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ADuC824

Parameter ADuC824BS Test Conditions/Comments Unit
INTERNAL REFERENCE
ADC Reference
Reference Voltage 1.25+ 1% Initial Tolerance @ 25°C, Vpp =5V V min/max
Power Supply Rejection 45 dBs typ
Reference Tempco 100 ppm/°C typ
DAC Reference
Reference Voltage 25+ 1% Initial Tolerance @ 25°C, Vpp =5V V min/max
Power Supply Rejection 50 dBs typ
Reference Tempco +100 ppm/°C typ
ANALOG INPUTS/REFERENCE INPUTS
Primary ADC
Differential Input Voltage Ranges® !° External Reference Voltage = 2.5V
RN2, RN1, RN0 of ADCOCON Set to
Bipolar Mode (ADCOCON3 = 0) +20 000  (Unipolar Mode 0 to 20 mV) mV
+40 001  (Unipolar Mode 0 to 40 mV) mV
+80 010  (Unipolar Mode 0 to 80 mV) mV
+160 011 (Unipolar Mode 0 to 160 mV) mV
+320 100  (Unipolar Mode 0 to 320 mV) mV
+640 101  (Unipolar Mode 0 to 640 mV) mV
+1.28 110 (Unipolar Mode 0 to 1.28 V) A%
+2.56 111  (Unipolar Mode 0 to 2.56 V) A%
Analog Input Current’ +1 nA max
Analog Input Current Drift 5 pA/°C typ
Absolute AIN Voltage Limits AGND + 100 mV V min
AVpp — 100 mV V max
Auxiliary ADC
Input Voltage Range® !° 0 to Vrer Unipolar Mode, for Bipolar Mode A%
See Note 11
Average Analog Input Current 125 Input Current Will Vary with Input nA/V typ
Average Analog Input Current Drift? 12 Voltage on the Unbuffered Auxiliary ADC | pA/V/°C typ
Absolute AIN Voltage Limits'! AGND - 30 mV V min
AVpp + 30 mV V max
External Reference Inputs
REFIN(+) to REFIN(-) Range® 1 V min
AVDD V max
Average Reference Input Current 1 Both ADCs Enabled UA/V typ
Average Reference Input Current Drift | £0.1 nA/V/°C typ
‘NO Ext. REF’ Trigger Voltage 0.3 NOXREF Bit Active if Vggr < 0.3V V min
0.65 NOXREF Bit Inactive if Vggg > 0.65 V V max
ADC SYSTEM CALIBRATION
Full-Scale Calibration Limit +1.05 x FS V max
Zero-Scale Calibration Limit -1.05 x FS V min
Input Span +0.8 x FS V min
+2.1 x FS V max
ANALOG (DAC) OUTPUTS
Voltage Range 0 to Vrer DACRN = 0 in DACCON SFR V typ
0 to AVpp DACRN =1 in DACCON SFR V typ
Resistive Load 10 From DAC Output to AGND kQ typ
Capacitive Load 100 From DAC Output to AGND pF typ
Output Impedance 0.5 Q typ
Isvk 50 A typ
TEMPERATURE SENSOR
Accuracy 12 °C typ
Thermal Impedance (6}a) 90 °C/W typ
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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 UA 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 (AVpp) 1 AVpp =5V +5% HA/V typ
Load Regulation 0.1 HA/V typ
Output Compliance AVpp - 0.6 V max
AGND min
LOGIC INPUTS
All Inputs Except SCLOCK, RESET,
and XTAL1
Vi, Input Low Voltage 0.8 DVpp=5V V max
0.4 DVpp =3V V max
Vg, Input High Voltage 2.0 V min
SCLOCK and RESET Only
(Schmitt-Triggered Inputs)?
Vs 1.3/3 DVpp =5V V min/V max
0.95/2.5 DVpp =3V V min/V max
Vi 0.8/1.4 DVpp =5V V min/V max
0.4/1.1 DVpp =3V V min/V max
VT+ - VT— 0.3/0.85 DVDD =5V V min/V max
0.3/0.85 DVpp =3V V min/V max
Input Currents
Port 0, P1.2-P1.7, EA *10 Vi =0V or Vpp YA max
SCLOCK, SDATA/MOSI, MISO, SS§'? | 10 min, 40 max Vi =0V, DVpp =5V, Internal Pull-Up | A min/pA max
10 VIN = VDD: DVDD =5V HA max
RESET +10 VIN =0 V, DVDD =5V HA max
35 min, 105 max Vv = Vop, DVpp =5V, UA min/pA max
Internal Pull-Down
PIO, Pll, Ports 2 and 3 +10 VIN:VDD! DVDD: 5V HAmaX
-180 Vn=2V,DVpp=5V UA min
-660 UA max
-20 VIN =450 mV, DVDD =5V HA min
=75 UA max
Input Capacitance 5 All Digital Inputs pF typ
CRYSTAL OSCILLATOR (XTAL1 AND XTALZ2)
Logic Inputs, XTALI1 Only
Vi, Input Low Voltage 0.8 DVpp=5V V max
0.4 DVpp =3V V max
Vv, Input High Voltage 3.5 DVpp =5V V min
2.5 DVDD =3V V min
XTALI Input Capacitance 18 pF typ
XTAL2 Output Capacitance 18 pF typ
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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
TAVIL Address Valid after ALE Low 39 tcorg — 40 ns 5
tLIAX Address Hold after ALE Low 44 tcoRrg — 35 ns 5
tLLWL ALE Low to WRL_OW 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
tQuwH Data Setup before WR _ 406 Ttcorg — 150 ns 5
twHQX Data and Address Hold after WR 29 tcorg — 50 ns 5
twHaLHg WR ngh to ALE ngh 39 119 tcore — 40 tcore T 40 ns 5
CORE_CLK
ALE (0) / \
1 by
PSEN (0) / \_
tLLWL < tWLWH >
WR (0) \ h
P tavwi -
—tavwx — e tyhax
t tiax
AVLL > o _ tavwh _
PORT 0 (0) A0-A7 DATA
PORT 2 (0) A16-A23 A8-A15
Figure 5. External Data Memory Write Cycle
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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
tpav Data Output Valid after SCLOCK Edge 50 ns 9
tposy Data Output Setup before SCLOCK Edge 150 ns 9
tpsu Data Input Setup Time before SCLOCK Edge 100 ns 9
tDHD Data Input Hold Time after SCLOCK Edge 100 ns 9
tpF Data Output Fall Time 10 25 ns 9
tpR Data Output Rise Time 10 25 ns 9
tsR SCLOCK Rise Time 10 25 ns 9
tsp SCLOCK Fall Time 10 25 ns 9

*Characterized under the following conditions:

a. Core clock divider bits CD2, CD1, and CDO 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 SPRO bits in SPICON SFR set to 0 and 0 respectively.

scLock
(CPOL =0) to o

REV. B

SCLOCK
(CPOL =1)
- tDAV
thosu [+ tor tor
02
MosI MSB BITS 6-1

X

LsSB

b))
ALY
MISO MSB IN BITS 6-1 LSBIN

tDSU tDHD

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
tpav Data Output Valid after SCLOCK Edge 50 ns 10
tpsu Data Input Setup Time before SCLOCK Edge 100 ns 10
tDHD Data Input Hold Time after SCLOCK Edge 100 ns 10
tpF Data Output Fall Time 10 25 ns 10
tpr Data Output Rise Time 10 25 ns 10
tsR SCLOCK Rise Time 10 25 ns 10
tsp SCLOCK Fall Time 10 25 ns 10
tSFs SS High after SCLOCK Edge 0 ns 10

SS

tss tses
SCLOCK
©poL=0)
— tgy —» — 5 —
_— sk SF ——
SCLOCK \ N
(CPOL = 1)
> Toav tor » tor 2
MISO MSB BITS 6-1 LSB
b))
tDSU tDHD
Figure 10. SPI Slave Mode Timing (CPHA = 1)
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PIN FUNCTION DESCRIPTIONS (continued)

Pin

Mnemonic

Type

Description

22-25

26

27

28 - 31

32
33
36 -39

40

41

42

43 - 46

49 - 52

P3.4-P3.7

P3.4/T0
P3.5/T1
P3.6/WR
P3.7/RD
SCLK

SDATA/MOSI

P2.0-P2.3

XTAL1
XTAL2
P2.4 -P2.7

PSEN

ALE

P0.0 - P0.3
(ADO - AD3)

P0.4 - P0.7
(AD4 - AD7)

/O

/0
I/O
I/0
I/0
I/0

I/0

/O

I/0

I/0

/O

/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:

Timer/Counter 0 Input

Timer/Counter 1 Input

Write Control Signal, Logic Output. Latches the data byte from Port 0 into an external data memory.
Read Control Signal, Logic Output. Enables the data from an external data memory to Port 0.

Serial interface clock for either the I*C-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.

Serial data I/O for the I>C 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.

Port 2 is a bidirectional port with internal pull-up resistors. Port 2 pins that have 1s (A8-Al1)
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.

Input to the crystal oscillator inverter
Output from the crystal oscillator inverter

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.

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.

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.
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.

P0.0 — P0.3 pins are part of Port 0, which is an 8-bit open-drain bidirectional.

T/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 Is.

P0.4 — P0.7 pins are part of Port 0, which is an 8-bit open drain bidirectional.

T/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.

*] = 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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ADuC824

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
— BO ADCIIC ADCOIC I2PIN I1PIN I2EN I1EN
Table VIII. ICON SFR Bit Designations
Bit Name Description
7 — Reserved for Future Use
6 BO Burnout Current Enable Bit
Ser 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 ADCIIC Auxiliary ADC Current Correction Bit
Ser by user to allow scaling of the Auxiliary ADC by an internal current source calibration word.
4 ADCO0IC Primary ADC Current Correction Bit
Ser by user to allow scaling of the Primary ADC by an internal current source calibration word.
3 I2PIN” Current Source-2 Pin Select Bit
Ser by user to enable current source-2 (200 pA) to external pin 3 (P1.2/DAC/IEXC1).
Cleared by user to enable current source-2 (200 YA) 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 YA) to external pin 4 (P1.3/AIN5/IEXC2).
Cleared by user to enable current source-1 (200 pA) to external pin 3 (P1.2/DAC/IEXC1).
1 I2EN Current Source-2 Enable Bit
Ser by user to turn on excitation current source-2 (200 YA).
Cleared by user to turn off excitation current source-2 (200 yA).
0 I1EN Current Source-1 Enable Bit
Set by user to turn on excitation current source-1 (200 pA).
Cleared by user to turn off excitation current source-1 (200 pA).

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

ADCOH/ADCOM/ADCOL (Primary ADC Conversion Result Registers)
These three 8-bit registers hold the 24-bit conversion result from the Primary ADC.

SFR Address

Power-On Default Value
Bit Addressable

ADCOH High Data Byte DBH
ADCOM Middle Data Byte DAH
ADCOL Low Data Byte D9H
00H All Three registers
No All Three registers

ADCI1H/ADCIL (Auxiliary ADC Conversion Result Registers)
These two 8-bit registers hold the 16-bit conversion result from the Auxiliary ADC.

SFR Address

Power-On Default Value
Bit Addressable

REV. B

ADCI1H High Data Byte DDH
ADCIL Low Data Byte DCH
00H Both Registers
No Both Registers
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OFO0H/OFO0M/OFOL (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 OFOH Primary ADC Offset Coefficient High Byte E3H
OFOM Primary ADC Offset Coefficient Middle Byte E2H
OFOL Primary ADC Offset Coefficient Low Byte E1H

Power-On Default Value 800000H OFO0H, OF0M, and OFO0L, 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

GNOH/GNOM/GNOL (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 GNOH Primary ADC Gain Coefficient High Byte EBH
GNOM Primary ADC Gain Coefficient Middle Byte EAH
GNOL 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/GNI1L (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
GNIL 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

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.

BURNOUT CURRENTS

TWO 100nA BURNOUT
CURRENTS ALLOW THE
USER TO EASILY DETECT
IF A TRANSDUCER HAS
BURNED OUT OR GONE
OPEN-CIRCUIT

SEE PAGES 29 AND 34

AIN1 00—

ANALOG INPUT CHOPPING

THE INPUTS ARE
ALTERNATELY REVERSED
THROUGH THE
CONVERSION CYCLE.
CHOPPING YIELDS
EXCELLENT ADC OFFSET
AND OFFSET DRIFT
PERFORMANCE

SEE PAGE 36

PROGRAMMABLE GAIN
AMPLIFIER

THE PROGRAMMABLE
GAIN AMPLIFIER ALLOWS
EIGHT UNIPOLAR AND
EIGHT BIPOLAR INPUT
RANGES FROM 20mV TO
256V (EXT VREF = 2.5V)

SEE PAGE 34

AIN2 O

MUX

AIN3 O

AINd O—

ANALOG MULTIPLEXER

A DIFFERENTIAL MULTIPLEXER
ALLOWS SELECTION OF THREE
FULLY DIFFERENTIAL PAIR OPTIONS AND
ADDITIONAL INTERNAL SHORT OPTION
(AIN2-AIN2).THE MULTIPLEXER IS
CONTROLLED VIA THE CHANNEL
SELECTION BITS IN ADCOCON

SEE PAGES 27 AND 33

DIFFERENTIAL
REFERENCE

THE EXTERNAL REFERENCE
INPUT TO THE ADuC824 IS
DIFFERENTIAL AND
FACILITATES RATIOMETRIC
OPERATION. THE EXTERNAL
REFERENCE VOLTAGE IS
SELECTED VIA THE XREFO BIT
IN ADCOCON.

SIGMA-DELTA ADC

THE SIGMA-DELTA
ARCHITECTURE ENSURES
24 BITS NO MISSING
CODES. THE ENTIRE
SIGMA-DELTA ADC IS

REFIN(-) REFIN(+)

OUTPUT AVERAGE

AS PART OF THE CHOPPING
IMPLEMENTATION, EACH
DATA WORD OUTPUT
FROM THE FILTER IS

REV. B

BUFFER AMPLIFIER

THE BUFFER AMPLIFIER
PRESENTS A HIGH
IMPEDANCE INPUT STAGE
FOR THE ANALOG INPUTS,
ALLOWING SIGNIFICANT
EXTERNAL SOURCE
IMPEDANCES

SEE PAGE 33

OF WHICH IS ALSO CHOPPED)
TO THE DIGITAL FILTER,
THE DUTY CYCLE OF WHICH
REPRESENTS THE SAMPLED
ANALOG INPUT VOLTAGE

SEE PAGE 35

RATE AND BANDWIDTH OF THIS
FILTER ARE PROGRAMMABLE

VIA THE SF SFR
SEE PAGE 35

REFERENCE DETECT CHOPPED TO REMOVE SUMMED AND AVERAGED
CIRCUITRY TESTS FOR OPEN OR DRIFT ERROR WITH ITS PREDECESSOR
SHORTED REFERENCES INPUTS TO NULL ADC CHANNEL
SEE PAGE 35 SEE PAGE 35 OFFSET ERRORS
SEE PAGE 36
DIGTAL OUTPUT
SIGMA-DELTA A/D CONVERTER RESULT WRITTEN
TO ADCOH/M/L
SIGMA-DELTA PHO%FI‘(?#""\"LABLE _ OUTPUT | output SFRs
MODULATOR FILTER > AVERAGE ™ scaung O
R CHOP
OUTPUT SCALING
THE OUPUT WORD FROM THE
DIGITAL FILTER IS SCALED BY
THE CALIBRATION
SIGMA-DELTA PROGRAMMABLE COEFFICIENTS BEFORE
MODULATOR DIGITAL FILTER BEING PROVIDED AS
THE MODULATOR PROVIDES THE SINCS FILTER REMOVES THE CONVERSION RESULT
A HIGH-FREQUENCY 1-BIT QUANTIZATION NOISE INTRODUCED| SEE PAGE 37
DATA STREAM (THE OUTPUT BY THE MODULATOR. THE UPDATE

Figure 18. Primary ADC Block Diagram
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The absolute input voltage rang¢|on the auxiliary
to between AGND - 30 mV t¢f AVDD + 30
negative absolute input voltage|llimit does allo
monitoring small signal bipoldr signals usi

auxiliary ADC front end.

Programmable Gain |Amplifier

The output from the buffer on the

input of the on-chip programmjable gai
PGA can be programmed throygh eight different/anipolar input
ranges and bipolar ranges. The|PGA gain range/fs programmed

via the range bits in the ADCOCON
ence select bit set in the ADCQO(C(
reference, the unipolar|ranges farg

40 mV, 0 mV to 80 mV, 0 mV|
0mV to 640 mV, 0V tp 1.28 V),
bipolar ranges are £20 mV, A4

+320 mV, £640 mV, +1.28 V, and +

nominal ranges that should Appea

PGA. An ADC range matching fpeci ation of 2 UV (typ) across

all ranges means that calibratio

single gain range and dogs not|hg

PGA gain range is cha ed

Here, the primary ADC is confiig

nee .«/ be carried out at a

v¢ to be repeated when the

red in bipolar mode with an

Typical matching acyoss rang S‘F shown in Figure 20 below.

external 2.5 V reference, while
on its inputs. The/ ADC ¢ontf |
voltage at an update rate of 3.3/ 1
800 conversion/results are gathler
gathered with the primary AD(] q
The ADC rarige is then sy 1tche
version resylts are gat r d, a
100 samples are gathergd with e
range. From Figure/20, The |y4

t greater than 19 mV is forced
usly converts the DC input
Hz, i.e., SF = FFhex. In total,
ed. The first 100 results are
perating in the 20 mV range.
0140 mV and 100 more con-

cl so on until the last group of
ADC configured in the £2.56 V

riation in the sample mean

through/each rangeyj.e., the range matching, is seen to be of

the ordér of 2 uV.

The auxiliary AD{Z does not ingorporate a PGA and is configured

for g/fixed single/input range of|0

to VRgr-

_34-
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ADuC824

Table XII. Flash/EE Memory Parallel Programming Modes

Port 3 Pins Programming

0.7 06 0.5 0.4 03 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.

REV. B

9FH| BYTE1 BYTE 2 BYTE 3 ‘ BYTE 4

00H| BYTE1 | BYTE2 | BYTE3 | BYTE4

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: EDATAI-2 —> 00H

EDATA3-4 —> 00H

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

FUNCTION:
HOLDS THE 8-BIT PAGE
ADDRESS POINTER

EADRL

FUNCTION:
HOLDS THE 4-BYTE
PAGE DATA

BYTE 1]BYTE 2| BYTE 3] BYTE 4
I

P!

EDATA1 (BYTE 1)
EDATA2 (BYTE 2)
EDATAS3 (BYTE 3)
EDATA4 (BYTE 4)

00H | |BYTE 1]BYTE 2[BYTE 3| BYTE 4

S

ECON COMMAND
INTERPRETER LOGIC

FUNCTION:
FUNCTION: ECON
INTERPRETS THE FLASH
RECEIVES COMMAND DATA COMMAND WORD

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 I?C 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

SPICON SPI Control Register

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, SPRO 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 SPRO bit in the SPICON SFR.

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

SFR Address F8H
Power-On Default Value 04H
Bit Addressable Yes
ISPI WCOL SPE SPIM CPOL CPHA SPR1 SPRO
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 I°C 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
SPRO These bits select the SCL