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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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SPECIFICATIONS
AVDD = IOVDD = 2.7 V to 3.6 V, VREF = 2.5 V internal reference, fCORE = 41.78 MHz, TA = −40°C to +125°C, unless otherwise noted. 

Table 1. 
Parameter Min Typ Max Unit Test Conditions/Comments 
ADC CHANNEL SPECIFICATIONS     Eight acquisition clocks and fADC/2 

ADC Power-Up Time  5  μs  
DC Accuracy1, 2      
Resolution 12   Bits  
Integral Nonlinearity  ±0.6 ±1.5 LSB 2.5 V internal reference 
  ±1.0  LSB 1.0 V external reference 
Differential Nonlinearity3, 4  ±0.5 +1/−0.9 LSB 2.5 V internal reference 
  +0.7/−0.6  LSB 1.0 V external reference 
DC Code Distribution  1  LSB ADC input is a dc voltage 

ENDPOINT ERRORS5      
Offset Error  ±1 ±2 LSB  
Offset Error Match  ±1  LSB  
Gain Error  ±2 ±5 LSB  
Gain Error Match  ±1  LSB  

DYNAMIC PERFORMANCE     fIN = 10 kHz sine wave, fSAMPLE = 1 MSPS 
Signal-to-Noise Ratio (SNR)  69  dB Includes distortion and noise components 
Total Harmonic Distortion (THD)  −78  dB  
Peak Harmonic or Spurious Noise 

(PHSN) 
 −75  dB  

Channel-to-Channel Crosstalk  −80  dB Measured on adjacent channels 

ANALOG INPUT      
Input Voltage Ranges      

Differential Mode   VCM
6 ± VREF/2 V  

Single-Ended Mode   0 to VREF V  
Leakage Current  ±1 ±6 μA  
Input Capacitance  20  pF During ADC acquisition 

ON-CHIP VOLTAGE REFERENCE     0.47 μF from VREF to AGND 
Output Voltage  2.5  V   
Accuracy   ±5 mV TA = 25°C 
Reference Temperature Coefficient  ±40  ppm/°C  
Power Supply Rejection Ratio  75  dB  
Output Impedance  70  Ω TA = 25°C 
Internal VREF Power-On Time  1  ms  

EXTERNAL REFERENCE INPUT      
Input Voltage Range 0.625  AVDD V  

DAC CHANNEL SPECIFICATIONS     RL = 5 kΩ, CL = 100 pF  
DC Accuracy7      

Resolution  12  Bits  
Relative Accuracy  ±2  LSB  
Differential Nonlinearity   ±1 LSB Guaranteed monotonic 
Offset Error   ±15 mV 2.5 V internal reference 
Gain Error8   ±1 %  
Gain Error Mismatch  0.1  % % of full scale on DAC0 

ANALOG OUTPUTS      
Output Voltage Range_0  0 to DACREF  V DACREF range: DACGND to DACVDD 
Output Voltage Range_1  0 to 2.5  V  
Output Voltage Range_2  0 to DACVDD  V  
Output Impedance  2  Ω  
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TIMING SPECIFICATIONS 

Table 2. External Memory Write Cycle 
Parameter Min Typ Max Unit 
CLK1  UCLK   
tMS_AFTER_CLKH 0  4 ns 
tADDR_AFTER_CLKH 4  8 ns 
tAE_H_AFTER_MS  ½ CLK   
tAE  (XMxPAR[14:12] + 1) × CLK   
tHOLD_ADDR_AFTER_AE_L  ½ CLK + (!XMxPAR[10]) × CLK   
tHOLD_ADDR_BEFORE_WR_L  (!XMxPAR[8]) × CLK   
tWR_L_AFTER_AE_L  ½ CLK + (!XMxPAR[10] + !XMxPAR[8]) × CLK   
tDATA_AFTER_WR_L 8  12 ns 
tWR  (XMxPAR[7:4] + 1) × CLK   
tWR_H_AFTER_CLKH 0  4 ns 
tHOLD_DATA_AFTER_WR_H  (!XMxPAR[8]) × CLK   
tBEN_AFTER_AE_L  ½ CLK   
tRELEASE_MS_AFTER_WR_H  (!XMxPAR[8] + 1) × CLK   
 
1 See Table 78. 
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Figure 12. External Memory Write Cycle (See Table 78) 
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Table 4. I2C Timing in Fast Mode (400 kHz) 
  Slave Master  
Parameter Description Min Max Typ Unit 
tL SCL low pulse width1 200  1360 ns 
tH SCL high pulse width1 100  1140 ns 
tSHD Start condition hold time 300   ns 
tDSU Data setup time 100  740 ns 
tDHD Data hold time 0  400 ns 
tRSU Setup time for repeated start 100   ns 
tPSU Stop condition setup time 100  400 ns 
tBUF Bus-free time between a stop condition and a start condition 1.3   s 
tR Rise time for both SCL and SDA  300 200 ns 
tF Fall time for both SCL and SDA  300  ns 
tSUP Pulse width of spike suppressed  50  ns 
 
1 tHCLK depends on the clock divider or CD bits in the POWCON MMR. tHCLK = tUCLK/2CD; see Figure 67. 
 

Table 5. I2C Timing in Standard Mode (100 kHz) 
  Slave Master  
Parameter Description Min Max Typ Unit 
tL SCL low pulse width1 4.7   μs 
tH SCL high pulse width1 4.0   ns 
tSHD Start condition hold time 4.0   μs 
tDSU Data setup time 250   ns 
tDHD Data hold time 0 3.45  μs 
tRSU Setup time for repeated start 4.7   μs 
tPSU Stop condition setup time 4.0   μs 
tBUF Bus-free time between a stop condition and a start condition 4.7   μs 
tR Rise time for both SCL and SDA  1  μs 
tF Fall time for both SCL and SDA  300  ns 
 
1 tHCLK depends on the clock divider or CD bits in the POWCON MMR. tHCLK = tUCLK/2CD; see Figure 67. 
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Figure 14. I2C Compatible Interface Timing 
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Table 6. SPI Master Mode Timing (Phase Mode = 1) 
Parameter Description Min Typ Max Unit 
tSL SCLK low pulse width1  (SPIDIV + 1) × tHCLK  ns 
tSH SCLK high pulse width1  (SPIDIV + 1) × tHCLK  ns 
tDAV Data output valid after SCLK edge   25 ns 
tDSU Data input setup time before SCLK edge2 1 × tUCLK   ns 
tDHD Data input hold time after SCLK edge2 2 × tUCLK   ns 
tDF Data output fall time  5 12.5 ns 
tDR Data output rise time  5 12.5 ns 
tSR SCLK rise time   5 12.5 ns 
tSF SCLK fall time  5 12.5 ns 
 
1 tHCLK depends on the clock divider or CD bits in the POWCONMMR. tHCLK = tUCLK/2CD; see Figure 67. 
2 tUCLK = 23.9 ns. It corresponds to the 41.78 MHz internal clock from the PLL before the clock divider; see Figure 67. 
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Table 7. SPI Master Mode Timing (Phase Mode = 0)  
Parameter Description Min Typ Max Unit 
tSL SCLK low pulse width1  (SPIDIV + 1) × tHCLK  ns 
tSH SCLK high pulse width1  (SPIDIV + 1) × tHCLK  ns 
tDAV Data output valid after SCLK edge   25 ns 
tDOSU Data output setup before SCLK edge   75 ns 
tDSU Data input setup time before SCLK edge2 1 × tUCLK   ns 
tDHD Data input hold time after SCLK edge2 2 × tUCLK   ns 
tDF Data output fall time  5 12.5 ns 
tDR Data output rise time  5 12.5 ns 
tSR SCLK rise time   5 12.5 ns 
tSF SCLK fall time  5 12.5 ns 
 
1 tHCLK depends on the clock divider or CD bits in the POWCONMMR. tHCLK = tUCLK/2CD; see Figure 67.  
2 tUCLK = 23.9 ns. It corresponds to the 41.78 MHz internal clock from the PLL before the clock divider; see Figure 67. 
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PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS 
ADuC7019/ADuC7020/ADuC7021/ADuC7022 
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Figure 19. 40-Lead LFCSP_WQ Pin Configuration (ADuC7019) 
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Figure 20. 40-Lead LFCSP_WQ Pin Configuration (ADuC7020) 
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Figure 21. 40-Lead LFCSP_WQ Pin Configuration (ADuC7021) 
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Figure 22. 40-Lead LFCSP_WQ Pin Configuration (ADuC7022) 
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Pin No.   
7019/7020 7021 7022 Mnemonic Description 
22 22 21 P2.0/SPM9/PLAO[5]/CONVSTART Serial Port Multiplexed. General-Purpose Input and Output Port 2.0/UART/ 

Programmable Logic Array Output Element 5/Start Conversion Input Signal  
for ADC. 

23 23 22 P0.7/ECLK/XCLK/SPM8/PLAO[4] Serial Port Multiplexed. General-Purpose Input and Output Port 0.7/ 
Output for External Clock Signal/Input to the Internal Clock Generator 
Circuits/UART/ Programmable Logic Array Output Element 4. 

24 24 23 XCLKO Output from the Crystal Oscillator Inverter. 
25 25 24 XCLKI Input to the Crystal Oscillator Inverter and Input to the Internal Clock 

Generator Circuits. 
26 26 25 P1.7/SPM7/PLAO[0] Serial Port Multiplexed. General-Purpose Input and Output Port 1.7/UART, 

SPI/Programmable Logic Array Output Element 0. 
27 27 26 P1.6/SPM6/PLAI[6] Serial Port Multiplexed. General-Purpose Input and Output Port 1.6/UART, 

SPI/Programmable Logic Array Input Element 6. 
28 28 27 P1.5/SPM5/PLAI[5]/IRQ3 Serial Port Multiplexed. General-Purpose Input and Output Port 1.5/UART, 

SPI/Programmable Logic Array Input Element 5/External Interrupt 
Request 3, Active High. 

29 29 28 P1.4/SPM4/PLAI[4]/IRQ2 Serial Port Multiplexed. General-Purpose Input and Output Port 1.4/UART, 
SPI/Programmable Logic Array Input Element 4/External Interrupt 
Request 2, Active High. 

30 30 29 P1.3/SPM3/PLAI[3] Serial Port Multiplexed. General-Purpose Input and Output Port 1.3/UART, 
I2C1/Programmable Logic Array Input Element 3. 

31 31 30 P1.2/SPM2/PLAI[2] Serial Port Multiplexed. General-Purpose Input and Output Port 1.2/UART, 
I2C1/Programmable Logic Array Input Element 2. 

32 32 31 P1.1/SPM1/PLAI[1] Serial Port Multiplexed. General-Purpose Input and Output Port 1.1/UART, 
I2C0/Programmable Logic Array Input Element 1. 

33 33 32 P1.0/T1/SPM0/PLAI[0] Serial Port Multiplexed. General-Purpose Input and Output Port 1.0/ 
Timer1 Input/UART, I2C0/Programmable Logic Array Input Element 0. 

34 ‒ ‒ P4.2/PLAO[10] General-Purpose Input and Output Port 4.2/Programmable Logic Array 
Output Element 10. 

35 34 33 VREF 2.5 V Internal Voltage Reference. Must be connected to a 0.47 μF capacitor 
when using the internal reference. 

36 35 34 AGND Analog Ground. Ground reference point for the analog circuitry. 
37 36 35 AVDD 3.3 V Analog Power. 

0 0 0 EP Exposed Pad. The pin configuration for the ADuC7019/ADuC7020/ 
ADuC7021/ADuC7022 has an exposed pad that must be soldered for 
mechanical purposes and left unconnected. 
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Pin No. Mnemonic Description 
37 P3.6/PWMTRIP/PLAI[14] General-Purpose Input and Output Port 3.6/PWM Safety Cutoff/Programmable Logic Array Input 

Element 14. 
38 P3.7/PWMSYNC/PLAI[15] General-Purpose Input and Output Port 3.7/PWM Synchronization Input and Output/ 

Programmable Logic Array Input Element 15. 
39 P1.7/SPM7/PLAO[0] Serial Port Multiplexed. General-Purpose Input and Output Port 1.7/UART, SPI/Programmable 

Logic Array Output Element 0. 
40 P1.6/SPM6/PLAI[6] Serial Port Multiplexed. General-Purpose Input and Output Port 1.6/UART, SPI/Programmable 

Logic Array Input Element 6. 
41 IOGND Ground for GPIO (see Table 78). Typically connected to DGND. 
42 IOVDD 3.3 V Supply for GPIO (see Table 78) and Input of the On-Chip Voltage Regulator. 
43 P4.0/PLAO[8] General-Purpose Input and Output Port 4.0/Programmable Logic Array Output Element 8. 
44 P4.1/PLAO[9] General-Purpose Input and Output Port 4.1/Programmable Logic Array Output Element 9. 
45 P1.5/SPM5/PLAI[5]/IRQ3 Serial Port Multiplexed. General-Purpose Input and Output Port 1.5/UART, SPI/Programmable 

Logic Array Input Element 5/External Interrupt Request 3, Active High. 
46 P1.4/SPM4/PLAI[4]/IRQ2 Serial Port Multiplexed. General-Purpose Input and Output Port 1.4/UART, SPI/Programmable 

Logic Array Input Element 4/External Interrupt Request 2, Active High. 
47 P1.3/SPM3/PLAI[3] Serial Port Multiplexed. General-Purpose Input and Output Port 1.3/UART, I2C1/Programmable 

Logic Array Input Element 3. 
48 P1.2/SPM2/PLAI[2] Serial Port Multiplexed. General-Purpose Input and Output Port 1.2/UART, I2C1/Programmable 

Logic Array Input Element 2. 
49 P1.1/SPM1/PLAI[1] Serial Port Multiplexed. General-Purpose Input and Output Port 1.1/UART, I2C0/Programmable Logic 

Array Input Element 1. 
50 P1.0/T1/SPM0/PLAI[0] Serial Port Multiplexed. General-Purpose Input and Output Port 1.0/Timer1 Input/UART, I2C0/ 

Programmable Logic Array Input Element 0. 
51 P4.2/PLAO[10] General-Purpose Input and Output Port 4.2/Programmable Logic Array Output Element 10. 
52 P4.3/PLAO[11] General-Purpose Input and Output Port 4.3/Programmable Logic Array Output Element 11. 
53 P4.4/PLAO[12] General-Purpose Input and Output Port 4.4/Programmable Logic Array Output Element 12. 
54 P4.5/PLAO[13] General-Purpose Input and Output Port 4.5/Programmable Logic Array Output Element 13. 
55 VREF 2.5 V Internal Voltage Reference. Must be connected to a 0.47 μF capacitor when using the 

internal reference. 
56 DACREF External Voltage Reference for the DACs. Range: DACGND to DACVDD. 
57 DACGND Ground for the DAC. Typically connected to AGND. 
58 AGND Analog Ground. Ground reference point for the analog circuitry. 
59 AVDD 3.3 V Analog Power. 
60 DACVDD 3.3 V Power Supply for the DACs. Must be connected to AVDD. 
61 ADC0 Single-Ended or Differential Analog Input 0. 
62 ADC1 Single-Ended or Differential Analog Input 1. 
63 ADC2/CMP0 Single-Ended or Differential Analog Input 2/Comparator Positive Input. 
64 ADC3/CMP1 Single-Ended or Differential Analog Input 3/Comparator Negative Input. 
0 EP Exposed Pad. The pin configuration for the ADuC7024/ADuC7025 LFCSP_VQ has an exposed pad 

that must be soldered for mechanical purposes and left unconnected. 
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TERMINOLOGY 
ADC SPECIFICATIONS 
Integral Nonlinearity (INL) 
The maximum deviation of any code from a straight line 
passing through the endpoints of the ADC transfer function. 
The endpoints of the transfer function are zero scale, a point 
½ LSB below the first code transition, and full scale, a point 
½ LSB above the last code transition. 

Differential Nonlinearity (DNL) 
The difference between the measured and the ideal 1 LSB 
change between any two adjacent codes in the ADC. 

Offset Error 
The deviation of the first code transition (0000 . . . 000) to  
(0000 . . . 001) from the ideal, that is, +½ LSB. 

Gain Error 
The deviation of the last code transition from the ideal AIN 
voltage (full scale − 1.5 LSB) after the offset error has been 
adjusted out. 

Signal to (Noise + Distortion) Ratio (SINAD) 
The measured ratio of signal to (noise + distortion) at the 
output of the ADC. The signal is the rms amplitude of the 
fundamental. Noise is the rms sum of all nonfundamental 
signals up to half the sampling frequency (fS/2), excluding dc.  

The ratio is dependent upon the number of quantization levels 
in the digitization process; the more levels, the smaller the 
quantization noise.  

The theoretical signal to (noise + distortion) ratio for an ideal 
N-bit converter with a sine wave input is given by 

Signal to (Noise + Distortion) = (6.02 N + 1.76) dB 

Thus, for a 12-bit converter, this is 74 dB. 

Total Harmonic Distortion (THD) 
The ratio of the rms sum of the harmonics to the fundamental. 

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

Voltage Output Settling Time 
The amount of time it takes the output to settle to within a 
1 LSB level for a full-scale input change. 
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OVERVIEW OF THE ARM7TDMI CORE 
The ARM7® core is a 32-bit reduced instruction set computer 
(RISC). It uses a single 32-bit bus for instruction and data. The 
length of the data can be eight bits, 16 bits, or 32 bits. The 
length of the instruction word is 32 bits. 

The ARM7TDMI is an ARM7 core with four additional features. 

 T support for the thumb (16-bit) instruction set. 
 D support for debug. 
 M support for long multiplications. 
 I includes the EmbeddedICE module to support embedded 

system debugging. 

THUMB MODE (T) 
An ARM instruction is 32 bits long. The ARM7TDMI processor 
supports a second instruction set that is compressed into 16 bits, 
called the thumb instruction set. Faster execution from 16-bit 
memory and greater code density can usually be achieved by 
using the thumb instruction set instead of the ARM instruction 
set, which makes the ARM7TDMI core particularly suitable for 
embedded applications. 

However, the thumb mode has two limitations. 

 Thumb code typically requires more instructions for the 
same job. As a result, ARM code is usually best for 
maximizing the performance of time-critical code. 

 The thumb instruction set does not include some of the 
instructions needed for exception handling, which 
automatically switches the core to ARM code for exception 
handling. 

See the ARM7TDMI user guide for details on the core 
architecture, the programming model, and both the ARM  
and ARM thumb instruction sets. 

LONG MULTIPLY (M) 
The ARM7TDMI instruction set includes four extra instruc-
tions that perform 32-bit by 32-bit multiplication with a 64-bit 
result, and 32-bit by 32-bit multiplication-accumulation (MAC) 
with a 64-bit result. These results are achieved in fewer cycles 
than required on a standard ARM7 core. 

EmbeddedICE (I) 
EmbeddedICE provides integrated on-chip support for the core. 
The EmbeddedICE module contains the breakpoint and watch-
point registers that allow code to be halted for debugging purposes. 
These registers are controlled through the JTAG test port. 

When a breakpoint or watchpoint is encountered, the processor 
halts and enters debug state. Once in a debug state, the 
processor registers can be inspected as well as the Flash/EE, 
SRAM, and memory mapped registers. 

 

EXCEPTIONS 
ARM supports five types of exceptions and a privileged 
processing mode for each type. The five types of exceptions are 

 Normal interrupt or IRQ, which is provided to service 
general-purpose interrupt handling of internal and 
external events. 

 Fast interrupt or FIQ, which is provided to service data 
transfers or communication channels with low latency.  
FIQ has priority over IRQ. 

 Memory abort. 
 Attempted execution of an undefined instruction. 
 Software interrupt instruction (SWI), which can be used  

to make a call to an operating system. 

Typically, the programmer defines interrupt as IRQ, but for 
higher priority interrupt, that is, faster response time, the 
programmer can define interrupt as FIQ. 

ARM REGISTERS 
ARM7TDMI has a total of 37 registers: 31 general-purpose 
registers and six status registers. Each operating mode has 
dedicated banked registers. 

When writing user-level programs, 15 general-purpose 32-bit 
registers (R0 to R14), the program counter (R15), and the 
current program status register (CPSR) are usable. The 
remaining registers are used for system-level programming and 
exception handling only. 

When an exception occurs, some of the standard registers are 
replaced with registers specific to the exception mode. All excep-
tion modes have replacement banked registers for the stack 
pointer (R13) and the link register (R14), as represented in 
Figure 44. The fast interrupt mode has more registers (R8 to R12) 
for fast interrupt processing. This means that interrupt processing 
can begin without the need to save or restore these registers 
and, thus, save critical time in the interrupt handling process. 
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More information relative to the programmer’s model and the 
ARM7TDMI core architecture can be found in the following 
materials from ARM: 

 DDI0029G, ARM7TDMI Technical Reference Manual 
 DDI-0100, ARM Architecture Reference Manual  

INTERRUPT LATENCY 
The worst-case latency for a fast interrupt request (FIQ) 
consists of the following: 

 The longest time the request can take to pass through the 
synchronizer 

 The time for the longest instruction to complete (the 
longest instruction is an LDM) that loads all the registers 
including the PC 

 The time for the data abort entry 
 The time for FIQ entry 

At the end of this time, the ARM7TDMI executes the instruc-
tion at 0x1C (FIQ interrupt vector address). The maximum 
total time is 50 processor cycles, which is just under 1.2 μs in a 
system using a continuous 41.78 MHz processor clock. 

The maximum interrupt request (IRQ) latency calculation is 
similar but must allow for the fact that FIQ has higher priority 
and may delay entry into the IRQ handling routine for an 
arbitrary length of time. This time can be reduced to 42 cycles if 
the LDM command is not used. Some compilers have an option 
to compile without using this command. Another option is to run 
the part in thumb mode where the time is reduced to 22 cycles. 

The minimum latency for FIQ or IRQ interrupts is a total of 
five cycles, which consist of the shortest time the request can 
take through the synchronizer plus the time to enter the 
exception mode. 

Note that the ARM7TDMI always runs in ARM (32-bit) mode 
when in privileged modes, for example, when executing 
interrupt service routines. 
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MEMORY ORGANIZATION 
The ADuC7019/20/21/22/24/25/26/27/28/29 incorporate two 
separate blocks of memory: 8 kB of SRAM and 64 kB of on-chip 
Flash/EE memory. The 62 kB of on-chip Flash/EE memory is 
available to the user, and the remaining 2 kB are reserved for 
the factory-configured boot page. These two blocks are mapped 
as shown in Figure 45. 
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Figure 45. Physical Memory Map 

Note that by default, after a reset, the Flash/EE memory is 
mirrored at Address 0x00000000. It is possible to remap the 
SRAM at Address 0x00000000 by clearing Bit 0 of the REMAP 
MMR. This remap function is described in more detail in the 
Flash/EE Memory section. 

MEMORY ACCESS 
The ARM7 core sees memory as a linear array of a 232 byte 
location where the different blocks of memory are mapped as 
outlined in Figure 45. 

The ADuC7019/20/21/22/24/25/26/27/28/29 memory organiza-
tions are configured in little endian format, which means that 
the least significant byte is located in the lowest byte address, 
and the most significant byte is in the highest byte address. 
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Figure 46. Little Endian Format 

FLASH/EE MEMORY 
The total 64 kB of Flash/EE memory is organized as 32 k × 16 bits; 
31 k × 16 bits is user space and 1 k × 16 bits is reserved for the 
on-chip kernel. The page size of this Flash/EE memory is 512 bytes. 

Sixty-two kilobytes of Flash/EE memory are available to the 
user as code and nonvolatile data memory. There is no 
distinction between data and program because ARM code 
shares the same space. The real width of the Flash/EE memory 
is 16 bits, which means that in ARM mode (32-bit instruction), 
two accesses to the Flash/EE are necessary for each instruction 
fetch. It is therefore recommended to use thumb mode when 
executing from Flash/EE memory for optimum access speed. 
The maximum access speed for the Flash/EE memory is 
41.78 MHz in thumb mode and 20.89 MHz in full ARM mode. 
More details about Flash/EE access time are outlined in the 
Execution Time from SRAM and Flash/EE section. 

SRAM 
Eight kilobytes of SRAM are available to the user, organized as  
2 k × 32 bits, that is, two words. ARM code can run directly 
from SRAM at 41.78 MHz, given that the SRAM array is 
configured as a 32-bit wide memory array. More details about 
SRAM access time are outlined in the Execution Time from 
SRAM and Flash/EE section. 

MEMORY MAPPED REGISTERS  
The memory mapped register (MMR) space is mapped into the 
upper two pages of the memory array and accessed by indirect 
addressing through the ARM7 banked registers. 

The MMR space provides an interface between the CPU and all 
on-chip peripherals. All registers, except the core registers, reside 
in the MMR area. All shaded locations shown in Figure 47 are 
unoccupied or reserved locations and should not be accessed by 
user software. Table 16 shows the full MMR memory map. 

The access time for reading from or writing to an MMR 
depends on the advanced microcontroller bus architecture 
(AMBA) bus used to access the peripheral. The processor has 
two AMBA buses: the advanced high performance bus (AHB) 
used for system modules and the advanced peripheral bus 
(APB) used for lower performance peripheral. Access to the 
AHB is one cycle, and access to the APB is two cycles. All 
peripherals on the ADuC7019/20/21/22/24/25/26/27/28/29 are 
on the APB except the Flash/EE memory, the GPIOs (see  
Table 78), and the PWM.  
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Table 18. ADCCON MMR Bit Designations 
Bit Value Description 
15:13  Reserved. 
12:10  ADC clock speed. 

 000 fADC/1. This divider is provided to obtain  
1 MSPS ADC with an external clock <41.78 MHz. 

 001 fADC/2 (default value). 
 010 fADC/4. 
 011 fADC/8. 
 100 fADC/16. 
 101 fADC/32. 

9:8  ADC acquisition time. 
 00 Two clocks. 
 01 Four clocks. 
 10 Eight clocks (default value). 
 11 16 clocks. 

7  Enable start conversion. 
  Set by the user to start any type of conversion 

command. Cleared by the user to disable a 
start conversion (clearing this bit does not 
stop the ADC when continuously converting). 

6  Reserved. 
   
5  ADC power control. 
  Set by the user to place the ADC in normal 

mode (the ADC must be powered up for at least 
5 μs before it converts correctly). Cleared by the 
user to place the ADC in power-down mode. 

4:3  Conversion mode. 
 00 Single-ended mode. 
 01 Differential mode. 
 10 Pseudo differential mode. 
 11 Reserved. 

2:0  Conversion type. 
 000 Enable CONVSTART pin as a conversion input. 

 001 Enable Timer1 as a conversion input. 
 010 Enable Timer0 as a conversion input. 
 011 Single software conversion. Sets to 000 after 

conversion (note that Bit 7 of ADCCON MMR 
should be cleared after starting a single 
software conversion to avoid further 
conversions triggered by the CONVSTART pin). 

 100 Continuous software conversion. 
 101 PLA conversion. 
 Other Reserved. 

Table 19. ADCCP Register 
Name  Address Default Value Access 
ADCCP 0xFFFF0504 0x00 R/W 

ADCCP is an ADC positive channel selection register. This 
MMR is described in Table 20. 

Table 20. ADCCP1 MMR Bit Designation 
Bit Value Description 
7:5  Reserved. 
4:0  Positive channel selection bits. 
 00000 ADC0. 
 00001 ADC1. 
 00010 ADC2. 
 00011 ADC3. 
 00100 ADC4. 
 00101 ADC5. 
 00110 ADC6. 
 00111 ADC7. 
 01000 ADC8. 
 01001 ADC9. 
 01010 ADC10. 
 01011 ADC11. 
 01100 DAC0/ADC12. 
 01101 DAC1/ADC13. 
 01110 DAC2/ADC14. 
 01111 DAC3/ADC15. 
 10000 Temperature sensor. 
 10001 AGND (self-diagnostic feature). 
 10010 Internal reference (self-diagnostic feature). 
 10011 AVDD/2. 
 Others Reserved. 
1 ADC and DAC channel availability depends on the part model. See Ordering 

Guide for details. 

Table 21. ADCCN Register 
Name  Address Default Value Access 
ADCCN 0xFFFF0508 0x01 R/W 

ADCCN is an ADC negative channel selection register. This 
MMR is described in Table 22. 
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Pseudo Differential Mode 

In pseudo differential mode, Channel− is linked to the VIN− pin 
of the ADuC7019/20/21/22/24/25/26/27/28/29. SW2 switches 
between A (Channel−) and B (VREF). The VIN− pin must be 
connected to ground or a low voltage. The input signal on VIN+ 
can then vary from VIN− to VREF + VIN−. Note that VIN− must be 
chosen so that VREF + VIN− does not exceed AVDD. 
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Figure 56. ADC in Pseudo Differential Mode 

Single-Ended Mode 

In single-ended mode, SW2 is always connected internally to 
ground. The VIN− pin can be floating. The input signal range on 
VIN+ is 0 V to VREF. 
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Figure 57. ADC in Single-Ended Mode 

Analog Input Structure 

Figure 58 shows the equivalent circuit of the analog input structure 
of the ADC. The four diodes provide ESD protection for the analog 
inputs. Care must be taken to ensure that the analog input 
signals never exceed the supply rails by more than 300 mV; 
exceeding 300 mV causes these diodes to become forward-
biased and start conducting into the substrate. These diodes can 
conduct up to 10 mA without causing irreversible damage to 
the part. 

The C1 capacitors in Figure 58 are typically 4 pF and can be 
primarily attributed to pin capacitance. The resistors are 
lumped components made up of the on resistance of the 
switches. The value of these resistors is typically about 100 Ω. 
The C2 capacitors are the ADC’s sampling capacitors and 
typically have a capacitance of 16 pF. 
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Figure 58. Equivalent Analog Input Circuit Conversion Phase: Switches Open, 

Track Phase: Switches Closed 

For ac applications, removing high frequency components from 
the analog input signal is recommended by using an RC low-
pass filter on the relevant analog input pins. In applications 
where harmonic distortion and signal-to-noise ratio are critical, 
the analog input should be driven from a low impedance 
source. Large source impedances significantly affect the ac 
performance of the ADC. This can necessitate the use of an 
input buffer amplifier. The choice of the op amp is a function of 
the particular application. Figure 59 and Figure 60 give an 
example of an ADC front end. 
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Figure 59. Buffering Single-Ended/Pseudo Differential Input 
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Figure 60. Buffering Differential Inputs 

When no amplifier is used to drive the analog input, the source 
impedance should be limited to values lower than 1 kΩ. The 
maximum source impedance depends on the amount of total 
harmonic distortion (THD) that can be tolerated. The THD 
increases as the source impedance increases and the performance 
degrades. 

DRIVING THE ANALOG INPUTS 
Internal or external references can be used for the ADC. In  
the differential mode of operation, there are restrictions on the 
common-mode input signal (VCM), which is dependent upon 
the reference value and supply voltage used to ensure that the 
signal remains within the supply rails. Table 28 gives some 
calculated VCM minimum and VCM maximum values. 

http://www.analog.com/ADuC7019?doc=ADUC7019_20_21_22_24_25_26_27_28_29.pdf
http://www.analog.com/ADuC7020?doc=ADUC7019_20_21_22_24_25_26_27_28_29.pdf
http://www.analog.com/ADuC7021?doc=ADUC7019_20_21_22_24_25_26_27_28_29.pdf
http://www.analog.com/ADuC7022?doc=ADUC7019_20_21_22_24_25_26_27_28_29.pdf
http://www.analog.com/ADuC7024?doc=ADUC7019_20_21_22_24_25_26_27_28_29.pdf
http://www.analog.com/ADuC7025?doc=ADUC7019_20_21_22_24_25_26_27_28_29.pdf
http://www.analog.com/ADuC7026?doc=ADUC7019_20_21_22_24_25_26_27_28_29.pdf
http://www.analog.com/ADuC7027?doc=ADUC7019_20_21_22_24_25_26_27_28_29.pdf
http://www.analog.com/ADuC7028?doc=ADUC7019_20_21_22_24_25_26_27_28_29.pdf
http://www.analog.com/ADuC7029?doc=ADUC7019_20_21_22_24_25_26_27_28_29.pdf
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The serial communication adopts an asynchronous protocol, 
which supports various word lengths, stop bits, and parity 
generation options selectable in the configuration register. 

Baud Rate Generation 

There are two ways of generating the UART baud rate, normal 
450 UART baud rate generation and the fractional divider. 

Normal 450 UART Baud Rate Generation 

The baud rate is a divided version of the core clock using the values 
in the COMDIV0 and COMDIV1 MMRs (16-bit value, DL). 

DL×2×16-2
MHz78.41

=RateBaud CD
 

Table 93 gives some common baud rate values. 

Table 93. Baud Rate Using the Normal Baud Rate Generator 
Baud Rate CD DL Actual Baud Rate % Error 
9600 0 0x88 9600 0 
19,200 0 0x44  19,200 0 
115,200 0 0x0B 118,691 3 
9600 3 0x11 9600 0 
19,200 3 0x08 20,400 6.25 
115,200 3 0x01 163,200 41.67 

Fractional Divider 

The fractional divider, combined with the normal baud rate 
generator, produces a wider range of more accurate baud rates. 
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Figure 75. Baud Rate Generation Options 

Calculation of the baud rate using fractional divider is as follows:  







 



2048
2162

MHz78.41
NMDL

RateBaud
CD

 

2×DL×16×2×RateBaud
MHz78.41

=
2048

N+M CD
 

For example, generation of 19,200 baud with CD bits = 3  
(Table 93 gives DL = 0x08) is 

2816219200
MHz78.41

2048 3 


NM  

06.1
2048


NM  

where:  
M = 1 
N = 0.06 × 2048 = 128 

 

 

 

2048
128×2×8×16×2

MHz78.41
=RateBaud

3

 

where: 
Baud Rate = 19,200 bps 

Error = 0%, compared to 6.25% with the normal baud rate 
generator. 

UART Register Definitions 

The UART interface consists of 12 registers: COMTX, COMRX, 
COMDIV0, COMIEN0, COMDIV1, COMIID0, COMCON0, 
COMCON1, COMSTA0, COMSTA1, COMSCR, and 
COMDIV2. 

Table 94. COMTX Register 
Name  Address Default Value Access 
COMTX 0xFFFF0700 0x00 R/W 

COMTX is an 8-bit transmit register. 

Table 95. COMRX Register 
Name  Address Default Value Access 
COMRX 0xFFFF0700 0x00 R 

COMRX is an 8-bit receive register. 

Table 96. COMDIV0 Register 
Name  Address Default Value Access 
COMDIV0 0xFFFF0700 0x00 R/W 

COMDIV0 is a low byte divisor latch. COMTX, COMRX, 
and COMDIV0 share the same address location. COMTX  
and COMRX can be accessed when Bit 7 in the COMCON0 
register is cleared. COMDIV0 can be accessed when Bit 7  
of COMCON0 is set. 

Table 97. COMIEN0 Register 
Name  Address Default Value Access 
COMIEN0 0xFFFF0704 0x00 R/W 

COMIEN0 is the interrupt enable register. 

Table 98. COMIEN0 MMR Bit Descriptions 
Bit Name Description 
7:4 N/A Reserved. 
3 EDSSI Modem status interrupt enable bit. Set by 

user to enable generation of an interrupt if 
any of COMSTA1[3:1] is set. Cleared by user. 

2 ELSI Rx status interrupt enable bit. Set by user to 
enable generation of an interrupt if any of 
COMSTA0[4:1] is set. Cleared by user. 

1 ETBEI Enable transmit buffer empty interrupt. Set 
by user to enable interrupt when buffer is 
empty during a transmission. Cleared by user. 

0 ERBFI Enable receive buffer full interrupt. Set by 
user to enable interrupt when buffer is full 
during a reception. Cleared by user. 
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Table 140. I2CxDIV Registers 
Name  Address Default Value Access 
I2C0DIV 0xFFFF0830 0x1F1F R/W 
I2C1DIV 0xFFFF0930 0x1F1F R/W 

I2CxDIV are the clock divider registers. 

Table 141. I2CxIDx Registers 
Name  Address Default Value Access 
I2C0ID0 0xFFFF0838 0x00 R/W 
I2C0ID1 0xFFFF083C 0x00 R/W 
I2C0ID2 0xFFFF0840 0x00 R/W 
I2C0ID3 0xFFFF0844 0x00 R/W 
I2C1ID0 0xFFFF0938 0x00 R/W 
I2C1ID1 0xFFFF093C 0x00 R/W 
I2C1ID2 0xFFFF0940 0x00 R/W 
I2C1ID3 0xFFFF0944 0x00 R/W 

I2CxID0, I2CxID1, I2CxID2, and I2CxID3 are slave address 
device ID registers of I2Cx. 

Table 142. I2CxCCNT Registers 
Name  Address Default Value Access 
I2C0CCNT 0xFFFF0848 0x01 R/W 
I2C1CCNT 0xFFFF0948 0x01 R/W 

I2CxCCNT are 8-bit start/stop generation counters. They hold 
off SDA low for start and stop conditions. 

Table 143. I2CxFSTA Registers 
Name  Address Default Value Access 
I2C0FSTA 0xFFFF084C 0x0000 R/W 
I2C1FSTA 0xFFFF094C 0x0000 R/W 

I2CxFSTA are FIFO status registers. 

Table 144. I2C0FSTA MMR Bit Descriptions 

Bit 
Access 
Type Value Description 

15:10   Reserved. 
9 R/W  Master transmit FIFO flush. Set by the 

user to flush the master Tx FIFO. 
Cleared automatically when the 
master Tx FIFO is flushed. This bit  
also flushes the slave receive FIFO. 

8 R/W  Slave transmit FIFO flush. Set by the 
user to flush the slave Tx FIFO. Cleared 
automatically after the slave Tx FIFO 
is flushed. 

7:6 R  Master Rx FIFO status bits. 
  00 FIFO empty. 
  01 Byte written to FIFO. 
  10 One byte in FIFO. 
  11 FIFO full. 

5:4 R  Master Tx FIFO status bits. 
  00 FIFO empty. 
  01 Byte written to FIFO. 
  10 One byte in FIFO. 
  11 FIFO full. 

3:2 R  Slave Rx FIFO status bits. 
  00 FIFO empty. 
  01 Byte written to FIFO. 
  10 One byte in FIFO. 
  11 FIFO full. 

1:0 R  Slave Tx FIFO status bits. 
  00 FIFO empty. 
  01 Byte written to FIFO. 
  10 One byte in FIFO. 
  11 FIFO full. 

 



Data Sheet ADuC7019/20/21/22/24/25/26/27/28/29
 

Rev. G | Page 99 of 101 

*COMPLIANT TO JEDEC STANDARDS MO-225
  WITH THE EXCEPTION TO PACKAGE HEIGHT. 0
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Figure 100. 64-Ball Chip Scale Package Ball Grid Array [CSP_BGA] 

(BC-64-4) 
Dimensions shown in millimeters 
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Figure 101. 49-Ball Chip Scale Package Ball Grid Array [CSP_BGA] 

(BC-49-1) 
Dimensions shown in millimeters 


