 25. Internal and External XRAM

SPECIAL FUNCTION REGISTERS (SFRS)

The SFR space is mapped into the upper 128 bytes of internal
data memory space and is accessed by direct addressing only. It
provides an interface between the CPU and all on-chip periph-
erals. A block diagram showing the programming model of the
parts via the SFR area is shown in Figure 26.

All registers, except the program counter (PC) and the four

general-purpose register banks, reside in the SFR area. The SFR
registers include control, configuration, and data registers, which
provide an interface between the CPU and all on-chip peripherals.

4KBYTE
62-kBYTE ELECTRICALLY
ELECTRICALLY __, |REPROGRAMMABLE
REPROGRAMMABLE NONVOLATILE
NONVOLATILE FLASH/EE DATA
FLASH/EE PROGRAM MEMORY
MEMORY
r
Y | —w|  8CHANNEL
128-BYTE 12.BIT ADC
8051 SPECIAL
COMPATIBLE [—®= FUNCTION [*—
CORE REGISTER
AREA OTHER ON-CHIP
4 PERIPHERALS
TEMPERATURE
A SENSOR
2 x 12-BIT DACs
2304 BYTES L »| ~SEriALIO
RAM fracs
PSM
TIC
PWM
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Figure 26. Programming Model
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ACCUMULATOR SFR (ACC)

ACC is the accumulator register and is used for math opera-
tions including addition, subtraction, integer multiplication and
division, and Boolean bit manipulations. The mnemonics for
accumulator-specific instructions refer to the accumulator as A.

B SFR (B)

The B register is used with the ACC for multiplication and
division operations. For other instructions, it can be treated as a
general-purpose scratchpad register.

Stack Pointer (SP and SPH)

The SP SFR is the stack pointer and is used to hold an internal
RAM address that is called the top of the stack. The SP register
is incremented before data is stored during PUSH and CALL
executions. While the stack may reside anywhere in on-chip
RAM, the SP register is initialized to 07H after a reset, which
causes the stack to begin at location 08H.

As mentioned earlier, the parts offer an extended 11-bit stack
pointer. The 3 extra bits used to make up the 11-bit stack
pointer are the 3 LSBs of the SPH byte located at B7H.

Data Pointer (DPTR)

The data pointer is made up of three 8-bit registers named DPP
(page byte), DPH (high byte), and DPL (low byte). These are
used to provide memory addresses for internal and external
code access and for external data access. They may be manipu-
lated as a 16-bit register (DPTR = DPH, DPL), although INC
DPTR instructions automatically carry over to DPP, or as three
independent 8-bit registers (DPP, DPH, DPL). The parts support
dual data pointers. Refer to the Dual Data Pointer section.

Program Status Word (PSW)

The PSW SFR contains several bits reflecting the current status
of the CPU, as detailed in Table 5.

SFR Address DOH
Power-On Default 00H
Bit Addressable Yes

Table 5. PSW SFR Bit Designations

Bit Name Description
7 cy Carry Flag.
6 AC Auxiliary Carry Flag.
5 FO General-Purpose Flag.
4 RS1 Register Bank Select Bits.
3 RSO RS1 RSO Selected Bank
0 0 0
0 1 1
1 0 2
1 1 3
2 oV Overflow Flag.
1 F1 General-Purpose Flag.
0 P Parity Bit.

Power Control SFR (PCON)

The PCON SER contains bits for power-saving options and
general-purpose status flags, as shown in Table 6.

SFR Address 87H
Power-On Default 00H
Bit Addressable No

Table 6. PCON SFR Bit Designations

Bit No. | Name Description

7 SMOD Double UART Baud Rate.

6 SERIPD | I2)C/SPI Power-Down Interrupt Enable.
5 INTOPD | INTO Power-Down Interrupt Enable.
4 ALEOFF | Disable ALE Output.

3 GF1 General-Purpose Flag Bit.

2 GFO General-Purpose Flag Bit.

1 PD Power-Down Mode Enable.

0 IDL Idle Mode Enable.
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SPECIAL FUNCTION REGISTER BANKS

All registers except the program counter and the four general-
purpose register banks reside in the special function register
(SFR) area. The SFR registers include control, configuration,
and data registers, which provide an interface between the CPU
and other on-chip peripherals. Figure 27 shows a full SFR
memory map and SFR contents on reset. Unoccupied SFR
locations are shown dark-shaded in the figure (NOT USED).
Unoccupied locations in the SFR address space are not

implemented, i.e., no register exists at this location. If an
unoccupied location is read, an unspecified value is returned.
SER locations reserved for on-chip testing are shown lighter
shaded (RESERVED) and should not be accessed by user
software. Sixteen of the SFR locations are also bit addressable
and denoted by 1 in Figure 27, i.e., the bit addressable SFRs are
those whose address ends in OH or 8H.

SPICON?
| ISPI WCOL| SPE | SPIM | CPOL | CPHA| SPR1| SPRO| BITS L5 DACOL | DACOH | DACIL | DACIH [ DACCON (R ol RESERVED)
FFH OJFEH O|FDH OJFCH OJFBH O|FAH 1]FOH OJF8H 0 /[ rer oan|Fon oom | FAH ooH | FBH o0H | FcH ooH | FDH o4m
| | | | | | | | | \ B! IADCOFSL3|ADCOFSH?3|ADCGAINL3ADCGAINH3| ADCCONS3| SPIDAT
BITS — RESERVED
F7H OJF6H OJFSH OJF4H OJFSH OJF2H OJFIH OJFOH 0 /o oon|Fin oom |FeH 20H | F3H ooH | FaH ooH | FsH oo F7H  OOH
1 ADCCONY
12CSI/MDO [12CGC/MDE|12c101MCOo|12c100/MDI|[  [2CM | I2CRS| I2CTX| 12CI1 | BITS \;ZCCON RESERVED| RESERVED| RESERVED| RESERVED| RESERVED| RESERVED
EFH_O|EEH Oo|EDH o|EcH o|EBH O[EAH O0|E9H O0|EBH 0 Tesn oon EFH  40H
lensoleon ofesn olem ofesn olem olem oleon o B7S 0,
BITS >— RESERVED| RESERVED| RESERVED| RESERVED| RESERVED| RESERVED| RESERVED)|
E7H_O0|E6H 0|E5H O|E4H O0|E3H O[E2H O[EIH O[EOH o© Teon oo
ADCCON2!|ADCDATAL|ADCDATAH PSMCON
| ADCI | DMA |CCONVI SCONVI CSs3 | cs2 | Cs1 | CSo | BITs Do RESERVED| RESERVED| RESERVED| RESERVED)|
DFH O|DEH O|DDH 0|DCH O[DBH O|DAH O0[D9H 0[D8H 0 7 Tost oom | pon oon | DAH ooH DEH DEH
1 PLLCON
| cy | AC | Fo | RSl| RSO | ov | Fl | P | Birs S PSW' | ceserven| PMAL DMAH PMAP | pEservED| RESERVED,
D7H 0|D6H 0|D5H 0|D4aH 0|D3H 0[D2H 0[DIH 0[DOH o0 7 Toon  oom D24 00H | D3H  00H | Da oM D7H  53H
1
| TF2 | EXF2 | RCLK| TCLK | EXEN2| TR2 | CNT2| CAP2| BITs ML T2CON' | o rrvep| RCAP2L | RCAP2H|  TL2 THZ  [eneoeen
cFH_o|cEH o|cDH ofccH o|cBH o|cAaH o|ceH o|csH o Tesn oom cAH ooH | cBH ooH | coH oo | coH oom
PRE3| PRE2 | PRE1 | PREO | WDIR | WDS | WDE wowR| BITS \J_WDCON* | peservep| CHIPID | peserven| ReserveD Meveaawas| EDARL [ EDARH
c7H_ofceH ofcsH ofcan a|csH ofcen olcin olcoH o con  10m C2H  XXH C6H OOH | C7H 00H
1
| PSI |pADc| PT2 | PS | PTL | PX1 | PTO | PX0 | ers L P ECON | pcerrven| rescrven| EPATAL | EDATA2 | EDATAS | EDATA4
BFH O|BEH 0|BDH OJBCH 0]BBH OJBAH O[BOH 0]B8H 0 7|eer oo | BoH oo BCH OOH [ BDH OOH | BEH 00H | BFH 00H
p3t PWMOL | PWMOH | PWMIL | PWM1H
| RD [ WR | T1 | TO | INTL | INTO| TxD | RXD | BITS S e usEs| e e | A
B7H 1|B6H 1|BSH 1|B4aH 1{B3H 1[B2H 1[BIH 1[BOH 1 |BoH FEH|BIH  o0H|B2H  ooH[B3H  oOH|B4H 0O B7H  OOH
IEL IEIP2 PWMCON| CFG841/
| EA |EADC| ET2 | ES | ET1 | EX1 | ETO | EXO0 | BITS P RESERVED | RESERVED| RESERVED| RESERVED CFG842
AFH_0|AEH 0|ADH O|ACH O|ABH O[AAH 0[A9H 0[A8H 0 ASH O0H | ASH AoH AEH  OOH|AFH  OOH
| | | | | | | | | BITS \ p2t TIMECON| HTHSEC SEC MIN HOUR INTVAL | DPCON
L
A7TH _1|AeH_1|AsH 1]|A4H 1[AsH 1|A2H 1|A1H 1|AoH 1 7 Taon FFH |AtH  oom|A2n  ooH| ASH  0OH | A4H  0OH | ABH OOH | A6H oOH|A7H  OOH
1 T3FD T3CON
| SMO | SM1 | SM2 | REN | TB8 | RB8 | Tl | RI | BITs _SCON SBUF | [2CDAT | 12CADD | | o crr NOT USED
oFH 0|9EH o0|9DH ofocH o|9BH 0|9AH o|9oH olesH o0 7 Tosn oom | 994 ooH | 9AH ooH |oBH  s5H oDH  0oH|oEH  ooH
12 12CADD2
| | | | | | |TZEX| T2 | BiTs > Pt 12CADD1 12CADD3| o1 usep| NoT UsED | NOT USED | NOT USED
97H 1|96H 1|95H 1|94H 1|93H 1[92H 1[|91H 1|90H 1 Toon rrn | oin 7em | 920 7Pm | 931 7EH
1
| TF1 | TR1 | TFO | TRO | IE1 | IT1 | IEO | ITO | BITs \L_TCON TMOD TLo L1 THO TH1 | ResERVED | RESERVED
8FH OJ8EH O[8DH OJ8CH 0|8BH O[8AH 0]89H 0]88H 0 788 oon |soH oom | saH oom | sBH ooH | scH ooH | sDH ooH
1
| | | | | | | | | srrs L PO sP DPL DPH DPP | ecreved meserven PCON
87H 1186H 1]85H 1164H 118H 1]82H 1)81H 1]80H 1 /son Erm |84 o7 | 824 ooH | 834 ooH | 8aH  ooH 87H OOH
SFR MAP KEY: THESE BITS ARE CONTAINED IN THIS BYTE.
MNEMONIC———~IE0_| 1T > TCON+ MNEMONIC
SFR ADDRESS—)»{89H 0[88H 0 88H 00He—— DEFAULT VALUE

DEFAULT VALU

NOTES
1SFRs WHOSE ADDRESS ENDS IN OH OR 8H ARE BIT ADDRESSABLE.

N SFR ADDRESS

2THE PRIMARY FUNCTION OF PORT1 IS AS AN ANALOG INPUT PORT; THEREFORE, TO ENABLE THE DIGITAL SECONDARY FUNCTIONS ON THESE

PORT PINS, WRITE A 0 TO THE CORRESPONDING PORT 1 SFR BIT.

3CALIBRATION COEFFICIENTS ARE PRECONFIGURED ON POWER-UP TO FACTORY CALIBRATED VALUES.

Figure 27. Special Function Register Locations and Reset Values
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ADC CIRCUIT INFORMATION
General Overview

The ADC conversion block incorporates a fast, 8-channel,
12-bit, single-supply ADC. This block provides the user with
multichannel mux, track-and-hold, on-chip reference, calibra-
tion features, and ADC. All components in this block are easily
configured via a 3-register SFR interface.

The ADC converter consists of a conventional successive
approximation converter based around a capacitor DAC. The
converter accepts an analog input range of 0 V to V. A high
precision, 15 ppm, low drift, factory calibrated 2.5 V reference is
provided on-chip. An external reference can be connected as
described in the Voltage Reference Connections section. This
external reference can be in the range 1 V to AVpp.

Single-step or continuous conversion modes can be initiated in
software or alternatively by applying a convert signal to an
external pin. Timer 2 can also be configured to generate a
repetitive trigger for ADC conversions. The ADC may be
configured to operate in a DMA mode whereby the ADC block
continuously converts and captures samples to an external
RAM space without any interaction from the MCU core. This
automatic capture facility can extend through a 16 MByte
external data memory space.

The ADuC841/ADuC842/ADuC843 are shipped with factory
programmed calibration coefficients that are automatically
downloaded to the ADC on power-up, ensuring optimum ADC
performance. The ADC core contains internal offset and gain
calibration registers that can be hardware calibrated to
minimize system errors.

A voltage output from an on-chip band gap reference propor-
tional to absolute temperature can also be routed through the
front end ADC multiplexer (effectively a 9th ADC channel
input), facilitating a temperature sensor implementation.

ADC Transfer Function

The analog input range for the ADC is 0 V to Vrzr. For this
range, the designed code transitions occur midway between
successive integer LSB values, i.e., 0.5 LSB, 1.5 LSB,2.5LSB ...
FS -1.5 LSB. The output coding is straight binary with 1 LSB =
FS/4096 or 2.5V/4096 = 0.61 mV when Vree = 2.5 V. The ideal
input/output transfer characteristic for the 0 V to Vrer range is
shown in Figure 28.

OUTPUT A
CODE

111.111 +
111..110 +
111..101 +
111...100 +

000...011 +
000...010 +
000...001 +

000...000 } s
oV 1LSB +FS

03260-0-026

Figure 28. ADC Transfer Function

Typical Operation

Once configured via the ADCCON 1-3 SERs, the ADC converts
the analog input and provides an ADC 12-bit result word in the
ADCDATAH/L SFRs. The top 4 bits of the ADCDATAH SFR
are written with the channel selection bits to identify the channel
result. The format of the ADC 12-bit result word is shown in
Figure 29.

/ \
H-ID / \ HIGH 4 BITS OF

c

TOP 4BITS ADC RESULT WORD
e[ T [ T [ ] aocoatacser
T PNT T [ 7]

\ LOW 8 BITS OF THE

ADC RESULT WORD

03260-0-027

Figure 29. ADC Result Word Format
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ADCCON1—(ADC Control SFR 1)

The ADCCONT register controls conversion and acquisition
times, hardware conversion modes, and power-down modes as

detailed below.

SFR Address

SFR Power-On Default
Bit Addressable

EFH
40H
No

Table 7. ADCCON1 SFR Bit Designations

Bit No.

Name

Description

7

MD1

EXT_REF

CK1
CKo

AQ1
AQO

T2C

EXC

The mode bit selects the active operating mode of the ADC.
Set by the user to power up the ADC.

Cleared by the user to power down the ADC.

Set by the user to select an external reference.

Cleared by the user to use the internal reference.

The ADC clock divide bits (CK1, CKO0) select the divide ratio for the PLL master clock (ADuC842/ADuC843) or the
external crystal (ADuC841) used to generate the ADC clock. To ensure correct ADC operation, the divider ratio
must be chosen to reduce the ADC clock to 8.38 MHz or lower. A typical ADC conversion requires 16 ADC clocks
plus the selected acquisition time.

The divider ratio is selected as follows:

CK1 CKo MCLK Divider

0 0 32

0 1 4 (Do not use with a CD setting of 0)

1 0 8

1 1 2

The ADC acquisition select bits (AQ1, AQO) select the time provided for the input track-and-hold amplifier to
acquire the input signal. An acquisition of three or more ADC clocks is recommended; clocks are as follows:
AQ1 AQO No. ADC Clks

0 0 1

0 1 2

1 0 3

1 1 4

The Timer 2 conversion bit (T2C) is set by the user to enable the Timer 2 overflow bit to be used as the ADC
conversion start trigger input.

The external trigger enable bit (EXC) is set by the user to allow the external Pin P3.5 (CONVST) to be used as the
active low convert start input. This input should be an active low pulse (minimum pulse width >100 ns) at the
required sample rate.
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ADCCON2—(ADC Control SFR 2)

The ADCCONR2 register controls ADC channel selection and
conversion modes as detailed below.

SFR Address

SFR Power-On Default

Bit Addressable

D8H
00H
Yes

Table 8. ADCCONZ2 SFR Bit Designations

Bit No. |Name Description

7 ADCI ADC Interrupt Bit.
Set by hardware at the end of a single ADC conversion cycle or at the end of a DMA block conversion.
Cleared by hardware when the PC vectors to the ADC interrupt service routine. Otherwise, the ADCI bit is cleared
by user code.

6 DMA DMA Mode Enable Bit.
Set by the user to enable a preconfigured ADC DMA mode operation. A more detailed description of this mode is
given in the ADC DMA Mode section. The DMA bit is automatically set to 0 at the end of a DMA cycle. Setting this
bit causes the ALE output to cease; it will start again when DMA is started and will operate correctly after DMA is
complete.

5 CCONV Continuous Conversion Bit.
Set by the user to initiate the ADC into a continuous mode of conversion. In this mode, the ADC starts converting
based on the timing and channel configuration already set up in the ADCCON SFRs; the ADC automatically starts
another conversion once a previous conversion has completed.

4 SCONV Single Conversion Bit.
Set to initiate a single conversion cycle. The SCONV bit is automatically reset to 0 on completion of the single
conversion cycle.

3 CS3 Channel Selection Bits.

2 & Allow the user to program the ADC channel selection under software control. When a conversion is initiated, the

(1) ggé converted channel is the one pointed to by these channel selection bits. In DMA mode, the channel selection is

derived from the channel ID written to the external memory.

CS3 CS2 Cs1 CSo CH#

0 0 0 0 0

0 0 0 1 1

0 0 1 0 2

0 0 1 1 3

0 1 0 0 4

0 1 0 1 5

0 1 1 0 6

0 1 1 1 7

1 0 0 0 Temp Monitor  Requires minimum of 1 ps to acquire.

1 0 0 1 DACO Only use with internal DAC output buffer on.

1 0 1 0 DAC1 Only use with internal DAC output buffer on.

1 0 1 1 AGND

1 1 0 0 Vrer

1 1 1 1 DMA STOP Place in XRAM location to finish DMA sequence; refer to
the ADC DMA Mode section.

All other combinations reserved.
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ADCCON3—(ADC Control SFR 3)

The ADCCON3 register controls the operation of various
calibration modes and also indicates the ADC busy status.

SFR Address F5H
SFR Power-On Default 00H
Bit Addressable No

Table 9. ADCCONS3 SFR Bit Designations

Bit No. | Name Description

7 BUSY ADC Busy Status Bit.

6 RSVD Reserved. This bit should always be written as 0.
5 AVGS1 Number of Average Selection Bits.
4 AVGSO0 This bit selects the number of ADC readings that are averaged during a calibration cycle.
AVGS1 AVGSO0 Number of Averages
0 0 15
0 1 1
1 0 31
1 1 63
3 RSVD Reserved. This bit should always be written as 0.
2 RSVD This bit should always be written as 1 by the user when performing calibration.
1 TYPICAL Calibration Type Select Bit.

Set to O for offset calibration.

Set to 1 for gain calibration.

0 SCAL Start Calibration Cycle Bit.

When set, this bit starts the selected calibration cycle.

It is automatically cleared when the calibration cycle is completed.
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The ADC incorporates a successive approximation architecture
(SAR) involving a charge-sampled input stage. Figure 30 shows
the equivalent circuit of the analog input section. Each ADC
conversion is divided into two distinct phases, as defined by the
position of the switches in Figure 30. During the sampling
phase (with SW1 and SW2 in the track position), a charge
proportional to the voltage on the analog input is developed
across the input sampling capacitor. During the conversion
phase (with both switches in the hold position), the capacitor
DAC is adjusted via internal SAR logic until the voltage on
Node A is 0, indicating that the sampled charge on the input
capacitor is balanced out by the charge being output by the
capacitor DAC. The final digital value contained in the SAR is
then latched out as the result of the ADC conversion. Control of
the SAR and timing of acquisition and sampling modes is
handled automatically by built-in ADC control logic.
Acquisition and conversion times are also fully configurable
under user control.

ADuC841/ADuC842/ADuC843

O0—O0 Vger
0—O AGND
0—O DAC1
0—O DACO
0—O TEMPERATURE MONITOR
AN7 O—O
[ [e]
. o
. 0/°_
° (o)
° o |
° o 200Q 3 CAPACITOR
AN O—o

TRACK  swi
HOLD ¢ l

32pF

COMPARATOR

200Q NODE A
o)

TRACK 9
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AGND (l)

Figure 30. Internal ADC Structure

Note that whenever a new input channel is selected, a residual
charge from the 32 pF sampling capacitor places a transient on
the newly selected input. The signal source must be capable of
recovering from this transient before the sampling switches go
into hold mode. Delays can be inserted in software (between
channel selection and conversion request) to account for input
stage settling, but a hardware solution alleviates this burden
from the software design task and ultimately results in a cleaner
system implementation. One hardware solution is to choose a
very fast settling op amp to drive each analog input. Such an op
amp would need to fully settle from a small signal transient in
less than 300 ns in order to guarantee adequate settling under
all software configurations. A better solution, recommended for
use with any amplifier, is shown in Figure 31. Though at first
glance the circuit in Figure 31 may look like a simple antialias-
ing filter, it actually serves no such purpose since its corner
frequency is well above the Nyquist frequency, even at a 200

kHz sample rate. Though the R/C does help to reject some
incoming high frequency noise, its primary function is to ensure
that the transient demands of the ADC input stage are met.

ADuCB841/
ADuC842/
ADuC843

10Q
) AINO

0.1pF

!

Figure 31. Buffering Analog Inputs
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It does so by providing a capacitive bank from which the 32 pF
sampling capacitor can draw its charge. Its voltage does not
change by more than one count (1/4096) of the 12-bit transfer
function when the 32 pF charge from a previous channel is
dumped onto it. A larger capacitor can be used if desired, but
not a larger resistor (for reasons described below). The Schottky
diodes in Figure 31 may be necessary to limit the voltage
applied to the analog input pin per the Absolute Maximum
Ratings. They are not necessary if the op amp is powered from
the same supply as the part since in that case the op amp is
unable to generate voltages above Voo or below ground. An op
amp of some kind is necessary unless the signal source is very
low impedance to begin with. DC leakage currents at the parts’
analog inputs can cause measurable dc errors with external
source impedances as low as 100 Q or so. To ensure accurate
ADC operation, keep the total source impedance at each analog
input less than 61 Q. The Table 10 illustrates examples of how
source impedance can affect dc accuracy.

Table 10. Source Impedance and DC Accuracy

Source Error from 1 pA Error from 10 pA
Impedance Q Leakage Current Leakage Current
61 61 uV=0.1LSB 610 pV =1LSB
610 610 uV=1LSB 6.1 mV=10LSB

Although Figure 31 shows the op amp operating at a gain of 1,
one can, of course, configure it for any gain needed. Also, one
can just as easily use an instrumentation amplifier in its place to
condition differential signals. Use an amplifier that is capable of
delivering the signal (0 V to Vzer) with minimal saturation.
Some single-supply rail-to-rail op amps that are useful for this
purpose are described in Table 11. Check Analog Devices website
www.analog.com for details on these and other op amps and
instrumentation amps.
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Table 11. Some Single-Supply Op Amps

Op Amp Model Characteristics

OP281/0P481 Micropower
OP191/0P291/0P491 I/0 Good up to Vop, Low Cost
OP196/0P296/0P496 I/0 to Voo, Micropower, Low Cost
OP183/0P283 High Gain-Bandwidth Product
OP162/0P262/0P462 High GBP, Micro Package
AD820/AD822/AD824 FET Input, Low Cost

AD823 FET Input, High GBP

Keep in mind that the ADC’s transfer function is 0 V to Ver,
and that any signal range lost to amplifier saturation near
ground will impact dynamic range. Though the op amps in
Table 11 are capable of delivering output signals that very
closely approach ground, no amplifier can deliver signals all the
way to ground when powered by a single supply. Therefore, if a
negative supply is available, you might consider using it to
power the front end amplifiers. If you do, however, be sure to
include the Schottky diodes shown in Figure 31 (or at least the
lower of the two diodes) to protect the analog input from
undervoltage conditions. To summarize this section, use the
circuit in Figure 31 to drive the analog input pins of the parts.

Voltage Reference Connections

The on-chip 2.5 V band gap voltage reference can be used as the
reference source for the ADC and DACs. To ensure the accuracy
of the voltage reference, you must decouple the Crer pin to
ground with a 0.47 uF capacitor, as shown in Figure 32. Note
that this is different from the ADuC812/ADuC831/ADuC832.

ADuC841/ADuC842/ADuC843

51Q 2.5V
WA BAND GAP
REFERENCE
BUFFER
Vger = NC O—¢

Crer L
- \

BUFFER ;go-“HF

\
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Figure 32. Decoupling Vrer and Crer

If the internal voltage reference is to be used as a reference for
external circuitry, the Crer output should be used. However, a
buffer must be used in this case to ensure that no current is
drawn from the Crer pin itself. The voltage on the Crer pin is that
of an internal node within the buffer block, and its voltage is
critical for ADC and DAC accuracy. The parts power up with
their internal voltage reference in the off state.

If an external voltage reference is preferred, it should be
connected to the Crer pin as shown in Figure 33. Bit 6 of the
ADCCONI SFR must be set to 1 to switch in the external
reference voltage.

To ensure accurate ADC operation, the voltage applied to Crer
must be between 1V and AVop. In situations where analog
input signals are proportional to the power supply (such as in
some strain gage applications), it may be desirable to connect
the Crer pin directly to AVpp. Operation of the ADC or DACs
with a reference voltage below 1V, however, may incur loss of
accuracy, eventually resulting in missing codes or non-
monotonicity. For that reason, do not use a reference voltage
lower than 1 V.

ADuC841/ADuC842/ADuC843

\LT_D
EXTERNAL
2.5V
VOLTAGE sm BANS GAP
REFERENCE REFERENCE

% BUFFER

0 = INTERNAL m/
- [
Vrer =NC O 1=EXTERNAL I

ADCCON1.6- - - - - -
Crer L g
1o 1uF T g

Figure 33. Using an External Voltage Reference

Configuring the ADC

The parts’ successive approximation ADC is driven by a divided
down version of the master clock. To ensure adequate ADC
operation, this ADC clock must be between 400 kHz and

8.38 MHz. Frequencies within this range can be achieved easily
with master clock frequencies from 400 kHz to well above

16 MHz, with the four ADC clock divide ratios to choose from.
For example, set the ADC clock divide ratio to 8 (i.e., ADCCLK
=16.777216 MHz/8 = 2 MHz) by setting the appropriate bits in
ADCCONI1 (ADCCONL1.5 =1,ADCCON1.4 = 0). The total
ADC conversion time is 15 ADC clocks, plus 1 ADC clock for
synchronization, plus the selected acquisition time (1, 2, 3, or 4
ADC clocks). For the preceding example, with a 3-clock
acquisition time, total conversion time is 19 ADC clocks (or
9.05 ps for a 2 MHz ADC clock).

In continuous conversion mode, a new conversion begins each
time the previous one finishes. The sample rate is then simply
the inverse of the total conversion time described previously. In
the preceding example, the continuous conversion mode sample
rate is 110.3 kHz.

Rev. 0 | Page 28 of 88




ADuC841/ADuC842/ADuC843

If using the temperature sensor as the ADC input, the ADC
should be configured to use an ADCCLK of MCLK/32 and four
acquisition clocks.

Increasing the conversion time on the temperature monitor
channel improves the accuracy of the reading. To further
improve the accuracy, an external reference with low tempera-
ture drift should also be used.

ADC DMA Mode

The on-chip ADC has been designed to run at a maximum
conversion speed of 2.38 us (420 kHz sampling rate). When
converting at this rate, the ADuC841/ADuC842/ADuC843
MicroConverter has 2 ps to read the ADC result and to store the
result in memory for further postprocessing; otherwise the next
ADC sample could be lost. In an interrupt driven routine, the
MicroConverter would also have to jump to the ADC interrupt
service routine, which also increases the time required to store
the ADC results. In applications where the parts cannot sustain
the interrupt rate, an ADC DMA mode is provided.

To enable DMA mode, Bit 6 in ADCCON2 (DMA) must be set,
which allows the ADC resul