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MicroConverter® Multichannel
24-/16-Bit ADCs with Embedded 62 kB
Flash and Single-Cycle MCU

ADuC8435/ADuC847/ADuC848

FEATURES

High resolution X-A ADCs

2 independent 24-bit ADCs on the ADuC845

Single 24-bit ADC on the ADuC847 and

single 16-bit ADC on the ADuC848

Up to 10 ADC input channels on all devices

24-bit no missing codes

22-bit rms (19.5 bit p-p) effective resolution

Offset drift 10 nV/°C, gain drift 0.5 ppm/°C chop enabled
Memory

62-kbyte on-chip Flash/EE program memory

4-kbyte on-chip Flash/EE data memory

Flash/EE, 100-year retention, 100 kcycle endurance

3 levels of Flash/EE program memory security

In-circuit serial download (no external hardware)

High speed user download (5 sec)

2304 bytes on-chip data RAM
8051-based core

8051-compatible instruction set

High performance single-cycle core

32 kHz external crystal

On-chip programmable PLL (12.58 MHz max)

3 x 16-bit timer/counter

24 programmable I/0 lines, plus 8 analog or

digital input lines

11 interrupt sources, two priority levels

Dual data pointer, extended 11-bit stack pointer
On-chip peripherals

Internal power-on reset circuit

12-bit voltage output DAC

Dual 16-bit Z-A DACs

On-chip temperature sensor (ADuC845 only)

Dual excitation current sources (200 pA)

Time interval counter (wake-up/RTC timer)

UART, SPI®, and I2C°® serial I/O

High speed dedicated baud rate generator (incl. 115,200)

Watchdog timer (WDT)

Power supply monitor (PSM)

Rev.D Document Feedback
Information furnished by Analog Devices is believed to be accurate and reliable. However, no
responsibility is assumed by Analog Devices for its use, nor for any infringements of patents or other

Power
Normal: 4.8 mA max at 3.6 V (core CLK = 1.57 MHz)
Power-down: 20 pA max with wake-up timer running
Specified for 3V and 5V operation
Package and temperature range:
52-lead MQFP (14 mm x 14 mm), —-40°C to +125°C
56-lead LFCSP (8 mm x 8 mm), —40°C to +85°C

APPLICATIONS

Multichannel sensor monitoring
Industrial/environmental instrumentation

Weigh scales, pressure sensors, temperature monitoring
Portable instrumentation, battery-powered systems
Data logging, precision system monitoring
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Figure 1. ADuC845 Functional Block Diagram
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SPECIFICATIONS'

AVpp =2.7V103.6 Vor4.75V 1t05.25V,DVpp =2.7 Vt0 3.6 V or 4.75 V to 5.25 V, REFIN(+) = 2.5 V, REFIN(-) = AGND; AGND =
DGND =0 V; XTAL1/XTAL2 = 32.768 kHz crystal; all specifications Tm to Tuax, unless otherwise noted. Input buffer on for primary
ADC, unless otherwise noted. Core speed = 1.57 MHz (default CD = 3), unless otherwise noted.

Table 1.
Parameter Min Typ Max Unit Test Conditions/Comments
PRIMARY ADC
Conversion Rate 54 105 Hz Chop on (ADCMODE.3 =0)
16.06 1365 Hz Chop off (ADCMODE.3 =1)
No Missing Codes? 24 Bits <26.7 Hz update rate with chop enabled
24 Bits <80.3 Hz update rate with chop disabled
Resolution (ADuC845/ADuC847) See Table 11 and Table 15
Resolution (ADuC848) See Table 13 and Table 17
Output Noise (ADuC845/ADuC847) | SeeTable 10 and Table 14 MV (rms) Output noise varies with selected update rates,
gain range, and chop status.
Output Noise (ADuC848) SeeTable 12 and Table 16 MV (rms) Output noise varies with selected update rates,
gain range, and chop status.
Integral Nonlinearity +15 ppm of FSR | 1 LSBis
Offset Error® +3 pv Chopon
Chop off, offset error is in the order of the noise
for the programmed gain and update rate
following a calibration.
Offset Error Drift vs. Temperature? +10 nV/°C Chop on (ADCMODE.3 = 0)
+200 nV/°C Chop off (ADCMODE.3 = 1)
Full-Scale Error*
ADuC845/ADuC847 +10 uv +20 mVto +2.56 V
ADu(C848 +10 uv +20 mV to £640 mV
+0.5 LSBis +1.28Vto x2.56V
Gain Error Drift vs. Temperature* +0.5 ppm/°C
Power Supply Rejection
80 dB AIN=1V, £2.56V, chop enabled
113 dB AIN = 7.8 mV, £20 mV, chop enabled
80 dB AIN =1V, £2.56V, chop disabled?
PRIMARY ADC ANALOG INPUTS
Differential Input Voltage Ranges>® Gain=110128
Bipolar Mode (ADCOCON1.5 = 0) +1.024 X Vv Vrer = REFIN(+) — REFIN(-) or REFIN2(+) —
Vrer/GAIN REFIN2(-) (or Int 1.25 Vrer)
Unipolar Mode (ADCOCON1.5 =1) 0-1.024 x \% Vrer = REFIN(+) — REFIN(-) or REFIN2(+) —
Vrer/GAIN REFIN2(-) (or Int 1.25 Vger)
ADC Range Matching +2 pv AIN =18 mV, chop enabled
Common-Mode Rejection DC Chop enabled, chop disabled
On AIN 95 dB AIN =7.8 mV, range = £20 mV
113 dB AIN=1V,range =+2.56V
Common-Mode Rejection 50 Hz/60 Hz + 1 Hz, 16.6 Hz and 50 Hz update
50 Hz/60 HZ? rate, chop enabled, REJ60 enabled
On AIN 95 dB AIN = 7.8 mV, range = +20 mV
20 dB AIN=1V,range =+2.56V
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Parameter Min Typ Max Unit Test Conditions/Comments
Normal Mode Rejection 50 Hz/60 Hz?
On AIN 75 dB 50 Hz/60 Hz + 1 Hz, 16.6 Hz Fadc, SF = 52H, chop
on, REJ60 on
100 dB 50 Hz + 1 Hz, 16.6 Hz Fadc, SF = 52H, chop on
67 dB 50 Hz/60 Hz + 1 Hz, 50 Hz Fadc, SF = 52H, chop
off, REJ60 on
100 dB 50 Hz + 1 Hz, 50 Hz Fadc, SF = 52H, chop off
Analog Input Current? +1 nA Twmax = 85°C, buffer on
+5 nA Twmax= 125°C, buffer on
Analog Input Current Drift +5 pA/°C Tmax = 85°C, buffer on
+15 pA/°C Tmax = 125°C, buffer on
Average Input Current +125 nA/N +2.56 V range, buffer bypassed
Average Input Current Drift +2 pA/NV/°C Buffer bypassed
Absolute AIN Voltage Limits? Acno + AVpp— | V AIN1 ... AIN10 and AINCOM with buffer enabled
0.1 0.1
Absolute AIN Voltage Limits? Acnp — AVop + | V AINT ... AIN10 and AINCOM with buffer bypassed
0.03 0.03
EXTERNAL REFERENCE INPUTS
REFIN(+) to REFIN(-) Voltage 25 Vv REFIN refers to both REFIN and REFIN2
REFIN(+) to REFIN(-) Range? 1 AVpp \ REFIN refers to both REFIN and REFIN2
Average Reference Input Current +1 AN Both ADCs enabled
Average Reference Input Current +0.1 nA/NV/°C
Drift
NOXREF Trigger Voltage 0.3 0.65 Vv NOXREF (ADCSTAT.4) bit active if Vrer > 0.3V, and
inactive if Vrer > 0.65V
Common-Mode Rejection
DC Rejection 125 dB AIN =1V, range =+2.56V
50 Hz/60 Hz Rejection? 90 dB 50 Hz/60 Hz = 1 Hz, AIN =1V, range = £2.56 V,
SF =82
Normal Mode Rejection 75 dB 50 Hz/60 Hz £1 Hz, AIN =1V, range = +2.56 V,
50 Hz/60 Hz? SF = 52H, chop on, REJ60 on
100 dB 50Hz+1Hz AIN=1V,range=+2.56V,
SF =52H, chop on
67 dB 50 Hz/60 Hz £ 1 Hz, AIN=1V, range =+2.56 V,
SF = 52H, chop off, REJ60 on
100 dB 50Hz+1Hz AIN=1V,range=+2.56V,
SF = 52H, chop off
AUXILIARY ADC (ADuC845 Only)
Conversion Rate 54 105 Hz Chop on
16.06 1365 Hz Chop off
No Missing Codes? 24 Bits <26.7 Hz update rate, chop enabled
24 Bits 80.3 Hz update rate, chop disabled
Resolution See Table 19 and Table 21
Output Noise See Table 18 and Table 20 Output noise varies with selected update rates.
Integral Nonlinearity +15 ppm of FSR | 1 LSBis
Offset Error® +3 pv Chopon
+0.25 LSBis Chop off
Offset Error Drift? 10 nV/°C Chopon
200 nV/°C Chop off
Full-Scale Error* +0.5 LSB1s
Gain Error Drift* +0.5 ppm/°C
Power Supply Rejection 80 dB AIN =1V, range =+2.56V, chop enabled
80 dB AIN =1V, range =+2.56V, chop disabled
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Parameter Min Typ Max Unit Test Conditions/Comments
AUXILIARY ADC ANALOG INPUTS
(ADuC845 ONLY)
Differential Input Voltage Ranges®®
Bipolar Mode (ADC1CON.5 = 0) +Vrer \Y REFIN = REFIN(+) — REFIN(=) (or Int 1.25 Vger)
Unipolar Mode (ADC1CON.5=1) 0 — Vrer Vv REFIN = REFIN(+) — REFIN(-) (or Int 1.25 Vkger)
Average Analog Input Current 125 nA/N
Analog Input Current Drift +2 pA/NV/°C
Absolute AIN/AINCOM Voltage Acnp — AVop + | V
Limits>’ 0.03 0.03
Normal Mode Rejection 50 Hz/60 Hz2
On AIN and REFIN 75 dB 50 Hz/60 Hz + 1 Hz, 16.6 Hz Fadc, SF = 52H, chop
on, REJ60 on
100 dB 50 Hz + 1 Hz, 16.6 Hz Fadc, SF = 52H, chop on
67 dB 50 Hz/60 Hz + 1 Hz, 50 Hz Fadc, SF = 52H, chop
off, REJ60 on
100 dB 50 Hz + 1 Hz, 50 Hz Fadc, SF = 52H, chop off
ADC SYSTEM CALIBRATION
Full-Scale Calibration Limit +1.05%xFS | V
Zero-Scale Calibration Limit —-1.05 xFS \Y
Input Span 0.8 X FS 21xXFS | V
DAC
Voltage Range 0 — Vrer Vv DACCON.2=0
0 - AVop \'% DACCON.2=1
Resistive Load 10 kQ From DAC output to AGND
Capactive Load 100 pF From DAC output to AGND
Output Impedance 0.5 Q
Isink 50 MA
DC Specifications®
Resolution 12 Bits
Relative Accuracy +3 LSB
Differential Nonlinearity -1 LSB Guaranteed 12-bit monotonic
Offset Error +50 mV
Gain Error +1 % AVop range
+1 % Vrer range
AC Specifications*®
Voltage Output Settling Time 15 Us Settling time to 1 LSB of final value
Digital-to-Analog Glitch Energy 10 nVs 1 LSB change at major carry
INTERNAL REFERENCE
ADC Reference Chop enabled
Reference Voltage 125-1% 1.25 1.254+1% | V Initial tolerance @ 25°C,Voo =5V
Power Supply Rejection 45 dB
Reference Tempco 100 ppm/°C
DAC Reference
Reference Voltage 25-1% 25 25+1% | 1%V Initial tolerance @ 25°C,Vop =5V
Power Supply Rejection 50 dB
Reference Tempco +100 ppm/°C
TEMPERATURE SENSOR
(ADuC845 ONLY)
Accuracy +2 °C
Thermal Impedance 920 °C/W MQFP
52 °C/W LFCSP
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Parameter Min Typ Max Unit Test Conditions/Comments
TRANSDUCER BURNOUT CURRENT
SOURCES
AIN+ Current -100 nA AIN+ is the selected positive input (AIN4 or AIN6
only) to the primary ADC
AIN—- Current 100 nA AIN- is the selected negative input (AIN5 or AIN7
only) to the primary ADC
Initial Tolerance at 25°C +10 %
Drift 0.03 %/°C
EXCITATION CURRENT SOURCES
Output Current 200 MA Available from each current source
Initial Tolerance at 25°C +10 %
Drift 200 ppm/°C
Initial Current Matching at 25°C +1 % Matching between both current sources
Drift Matching 20 ppm/°C
Line Regulation (AVpp) 1 pA/NV AVop =5V £ 5%
Load Regulation 0.1 AN
Output Compliance? AGND AVpp—06 | V
POWER SUPPLY MONITOR (PSM)
AVpp Trip Point Selection Range 2.63 4.63 \ Four trip points selectable in this range
AVop Trip Point Accuracy +3.0 % Tmax = 85°C
+4.0 % Tmax = 125°C
DVoo Trip Point Selection Range 2.63 4.63 \ Four trip points selectable in this range
DVop Trip Point Accuracy +3.0 % Tmax = 85°C
+4.0 % Tmax = 125°C
CRYSTAL OSCILLATOR (XTALT AND
XTAL2)
Logic Inputs, XTAL1 Only?
Vint, Input Low Voltage 0.8 \Y DVoo=5V
0.4 % DVoo =3V
Vinw, Input Low Voltage 3.5 \Y DVob =5V
2.5 Vv DVop=3V
XTAL1 Input Capacitance 18 pF
XTAL2 Output Capacitance 18 pF
LOGIC INPUTS
All Inputs Except SCLOCK, RESET,
and XTAL12
Vint, Input Low Voltage 0.8 \Y DVob =5V
0.4 \ DVop =3V
Vinw, Input Low Voltage 2.0 Vv
SCLOCK and RESET Only
(Schmidt Triggered Inputs)?
V1t 1.3 3.0 \Y DVop=5V
0.95 2.5 Vv DVop=3V
V- 0.8 1.4 Vv DVop=5V
04 1.1 Vv DVop =3V
V1 = V- 0.3 0.85 \% DVop=5Vor3V
Input Currents
Port 0, P1.0to P1.7, EA +10 MA Vin=0V orVop
RESET +10 MA Vin=0V,DVop=5V
35 105 MA Vin = DVop, DVop = 5V, internal pull-down
Port 2, Port 3 +10 MA Vin=DVpp, DVop =5V
-180 —660 A Vin=2V,DVpp=5V
-20 -75 MA Vin=0.45V,DVop =5V
Input Capacitance 10 pF All digital inputs
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Parameter Min Typ Max Unit Test Conditions/Comments
LOGIC OUTPUTS (ALL DIGITAL
OUTPUTS EXCEPT XTAL2)
Von, Output High Voltage? 2.4 % DVpp =5V, Isource = 80 pA
24 Vv DVop =3V, Isource = 20 pA
VoL, Output Low Voltage 04 \Y Isink = 8 mA, SCLOCK, SDATA
0.4 \Y lsnk = 1.6 mA on PO, P1, P2
Floating State Leakage Current? +10 MA
Floating State Output Capacitance 10 pF
START-UP TIME
At Power-On 600 ms
After Ext RESET in Normal Mode 3 ms
After WDT RESET in Normal Mode 2 ms Controlled via WDCON SFR
From Power-Down Mode
Oscillator Running PLLCON.7 =0
Wake-Up with INTO Interrupt 20 ps
Wake-Up with SPI Interrupt 20 ps
Wake-Up with TIC Interrupt 20 us
Oscillator Powered Down PLLCON.7 =1
Wake-Up with INTO Interrupt 30 ps
Wake-Up with SPI Interrupt 30 ps
FLASH/EE MEMORY RELIABILITY
CHARACTERISTICS
Endurance® 100,000 Cycles
Data Retention™ 100 Years
POWER REQUIREMENTS
Power Supply Voltages
AVop 3V Nominal 2.7 3.6 \%
AVop 5V Nominal 4.75 5.25 \
DVpo 3V Nominal 2.7 3.6 \%
DVop 5V Nominal 4.75 5.25 \Y

5V Power Consumption
Normal Mode™" 12

DVop Current 10 mA
25 31 mA

AVpp Current 180 MA

Power-Down Mode'" 2

DVop Current 40 53 MA
50 MA

20 33 MA

30 MA

AVpp Current 1 MA

3 MA

Typical Additional Peripheral
Currents (Alop and Dlop)

Primary ADC 1 mA
Auxiliary ADC (ADuC845 Only) 0.5 mA
Power Supply Monitor 30 MA
DAC 60 pA
Dual Excitation Current Sources 200 A
ALE Off -20 uA
WDT 10 MA

4.75V < DVpp < 5.25V, AVop =5.25V

Core clock=1.57 MHz
Core clock =12.58 MHz

Tmax = 85°C; OSC on; TIC on
Tmax = 125°C; OSC on; TIC on
Tmax = 85°C; OSC off

Tmax = 125°C; OSC off

Tmax = 85°C; OSC on or off
Tmax = 125°C; OSC on or off
5VVpp, CD=3

DACH/L = 000H

200 pA each. Can be combined to give 400 pA on

a single output.
PCON.4 =1 (see Table 6)

Rev.D |Page 8 0f 110



http://www.analog.com/ADuC845?doc=ADuC845_847_848.pdf

ADuC845/ADuC847/ADuC848

Parameter Min Typ Max Unit Test Conditions/Comments
PWM
—Fxtal 3 MA
—Fvco 0.5 mA
TIC 1 pA
3V Power Consumption 27V<DVop<3.6V,AVpp=3.6V
Normal Mode'" 2
DVop Current 4.8 mA Core clock =1.57 MHz
9 11 mA Core clock=6.29 MHz (CD =1)
AVpp Current 180 MA ADC not enabled
Power-Down Mode'" 12
DVoo Current 20 26 MA Tmax = 85°C; OSCon; TIC on
29 MA Tmax = 125°C; OSCon; TIC on
14 20 MA Twmax = 85°C; OSC off
21 MA Tmax = 125°C; OSC off
AVpp Current 1 MA Tmax = 85°C; OSC on or off
3 MA Twmax = 125°C; OSC on or off

' Temperature range is for ADuC845BS; for the ADuC847BS and ADuC848BS (MQFP package), the range is -40°C to +125°C. Temperature range for ADuC845BCP,
ADuC847BCP, and ADuC848BCP (LFCSP package) is —40°C to +85°C.

2These numbers are not production tested but are guaranteed by design and/or characterization data on production release.

3 System zero-scale calibration can remove this error.

4 Gain error drift is a span drift. To calculate full-scale error drift, add the offset error drift to the gain error drift times the full-scale input.

® In general terms, the bipolar input voltage range to the primary ADC is given by the ADC range = *(Vrer 2%V)/1.25, where:
Vrer = REFIN(+) to REFIN(-) voltage and Veer = 1.25 V when internal ADC Ve is selected. RN = decimal equivalent of RN2, RN1, RNO. For example, if Vrer = 2.5 V and RN2,
RN1,RNO =1, 1, 0, respectively, then the ADC range = +1.28 V. In unipolar mode, the effective range is 0 V to 1.28 V in this example.

©1.25 Vis used as the reference voltage to the ADC when internal Vger is selected via XREFO/XREF1 or AXREF bits in ADCOCON2 and ADC1CON, respectively. (AXREF is
available only on the ADuC845.)

7 In bipolar mode, the auxiliary ADC can be driven only to a minimum of AGND - 30 mV as indicated by the auxiliary ADC absolute AIN voltage limits. The bipolar range
is still =Vrer to +Veer.

8 DAC linearity and ac specifications are calculated using a reduced code range of 48 to 4095, 0 V to Ver, reduced code range of 100 to 3950, 0 V to Voo.

° Endurance is qualified to 100 kcycle per JEDEC Std. 22 method A117 and measured at —40°C, +25°C, +85°C, and +125°C. Typical endurance at 25°C is 700 kcycles.

10 Retention lifetime equivalent at junction temperature (T,) = 55°C per JEDEC Std. 22, Method A117. Retention lifetime based on an activation energy of 0.6 eV derates
with junction temperature.

" Power supply current consumption is measured in normal mode following the power-on sequence, and in power-down modes under the following conditions:
Normal mode: reset = 0.4V, digital 1/0 pins = open circuit, Core Clk changed via CD bits in PLLCON, core executing internal software loop.
Power-down mode: reset = 0.4V, all PO pins and P1.2 to P1.7 pins = 0.4 V. All other digital I/O pins are open circuit, core Clk changed via CD bits in PLLCON, PCON.1 =1, core
execution suspended in power-down mode, OSC turned on or off via OSC_PD bit (PLLCON.7) in PLLCON SFR.

2 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.

General Notes about Specifications
e  DAC gain error is a measure of the span error of the DAC.

e  The ADuC845BCP, ADuC847BCP, and ADuC848BCP (LFCSP package) have been qualified and tested with the base of the LFCSP
package floating. The base of the LFCSP package should be soldered to the board, but left floating electrically, to ensure good
mechanical stability.

e  Flash/EE memory reliability characteristics apply to both the Flash/EE program memory and Flash/EE data memory.
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ABOSOLUTE MAXIMUM RATINGS

Ta = 25°C, unless otherwise noted.

Table 2.
Parameter Rating
AVop to AGND -03Vto+7V
AVop to DGND -03Vto+7V
DVoo to DGND -03Vto+7V
DVop to DGND -03Vto+7V
AGND to DGND' -03Vto+03V
AVpp to DVop -2Vto+5V
Analog Input Voltage to AGND? -0.3VtoAVop + 0.3V
Reference Input Voltage to AGND -0.3VtoAVop + 0.3V
AIN/REFIN Current (Indefinite) 30 mA
Digital Input Voltage to DGND -0.3VtoDVop+ 0.3V
Digital Output Voltage to DGND -0.3VtoDVop+0.3V
Operating Temperature Range -40°Cto +125°C
Storage Temperature Range -65°Cto +150°C
Junction Temperature 150°C
6,2 Thermal Impedance (MQFP) 90°C/W
0;a Thermal Impedance (LFCSP) 52°C/W
Lead Temperature, Soldering

Vapor Phase (60 sec) 215°C

Infrared (15 sec) 220°C

Stresses at or above those listed under Absolute Maximum
Ratings may cause permanent damage to the product. This is a
stress rating only; functional operation of the product at these
or any other conditions above those indicated in the operational
section of this specification is not implied. Operation beyond
the maximum operating conditions for extended periods may
affect product reliability.

ESD CAUTION

A
Ala\

ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features
patented or proprietary protection circuitry, damage
may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality.

" AGND and DGND are shorted internally on the ADuC845, ADuC847, and

ADu(C848.

2 Applies to the P1.0 to P1.7 pins operating in analog or digital input modes.
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ND FUNCTION DESCRIPTIONS

AD7
AD6
AD5
/AD4

H P1.0/AIN1
P0.1/AD1
P0.0/ADO

[]
H P0.2/AD2

H P0.7
[l

H P0.6

]
H P0.5

49| { PO.3/AD3

P1.0/AIN1 L [3g] P2.7/PWMCLK PLYAIN2 18 533 H P2 7PwmeLK
P1.1/AIN2 IDENTIFIER [38] P2.6/PWM1 P1.2/AIN3/REFIN2+ [ | 2 H P2.6/PWM1L
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Cogon EE€ggsy . <EsZSelogrggs
o g E a Qg q 3 g
(7] S NOTES &
1. THE EXPOSED PADDLE MUST BE LEFT UNCONNECTED. 5
Figure 2. 52-Lead MQFP Pin Configuration Figure 3. 56-Lead LFCSP Pin Configuration
Table 3. Pin Function Descriptions
Pin No.
52-MQFP | 56-LFCSP | Mnemonic Type' Description
1 56 P1.0/AIN1 I By power-on default, P1.0/AIN1 is configured as the AIN1 analog input.
AIN1 can be used as a pseudo differential input when used with AINCOM or as
the positive input of a fully differential pair when used with AIN2.
P1.0 has no digital output driver. It can function as a digital input for which 0
must be written to the port bit. As a digital input, this pin must be driven high
or low externally.
2 1 P1.1/AIN2 On power-on default, P1.1/AIN2 is configured as the AIN2 analog input.
AIN2 can be used as a pseudo differential input when used with AINCOM or as
the negative input of a fully differential pair when used with AINT.
P1.1 has no digital output driver. It can function as a digital input for which 0
must be written to the port bit. As a digital input, this pin must be driven high
or low externally.
3 2 P1.2/AIN3/REFIN2+ On power-on default, P1.2/AIN3 is configured as the AIN3 analog input.
AIN3 can be used as a pseudo differential input when used with AINCOM or as
the positive input of a fully differential pair when used with AIN4.
P1.2 has no digital output driver. It can function as a digital input for which 0
must be written to the port bit. As a digital input, this pin must be driven high
or low externally. This pin also functions as a second external differential
reference input, positive terminal.
4 3 P1.3/AIN4/REFIN2—- On power-on default, P1.3/AIN4 is configured as the AIN4 analog input.
AIN4 can be used as a pseudo differential input when used with AINCOM or as
the negative input of a fully differential pair when used with AIN3.
P1.3 has no digital output driver. It can function as a digital input for which 0
must be written to the port bit. As a digital input, this pin must be driven high
or low externally. This pin also functions as a second external differential
reference input, negative terminal.
5 4 AVbp S Analog Supply Voltage.
6 5 AGND S Analog Ground.
Not 6 AGND S A second analog ground is provided with the LFCSP version only.
applicable
7 7 REFIN- I External Differential Reference Input, Negative Terminal.
8 8 REFIN+ I External Differential Reference Input, Positive Terminal.
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Pin No.

52-MQFP

56-LFCSP

Mnemonic

Type’

Description

9

10

11

12

13

14

Not
applicable

Not
applicable

15

16to 19,
22to 25

16
17
18
19
22
23
24

25

9

10

11

12

13

14
15

16

17

18to 21,
24 to0 27

18
19
20
21
24
25
26

27

P1.4/AIN5

P1.5/AIN6

P1.6/AIN7/IEXC1

P1.7/AIN8/IEXC2

AINCOM/DAC

DAC
AIN9

AIN10

RESET

P3.0 to P3.7

P3.0/RxD
P3.1/TxD
P3.2/INTO
P3.3/INT1T
P3.4/T0
P3.5/T1
P3.6/WR

P3.7/RD

I/0

I/0

I/0

I/0

On power-on default, P1.4/AIN5 is configured as the AIN5 analog input.

AIN5 can be used as a pseudo differential input when used with AINCOM or as
the positive input of a fully differential pair when used with AIN6.

P1.0 has no digital output driver. It can function as a digital input for which 0
must be written to the port bit. As a digital input, this pin must be driven high
or low externally.

On power-on default, P1.5/AIN6 is configured as the AIN6 analog input.

AING6 can be used as a pseudo differential input when used with AINCOM or as
the negative input of a fully differential pair when used with AIN5.

P1.1 has no digital output driver. It can function as a digital input for which 0
must be written to the port bit. As a digital input, this pin must be driven high
or low externally.

On power-on default, P1.6/AIN7 is configured as the AIN7 analog input.

AIN7 can be used as a pseudo differential input when used with AINCOM or as
the positive input of a fully differential pair when used with AIN8. One or both
current sources can also be configured at this pin.

P1.6 has no digital output driver. It can, however, function as a digital input for
which 0 must be written to the port bit. As a digital input, this pin must be
driven high or low externally.

On power-on default, P1.7/AIN8 is configured as the AIN8 analog input.

AINS can be used as a pseudo differential input when used with AINCOM or as
the negative input of a fully differential pair when used with AIN7. One or
both current sources can also be configured at this pin.

P1.7 has no digital output driver. It can, however, function as a digital input for
which 0 must be written to the port bit. As a digital input, this pin must be
driven high or low externally.

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

The voltage output from the DAC, if enabled, appears at this pin.

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

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

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

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

Port 3 pins also have the various secondary functions described in this table.
Receiver Data for UART Serial Port.

Transmitter Data for UART Serial Port.

External Interrupt 0. This pin can also be used as a gate control input to Timer 0.
External Interrupt 1. This pin can also be used as a gate control input to Timer 1.
Timer/Counter 0 External Input.

Timer/Counter 1 External Input.

External Data Memory Write Strobe. This pin latches the data byte from Port 0
into an external data memory.

External Data Memory Read Strobe. This pin enables the data from an external
data memory to Port 0.
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Pin No.

52-MQFP

56-LFCSP

Mnemonic

Type’

Description

20,34, 48
21,35,47

26

27

281to 31,
36to 39

28

29

30

31

36

37
38
39
32
33

40

4

42

22,36,51

23,37, 38,
50

28

29

30to 33,
39to 42

30

31

32

33

39

40
41
42
34
35

43

44

45

DVop
DGND

SCLK (I*C)

SDATA

P2.0 to P2.7

P2.0/SCLOCK (SPI)

P2.1/MOSI

P2.2/MISO

P2.3/SS/T2

P2.4/T2EX

P2.5/PWMO
P2.6/PWM1
P2.7/PWMCLK
XTAL1

XTAL2

EA

PSEN

ALE

I/0

I/0

I/0

Digital Supply Voltage.
Digital Ground.

Serial Interface Clock for the I2C Interface. As an input, this pin is a Schmitt-
triggered input. A weak internal pull-up is present on this pin unless it is
outputting logic low. This pin can also be controlled in software as a digital
output pin.

Serial Data Pin for the I>)C Interface. As an input, this pin has a weak internal
pull-up present unless it is outputting logic low.

Port 2 is a bidirectional port with internal pull-up resistors. Port 2 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 2 pins being pulled
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 24-bit
external data memory space.

Port 2 pins also have the various secondary functions described in this table.
Serial Interface Clock for the SPI Interface. As an input this pin is a Schmitt-
triggered input. A weak internal pull-up is present on this pin unless it is
outputting logic low.

Serial Master Output/Slave Input Data for the SPI Interface. A strong internal
pull-up is present on this pin when the SPI interface outputs a logic high. A
strong internal pull-down is present on this pin when the SPI interface
outputs a logic low.

Master Input/Slave Output for the SPI Interface. A weak pull-up is present on
this input pin.

Slave Select Input for the SPI Interface. A weak pull-up is present on this pin.
For both package options, this pin can also be used to provide a clock input to
Timer 2. When enabled, Counter 2 is incremented in response to a negative
transition on the T2 input pin.

Control Input to Timer 2. When enabled, a negative transition on the T2EX
input pin causes a Timer 2 capture or reload event.

If the PWM is enabled, the PWMO output appears at this pin.

If the PWM is enabled, the PWM1 output appears at this pin.

If the PWM is enabled, an external PWM clock can be provided at this pin.
Input to the Crystal Oscillator Inverter.

Output from the Crystal Oscillator Inverter. See the Hardware Design
Considerations section for a description.

External Access Enable, Logic Input. When held high, this input enables the
device to fetch code from internal program memory locations 0000H to
F7FFH. No external program memory access is available on the ADuC845,
ADuC847, or ADuC848.To determine the mode of code execution, the EA pin
is sampled at the end of an external RESET assertion or as part of a device
power cycle. EA can also be used as an external emulation I/0 pin, and
therefore the voltage level at this pin must not be changed during normal
operation because this might cause an emulation interrupt that halts code
execution.

Program Store Enable, Logic Output. This function is not used on the
ADuC845, ADuC847, or ADuC848.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 data memory access cycles. It can be
disabled by setting the PCON.4 bit in the PCON SFR.
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Pin No.

52-MQFP | 56-LFCSP | Mnemonic Type’ Description

43 to 46, 46 to 49, P0.0 to PO.7 1/0 These pins are part of Port 0, which is an 8-bit open-drain bidirectional I/0

4910 52 52to 55 port. Port 0 pins that have 1s written to them float, and, in that state, can be
used as high impedance inputs. An external pull-up resistor is required on PO
outputs to force a valid logic high level externally. Port 0 is also the
multiplexed low-order address and data bus during accesses to external data
memory. In this application, Port 0 uses strong internal pull-ups when
emitting 1s.

EP EPAD Exposed Pad. For the LFCSP, the exposed paddle must be left unconnected.

"l=input, S = supply, I/0 means input/output, and O = output.
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GENERAL DESCRIPTION

The ADuC845, ADuC847, and ADuC848 are single-cycle,
12.58 MIPs, 8052 core upgrades to the ADuC834 and
ADuC836. They include additional analog inputs for
applications requiring more ADC channels.

The ADuC845, ADuC847, and ADuC848 are complete smart
transducer front ends. The family integrates high resolution
2-A ADCs with flexible, up to 10-channel, input multiplexing, a
fast 8-bit MCU, and program and data Flash/EE memory on a
single chip.

The ADuC845 includes two (primary and auxiliary) 24-bit Z-A
ADC:s with internal buffering and PGA on the primary ADC.
The ADuC847 includes the same primary ADC as the ADuC845
(auxiliary ADC removed). The ADuC848 is a 16-bit ADC
version of the ADuC847.

The ADCs incorporate flexible input multiplexing, a temperature
sensor (ADuC845 only), and a PGA (primary ADC only)
allowing direct measurement of low-level signals. The ADCs
include on-chip digital filtering and programmable output data
rates that are intended for measuring wide dynamic range and
low frequency signals, such as those in weigh scale, strain gage,
pressure transducer, or temperature measurement applications.

The devices operate from a 32 kHz crystal with an on-chip PLL
generating a high frequency clock of 12.58 MHz. This clock is
routed through a programmable clock divider from which the
MCU core clock operating frequency is generated. The micro-
controller core is an optimized single-cycle 8052 offering up to
12.58 MIPs performance while maintaining 8051 instruction set
compatibility.

The available nonvolatile Flash/EE program memory options
are 62 kbytes, 32 kbytes, and 8 kbytes. 4 kbytes of nonvolatile
Flash/EE data memory and 2304 bytes of data RAM are also
provided on-chip. The program memory can be configured as
data memory to give up to 60 kbytes of NV data memory in
data logging applications.

On-chip factory firmware supports in-circuit serial download
and debug modes (via UART), as well as single-pin emulation
mode via the EA pin. The ADuC845, ADuC847, and ADuC848
are supported by the QuickStart™ development system featuring
low cost software and hardware development tools.
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Figure 4. Detailed Block Diagram of the ADuC845
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Figure 5. Detailed Block Diagram of the ADuC847
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Figure 6. Detailed Block Diagram of the ADuC848
8052 INSTRUCTION SET ALE
Table 4 documents the number of clock cycles required for each On the ADuC834, the output on the ALE pin is a clock at 1/6th
instruction. Most instructions are executed in one or two clock of the core operating frequency. On the ADuC845, ADuC847,
cycles resulting in 12.58 MIPs peak performance when operating and ADuC848, the ALE pin operates as follows. For a single
at PLLCON = 00H. machine cycle instruction, ALE is high for the entire machine
cycle. For a two or more machine cycle instruction, ALE is high
TIMER OPERATION for the first machine cycle and then low for the remainder of the
Timers on a standard 8052 increment by one with each machine machine cycles.
cycle. On the ADuC845, ADuC847, and ADuC848, one
EXTERNAL MEMORY ACCESS

machine cycle is equal to one clock cycle; therefore, the timers

increment at the same rate as the core clock. The ADuC845, ADuC847, and ADuC848 do not support external
program memory access, but the devices can access up to 16 MB
(24 address bits) of external data memory. When accessing
external RAM, the EWAIT register might need to be programmed
to give extra machine cycles to MOVX commands to allow
differing external RAM access speeds.
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SPICON
| ISPI | WCOL | SPE | SPIM | CPOL | CPHA | SPR1 | SPRO | BITS \>- RESERVED | RESERVED DACL DACH DACCON RESERVED | RESERVED
FFH _0|FEH Oo|FDH o0|FCH 0|FBH O|FAH 1|F9H O0|F8H 0 Tren  osm EBH OoH | FcH  ooH | EDH OOH
| | | | | | | | | \Jl B 12CADD1 SPIDAT
BITS >— RESERVED NOT USED | RESERVED | RESERVED | RESERVED
F7H  o|FeH o|FsH o[FaH  o|FsH  o[F2H o|FIH 0o|FoH 0O Tron  oon S F7H  0OH
2 2 2 2 2
|EF':D00|ES-|DE0|EQAHC00|EngDl 0|E|BZHC MO|E|ilC-|:RSO|E|§HCTXO|E8|ﬁC| o| BITS >’|2CCON N OGN O | Aot ouiy| RESERVED | RESERVED
ESH 00H | E9H  xxH | EAH  xxH | EBH xxH | ECH xxH| EDH  xxH
| | | | | | | | | BITS \> ACC OFOL OFOM OFOH OF1H ADCOCON2 BECERVED
ADuC845 ONL ADuC845 ONL
ETH E6H OJESH OJE4H OJESH OJE2H OJEIH OJEOH O Teon oon|EtH wi|E2H wi|EaH xxH|EaH xxH|ESH xxH|E6H  ooH
RDV0 T RDOVI | CAL Tnoxrer | ERRO | ERRL \| ADCSTAT ADCOM | ADCOH | ADCIM | ADCIH | ADCIL | PSMCON
BITS /> N AL Bl ADUCB45 ONLY ADUC845 ONLY ~ADuC845 ONL'
DFH OJDEH OJDDH O0|DCH OJDBH OJDAH OJDOH OJD8H 0O D8H 00 | D9H OOH | DAH 00H [DBH ©00H |DCH ©00H | DDH OO | DEH 00H | DFH DEH
PSW | ADCMODE | ADCOCON1| ADCICON SF ICON PLLCON
| cY | AC | FO | RS1 | RSO | ov | FI | P | BITS >’ ADCICON ESERVED)
D7H 0|D6H OJDSH 0[D4H 0]D3H 0[D2H O0|DIH 0[DOH 0 DOH O00H |Di1H  08H [D2H 07H [ D3H ©OOH | D4H 4sH [ DsH oo D7H  53H
| TF2 | EXF2 | RCLK | TCLK |EXEN2| TR2 | CNT2 | CAP2 | Birs L_T2CON | o iep | RCAP2L | RCAP2H TL2 TH2 RESERVED | RESERVED
CFH_o|ceH o|cpbH olccH o|cBH o|cAH 0|coH o|csH o Tean  oon can oo | e oon | con oom | con oo
PRE3 | PRE2 | PREL | PREO | WDIR | WDS | WDE [WDWR| pirg \d_WDCON | peeeeyen| CHIPID | pecerven | reserven | resgrven| EPARE | EPARH
ctH__ofceH ofcsH ofcan 1lcan olcon ofciH olcoH o Teon  10m C2H  AOH C6H O00H | C7H  0OM
| |PADC| PT2 | PS | PT1 | PX1 | PTO | PX0 | BITS \> P ECON | ocservep | Reservep | EDATAL | EDATA2 | EDATA3 | EDATA4
BFH OJBEH OJBDH O|BCH OJBBH OJBAH OJBOH OJB8H 0 7 ean oom [BoH ook BCH 00H | BDH 00H [BEH o0H [ BFH ooH
P3 PWMOL | PWMOH | PWMIL | PWM1H SPH
| RD WR | T1 | T0 | INT1 | INTO | TxD | RxD | BITs b e || s
B7H B6H 1|BSH 1|B4H 1|B3H 1[B2H 1[BIH 1[BOH 1 Teon  FrH |B1H  ooH |B2H  oon|B3H  ooH|B4H oo B7H  OOH
IE IEIP2 PWMCON | CFG845/7/8]
| EA |EADC| ET2 | ES | ET1 | Ex1 | ETO | Ex0 | BITS >=— RESERVED | RESERVED | RESERVED | RESERVED
AFH 0[AEH O|ADH O0|ACH O0|ABH O0|AAH O0[A9H O0JAsH o0 ASH  O0H | ASH A oH AEH  ood|AaFH  ooH
| | | | | | | | | BITS | P2 TIMECON| HTHSEC! SEC! MIN® HOUR?® INTVAL | DPCON
-
A7TH _1|A6H 1 [ASH 1|AaH  1|A3H 1]|A2H 1|AIH 1|AOH 1 Taoh  Frr |Ath oom | a2 oo | Asn oom | aan oo | AsH  oom | A6H  oom |A7H ook
SCON SBUF I2CDAT 12CADD T3FD T3CON EWAIT
| SMO | SM1 | SMm2 | REN | TB8 | RB8 | Tl | RI | BITS >> D
OFH O[9EH O0J9DH O0]9CH 0|9BH OJ9AH 0[99H O0J98H 0 98H 00H | 99H 00H | 9AH 00H |9BH  55H 9DH _ O0H|9EH  00H|9FH  00H
P1
| | | | | | | T2EX | T2 | BITS > RESERVED | RESERVED | RESERVED | RESERVED | RESERVED | RESERVED | RESERVED
97H 1 [96H 1| 95H 1]|94H 1[93H 1(92H 1[91H 1] 90H 1 / 90H FFH
| TF1 | TR1 | TFO | TRO | IE1 | Im1 | IEO | ITo | Birs L_TCON | TMOD Lo L1 THO THL | ReserveD | RESERVED
8FH OI8EH 0J8DH 0|8CH OJ88H OJ8AH OJ8H 0[88H 0O /ser oom |soH  oon |saH  ooH |sBH  oom |scH oom |epH  oom
| | | | | | | | | srs L PO SP DPL DPH DPP reserven | reserven| PCON
67H 1186H 1185H 1]84H 118SH 1182H 1]81H 1]80H 1 [aon Fen |8 o7n s oon |83 oom |san  oom 87H  O0H

1 THESE SFRs MAINTAIN THEIR PRE-RESET VALUES AFTER A RESET IF TIMECON.O = 1.
2 CALIBRATION COEFFICIENTS ARE PRECONFIGURED ON POWER-UP TO FACTORY CALIBRATED VALUES.

SFR MAP KEY:

BIT MNEMONI
BIT ADDRESS

RESET DEFAULT BIT VALU

SFR NOTE:

THESE BITS ARE CONTAINED IN THIS BYTE.

(*ie0 | imo P
7»189H 0|88H O

TCON =

MNEMONIC

88H O00H

#—— RESET DEFAULT VALUE

L SFR ADDRESS

SFRs WHOSE ADDRESSES END IN OH OR 8H ARE BIT ADDRESSABLE.

Figure 7. Complete SFR Map for the ADuC845, ADuC847, and ADuC848
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FUNCTIONAL DESCRIPTION

8051 INSTRUCTION SET

Table 4. Optimized Single-Cycle 8051 Instruction Set

Mnemonic Description Bytes Cycles’
Arithmetic

A ARn 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
ADDC ARn Add register to A with carry 1 1
ADDCA,@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 4
DIV AB Divide A by B 1 9
DA A 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 ARn 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
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
RL A Rotate A left 1 1
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Mnemonic Description Bytes Cycles’
RLCA Rotate A left through carry 1 1
RR A Rotate A right 1 1
RRC A 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 dirdir 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 PCto 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
MOVX2 @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
XCH A,Rn 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
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
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Mnemonic Description Bytes Cycles’
SJMP rel Short jump (relative address) 2 3
JCrel Jump on carry =1 2 3
IJNCrel Jump on carry =0 2 3
JZ rel Jump on accumulator =0 2 3
INZ rel Jump on accumulator ! =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 Adir,rel Compare A, direct JNE relative 3 4
CJNE A tdata,rel Compare A, immediate JNE relative 3 4
CJNE Rn,#data,rel Compare register, immediate JNE relative 3 4
CJNE @Ri,#data,rel Compare indirect, immediate JNE relative 3 4
DJNZ dir,rel Decrement direct byte, JNZ relative 3 4
Miscellaneous

NOP No operation 1 1

" One cycle is one clock.

2 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 as programmed via EWAIT.

3 LCALL instructions are three cycles when the LCALL instruction comes from an interrupt.

MEMORY ORGANIZATION

The ADuC845, ADuC847, and ADuC848 contain four memory
blocks:

e 62 kbytes/32 kbytes/8 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 Xkbytes of internal XRAM

Flash/EE Program Memory

The devices provide up to 62 kbytes of Flash/EE program
memory to run user code. All further references to Flash/EE
program memory assume the 62-kbyte option.

When EA is pulled high externally during a power cycle or a
hardware reset, the devices default to code execution from their
internal 62 kbytes of Flash/EE program memory. The devices
do not support the rollover from internal code space to external
code space. No external code space is available on the devices.
Permanently embedded firmware allows code to be serially
downloaded to the 62 kbytes of internal code space via the
UART serial port while the device is in-circuit. No external
hardware is required.

During run time, 56 kbytes of the 62-kbyte program memory
can be reprogrammed. This means that the code space can be
upgraded in the field by using a user-defined protocol running
on the devices, or it can be used as a data memory. For details, see
the Nonvolatile Flash/EE Memory Overview section.

Flash/EE Data Memory

The user has 4 kbytes of Flash/EE data memory available that
can be accessed indirectly by using a group of registers mapped
into the special function register (SFR) space. For details, see
the Nonvolatile Flash/EE Memory Overview 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 must be accessed
through direct addressing.

The lower 128 bytes of internal data memory are mapped as
shown in Figure 8. The lowest 32 bytes are grouped into four
banks of eight registers addressed as RO 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. Any call or
push pre-increments the SP before loading the stack. Therefore,
loading the stack starts from location 08H, which is also the
first register (RO) of Register Bank 1. Thus, if one is going to use
more than one register bank, the stack pointer should be
initialized to an area of RAM not used for data storage.
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o[ RoTorr
01
08H
07H | |-*—RESET VALUE OF
00 STACK POINTER &
00H ) g

Figure 8. Lower 128 Bytes of Internal Data Memory

Internal XRAM

The ADuC845, ADuC847, and ADuC848 contain 2 kbytes of
on-chip extended data memory. This memory, although on-chip, is
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 CFG84x.0 (Table 7) bit is set; otherwise, access
to the external data memory occurs just like a standard 8051.

Even with the CFG84x.0 bit set, access to the external (off chip),
XRAM occurs once the 24-bit DPTR is greater than 0007FFH.

FFFFFFH FFFFFFH
2 EXTERNAL AL = EXTERNAL =
DATA - DATA
MEMORY MEMORY
SPACE SPACE
(24-BIT (24-BIT
ADDRESS ADDRESS
SPACE) SPACE)
000800H
0007FFH
2 kBYTES
ON-CHIP
000000H 000000H XRAM

@
3
<
o
¥
e
S
3

CFG845/7/8.0=0 CFG845/7/8.0=1

Figure 9. Internal and External XRAM

When enabled and when accessing the internal XRAM, the PO
and P2 port pin operations, as well as the RD and WR strobes,
do not operate as a standard 8051 MOVX instruction. This
allows the user to use these port pins as standard I/O. The
internal XRAM can be configured as part of the 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 ADuC845, ADuC847, and ADuC848, however, it

is possible (by setting CFG845.7/ADuC847.7/ADuC848.7) 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 SPH and SP SFRs. The
SP SFR is located at 81H as with a standard 8052. The SPH SFR
is located at B7H. The 3 LSBs of the SPH SFR contain the 3
extra bits necessary to extend the 8-bit stack pointer in the SP
SFR into an 11-bit stack pointer.

07FFH

UPPER 1792
BYTES OF
ON-CHIP XRAM
(DATA + STACK

FOR EXSP =1,
DATA ONLY
FOR EXSP = 0)
CFG845/7/8.7=0 CFG845/7/8.7=1
100H
FFH
256 BYTES OF LOWER 256
ON-CHIP DATA BYTES OF
RAM ON-CHIP XRAM | ¢
(DATA + (DATA ONLY) g
00H STACK) 00H :

Figure 10. Extended Stack Pointer Operation

External Data Memory (External XRAM)

There is no support for external program memory access to the
devices. However, just like a standard 8051-compatible core, the
ADuC845/ADuC847/ADuC848 can access external data
memory using a MOVX instruction. The MOVX instruction
automatically outputs the various control strobes required to
access the data memory. The devices, 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. See the Hardware Design
Considerations section for details.

When accessing external RAM, the EWAIT register might need
to be programmed to give extra machine cycles to the MOVX
operation. 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), when programmed,
dictates the number of wait states for the MOVX instruction.
The value can vary between OH and 7H. The MOVX instruc-
tion increases by one machine cycle (4 + n, where n = EWAIT
number in decimal) for every increase in the EWAIT value.
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SPECIAL FUNCTION REGISTERS (SFRs)

The SFR space is mapped into the upper 128 bytes of internal
data memory space and 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
ADuC845/ADuC847/ADuC848 via the SFR area is shown in
Figure 11.

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 that
provide an interface between the CPU and all on-chip peripherals.

62-kBYTE
ELECTRICALLY 4-kBYTE
REPROGRAMMABLE ELECTRICALLY
NONVOLATILE | REPROGRAMMABLE
FLASH/EE PROGRAM NONVOLATILE
MEMORY FLASH/EE DATA
MEMORY
A
A
128-BYTE
8051- SPECIAL
COMPATIBLE [*—®{ FUNCTION [ - 2-A ADC
CORE REGISTER
AREA
A
! OTHER ON-CHIP
PERIPHERALS

256 BYTES RAM TEMPERATURE
2kBYTES XRAM SENSOR
CURRENT SOURCES
L 12-BIT DAC
SERIAL I/O

WDT

PSM

TIC

PWM

04741-011

Figure 11. Programming Model

Accumulator SFR (ACC)

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

B SFR (B)

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

Data Pointer (DPTR)

The data pointer is made up of three 8-bit registers: DPP (page
byte), DPH (high byte), and DPL (low byte). These provide
memory addresses for internal code and data memory access.
The DPTR can be manipulated 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 ADuC845/ADuC847/ADuC848 support dual data
pointers. See the Dual Data Pointers section.

Stack Pointer (SP and SPH)

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

As mentioned earlier, the devices offer an extended 11-bit stack
pointer. The three extra bits needed to make up the 11-bit stack
pointer are the three LSBs of the SPH byte located at B7H. To
enable the SPH SFR, the EXSP (CFG84x.7) bit must be set;
otherwise, the SPH SFR can be neither written to nor read from.

Program Status Word (PSW)

The PSW SFR contains several bits that reflect the current
status of the CPU as listed in Table 5.

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

Table 5. PSW SFR Bit Designations

BitNo. | Name Description
7 cy Carry Flag.
6 AC Auxiliary Carry Flag.
5 FO General-Purpose Flag.
4,3 RS1,RSO | Register Bank Select Bits.
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.
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Power Control Register (PCON)

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

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

Table 6. PCON SEFR Bit Designations

Bit No. | Name Description

7 SMOD Double UART Baud Rate.
0 =Normal, T = Double Baud Rate.
6 SERIPD | Serial Power-Down Interrupt Enable. If this

bit is set, a serial interrupt from either SPI
or I12C can terminate the power-down
mode.

5 INTOPD | INTO Power-Down Interrupt Enable.

If this bit is set, either a level (ITO=0) or a

negative-going transition (ITO = 1) on the
INTO pin terminates power-down mode.

4 ALEOFF | If setto 1, the ALE output is disabled.

3 GF1 General-Purpose Flag Bit.

2 GFO General-Purpose Flag Bit.

1 PD Power-Down Mode Enable. If set to 1, the

device enters power-down mode.
————— Not Implemented. Write Don't Care.

ADuC845/ADuC847/ADuC848 Configuration Register
(CFG845/CFG847/CFG848)

The CFG845/CFG847/CFG848 SFR contains the bits necessary
to configure the internal XRAM and the extended SP. By default,
it configures the user into 8051 mode, that is, extended SP, and
the internal XRAM are disabled. When using in a program, use
the device name only, that is, CFG845, CFG847, or CFG848.

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

Table 7. CFG845/CFG847/CFG848 SFR Bit Designations

BitNo. | Name Description

7 EXSP Extended SP Enable.

If this bit is set to 1, the stack rolls over
from SPH/SP = 00FFH to 0100H.

If this bit is cleared to 0, SPH SFR is
disabled and the stack rolls over from
SP = FFH to SP = O0H.

- Not Implemented. Write Don't Care.

- Not Implemented. Write Don't Care.

-—-- Not Implemented. Write Don't Care.

e Not Implemented. Write Don't Care.

- Not Implemented. Write Don't Care.

- Not Implemented. Write Don't Care.
XRAMEN | If this bit is set to 1, the internal XRAM is
mapped into the lower 2 kbytes of the
external address space.

If this bit is cleared to 0, the internal XRAM
is accessible and up to 16 MB of external
data memory become available. See
Figure 8.

o = N W ph U1 O
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ADC CIRCUIT INFORMATION

The ADuC845 incorporates two 10-channel (8-channel on the
MQFP package) 24-bit 2-A ADCs, while the ADuC847 and
ADu(C848 each incorporate a single 10-channel (8-channel on
the MQFP package) 24-bit and 16-bit Z-A ADC.

Each device also includes an on-chip programmable gain
amplifier and configurable buffering (neither is available on the
auxiliary ADC on the ADuC845). The devices also incorporate
digital filtering intended for measuring wide dynamic range and
low frequency signals such as those in weigh-scale, strain-gage,
pressure transducer, or temperature measurement applications.

The ADuC845/ADuC847/ADuC848 can be configured as four
or five (MQFP/LFCSP package) fully-differential input channels
or as eight or ten (MQFP/LFCSP package) pseudo differential
input channels referenced to AINCOM. The ADC on each
device (primary only on the ADuC845) can be fully buffered
internally, and can be programmed for one of eight input ranges
from +20 mV to +2.56 V (Vrer x 1.024). Buffering the input
channel means that the device can handle significant source
impedances on the selected analog input and that RC filtering
(for noise rejection or RFI reduction) can be placed on the
analog inputs. If the ADC is used with internal buffering
disabled (ADCOCON1.7 = 1, ADCOCONI1.6 = 0), these un-
buffered inputs provide a dynamic load to the driving source.
Therefore, resistor/capacitor combinations on the inputs can
cause dc gain errors, depending on the output impedance of the
source that is driving the ADC inputs.

Table 8 and Table 9 show the allowable external resistance/
capacitance values for unbuffered mode such that no gain error
at the 16-bit and 20-bit levels, respectively, is introduced. When
used with internal buffering enabled, it is reccommended that a

capacitor (10 nF to 100 nF) be placed on the input to the ADC
(usually as part of an antialiasing filter) to aid in noise
performance.

The input channels are intended to convert signals directly from
sensors without the need for external signal conditioning. With
internal buffering disabled (relevant bits set/cleared in
ADCOCONI1), external buffering might be required.

When the internal buffer is enabled, it might be necessary to
offset the negative input channel by +100 mV and to offset the
positive channel by —100 mV if the reference range is AVop.
This accounts for the restricted common-mode input range in
the buffer. Some circuits, for example, bridge circuits, are
inherently suitable to use without having to offset where the
output voltage is balanced around Vre/2 and is not sufficiently
large to encroach on the supply rails. Internal buffering is not
available on the auxiliary ADC (ADuC845 only). The auxiliary
ADC (ADuC845 only) is fixed at a gain range of +2.50 V.

The ADCs use a Z-A conversion technique to realize up to

24 bits on the ADuC845 and the ADuC847, and up to 16 bits on
the ADuC848 of no missing codes performance (20 Hz update
rate, chop enabled). The X-A modulator converts the sampled
input signal into a digital pulse train whose duty cycle contains
the digital information. A sinc’ programmable low-pass filter
(see Table 28) is then used to decimate the modulator output
data stream to give a valid data conversion result at program-
mable output rates. The signal chain has two modes of operation,
chop enabled and chop disabled. The CHOP bit in the
ADCMODE register enables or disables the chopping scheme.

Table 8. Maximum Resistance for No 16-Bit Gain Error (Unbuffered Mode)

External Capacitance
Gain 0 pF 50 pF 100 pF 500 pF 1000 pF 5000 pF
1 111.3kQ 27.8 kQ 16.7 kQ 4.5 kQ 2.58 kQ 700Q
2 53.7kQ 13.5kQ 8.1kQ 2.2kQ 1.26 kQ 360 Q
4 254 kQ 6.4 kQ 3.9kQ 1.0 kQ 600 Q 170 Q
8-128 10.7 kQ 2.9kQ 1.7 kQ 480 Q 270Q 75Q
Table 9. Maximum Resistance for No 20-Bit Gain Error (Unbuffered Mode)

External Capacitance
Gain 0 pF 50 pF 100 pF 500 pF 1000 pF 5000 pF
1 84.9 kQ 21.1kQ 12.5 kQ 3.2kQ 1.77 kQ 440Q
2 42.0kQ 104 kQ 6.1kQ 1.6 kQ 880 Q 220Q
4 20.5 kQ 5.0kQ 2.9kQ 790 Q 430Q 110Q
8-128 8.8 kQ 23kQ 1.3kQ 370Q 195Q 500
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Signal Chain Overview (Chop Enabled, CHOP = 0)

With the CHOP bit = 0 (see the ADCMODE SER bit designa-
tions in Table 24), the chopping scheme is enabled. This is the
default condition and gives optimum performance in terms of
offset errors and drift performance. With chop enabled, the
available output rates vary from 5.35 Hz to 105 Hz (SF = 255
and 13, respectively). A typical block diagram of the ADC input
channel with chop enabled is shown in Figure 12.

The sampling frequency of the modulator loop is many times
higher than the bandwidth of the input signal. The integrator in
the modulator shapes the quantization noise (which results
from the analog-to-digital conversion) so that the noise is pushed
toward one-half of the modulator frequency. The output of the
>-A modulator feeds directly into the digital filter. The digital
filter then band-limits the response to a frequency significantly
lower than one-half of the modulator frequency. In this manner,
the 1-bit output of the comparator is translated into a band
limited, low noise output from the ADCs.

The ADC filter is a low-pass Sinc® or (sinx/x)* filter whose
primary function is to remove the quantization noise introduced
at the modulator. The cutoff frequency and decimated output
data rate of the filter are programmable via the Sinc filter word
loaded into the filter (SF) register (see Table 28). The complete
signal chain is chopped, resulting in excellent dc offset and
offset drift specifications and is extremely beneficial in applica-
tions where drift, noise rejection, and optimum EMI rejection
are important.

With chop enabled, the ADC repeatedly reverses its inputs. The
decimated digital output words from the Sinc” filter, therefore,
have a positive offset and a negative offset term included. As a
result, a final summing stage is included so that each output
word from the filter is summed and averaged with the previous
filter output to produce a new valid output result to be written
to the ADC data register. Programming the Sinc’ decimation
factor is restricted to an 8-bit register called SF (see Table 28),
the actual decimation factor is the register value times 8.
Therefore, the decimated output rate from the Sinc’ filter (and
the ADC conversion rate) is

—X

f
3 MOD

fape =2 X ——x
8x SF
where:

fapc is the ADC conversion rate.

SF is the decimal equivalent of the word loaded to the filter
register.

fuop is the modulator sampling rate of 32.768 kHz.
The chop rate of the channel is half the output data rate:

1

feHop = ————
CHOP ZXfADC

As shown in the block diagram (Figure 12), the Sinc*filter
outputs alternately contain +Vos and —Vos, where Vos is the
respective channel offset.

Fcrop Fin Fmop FcHop Fabc
ANALOG =-A 3 5-A DIGITAL %
INPUT_> MUX b » MOD 1 XOR -1 SINC3 FILTER [ 3 x (8 x SF) > OUTPUT E
AIN + Vg
AIN = Vg

Figure 12. Block Diagram of the ADC Input Channel with Chop Enabled
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This offset is removed by performing a running average of 2.
This average by 2 means that the settling time to any change in
programming of the ADC is twice the normal conversion time,

while an asynchronous step change on the analog input is not
fully reflected until the third subsequent output. See Figure 13.

The allowable range for SF (chop enabled) is 13 to 255 with
a default of 69 (45H). The corresponding conversion rates,
rms and peak-to-peak noise performances are shown in
Table 10, Table 11, Table 12, and Table 13. The numbers are
typical and generated at a differential input voltage of 0 V
and a common-mode voltage of 2.5 V. Note that the con-
version time increases by 0.732 ms for each increment in SE.

2
tsermie =+ =2xtanc
ADC
SYNCHRONOUS CHANGE
(I.E. CHANNEL CHANGE)
L_SAMPLE1 j SAMPLE2 3 SAMPLE3 ) SAMPLE4 y SAMPLE5 3 SAMPLEG
I ‘ l
NO/INVALID Seiainiaiaiaie el 1
OUTPUT | SAMPLE 3 + SAMPLE 4 |
SAMPLE 1 + SAMPLE 2 ' 2 '
2 1 ¢ 1
1 1
' NO OUTPUT '
VALID OUTPUT ' ¥
SAMPLE 2 + SAMPLE 3 SAMPLE 4 + SAMPLE 5
2 2
VALID OUTPUT VALID OUTPUT v
SAMPLE 5 + SAMPLE 6
2
VALID OUTPUT
Figure 13. ADC Settling Time Following a Synchronous Change with
Chop Enabled
ASYNCHRONOUS CHANGE
(I.E. DISCONTINUOUS INPUT CHANGE)
L SAMPLE1l j SAMPLE2 j SAMPLE3 j SAMPLE4 ) SAMPLES j SAMPLEG
' !
NO OUTPUT e el .

SAMPLE 1 + SAMPLE 2
2

VALID OUTPUT ]

SAMPLE 2 + SAMPLE 3

| SAMPLE 4 + SAMPLE 5 |

2

VALID OUTPUT

1 2

1
UNSETTLED OUTPUT Y

SAMPLE 5 + SAMPLE 6
2

VALID OUTPUT

Figure 14. ADC Settling Time Following an Asynchronous Change with
Chop Enabled
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ADC Noise Performance with Chop Enabled (CHOP = 0)

Table 10, Table 11, Table 12, and Table 13 show the output rms
noise and output peak-to-peak resolution in bits (rounded to
the nearest 0.5 LSB) for some typical output update rates for the
ADuC845, ADuC847, and ADuC848. The numbers are typical
and are generated at a differential input voltage of 0 V and a
common-mode voltage of 2.5 V. The output update rate is
selected via the SF7 to SFO bits in the SF filter register. It is
important to note that the peak-to-peak resolution figures
represent the resolution for which there is no code flicker
within a 6-sigma limit.

The output noi