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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

Details

Product Status Obsolete

Core Processor 8052

Core Size 8-Bit

Speed 12.58MHz

Connectivity EBI/EMI, I²C, SPI, UART/USART

Peripherals POR, PSM, Temp Sensor, WDT

Number of I/O 34

Program Memory Size 8KB (8K x 8)

Program Memory Type FLASH

EEPROM Size 640 x 8

RAM Size 256 x 8

Voltage - Supply (Vcc/Vdd) 2.7V ~ 5.25V

Data Converters A/D 3x16b, 4x24b; D/A 1x12b

Oscillator Type Internal

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

Mounting Type Surface Mount

Package / Case 52-QFP

Supplier Device Package 80-PQFP (14x14)

Purchase URL https://www.e-xfl.com/product-detail/analog-devices/aduc824bsz-reel

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/aduc824bsz-reel-4438248
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


REV. B–4–

ADuC824
Parameter ADuC824BS Test Conditions/Comments Unit

INTERNAL REFERENCE
ADC Reference

Reference Voltage 1.25 ±  1% Initial Tolerance @ 25°C, VDD = 5 V V min/max
Power Supply Rejection 45 dBs typ
Reference Tempco 100 ppm/°C typ

DAC Reference
Reference Voltage 2.5 ±  1% Initial Tolerance @ 25°C, VDD = 5 V V min/max
Power Supply Rejection 50 dBs typ
Reference Tempco ±100 ppm/°C typ

ANALOG INPUTS/REFERENCE INPUTS
Primary ADC

Differential Input Voltage Ranges9, 10 External Reference Voltage = 2.5 V
RN2, RN1, RN0 of ADC0CON Set to

Bipolar Mode (ADC0CON3 = 0) ±20 0 0 0 (Unipolar Mode 0 to 20 mV) mV
±40 0 0 1 (Unipolar Mode 0 to 40 mV) mV
±80 0 1 0 (Unipolar Mode 0 to 80 mV) mV
±160 0 1 1 (Unipolar Mode 0 to 160 mV) mV
±320 1 0 0 (Unipolar Mode 0 to 320 mV) mV
±640 1 0 1 (Unipolar Mode 0 to 640 mV) mV
±1.28 1 1 0 (Unipolar Mode 0 to 1.28 V) V
±2.56 1 1 1 (Unipolar Mode 0 to 2.56 V) V

Analog Input Current2 ±1 nA max
Analog Input Current Drift ±5 pA/°C typ
Absolute AIN Voltage Limits AGND + 100 mV V min

AVDD – 100 mV V max
Auxiliary ADC

Input Voltage Range9, 10 0 to VREF Unipolar Mode, for Bipolar Mode V
See Note 11

Average Analog Input Current 125 Input Current Will Vary with Input nA/V typ
Average Analog Input Current Drift2 ±2 Voltage on the Unbuffered Auxiliary ADC pA/V/°C typ
Absolute AIN Voltage Limits11 AGND – 30 mV V min

AVDD + 30 mV V max
External Reference Inputs

REFIN(+) to REFIN(–) Range2 1 V min
AVDD V max

Average Reference Input Current 1 Both ADCs Enabled µA/V typ
Average Reference Input Current Drift ±0.1 nA/V/°C typ
‘NO Ext. REF’ Trigger Voltage 0.3 NOXREF Bit Active if VREF < 0.3 V V min

0.65 NOXREF Bit Inactive if VREF > 0.65 V V max

ADC SYSTEM CALIBRATION
Full-Scale Calibration Limit +1.05 × FS V max
Zero-Scale Calibration Limit –1.05 × FS V min
Input Span +0.8 × FS V min

+2.1 × FS V max

ANALOG (DAC) OUTPUTS
Voltage Range 0 to VREF DACRN = 0 in DACCON SFR V typ

0 to AVDD DACRN = 1 in DACCON SFR V typ
Resistive Load 10 From DAC Output to AGND kΩ typ
Capacitive Load 100 From DAC Output to AGND pF typ
Output Impedance 0.5 Ω typ
ISINK 50 µA typ

TEMPERATURE SENSOR
Accuracy ±2 °C typ
Thermal Impedance (θJA) 90 °C/W typ
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ADuC824
Parameter ADuC824BS Test Conditions/Comments Unit

TRANSDUCER BURNOUT CURRENT SOURCES
AIN+ Current –100 AIN+ is the Selected Positive Input to nA typ

the Primary ADC
AIN– Current +100 AIN– is the Selected Negative Input to nA typ

the Auxiliary ADC
Initial Tolerance @ 25°C Drift ±10 % typ
Drift 0.03 %/°C typ

EXCITATION CURRENT SOURCES
Output Current –200 Available from Each Current Source µA typ

Initial Tolerance @ 25°C ±10 % typ
Drift 200 ppm/°C typ
Initial Current Matching @ 25°C ±1 Matching Between Both Current Sources % typ
Drift Matching 20 ppm/°C typ
Line Regulation (AVDD) 1 AVDD = 5 V + 5% µA/V typ
Load Regulation 0.1 µA/V typ
Output Compliance AVDD – 0.6 V max

AGND min

LOGIC INPUTS
All Inputs Except SCLOCK, RESET,

and XTAL1
VINL, Input Low Voltage 0.8 DVDD = 5 V V max

0.4 DVDD = 3 V V max
VINH, Input High Voltage 2.0 V min

SCLOCK and RESET Only
(Schmitt-Triggered Inputs)2

VT+ 1.3/3 DVDD = 5 V V min/V max
0.95/2.5 DVDD = 3 V V min/V max

VT– 0.8/1.4 DVDD = 5 V V min/V max
0.4/1.1 DVDD = 3 V V min/V max

VT+ – VT– 0.3/0.85 DVDD = 5 V V min/V max
0.3/0.85 DVDD = 3 V V min/V max

Input Currents
Port 0, P1.2–P1.7, EA ±10 VIN = 0 V or VDD µA max
SCLOCK, SDATA/MOSI, MISO, SS12 –10 min, –40 max VIN = 0 V, DVDD = 5 V, Internal Pull-Up µA min/µA max

±10 VIN = VDD, DVDD = 5 V µA max
RESET ±10 VIN = 0 V, DVDD = 5 V µA max

35 min, 105 max VIN = VDD, DVDD = 5 V, µA min/µA max
Internal Pull-Down

P1.0, P1.1, Ports 2 and 3 ±10 VIN = VDD, DVDD = 5 V µA max
–180 VIN = 2 V, DVDD = 5 V µA min
–660 µA max
–20 VIN = 450 mV, DVDD = 5 V µA min
–75 µA max

Input Capacitance 5 All Digital Inputs pF typ

CRYSTAL OSCILLATOR (XTAL1 AND XTAL2)
Logic Inputs, XTAL1 Only

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

VINH, Input High Voltage 3.5 DVDD = 5 V V min
2.5 DVDD = 3 V V min

XTAL1 Input Capacitance 18 pF typ
XTAL2 Output Capacitance 18 pF typ
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ADuC824
12.58 MHz Core_Clk Variable Core_Clk

Parameter Min Max Min Max Unit Figure

EXTERNAL DATA MEMORY WRITE CYCLE
tWLWH WR Pulsewidth 377 6tCORE – 100 ns 5
tAVLL Address Valid after ALE Low 39 tCORE – 40 ns 5
tLLAX Address Hold after ALE Low 44 tCORE – 35 ns 5
tLLWL ALE Low to WR Low 188 288 3tCORE – 50 3tCORE + 50 ns 5
tAVWL Address Valid to WR Low 188 4tCORE – 130 ns 5
tQVWX Data Valid to WR Transition 29 tCORE – 50 ns 5
tQVWH Data Setup before WR 406 7tCORE – 150 ns 5
tWHQX Data and Address Hold after WR 29 tCORE – 50 ns 5
tWHLH WR High to ALE High 39 119 tCORE – 40 tCORE + 40 ns 5

tLLAX

A0–A7

CORE_CLK

ALE (O)

PSEN (O)

PORT 0 (O)

PORT 2 (O)

WR (O)

tWHLH

tWHQX

tWLWH

tQVWX

tQVWH

tLLWL

tAVWL

tAVLL

A16–A23 A8–A15

DATA

Figure 5. External Data Memory Write Cycle
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ADuC824
Parameter Min Typ Max Unit Figure

SPI MASTER MODE TIMING (CPHA = 0)
tSL SCLOCK Low Pulsewidth* 630 ns 9
tSH SCLOCK High Pulsewidth* 630 ns 9
tDAV Data Output Valid after SCLOCK Edge 50 ns 9
tDOSU Data Output Setup before SCLOCK Edge 150 ns 9
tDSU Data Input Setup Time before SCLOCK Edge 100 ns 9
tDHD Data Input Hold Time after SCLOCK Edge 100 ns 9
tDF Data Output Fall Time 10 25 ns 9
tDR Data Output Rise Time 10 25 ns 9
tSR SCLOCK Rise Time 10 25 ns 9
tSF SCLOCK Fall Time 10 25 ns 9

*Characterized under the following conditions:
a. Core clock divider bits CD2, CD1, and CD0 bits in PLLCON SFR set to 0, 1, and 1 respectively, i.e., core clock frequency = 1.57 MHz and
b. SPI bit-rate selection bits SPR1 and SPR0 bits in SPICON SFR set to 0 and 0 respectively.

SCLOCK
(CPOL = 0)

tDSU

SCLOCK
(CPOL = 1)

MOSI

MISO

MSB LSB

LSB INBITS 6–1

BITS 6–1

MSB IN

tDHD

tDR

tDAV

tDFtDOSU

tSH tSL

tSR tSF

Figure 9. SPI Master Mode Timing (CPHA = 0)
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Parameter Min Typ Max Unit Figure

SPI SLAVE MODE TIMING (CPHA = 1)
tSS SS to SCLOCK Edge 0 ns 10
tSL SCLOCK Low Pulsewidth 330 ns 10
tSH SCLOCK High Pulsewidth 330 ns 10
tDAV Data Output Valid after SCLOCK Edge 50 ns 10
tDSU Data Input Setup Time before SCLOCK Edge 100 ns 10
tDHD Data Input Hold Time after SCLOCK Edge 100 ns 10
tDF Data Output Fall Time 10 25 ns 10
tDR Data Output Rise Time 10 25 ns 10
tSR SCLOCK Rise Time 10 25 ns 10
tSF SCLOCK Fall Time 10 25 ns 10
tSFS SS High after SCLOCK Edge 0 ns 10

SCLOCK
(CPOL = 0)

SCLOCK
(CPOL = 1)

MISO

MOSI

SS

MSB IN BITS 6–1 LSB IN

LSBBITS 6–1MSB

tDHDtDSU

tDF tDR

tSLtSH

tDAV

tSR tSF

tSFStSS

Figure 10. SPI Slave Mode Timing (CPHA = 1)
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PIN FUNCTION DESCRIPTIONS (continued)

Pin
No. Mnemonic Type* Description

22–25 P3.4–P3.7 I/O P3.4–P3.7 are bidirectional port pins with internal pull-up resistors. Port 3 pins that have 1s
written to them are pulled high by the internal pull-up resistors, and in that state can be used as
inputs. As inputs, Port 3 pins being pulled externally low will source current because of the
internal pull-up resistors. When driving a 0-to-1 output transition, a strong pull-up is active for
two core clock periods of the instruction cycle. The secondary functions of Port 3 pins are:

P3.4/T0 I/O Timer/Counter 0 Input
P3.5/T1 I/O Timer/Counter 1 Input
P3.6/WR I/O Write Control Signal, Logic Output. Latches the data byte from Port 0 into an external data memory.
P3.7/RD I/O Read Control Signal, Logic Output. Enables the data from an external data memory to Port 0.

26 SCLK I/O Serial interface clock for either the I2C-compatible or SPI interface. As an input this pin is a Schmitt-
triggered input and a weak internal pull-up is present on this pin unless it is outputting logic low.

27 SDATA/MOSI I/O Serial data I/O for the I2C compatible interface or master output/slave input for the SPI interface.
A weak internal pull-up is present on this pin unless it is outputting logic low.

28 – 31 P2.0 – P2.3 I/O Port 2 is a bidirectional port with internal pull-up resistors. Port 2 pins that have 1s (A8–A11)
written to them are pulled high by the internal pull-up resistors, and in that state can (A16–A19)
be used as inputs. As inputs, Port 2 pins being pulled externally low will source current because
of the internal pull-up resistors. Port 2 emits the high order address bytes during fetches from
external program memory and middle and high order address bytes during accesses to the 24-bit
external data memory space.

32 XTAL1 I Input to the crystal oscillator inverter
33 XTAL2 O Output from the crystal oscillator inverter
36 – 39 P2.4 – P2.7 I/O Port 2 is a bidirectional port with internal pull-up resistors. Port 2 pins that have 1s (A12–A15)

written to them are pulled high by the internal pull-up resistors, and in that state they (A20–A23)
can be used as inputs. As inputs, Port 2 pins being pulled externally low will source current
because of the internal pull-up resistors. Port 2 emits the high order address bytes during fetches
from external program memory and middle and high order address bytes during accesses to the
24-bit external data memory space.

40 EA I/O External Access Enable, Logic Input. When held high, this input enables the device to fetch
code from internal program memory locations 0000H to 1FFFH. When held low, this input
enables the device to fetch all instructions from external program memory. To determine the
mode of code execution, i.e., internal or external, the EA pin is sampled at the end of an external
RESET assertion or as part of a device power cycle. EA may also be used as an external emula-
tion I/O pin and therefore the voltage level at this pin must not be changed during normal mode
operation as it may cause an emulation interrupt that will halt code execution.

41 PSEN O Program Store Enable, Logic Output. This output is a control signal that enables the external
program memory to the bus during external fetch operations. It is active every six oscillator
periods except during external data memory accesses. This pin remains high during internal
program execution. PSEN can also be used to enable serial download mode when pulled low
through a resistor at the end of an external RESET assertion or as part of a device power cycle.

42 ALE O Address Latch Enable, Logic Output. This output is used to latch the low byte (and page byte for
24-bit data address space accesses) of the address to external memory during external code or
data memory access cycles. It is activated every six oscillator periods except during an external
data memory access. It can be disabled by setting the PCON.4 bit in the PCON SFR.

43 – 46 P0.0 – P0.3 I/O P0.0 – P0.3 pins are part of Port 0, which is an 8-bit open-drain bidirectional.
(AD0 – AD3) 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 will be required on P0 outputsto force a valid logic high level
externally. Port 0 is also the multiplexed low-order address and data bus during accesses to external
program or data memory. In this application it uses strong internal pull-ups when emitting 1s.

49 – 52 P0.4 – P0.7 I/O P0.4 – P0.7 pins are part of Port 0, which is an 8-bit open drain bidirectional.
(AD4 – AD7) I/O port. Port 0 pins that have 1s written to them float and in that state can be used as high impedance

inputs. Port 0 is also the multiplexed low-order address and data bus during accesses to external
program or data memory. In this application it uses strong internal pull-ups when emitting 1s.

*I = Input, O = Output, S = Supply

NOTES
1. In the following descriptions, SET implies a Logic 1 state and CLEARED implies a Logic 0 state unless otherwise stated.
2. In the following descriptions, SET and CLEARED also imply that the bit is set or automatically cleared by the ADuC824 hardware unless otherwise stated.
3. User software should not write 1s to reserved or unimplemented bits as they may be used in future products.
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ICON (Current Sources Control Register)
Used to control and configure the various excitation and burnout current source options available on-chip.

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

— OB CI1CDA CI0CDA NIP2I NIP1I NE2I NE1I

Table VIII. ICON SFR Bit Designations

Bit Name Description

7 — Reserved for Future Use
6 BO Burnout Current Enable Bit

Set by user to enable both transducer burnout current sources in the primary ADC signal paths.
Cleared by user to disable both transducer burnout current sources.

5 ADC1IC Auxiliary ADC Current Correction Bit
Set by user to allow scaling of the Auxiliary ADC by an internal current source calibration word.

4 ADC0IC Primary ADC Current Correction Bit
Set by user to allow scaling of the Primary ADC by an internal current source calibration word.

3 I2PIN* Current Source-2 Pin Select Bit
Set by user to enable current source-2 (200 µA) to external pin 3 (P1.2/DAC/IEXC1).
Cleared by user to enable current source-2 (200 µA) to external pin 4 (P1.3/AIN5/IEXC2).

2 I1PIN* Current Source-1 Pin Select Bit
Set by user to enable current source-1 (200 µA) to external pin 4 (P1.3/AIN5/IEXC2).
Cleared by user to enable current source-1 (200 µA) to external pin 3 (P1.2/DAC/IEXC1).

1 I2EN Current Source-2 Enable Bit
Set by user to turn on excitation current source-2 (200 µA).
Cleared by user to turn off excitation current source-2 (200 µA).

0 I1EN Current Source-1 Enable Bit
Set by user to turn on excitation current source-1 (200 µA).
Cleared by user to turn off excitation current source-1 (200 µA).

*Both current sources can be enabled to the same external pin, yielding a 400 µA current source.

ADC0H/ADC0M/ADC0L (Primary ADC Conversion Result Registers)
These three 8-bit registers hold the 24-bit conversion result from the Primary ADC.

SFR Address ADC0H High Data Byte DBH
ADC0M Middle Data Byte DAH
ADC0L Low Data Byte D9H

Power-On Default Value 00H All Three registers
Bit Addressable No All Three registers

ADC1H/ADC1L (Auxiliary ADC Conversion Result Registers)
These two 8-bit registers hold the 16-bit conversion result from the Auxiliary ADC.

SFR Address ADC1H High Data Byte DDH
ADC1L Low Data Byte DCH

Power-On Default Value 00H Both Registers
Bit Addressable No Both Registers
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OF0H/OF0M/OF0L (Primary ADC Offset Calibration Registers*)
These three 8-bit registers hold the 24-bit offset calibration coefficient for the Primary ADC. These registers are configured at power-
on with a factory default value of 800000Hex. However, these bytes will be automatically overwritten if an internal or system zero-scale
calibration is initiated by the user via MD2–0 bits in the ADCMODE register.

SFR Address OF0H Primary ADC Offset Coefficient High Byte E3H
OF0M Primary ADC Offset Coefficient Middle Byte E2H
OF0L Primary ADC Offset Coefficient Low Byte E1H

Power-On Default Value 800000H OF0H, OF0M, and OF0L, Respectively
Bit Addressable No All Three Registers

OF1H/OF1L (Auxiliary ADC Offset Calibration Registers*)
These two 8-bit registers hold the 16-bit offset calibration coefficient for the Auxiliary ADC. These registers are configured at power-on
with a factory default value of 8000Hex. However, these bytes will be automatically overwritten if an internal or system zero-scale
calibration is initiated by the user via the MD2–0 bits in the ADCMODE register.

SFR Address OF1H Auxiliary ADC Offset Coefficient High Byte E5H
OF1L Auxiliary ADC Offset Coefficient Low Byte E4H

Power-On Default Value 8000H OF1H and OF1L Respectively
Bit Addressable No Both Registers

GN0H/GN0M/GN0L (Primary ADC Gain Calibration Registers*)
These three 8-bit registers hold the 24-bit gain calibration coefficient for the Primary ADC. These registers are configured at power-on
with a factory-calculated internal full-scale calibration coefficient. Every device will have an individual coefficient. However, these
bytes will be automatically overwritten if an internal or system full-scale calibration is initiated by the user via MD2–0 bits in the
ADCMODE register.

SFR Address GN0H Primary ADC Gain Coefficient High Byte EBH
GN0M Primary ADC Gain Coefficient Middle Byte EAH
GN0L Primary ADC Gain Coefficient Low Byte E9H

Power-On Default Value Configured at factory final test, see notes above.
Bit Addressable No All Three Registers

GN1H/GN1L (Auxiliary ADC Gain Calibration Registers*)
These two 8-bit registers hold the 16-bit gain calibration coefficient for the Auxiliary ADC. These registers are configured at power-on
with a factory calculated internal full-scale calibration coefficient. Every device will have an individual coefficient. However, these
bytes will be automatically overwritten if an internal or system full-scale calibration is initiated by the user via MD2–0 bits in the
ADCMODE register.

SFR Address GN1H Auxiliary ADC Gain Coefficient High Byte EDH
GN1L Auxiliary ADC Gain Coefficient Low Byte ECH

Power-On Default Value Configured at factory final test, see notes above.
Bit Addressable No Both Registers
*These registers can be overwritten by user software only if Mode bits MD0–2 (ADCMODE SFR) are zero.
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PRIMARY AND AUXILIARY ADC CIRCUIT DESCRIPTION
Overview
The ADuC824 incorporates two independent sigma-delta ADCs
(Primary and Auxiliary) with on-chip digital filtering intended
for the measurement of wide dynamic range, low frequency
signals, such as those in weigh-scale, strain-gauge, pressure trans-
ducer or temperature measurement applications.

Primary ADC
This ADC is intended to convert the primary sensor input. The
input is buffered and can be programmed for one of 8 input ranges
from ±20 mV to ±2.56 V, being driven from one of three differ-
ential input channel options AIN1/2, AIN3/4, or AIN3/2. The
input channel is internally buffered allowing the part to handle
significant source impedances on the analog input, allowing R/C
filtering (for noise rejection or RFI reduction) to be placed on
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Figure 18. Primary ADC Block Diagram

the analog inputs if required. On-chip burnout currents can
also be turned on. These currents can be used to check that a
transducer on the selected channel is still operational before
attempting to take measurements.

The ADC employs a sigma-delta conversion technique to realize
up to 24 bits of no missing codes performance. The sigma-delta
modulator converts the sampled input signal into a digital pulse
train whose duty cycle contains the digital information. A Sinc3
programmable low-pass filter is then employed to decimate the
modulator output data stream to give a valid data conversion
result at programmable output rates from 5.35 Hz (186.77 ms)
to 105.03 Hz (9.52 ms). A Chopping scheme is also employed
to minimize ADC offset errors. A block diagram of the Primary
ADC is shown in Figure 18.
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The absolute input voltage range on the auxiliary ADC is restricted
to between AGND – 30 mV to AVDD + 30 mV. The slightly
negative absolute input voltage limit does allow the possibility of
monitoring small signal bipolar signals using the single-ended
auxiliary ADC front end.

Programmable Gain Amplifier
The output from the buffer on the primary ADC is applied to the
input of the on-chip programmable gain amplifier (PGA). The
PGA can be programmed through eight different unipolar input
ranges and bipolar ranges. The PGA gain range is programmed
via the range bits in the ADC0CON SFR. With the external refer-
ence select bit set in the ADC0CON SFR and an external 2.5 V
reference, the unipolar ranges are 0 mV to 20 mV, 0 mV to
40 mV, 0 mV to 80 mV, 0 mV to 160 mV, 0 mV to 320 mV,
0 mV to 640 mV, 0 V to 1.28 V, and 0 to 2.56 V, while the
bipolar ranges are ± 20 mV, ± 40 mV, ± 80 mV, ± 160 mV,
±320 mV, ±640 mV, ±1.28 V, and ±2.56 V. These are the
nominal ranges that should appear at the input to the on-chip
PGA. An ADC range matching specification of 2 µV (typ) across
all ranges means that calibration need only be carried out at a
single gain range and does not have to be repeated when the
PGA gain range is changed.

Typical matching across ranges is shown in Figure 20 below.
Here, the primary ADC is configured in bipolar mode with an
external 2.5 V reference, while just greater than 19 mV is forced
on its inputs. The ADC continuously converts the DC input
voltage at an update rate of 5.35 Hz, i.e., SF = FFhex. In total,
800 conversion results are gathered. The first 100 results are
gathered with the primary ADC operating in the ±20 mV range.
The ADC range is then switched to ±40 mV and 100 more con-
version results are gathered, and so on until the last group of
100 samples are gathered with the ADC configured in the ±2.56 V
range. From Figure 20, The variation in the sample mean
through each range, i.e., the range matching, is seen to be of
the order of 2 µV.

The auxiliary ADC does not incorporate a PGA and is configured
for a fixed single input range of 0 to VREF.
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Table XII. Flash/EE Memory Parallel Programming Modes

Port 3 Pins Programming
0.7 0.6 0.5 0.4 0.3 0.2 0.1 Mode

X X X X 0 0 0 Erase Flash/EE
Program, Data, and
Security Modes

X X X X 0 0 1 Read Device
Signature/ID

X X X 1 0 1 0 Program Code Byte
X X X 0 0 1 0 Program Data Byte
X X X 1 0 1 1 Read Code Byte
X X X 0 0 1 1 Read Data Byte
X X X X 1 0 0 Program Security

Modes
X X X X 1 0 1 Read/Verify Security

Modes
All other codes Redundant

Flash/EE Program Memory Security
The ADuC824 facilitates three modes of Flash/EE program
memory security. These modes can be independently activated,
restricting access to the internal code space. These security
modes can be enabled as part of the user interface available on all
ADuC824 serial or parallel programming tools referenced on the
MicroConverter web page at www.analog.com/microconverter.
The security modes available on the ADuC824 are described
as follows:

Lock Mode
This mode locks code in memory, disabling parallel programming
of the program memory although reading the memory in parallel
mode is still allowed. This mode is deactivated by initiating a
“code-erase” command in serial download or parallel program-
ming modes.

Secure Mode
This mode locks code in memory, disabling parallel programming
(program and verify/read commands) as well as disabling the
execution of a ‘MOVC’ instruction from external memory,
which is attempting to read the op codes from internal memory.
This mode is deactivated by initiating a “code-erase” command
in serial download or parallel programming modes.

Serial Safe Mode
This mode disables serial download capability on the device. If
Serial Safe mode is activated and an attempt is made to reset
the part into serial download mode, i.e., RESET asserted and
deasserted with PSEN low, the part will interpret the serial
download reset as a normal reset only. Therefore, it will not
enter serial download mode but only execute a normal reset
sequence. Serial Safe mode can only be disabled by initiating a
code-erase command in parallel programming mode.

Using the Flash/EE Data Memory
The user Flash/EE data memory array consists of 640 bytes that
are configured into 160 (00H to 9FH) 4-byte pages as shown in
Figure 30.

9FH BYTE 1 BYTE 2 BYTE 3 BYTE 4

00H BYTE 1 BYTE 2 BYTE 3 BYTE 4

Figure 30. Flash/EE Data Memory Configuration

As with other ADuC824 user-peripheral circuits, the interface to
this memory space is via a group of registers mapped in the SFR
space. A group of four data registers (EDATA1–4) are used to
hold 4-byte page data just accessed. EADRL is used to hold the
8-bit address of the page to be accessed. Finally, ECON is an
8-bit control register that may be written with one of five Flash/EE
memory access commands to trigger various read, write, erase, and
verify functions. These registers can be summarized as follows:

ECON: SFR Address: B9H
Function: Controls access to 640 Bytes

Flash/EE Data Space.
Default: 00H

EADRL: SFR Address: C6H
Function: Holds the Flash/EE Data Page

Address. (640 Bytes => 160 Page
Addresses.)

Default: 00H

EDATA 1–4: SFR Address: BCH to BFH respectively
Function: Holds Flash/EE Data memory

page write or page read data bytes.
Default: EDATA1–2 –> 00H

EDATA3–4 –> 00H

A block diagram of the SFR interface to the Flash/EE Data
Memory array is shown in Figure 31.

9FH BYTE 1 BYTE 2 BYTE 3 BYTE 4

00H

EDATA1 (BYTE 1)

EDATA2 (BYTE 2)

EDATA3 (BYTE 3)

EDATA4 (BYTE 4)

EADRL

ECON COMMAND
INTERPRETER LOGIC

ECON

BYTE 1 BYTE 2 BYTE 3 BYTE 4

FUNCTION:
  RECEIVES COMMAND DATA

FUNCTION:
  HOLDS THE 8-BIT PAGE
  ADDRESS POINTER

FUNCTION:
  INTERPRETS THE FLASH
  COMMAND WORD

FUNCTION:
  HOLDS THE 4-BYTE
  PAGE DATA

Figure 31. Flash/EE Data Memory Control and Configuration
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SERIAL PERIPHERAL INTERFACE
The ADuC824 integrates a complete hardware Serial Peripheral
Interface (SPI) interface on-chip. SPI is an industry standard syn-
chronous serial interface that allows eight bits of data to be
synchronously transmitted and received simultaneously, i.e., full
duplex. It should be noted that the SPI physical interface is shared
with the I2C interface and therefore the user can only enable one
or the other interface at any given time (see SPE in SPICON
below). The system can be configured for Master or Slave operation
and typically consists of four pins, namely:

MISO (Master In, Slave Out Data I/O Pin), Pin#14
The MISO (master in slave out) 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#27
The MOSI (master out slave in) 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.

SCLOCK (Serial Clock I/O Pin), Pin#26
The master clock (SCLOCK) is used to synchronize the data
being 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 XIX). In slave mode the SPICON register will have
to be configured with the phase and polarity (CPHA and CPOL)
of the expected input clock. In both master and slave mode
the data is transmitted on one edge of the SCLOCK signal and
sampled on the other. It is important therefore that the CPHA
and CPOL are configured the same for the master and slave devices.

SS (Slave Select Input Pin), Pin#13
The Slave Select (SS) input pin is only used when the ADuC824
is configured in slave mode to enable the SPI peripheral. This line
is active low. Data is only received or transmitted in slave mode
when the SS pin is low, allowing the ADuC824 to be used in single
master, multislave SPI configurations. If CPHA = 1 then the SS
input may be permanently pulled low. With CPHA = 0 then the
SS input must be driven low before the first bit in a byte wide
transmission or reception and return high again after the last bit
in that byte wide transmission or reception. In SPI Slave Mode,
the logic level on the external SS pin (Pin# 13), can be read
via the SPR0 bit in the SPICON SFR.

The following SFR registers are used to control the SPI interface.

SPICON SPI Control Register

SFR Address F8H
Power-On Default Value 04H
Bit Addressable Yes

IPSI LOCW EPS MIPS LOPC AHPC 1RPS 0RPS

Table XIX. SPICON SFR Bit Designations

Bit Name Description

7 ISPI SPI Interrupt Bit
Set by 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 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 to enable the SPI interface.
Cleared by user to enable the I2C interface.

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

3 CPOL* Clock Polarity Select Bit
Set by user if SCLOCK idles high.
Cleared by user if SCLOCK idles low.

2 CPHA* Clock Phase Select Bit
Set by user if leading SCLOCK edge is to transmit data.
Cleared by user if trailing SCLOCK edge is to transmit data.

1 SPR1 SPI Bit-Rate Select Bits
0 SPR0 These bits select the SCLOCK rate (bit-rate) in Master Mode as follows:

SPR1 SPR0 Selected Bit Rate SPR1 SPR0 Selected Bit Rate
0 0 fCORE/2 1 0 fCORE/8
0 1 fCORE/4 1 1 fCORE/16
In SPI Slave Mode, i.e., SPIM = 0, the logic level on the external SS pin (Pin# 13), can be read via the SPR0 bit.

*Bits should contain the same values for master and slave devices.



REV. B

ADuC824

–50–

I2C-COMPATIBLE INTERFACE
The ADuC824 supports a 2-wire serial interface mode which is
I2C compatible. The I2C-compatible interface shares its pins
with the on-chip SPI interface and therefore the user can only
enable one or the other interface at any given time (see SPE in

I2CADD I2C Address Register
Function Holds the I2C peripheral address for

the part. It may be overwritten by
user code. Technical Note uC001 at
www.analog.com/microconverter
describes the format of the I2C stan-
dard 7-bit address in detail.

SFR Address 9BH
Power-On Default Value 55H
Bit Addressable No

I2CDAT I2C Data Register
Function The I2CDAT SFR is written by the

user to transmit data over the I2C
interface or read by user code to read
data just received by the I2C interface
Accessing I2CDAT automatically
clears any pending I2C interrupt and
the I2CI bit in the I2CCON SFR.
User software should only access
I2CDAT once per interrupt cycle.

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

SPICON previously). An Application Note describing the
operation of this interface as implemented is available from
the MicroConverter Website at www.analog.com/microconverter.
This interface can be configured as a Software Master or Hard-
ware Slave, and uses two pins in the interface.

SDATA (Pin 27) Serial Data I/O Pin
SCLOCK (Pin 26) Serial Clock

Three SFRs are used to control the I2C-compatible interface. These are described below:

I2CCON I2C Control Register
SFR Address E8H
Power-On Default Value 00H
Bit Addressable Yes

ODM EDM OCM IDM MC2I SRC2I XTC2I IC2I

Table XX. I2CCON SFR Bit Designations

Bit Name Description

7 MDO I2C Software Master Data Output Bit (MASTER MODE ONLY)
This data bit is used to implement a master I2C transmitter interface in software. Data written to this
bit will be outputted on the SDATA pin if the data output enable (MDE) bit is set.

6 MDE I2C Software Master Data Output Enable Bit (MASTER MODE ONLY)
Set by user to enable the SDATA pin as an output (Tx).
Cleared by the user to enable SDATA pin as an input (Rx).

5 MCO I2C Software Master Clock Output Bit (MASTER MODE ONLY)
This data bit is used to implement a master I2C transmitter interface in software. Data written to
this bit will be outputted on the SCLOCK pin.

4 MDI I2C Software Master Data Input Bit (MASTER MODE ONLY)
This data bit is used to implement a master I2C receiver interface in software. Data on the SDATA
pin is latched into this bit on SCLOCK if the Data Output Enable (MDE) bit is ‘0.’

3 I2CM I2C Master/Slave Mode Bit
Set by user to enable I2C software master mode.
Cleared by user to enable I2C hardware slave mode.

2 I2CRS I2C Reset Bit (SLAVE MODE ONLY)
Set by user to reset the I2C interface.
Cleared by user code for normal I2C operation.

1 I2CTX I2C Direction Transfer Bit (SLAVE MODE ONLY)
Set by the MicroConverter if the interface is transmitting.
Cleared by the MicroConverter if the interface is receiving.

0 I2CI I2C Interrupt Bit (SLAVE MODE ONLY)
Set by the MicroConverter after a byte has been transmitted or received.
Cleared automatically when user code reads the I2CDAT SFR (see I2CDAT below).
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TIME INTERVAL COUNTER (TIC)
A time interval counter is provided on-chip for counting longer
intervals than the standard 8051-compatible timers are capable
of. The TIC is capable of timeout intervals ranging from 1/128th
second to 255 hours. Furthermore, this counter is clocked by
the crystal oscillator rather than the PLL and thus has the
ability to remain active in power-down mode and time long
power-down intervals. This has obvious applications for remote
battery-powered sensors where regular widely spaced readings
are required.

Six SFRs are associated with the time interval counter, TIMECON
being its control register. Depending on the configuration of the
IT0 and IT1 bits in TIMECON, the selected time counter register

overflow will clock the interval counter. When this counter is equal
to the time interval value loaded in the INTVAL SFR, the TII
bit (TIMECON.2) is set and generates an interrupt if enabled
(See IEIP2 SFR description under Interrupt System later in this
data sheet.) If the ADuC824 is in power-down mode, again
with TIC interrupt enabled, the TII bit will wake up the device
and resume code execution by vectoring directly to the TIC
interrupt service vector address at 0053 hex. The TIC-related
SFRs are described in Table XVI. Note also that the timebase
SFRs can be written initially with the current time, the TIC can
then be controlled and accessed by user software. In effect, this
facilitates the implementation of a real-time clock. A block
diagram of the TIC is shown in Figure 32.

8-BIT
PRESCALER

HUNDREDTHS COUNTER
HTHSEC

SECOND COUNTER
SEC

MINUTE COUNTER
MIN

HOUR COUNTER
HOUR

TIEN

INTERVAL TIMEOUT
TIME INTERVAL COUNTER

INTERRUPT

8-BIT
INTERVAL COUNTER

TIME INTERVAL
INTVAL

INTERVAL
TIMEBASE
SELECTION

MUX

TCEN 32.768kHz EXTERNAL CRYSTAL

ITS0, 1
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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 = (2SMOD/32) × (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 opera-
tion, and in any of its three running modes. In the most typical
application, it is configured for timer operation, in the autoreload
mode (high nibble of TMOD = 0100Binary). In that case, the baud
rate is given by the formula:

Modes 1 and 3 Baud Rate =
(2SMOD/32) × (Core Clock/(12 × [256-TH1]))

A very low baud rate can also be achieved with Timer 1 by leaving
the Timer 1 interrupt enabled, and configuring the timer to run
as a 16-bit timer (high nibble of TMOD = 0100Binary), and using
the Timer 1 interrupt to do a 16-bit software reload. Table XXVIII
below, shows some commonly-used baud rates and how they
might be calculated from a core clock frequency of 1.5728 MHz
and 12.58 MHz. Generally speaking, a 5% error is tolerable
using asynchronous (start/stop) communications.

Table XXVIII. Commonly Used Baud Rates, Timer 1

Ideal Core SMOD TH1-Reload Actual %
Baud CLK Value Value  Baud Error

9600 12.58 1 –7 (F9h) 9362 2.5
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8051-COMPATIBLE ON-CHIP PERIPHERALS
This section gives a brief overview of the various secondary periph-
eral circuits are also available to the user on-chip. These remaining
functions are fully 8051-compatible and are controlled via standard
8051 SFR bit definitions.

Parallel I/O Ports 0–3
The ADuC824 uses four input/output ports to exchange data with
external devices. In addition to performing general-purpose I/O,
some ports are capable of external memory operations; others are
multiplexed with an alternate function for the peripheral features
on the device. In general, when a peripheral is enabled, that pin
may not be used as a general purpose I/O pin.

Port 0 is an 8-bit open drain bidirectional I/O port that is directly
controlled via the Port 0 SFR (SFR address = 80 hex). Port 0
pins that have 1s written to them via the Port 0 SFR will be
configured as open drain and will therefore float. In that state,
Port 0 pins can be used as high impedance inputs. An external
pull-up resistor will be required on Port 0 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 pro-
gram or data memory. In this application it uses strong internal
pull-ups when emitting 1s.

Port 1 is also an 8-bit port directly controlled via the P1 SFR
(SFR address = 90 hex). The Port 1 pins are divided into two
distinct pin groupings.

P1.0 and P1.1 pins on Port 1 are bidirectional digital I/O pins with
internal pull-ups. If P1.0 and P1.1 have 1s written to them via the
P1 SFR, these pins are pulled high by the internal pull-up resis-
tors. In this state they can also be used as inputs; as input pins
being externally pulled low, they will source current because of
the internal pull-ups. With 0s written to them, both these pins
will drive a logic low output voltage (VOL) and will be capable of
sinking 10 mA compared to the standard 1.6 mA sink capa-
bility on the other port pins. These pins also have various
secondary functions described in Table XXI.

Table XXI. Port 1, Alternate Pin Functions

Pin Alternate Function

P1.0 T2 (Timer/Counter 2 External Input)
P1.1 T2EX (Timer/Counter 2 Capture/Reload Trigger)

The remaining Port 1 pins (P1.2–P1.7) can only be configured
as Analog Input (ADC), Analog Output (DAC) or Digital Input
pins. By (power-on) default these pins are configured as Analog
Inputs, i.e., ‘1’ written in the corresponding Port 1 register bit.
To configure any of these pins as digital inputs, the user should
write a ‘0’ to these port bits to configure the corresponding pin
as a high impedance digital input.

Port 2 is a bidirectional port with internal pull-up resistors directly
controlled via the P2 SFR (SFR address = A0 hex). Port 2 pins
that have 1s written to them are pulled high by the internal pull-up
resistors and, in that state, they can be used as inputs. As inputs,
Port 2 pins being pulled externally low will source current because
of the internal pull-up resistors. Port 2 emits the high order
address bytes during fetches from external program memory
and middle and high order address bytes during accesses to the
24-bit external data memory space.

Port 3 is a bidirectional port with internal pull-ups directly
controlled via the P2 SFR (SFR address = B0 hex). Port 3 pins
that have 1s written to them are pulled high by the internal pull-ups
and in that state they can be used as inputs. As inputs, Port 3
pins being pulled externally low will source current because of the
internal pull-ups. Port 3 pins also have various secondary func-
tions described in Table XXII.

Table XXII. Port 3, Alternate Pin Functions

Pin 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)

The alternate functions of P1.0, P1.1, and Port 3 pins can only be
activated if the corresponding bit latch in the P1 and P3 SFRs
contains a 1. Otherwise, the port pin is stuck at 0.

Timers/Counters
The ADuC824 has three 16-bit Timer/Counters: Timer 0,
Timer 1, and Timer 2. The Timer/Counter hardware has been
included on-chip to relieve the processor core of the overhead
inherent in implementing timer/counter functionality in soft-
ware. Each Timer/Counter consists of two 8-bit registers THx and
TLx (x = 0, 1, and 2). All three can be configured to operate
either as timers or event counters.

In ‘Timer’ function, the TLx register is incremented every machine
cycle. Thus one can think of it as counting machine cycles. Since a
machine cycle consists of 12 core clock periods, the maximum
count rate is 1/12 of the core clock frequency.

In ‘Counter’ function, the TLx register is incremented by a 1-to-0
transition at its corresponding external input pin, T0, T1, or T2.
In this function, the external input is sampled during S5P2 of
every machine cycle. When the samples show a high in one cycle
and a low in the next cycle, the count is incremented. The new
count value appears in the register during S3P1 of the cycle follow-
ing the one in which the transition was detected. Since it takes two
machine cycles (24 core clock periods) to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the core clock frequency.
There are no restrictions on the duty cycle of the external input
signal, but to ensure that a given level is sampled at least once
before it changes, it must be held for a minimum of one full machine
cycle. Remember that the core clock frequency is programmed
via the CD0–2 selection bits in the PLLCON SFR.
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QUICKSTART DEVELOPMENT SYSTEM
The QuickStart Development System is a full featured, low cost
development tool suite supporting the ADuC824. The system
consists of the following PC-based (Windows-compatible) hard-
ware and software development tools.

Hardware: ADuC824 Evaluation Board, Plug-In
Power Supply and Serial Port Cable

Code Development: 8051 Assembler C Compiler
(2 Kcode Limited)

Code Functionality: ADSIM, Windows MicroConverter
Code Simulator

In-Circuit Code Download: Serial Downloader

In-Circuit Debugger: Serial Port Debugger

Miscellaneous Other: CD-ROM Documentation and Two
Additional Prototype Devices

Figures 54 shows the typical components of a QuickStart Devel-
opment System while Figure 55 shows a typical debug session.
A brief description of some of the software tools’ components in
the QuickStart Development System is given below.

Figure 54. Components of the QuickStart Development
System

Download—In-Circuit Serial Downloader
The Serial Downloader is a software program that allows the user
to serially download an assembled program (Intel Hex format file)
to the on-chip program FLASH memory via the serial COM1
port on a standard PC. An Application Note (uC004) detailing
this serial download protocol is available from www.analog.com/
microconverter.

DeBug—In-Circuit Debugger
The Debugger is a Windows application that allows the user to
debug code execution on silicon using the MicroConverter UART
serial port. The debugger provides access to all on-chip periph-
erals during a typical debug session as well as single-step and
break-point code execution control.

ADSIM—Windows Simulator
The Simulator is a Windows application that fully simulates all
the MicroConverter functionality including ADC and DAC
peripherals. The simulator provides an easy-to-use, intuitive, inter-
face to the MicroConverter functionality and integrates many
standard debug features; including multiple breakpoints, single
stepping; and code execution trace capability. This tool can be
used both as a tutorial guide to the part as well as an efficient way
to prove code functionality before moving to a hardware platform.

The QuickStart development tool-suite software is freely
available at the Analog Devices MicroConverter Website
www.analog.com/microconverter.

Figure. 55. Typical Debug Session

http://www.analog.com/microconverter
http://www.analog.com/microconverter
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