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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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Data Converters A/D 10x10b
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P11 PN3/D25 I/O General Purpose I/O Signals — Port N3; multiplexed with Data bit D25

J2 nRESETIN I Reset Input

H1 nRESETOUT O Reset Output

C16 XTALIN I Crystal Input

C15 XTALOUT O Crystal Output

D16 XTAL32IN I 32.768 kHz Crystal Oscillator Input

D15 XTAL32OUT O 32.768 kHz Crystal Oscillator Output

K1 CLKOUT O Clock Out (selectable from the internal bus clock or 32.768 kHz crystal)

D2 nTRST I JTAG Test Reset Input

P4 TMS I JTAG Test Mode Select Input

T3 TCK I JTAG Test Clock Input

T1 TDI I JTAG Test Serial Data Input

P3 TDO O JTAG Test Data Serial Output

T2 TEST1 I Tie HIGH for Normal Operation; pull LOW to enable Embedded ICE Debugging 

R3 TEST2 I Tie HIGH for Normal Operation; pull HIGH to enable Embedded ICE Debugging

E3 LINREGEN I Linear Regulator Enable

D5, E4, 
E5, H13, 

N5
VDDC Power Core Power Supply

D10, F4, 
J13, N4 VSSC Ground Core GND

D7, D8, 
D9, F13, 

G4, 
G13, H4, 
J4, K4, 

K13, L4, 
N6, N8, 
N9, N10

VDD Power Input/Output Power Supply

E12, G8, 
G9, H7, 
H8, H9, 
H10, J7, 
J8, J9, 

J10, K8, 
K9, M5

VSS Ground Input/Output GND

D1 VDDA0 Power Analog Power Supply for Analog-to-Digital Converter

F16 VDDA1 Power Analog Power Supply for the USB PLL

E16 VDDA2 Power Analog Power Supply for System PLL

J1 VSSA0 Ground Analog GND for Analog-to-Digital Converter

F15 VSSA1 Ground Analog GND for the USB PLL

E15 VSSA2 Ground Analog GND for System PLL

Table 1. LH79524 Pin Descriptions (Cont’d)

CABGA 
PIN SIGNAL NAME TYPE DESCRIPTION
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20 AN3/LR/Y…/PJ0 I ADC Input 3, 4 wire touch screen Upper Right, 5 wire touch screen Y…; multiplexed 
with GPIO Port J0 (input only)

19 AN4/WIPER/PJ1 I ADC Input 4, 5 wire touch screen Wiper input; multiplexed with Port J1 (input only)

15 AN5/PJ5/INT5 I ADC Input 5; multiplexed with GPIO Port J5 (input only) and External Interrupt 5

12 AN6/PJ7/INT7 I ADC Input 6; multiplexed with GPIO Port J7 (input only) and External Interrupt 7

13 AN7/PJ6/INT6 I ADC Input 7; multiplexed with GPIO Port J6 (input only) and External Interrupt 6

16 AN8/PJ4 I ADC Input 8; multiplexed with GPIO Port J4 (input only)

18 AN9/PJ2 I ADC Input 9; multiplexed with GPIO Port J2 (input only)

25 CTCLK/INT4/
BATCNTL I/O Timer[2:0] External Clock input; multiplexed with Battery Control and Interrupt 4

36 PA0/UARTRX2/
UARTIRRX2/INT2 I/O General Purpose I/O Signal „ Port A0; multiplexed with UART2 Received Serial 

Data Input, UART2 Infrared Received Serial Data In, and External Interrupt 2

35 PA1/UARTTX2/
UARTIRRX2/INT3 I/O General Purpose I/O Signal „ Port A1; multiplexed with UART2 Transmitted 

Serial Data Output, UART2 Serial Transmit Data Out, and External Interrupt 3

34 PA2/CTCAP0A/
CTCMP0A I/O General Purpose I/O Signal „ Port A2; multiplexed with Counter/Timer 0 Capture A 

input and Counter/Timer 0 Compare A output

32 PA3/CTCAP0B/
CTCMP0B I/O General Purpose I/O Signal „ Port A3; multiplexed with Counter/Timer 0 Capture B 

input and Counter/Timer 0 Compare B output

31 PA4/CTCAP1A/
CTCMP1A I/O General Purpose I/O Signal „ Port A4; multiplexed with Counter/Timer 1 Capture A 

input and Counter/Timer 1 Compare A output

30 PA5/CTCAP1B/
CTCMP1B I/O General Purpose I/O Signal „ Port A5; multiplexed with Counter/Timer 1 Capture B 

input and Counter/Timer 1 Compare B output

29 PA6/CTCAP2A/
CTCMP2A/SDA I/O General Purpose I/O Signal „ Port A6; multiplexed with Counter/Timer 2 Capture A 

input, Counter/Timer 2 Compare A output, and I2C Bus Data (open drain)

28 PA7/CTCAP2B/
CTCMP2B/SLC I/O General Purpose I/O Signal „ Port A7; multiplexed with Counter/Timer 2 Capture B 

input, Counter/Timer 2 Compare B output, and I2C Bus Clock (open drain)

44 PB0/nDACK/
nUARTCTS0 I/O General Purpose I/O Signal „ Port B0; multiplexed with DMA Acknowledge and 

UART0 CTS

43 PB1/DREQ/
nUARTRTS0 I/O General Purpose I/O Signal „ Port B1; multiplexed with DMA Request and 

UART0 RTS

42 PB2/SSPFRM/
I2SWS I/O General Purpose I/O Signal „ Port B2; multiplexed with SSP Serial Frame Output 

and I2S Frame Output

41 PB3/SSPCLK/
I2SCLK I/O General Purpose I/O Signal „ Port B3; multiplexed with SSP Clock and I 2S Clock

40
PB4/SSPRX/
I2SRXD/UARTRX1/
UARTIRRX1

I/O General Purpose I/O Signal „ Port B4; multiplexed with SSP Data In, I 2S Data In, 
UART1 Serial Data In, and UART1 Infrared Data In

39
PB5/SSPTX/
I2STXD/UARTTX1/
UARTIRTX1

I/O General Purpose I/O Signal „ Port B5; multiplexed with SSP Data Out, I 2S Data Out, 
UART1 Data Out, and UART1 IR Data Out

38
PB6/INT0/
UARTRX0/
UARTIRRX0

I/O General Purpose I/O Signal „ Port B6; multiplexed with UART0 Infrared Received 
Serial Data Input, UART0 Received Serial Data In, and External Interrupt 0

37
PB7/INT1/
UARTTX0/
UARTIRTX0

I/O General Purpose I/O Signal „ Port B7; multiplexed with UART0 Infrared Transmitted 
Serial Data Output, UART0 Serial Transmit Data Out, and External Interrupt 1

60 PC0/A16 I/O General Purpose I/O Signal „ Port C0; multiplexed with Address A16

59 PC1/A17 I/O General Purpose I/O Signal „ Port C1; multiplexed with Address A17

58 PC2/A18 I/O General Purpose I/O Signal „ Port C2; multiplexed with Address A18

56 PC3/A19 I/O General Purpose I/O Signal „ Port C3; multiplexed with Address A19

55 PC4/A20 I/O General Purpose I/O Signal „ Port C4; multiplexed with Address A20

54 PC5/A21 I/O General Purpose I/O Signal „ Port C5; multiplexed with Address A21

Table 4. LH79525 Pin Descriptions (Cont•d)

PIN NO. SIGNAL NAME TYPE DESCRIPTION
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Universal Asynchronous Receiver 
Transmitter (UART)

The LH79524/LH79525 incorporates three UARTs.
UART0, UART1, and UART2 offer similar functionality
to the industry-standard 16C550. They perform serial-
to-parallel conversion on data received from a periph-
eral device and parallel-to-serial conversion on data
transmitted to the UART. The CPU reads and writes
data and control status information through the AMBA
APB interface. The transmit and receive paths are buff-
ered with internal FIFO memories that support pro-
grammable-service 'trigger levels', and overrun
protection. These FIFO memories enable up to 32
characters to be stored independently in both transmit
and receive modes. 

• Programmable bits-per-character (5, 6, 7, or 8)

• Optional nine-bit mode to tag and recognize 
characters as either data or address

• Nine-bit Transmit FIFO and 12-bit Receive FIFO

• Programmable FIFO trigger points

• DMA support for UART0

• Programmable IrDA SIR input/output for each UART

• Separate 16-byte transmit and receive FIFOs to
reduce CPU interrupts

• Programmable FIFO disabling for 1-byte depth

• Programmable baud rate generator 

• Independent masking of transmit FIFO, receive
FIFO, receive timeout and modem status interrupts

• False start bit detection

• Line break generation and detection

• Fully-programmable serial interface characteristics:
– 5-, 6-, 7-, or 8-bit data word length
– Even-, odd-, or no-parity bit generation and

detection
– 1 or 2 stop bit generation

• IrDA SIR Encode/Decode block, providing:
– Programmable use of IrDA SIR or UART input/

output
– Supports data rates up to 115.2 kbit/s half-duplex
– Programmable internal clock generator, allowing

division of the Reference clock in increments of 1
to 512 for low-power mode bit durations.

– Loopback for testing

Vectored Interrupt Controller (VIC)
The Vectored Interrupt Controller combines the

interrupt request signals from 20 internal and eight
external interrupt sources and applies them, after
masking and prioritization, to the IRQ and FIQ interrupt
inputs of the ARM7TDMI processor core.

The Interrupt Controller incorporates a hardware

interrupt vector logic with programmable priority for up
to 16 interrupt sources. This logic reduces the interrupt
response time for IRQ type interrupts compared to
solutions using software polling to determine the high-
est priority interrupt source. This significantly improves
the real-time capabilities of the LH79524/LH79525 in
embedded control applications.

• 20 internal and eight external interrupt sources
– Individually maskable
– Status accessible for software polling 

• IRQ interrupt vector logic for up to 16 channels with
programmable priorities

• All of the interrupt channels, with the exception of the
Watchdog Timer interrupt, can be programmed to
generate:
– FIQ interrupt request
– Non-vectored IRQ interrupt request (software to

poll IRQ source)
– Vectored IRQ interrupt request (up to 16 chan-

nels total)

• The Watchdog timer can only generate FIQ interrupt
requests

• External interrupt inputs programmable
– Edge triggered or level triggered
– Rising edge/active HIGH or falling edge/active

LOW

The 32 interrupt channels are shown in Table 9.

Table 9. Interrupt Channels

CHANNEL INTERRUPT SOURCE

0 WDT

1 Not Used

2 COMRX (used for debug)

3 COMTX (used for debug)

4 Counter/Timer0 Combined

5 Counter/Timer1 Combined

6 Counter/Timer2 Combined

7 External Interrupt 0

8 External Interrupt 1 

9 External Interrupt 2 

10 External Interrupt 3 

11 External Interrupt 4 

12 External Interrupt 5 

13 External Interrupt 6 

14 External Interrupt 7 

15 RTC_ALARM

16 ACD TSIRQ Combined

17 ADC Brown Out INTR
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Reset, Clock, and Power Controller (RCPC)
The RCPC generates the various clock signals for the

operation of the LH79524/LH79525 and provides for an
orderly start-up after power-on and during a wake-up
from one of the power saving operating modes. The
RCPC allows the software to individually select the fre-
quency of the various on-chip clock signals as required
to operate the chip in the most power-efficient mode.
The maximum speeds of the various clocks in the SoC
are shown in Table 10. More detailed descriptions of
each clock appear in the User’s Guide.

The RCPC features:

• 10 - 20 MHz crystal oscillator and PLL for on-chip
Clock generation (11.2896 MHz recommended)

• External Clock input if on-chip oscillator and PLL are
not used

• 32.768 kHz crystal oscillator generating 1 Hz clock
for Real Time Clock

• Individually controlled clocks for peripherals and CPU

• Programmable clock prescalers for UARTs and PWMs

• Five global power control modes are available:
– Active
– Standby
– Sleep
– Stop1
– Stop2

• CPU/Bus clock frequency can be changed on the fly

• Selectable clock output 

• Hardware reset (nRESETIN) and software reset.

Real Time Clock
The RTC provides an alarm or long time base

counter. An interrupt is generated following counting a
programmed number of one-second periods. The 1 Hz
RTC clock is internally derived. The RTC features:

• 32-bit up counter with programmable load

• Programmable 32-bit match compare register

• Software maskable interrupt when counter and com-
pare registers are identical.

RTC input clock sources:

• PLL clock

• 32.768 kHz clock

• 1 Hz clock (default).

18 ADC Pen IRQ

19 CLCD Combined Interrupt

20 DMA Stream 0

21 DMA Stream 1

22 DMA Stream 2

23 DMA Stream 3

24 SSP I2S Interrupt

25 Ethernet Interrupt

26 USB Interrupt

27 UART 0 Interrupt 

28 UART 1 Interrupt 

29 UART 2 Interrupt 

30 USB DMA Interrupt

31 I2C Interrupt

Table 9. Interrupt Channels (Cont�d)

CHANNEL INTERRUPT SOURCE

Table 10. Maximum Clock Speeds

NAME FREQUENCY
(MAX.)

Oscillator Clock (CLK OSC) 20.0 MHz

PLL System Clock (CLK PLL) 304.819 MHz

PLL USB Clock 48.0 MHz

32.768 kHz Oscillator Clock 32.768 kHz 

AHB Clock (HCLK) 50.803 MHz

AHB Fast CPU Clock (FCLK CPU) 76.205 MHz

Ethernet Clock 50.803 MHz

DMA Clock 50.803 MHz

External Memory Controller Clock 50.803 MHz

SSP Clock 50.803 MHz

CLCD Clock 50.803 MHz

UART[2:0] Clock 20.0 MHz

RTC Clock 1.0 Hz

Table 11. Clock Activity for Different Power Modes 

DEVICE ACTIVE STANDBY SLEEP STOP1 STOP2

RTC 32 kHz 
Oscillator

ON ON ON ON ON

10 - 20 MHz 
Oscillator 

ON ON ON ON OFF

PLL ON ON ON OFF OFF

Peripheral 
Clock

ON ON OFF OFF OFF

CPU Clock ON OFF OFF OFF OFF
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Table 13. AC Signal Characteristics 

SIGNAL TYPE LOAD SYMBOL MIN. MAX. DESCRIPTION

ASYNCHRONOUS MEMORY INTERFACE SIGNALS 

A[27:0]
Output 50 pF tWC 3 × tHCLK – 5.0 ns Write Cycle time 

Input tRC 2 × tHCLK – 5.0 ns Read Cycle time 

D[31:0] Output 50 pF

tDHWE tHCLK – 5.5 ns Data out hold to nWE release

tDWE tHCLK – 4.5 ns Data out valid to nWE release

tDSCS 14.0 ns Data valid to nCSx release

tDSOE 12.5 ns Data valid to nOE release

tDSB 12.0 ns Data valid to nBLEx release

tDHCS 0.0 ns nCSx release to data invalid

tDHOE 0.0 ns nOE release to data invalid

nCS[3:0] Output 50 pF

tAV 2.5 ns nCSx valid to Address valid

tAHCS tHCLK – 3.0 ns Address hold after nCSx release

tAHOE tHCLK - 1.0 ns Address hold after nOE release

tASCS 2.5 ns Address valid to nCSx valid

tCW 2 × tHCLK + 3.0 ns nCSx valid to nWE release

tCB 2 × tHCLK nCSx valid to nBLE release

tCS tHCLK – 3.5 ns nCSx width

nBLE Output 50 pF

tBV 1.5 ns nCSx valid to nBLE valid

tAHB tHCLK – 2.0 ns Address hold after nBLE release

tDB tHCLK – 6.0 ns Data out valid to nBLE release

tDHBR 0.0 ns Data in hold to nBLE release

tDHBW tHCLK + 9 ns Data out hold to nBLE release

tBR –2.0 ns Address hold to nBLE release

tAB 2 × tHCLK ns Address valid to nBLE release

tASB 1.0 ns Address valid to nBLE valid

tBLE tHCLK – 4.5 ns nBLE width (read)

tBP tHCLK – 4.5 ns nBLE width (write)

nWE Output 50 pF

tASWE tHCLK + 1.5 ns Address valid to nWE valid

tAW 2 × tHCLK + 0.5 ns Address valid to nWE release

tWR tHCLK – 3.0 ns Address Hold to nWE release

tWP  tHCLK – 1 ns Write Enable width 

nOE Output 50 pF
tOE  tHCLK – 1 ns Ouput Enable width 

tOEV  – 0.5 ns nOE valid after nCSx valid

SYNCHRONOUS MEMORY INTERFACE SIGNALS

A[23:0] Ouput 50 pF tOVA tSDCLK/2 + 4.5 ns Address Valid

D[31:0] 

Output 50 pF
tOVD tSDCLK/2 + 7.0 ns Output Data Valid

tOHD tSDCLK/2 – 4.0 ns Output Data Hold

Input
tISD 5.0 ns Input Data Setup

tIHD 1.5 ns Input Data Hold

nCAS Output 50 pF
tOVCA tSDCLK/2 + 4.0 ns CAS Valid

tOHCA tSDCLK/2 – 4.0 ns CAS Hold

nRAS Output 50 pF
tOVRA tSDCLK/2 + 4.5 ns RAS Valid

tOHRA tSDCLK/2 – 4.0 ns RAS Hold
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nWE Output 30 pF
tOVSDW tSDCLK/2 + 4.5 ns SDWE Write Enable Valid

tOHSDW tSDCLK/2 – 4.0 ns SDWE Write Enable Hold

SDCKE Output 30 pF
tOVC0 tSDCLK/2 + 4.5 ns SDCKE Clock Enable Valid

tOHC0 tSDCLK/2 – 4.0 ns SDCKE Clock Enable Hold

DQM[3:0] Output 30 pF
tOVDQ tSDCLK/2 + 5.0 ns DQM Data Mask Valid

tOHDQ tSDCLK/2 – 4.0 ns DQM Data Mask Hold

nSDCS[1:0] Output 30 pF
tOVSC tSDCLK/2 + 4.5 ns SDCS Data Mask Valid

tOHSC tSDCLK/2 – 4.0 ns SDCS Data Mask Hold

SDCLK Output 30 pF tSDCLK 19.37 ns SDRAM Clock Period

SYNCHRONOUS SERIAL PORT (SSP)

SSPFRM Output 50 pF tOVSSPFRM 14 ns tOVSSPFRM Output Valid, 
Referenced to SSPCLK

SSPTX Output 50 pF tOVSSPTX 14 ns SSP Transmit Valid

SSPRX Input tISSPRX 20 ns SSP Receive Setup 

ETHERNET MAC CONTROLLER (EMC)

ETHERTXER Output 50 pF
tOVTXER 25 ns Transmit Data Valid after 

ETHERTXCLK

tOHTXER ETHERTXCLK/2 + 
2.0 ns

Transmit Data Hold after 
ETHERTXCLK

ETHERTX[3:0] Output 50 pF
tOVTXD 25 ns Transmit Data Valid after 

ETHERTXCLK

tOHTXD ETHERTXCLK/2 + 
2.0 ns

Transmit Data Hold after 
ETHERTXCLK

ETHERTXEN Output 50 pF
tOVTXEN 25 ns Transmit Data Valid after 

ETHERTXCLK

tOHTXEN ETHERTXCLK/2 + 
2.0 ns

Transmit Data Hold after 
ETHERTXCLK

ETHERRXDV Input
tISRXDV 10 ns Receive Data Setup prior to 

ETHERRXCLK

tIHRXDV 10 ns Receive Data Hold prior to 
ETHERRXCLK

ETHERRX[3:0] Input
tISRXD 10 ns Receive Data Setup prior to 

ETHERRXCLK

tIHRXD 10 ns Receive Data Hold prior to 
ETHERRXCLK

Table 13. AC Signal Characteristics  (Cont�d)

SIGNAL TYPE LOAD SYMBOL MIN. MAX. DESCRIPTION
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Figure 16. External Static Me mory Write, Ze ro Wait States

Figure 17. External Static Memory Read with Three Wait States
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Color LCD Controller Timing Diagrams     

Figure 26. STN Horizontal Timing
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Figure 27. STN Vertical Timing
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Figure 29. TFT Vertical Timing
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Ethernet MAC Controller Waveforms
The timing for the EMC is presented in the following

two illustrations. Figure 33 shows an Ethernet transmit
and Figure 34 shows an Ethernet receive.

Figure 33. Ethernet Transmit Timing

Figure 34. Ethernet Receive Timing
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ETHERTX[3:0],

ETHERTXEN
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tOVTXEN

tOHTXER,
tOHTXD,
tOHTXEN

LH79525-13

ETHERRXCLK

tISRXDV,
tISRXD

tIHRXDV,
tIHRXD

ETHERRXDV,
ETHERRX[3:0]

LH79525-14



LH79524/LH79525 System-on-Chip

 54 Version 1.0  Data Sheet for Rev. A.1 Silicon

Figure 38. Suggested External Components, 10 - 20 MHz Oscillator

ENABLE

XTALIN XTALOUT

GND

NOTES:
1. Y1 is a parallel-resonant type crystal. (See table)
2. The nominal values for C1 and C2 shown are for
   a crystal specified at 18 pF load capacitance (CL).
3. The values for C1 and C2 are dependent upon
   the cystal's specified load capacitance and PCB
   stray capacitance.
4. R1 must be in the circuit.
5. Ground connections should be short and return
    to the ground plane which is connected to the
   processor's core ground pins.
6. Tolerance for R1, C1, C2 is �  5%.

GND

10 - 20 MHz

1 M�

LH79525-12

PARAMETER DESCRIPTION

11.2896 MHz Crystal
Tolerance
Stability
Aging
Load Capacitance
ESR (MAX.)
Drive Level
Recommended Part

(AT-Cut) Parallel Mode
±50 ppm
±100 ppm
±5 ppm
18 pF
40 �
100 μW (MAX.)
CITIZEN CM309S - 11.2896 MABJTR
or equivalent

C1
18 pF

C2
22 pF

R1

Y1

RECOMMENDED CRYSTAL SPECIFICATIONS

INTERNAL TO
THE LH79524/LH79525

EXTERNAL TO
THE LH79524/LH79525
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Figure 41. LH79525: 176-pin LQFP PCB Footprint

Figure 42. LH79524: 208-ball CABGA PCB Footprint
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