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4. Pin Description

4.1 Pinouts

Figure 4-1. AT8xC51SND1C 80-pin QFP Package
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Notes: 1. ISP pin is only available in AT89C51SND1C product.
Do not connect this pin on AT83SND1C product.
2. PSEN pin is only available in AT8B0C51SND1C product.
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Figure 4-2.
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AT8xC51SND1C 81-pin BGA Package
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Notes: 1.

2.

ISP pin is only available in AT89C51SND1C product.
Do not connect this pin on AT83SND1C and AT80C51SND1C product.
PSEN pin is only available in ATB0C51SND1C product.

ATSXCS51SND1C m————
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Figure 4-3. AT8xC51SND1C 84-pin PLCC Package
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4.2 Signals

All the AT8xC51SND1C signals are detailed by functionality in Table 1 to Table 14.
Table 1. Ports Signal Description

Signal Alternate
Name Type |Description Function
Port 0
PO is an 8-bit open-drain bidirectional I/O port. Port 0 pins that have 1s
P0.7:0 I/0 written to them float and can be used as high impedance inputs. To AD7:0

avoid any parasitic current consumption, floating PO inputs must be
polarized to Vppor Vgg.

Port 1 KIN3:0
P1.7:0 Vo P1 is an 8-bit bidirectional 1/0O port with internal pull-ups. ggk
p27o | o |Port2 A15:8

P2 is an 8-bit bidirectional 1/0O port with internal pull-ups.

ATMEL ;
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Table 11. Keypad Interface Signal Description

Signal Alternate
Name Type |Description Function

Keypad Input Lines
KIN3:0 Holding one of these pins high or low for 24 oscillator periods triggers a P1.3:0
keypad interrupt.

Table 12. External Access Signal Description

Signal Alternate
Name Type |Description Function

Address Lines
A15:8 1/0 Upper address lines for the external bus. P2.7:0
Multiplexed higher address and data lines for the IDE interface.

Address/Data Lines
AD7:0 I/0 Multiplexed lower address and data lines for the external memory or the P0.7:0
IDE interface.

Address Latch Enable Output
ALE o ALE signals the start of an external bus cycle and indicates that valid )
address information is available on lines A7:0. An external latch is used

to demultiplex the address from address/data bus.

Program Store Enable Output (AT80C51SND1C Only)
PSEN I/0 This signal is active low during external code fetch or external code -
read (MOVC instruction).

- ISP Enable Input (AT89C51SND1C Only)
ISP 1/0 This signal must be held to GND through a pull-down resistor at the -
falling reset to force execution of the internal bootloader.

Read Signal

RD © Read signal asserted during external data memory read operation. P3.7
e Write Signal
WR 0 Write signal asserted during external data memory write operation. P3.6
- External Access Enable (Dice Only)
EAM®@ EA must be externally held low to enable the device to fetch code from -
external program memory locations 0000h to FFFFh.
Notes: 1. For ROM/Flash Dice product versions: pad_ﬁ must be connected to VCC.
2. For ROMless Dice product versions: pad EA must be connected to VSS.
Table 13. System Signal Description
Signal Alternate
Name Type |Description Function

Reset Input

Holding this pin high for 64 oscillator periods while the oscillator is
running resets the device. The Port pins are driven to their reset
conditions when a voltage lower than V,_is applied, whether or not the
RST oscillator is running. -
This pin has an internal pull-down resistor which allows the device to be
reset by connecting a capacitor between this pin and Vpp.

Asserting RST when the chip is in Idle mode or Power-Down mode
returns the chip to normal operation.

7T Test Input )
Test mode entry signal. This pin must be set to Vpp.

ATMEL ;
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Table 14. Power Signal Description

Signal Alternate
Name Type |Description Function
VDD | PWR 3?;:11??#2’22' p:{:lst?c? Tav supply voltage. _
VSS | GND ggﬁ:étcﬁfei?:»ns to ground. _
ADD | PR | e i o +34 supply volage. '
AvSs | aND |G e o o round. '
PVDD PWR g:;knigtp t?:i! \F;ic:]lttaogfsv supply voltage. _
PVSS GND gl(;tnzgtct%iits?)irr? :longround. -
UvbD | PWR g?r?ngc?tptﬁilg ;?tt:izv supply voltage. _
UvsS GND gir?ng(:totﬁinsdpin to ground. _
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5. Application Information

Figure 5-1. AT8xC51SND1C Typical Application with On-Board Atmel DataFlash and 2-wire

LCD
AA g Ref. i
Y 1T T
08 > S a =z o a =
28 z Z Lo a a 7
t : t : P1.0/KINO G2 I = g E S5 &
P1.1/KIN1 Ly MCLK . MMC1
AN ANEANE A P1.2/KIN2 MDAT < q MMC2
ASELAHLNHAN P1.3/KIN3 il >
P0.0
PO.1
P0.2
P0.3 AT8xC51SND1C VDD j
i I X1 D+ [<—> q
e D- <>
V_' “ USB PORT
X uvss 1
—i FILT C o -
t— :',?‘) 2 g S Rl < 0 14
S ¥ 3 9 2060 T o @ 9
PVSS o oo a (-l =-l=-17] o o S <
e A J7 ¢
Y ¥ LA
DataFlash > )
Memories > Audio DAC

4109LS-8051-02/08



AT8xC51SND1C

Figure 5-2. AT8xC51SND1C Typical Application with On-Board Atmel DataFlash and // LCD
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Figure 5-3. AT8xC51SND1C Typical Application with On-Board SSFDC Flash
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Figure 5-4. AT8xC51SND1C Typical Application with IDE CD-ROM Drive
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6. Peripherals

6.1

6.2

6.3

6.4

6.5

The AT8xC51SND1C peripherals are briefly described in the following sections. For further
details on how to interface (hardware and software) to these peripherals, please refer to the
AT8xC51SND1C design guide.

Clock Generator System

Ports

The AT8xC51SND1C internal clocks are extracted from an on-chip PLL fed by an on-chip oscil-
lator. Four clocks are generated respectively for the C51 core, the MP3 decoder, the audio
interface, and the other peripherals. The C51 and peripheral clocks are derived from the oscilla-
tor clock. The MP3 decoder clock is generated by dividing the PLL output clock. The audio
interface sample rates are also obtained by dividing the PLL output clock.

The AT8xC51SND1C implements five 8-bit ports (PO to P4) and one 4-bit port (P5). In addition
to performing general-purpose I/0O, some ports are capable of external data memory operations;
others allow for alternate functions. All I/O Ports are bidirectional. Each Port contains a latch, an
output driver and an input buffer. Port 0 and Port 2 output drivers and input buffers facilitate
external memory operations. Some Port 1, Port 3 and Port 4 pins serve for both general-purpose
I/O and alternate functions.

Timers/Counters

The AT8xC51SND1C implements the two general-purpose, 16-bit Timers/Counters of a stan-
dard C51. They are identified as Timer 0, Timer 1, and can independently be configured each to
operate in a variety of modes as a Timer or as an event Counter. When operating as a Timer, a
Timer/Counter runs for a programmed length of time, then issues an interrupt request. When
operating as a Counter, a Timer/Counter counts negative transitions on an external pin. After a
preset number of counts, the Counter issues an interrupt request.

Watchdog Timer

MP3 Decoder

4109LS-8051-02/08

The AT8xC51SND1C implements a hardware Watchdog Timer that automatically resets the
chip if it is allowed to time out. The WDT provides a means of recovering from routines that do
not complete successfully due to software or hardware malfunctions.

The AT8xC51SND1C implements a MPEG V/Il audio layer 3 decoder (known as MP3 decoder).
In MPEG | (ISO 11172-3) three layers of compression have been standardized supporting three
sampling frequencies: 48, 44.1, and 32 KHz. Among these layers, layer 3 allows highest com-
pression rate of about 12:1 while still maintaining CD audio quality. For example, 3 minutes of
CD audio (16-bit PCM, 44.1 KHz) data, which needs about 32 MBytes of storage, can be
encoded into only 2.7 MBytes of MPEG | audio layer 3 data.

In MPEG 1l (ISO 13818-3), three additional sampling frequencies: 24, 22.05, and 16 KHz are
supported for low bit rates applications.

The AT8xC51SND1C can decode in real-time the MPEG | audio layer 3 encoded data into a
PCM audio data, and also supports MPEG Il audio layer 3 additional frequencies.

Additional features are supported by the AT8xC51SND1C MP3 decoder such as volume, bass,
medium, and treble controls, bass boost effect and ancillary data extraction.

ATMEL s



Table 16. Digital DC Characteristics
Vpp=2.7103.3 V, T, = -40 to +85°C

Symbol | Parameter Min Typ" Max Units Test Conditions
X1/ X2 mode Vpp< 3.3V
AT89C51SND1C @ 6.5/10.5 A |12MHz
Operating Current 8/13.5 16 MHz
9.5/17 20 MHz
X1/ X2 mode Vpp< 3.3V
| AT83SND1C 6.5/10.5 mA 12 MHz
bb Operating Current 8/135 16 MHz
9.5/17 20 MHz
X1/ X2 mode Vpp< 3.3V
AT80C51SND1C 6.5/10.5 mA 12 MHz
Idle Mode Current 8/13.5 16 MHz
9.5/17 20 MHz
X1/ X2 mode Vpp< 3.3V
AT89C51SND1C o 5.3/8.1 A [12MHz
Idle Mode Current 6.4/10.3 16 MHz
75/13 20 MHz
X1/ X2 mode Vpp< 3.3V
| AT83SND1C 5.3/8.1 mA 12 MHz
DL Idle Mode Current 6.4/10.3 16 MHz
75/13 20 MHz
X1/ X2 mode Vpp< 3.3V
AT80C51SND1C 5.3/8.1 mA 12 MHz
Idle Mode Current 6.4/10.3 16 MHz
75/13 20 MHz
AT89C51SND1C
Power-Down Mode Current 20 500 WA Veer <Vop <33V
AT83SND1C
o Power-Down Mode Current 20 500 HA Veer <Vop <33V
AT80C51SND1C
Power-Down Mode Current 20 500 KA Veer <Vop <33V
AT89C51SND1C
Iee Flash Programming Current 15 mA Vop <33V

Notes: 1. Typical values are obtained using Vpp= 3 V and Tp= 25°C. They are not tested and there is no
guarantee on these values.
2. Flash retention is guaranteed with the same formula for Vpp min down to 0OV.
3. See Table 17 for typical consumption in player mode.

Table 17. Typical Reference Design AT89C51SND1C Power Consumption

Player Mode lop Test Conditions

AT89C51SND1C at 16 MHz, X2 mode, Vpp=3 V

Stop 10 mA No song playing

AT89C51SND1C at 16 MHz, X2 mode, Vpp=3 V

Playing 30 mA MP3 Song with Fs= 44.1 KHz, at any bit rates (Variable Bit Rate)

ATMEL X
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7.2.2

7.2.3

7.2.3.1

7.2.3.2

4109LS-8051-02/08

Schematic

Parameters

A to D Converter

Table 18. A to D Converter DC Characteristics
Vpp =2.7t0 3.3V, T, =-40 to +85°C

Symbol Parameter Min Typ Max Units Test Conditions

AVpp Analog Supply Voltage 2.7 3.3 \
AVpp= 3.3V

Alpp Analog Operating Supply Current 600 pA AIN1:0= 0 to AVpp
ADEN= 1
AVpp= 3.3V

Alpp Analog Standby Current 2 LA ADEN= 0 or PD= 1

AViy Analog Input Voltage AVgg AVpp \

Reference Voltage
AVger ARern AVsg v
Arerp 2.4 AVpp
RRer AREF Input Resistance 10 30 KQ Tp=25°C
Cia Analog Input capacitance 10 pF Tp=25°C

Oscillator & Crystal

Figure 7-4.

Note:

Crystal Connection

Ct

Q

—r—_n X2

For operation with most standard crystals, no external components are needed on X1 and X2. It

may be necessary to add external capacitors on X1 and X2 to ground in special cases (max 10
pF). X1 and X2 may not be used to drive other circuits.

Table 19. Oscillator & Crystal Characteristics
Vpp =2.7t0 3.3V, T, =-40 to +85°C

ATMEL

Symbol Parameter Min Typ Max Unit
Cyq Internal Capacitance (X1 - VSS) 10 pF
Cyo Internal Capacitance (X2 - VSS) 10 pF
C, Equivalent Load Capacitance (X1 - X2) 5 pF
DL Drive Level 50 uw

F Crystal Frequency 20 MHz
RS Crystal Series Resistance 40 Q
CS Crystal Shunt Capacitance 6 pF

21
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7.2.4 Phase Lock Loop
7.2.4.1 Schematic

Figure 7-5. PLL Filter Connection

FILT

7.2.4.2 Parameters
Table 20. PLL Filter Characteristics

Vpp = 2.7 t0 3.3 V, T, = -40 to +85°C

Symbol Parameter Min Typ Max Unit
R Filter Resistor 100 Q
C1 Filter Capacitance 1 10 nF
c2 Filter Capacitance 2 2.2 nF

7.2.5 USB Connection

7.2.5.1 Schematic
Figure 7-6. USB Connection
VDD
ToP
vBUS (B g o Res
D+ % —+—f3p-+
D- X )—I I D-
usB
GND &%
7.2.52 Parameters
Table 21. USB Characteristics
Vpp=2.7t0 3.3V, T, =-40 to +85°C
Symbol Parameter Min Typ Max Unit
Russ USB Termination Resistor 27 Q
Res USB Full Speed Resistor 1.5 KQ

4109LS-8051-02/08
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7.2.6 MMC Controller

7.2.6.1 Schematic
Figure 7-7. MMC Connection
VDD
MDAT
DAT
MCMD
CMD
7.2.6.2 Parameters
Table 22. MMC Components Characteristics
Vpp=2.7t0 3.3V, T, =-40 to +85°C
Symbol Parameter Min Typ Max Unit
Remp MMC/SD Command Line Pull-Up Resistor 100 KQ
Rpar MMC/SD Data Line Pull-Up Resistor 10 KQ
7.2.7 In System Programming
7.2.7.1 Schematic
Figure 7-8. ISP Pull-Down Connection
isP F—"
Risp
7.2.7.2 Parameters
Table 23. ISP Pull-Down Characteristics
Vpp =2.71t0 3.3V, T, = -40 to +85°C
Symbol Parameter Min Typ Max Unit
Risp ISP Pull-Down Resistor 2.2 KQ

ATMEL 2
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7.3 AC Characteristics

7.3.1 External Program Bus Cycles
7.3.1.1 Definition of Symbols
Table 24. External Program Bus Cycles Timing Symbol Definitions
Signals Conditions
A Address H High
| Instruction In L Low
L ALE Vv Valid
P PSEN X No Longer Valid
A Floating
7.3.1.2 Timings
Test conditions: capacitive load on all pins= 50 pF.
Table 25. External Program Bus Cycle - Read AC Timings
Vpp = 2.7 10 3.3V, T, = -40 to +85°C
Variable Clock Variable Clock
Standard Mode X2 Mode
Symbol Parameter Min Max Min Max Unit
ToeL | Clock Period 50 50 ns
Tine | ALE Pulse Width 2:Toc-15 Tele-15 ns
Tavi. | Address Valid to ALE Low TeoLcL-20 0.5 Tgc-20 ns
Tuax |Address hold after ALE Low TeoLcL-20 0.5 Tgc-20 ns
T.v | ALE Low to Valid Instruction 4T 35 2:To o35 ns
Tepn | PSEN Pulse Width 3Te 25 1.5 Tg01-25 ns
Tpv | PSEN Low to Valid Instruction 3 ToLcL-35 1.5 Tg o -35| ns
Texix | Instruction Hold After PSEN High 0 0 ns
Tewiz | Instruction Float After PSEN High Teico-10 0.5 T -10| ns
Tavy | Address Valid to Valid Instruction 5TcLcL-35 25T 35| ns
Teaz | PSEN Low to Address Float 10 10 ns

4109LS-8051-02/08
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Variable Clock Variable Clock
Standard Mode X2 Mode
Symbol Parameter Min Max Min Max Unit
Trirn | RD Pulse Width 6-ToicL-25 3Too-25 ns
Trun | RD high to ALE High Terel-20 Tolci+20 | 0.5 Tg c-20 | 0.5:Tg o +20 | ns
Tavpv | Address Valid to Valid Data In 9T cL-65 45T 65| ns
TavrL | Address Valid to RD Low 4T 01-30 2T 01-30 ns
Taoy | RD Low to Valid Data 5To1c1-30 2.5Teo-30 | ns
Triaz | RD Low to Address Float 0 0 ns
Truox | Data Hold After RD High 0 0 ns
Trupz | Data Float After RD High 2T 0125 Toc25 | ns
Table 28. External Data 8-bit Bus Cycle - Write AC Timings
Vpp =2.71t0 3.3V, T, = -40 to +85°C
Variable Clock Variable Clock
Standard Mode X2 Mode
Symbol Parameter Min Max Min Max Unit

Teol | Clock Period 50 50 ns
T | ALE Pulse Width 2-TgLe-15 Torel-15 ns
Tav. | Address Valid to ALE Low Tec-20 0.5:Tg . -20 ns
Tuax | Address hold after ALE Low Tec-20 0.5:Tg . -20 ns
Tuw. | ALE Low to WR Low 3-TgLc-30 1.5:Tg 30 ns
Twuwn | WR Pulse Width 6:To 025 3Tg 025 ns
Twan | WR High to ALE High ToLel-20 Tolei+20 | 0.5Tg 0 -20 | 0.5:Tg o +20 | ns
Tawe | Address Valid to WR Low 4T 01-30 2T 01-30 ns
Touwn | Data Valid to WR High 7-Te o120 3.5-Tg c-20 ns
Twhax | Data Hold after WR High Tool-15 0.5Tg o -15 ns

ATSXCS51SND1C m————




7.3.2.3

7.3.3

7.3.3.1

4109LS-8051-02/08

Waveforms

Figure 7-10. External Data 8-bit Bus Cycle - Read Waveforms
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Triaz—> |= < TrHbz
Tavi Tiiax TrHpx
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TavaL Data In
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Figure 7-11. External Data 8-bit Bus Cycle - Write Waveforms

ALE
LI
- g Towe - Twiwn . TwHLH
WR
- TavwL .
:T AL | Tiiax =i ‘ Tavwh TWH%‘
PO ——X A7:0 > >< D7:0 N
Data Out

P2 >< A15:8 X

External IDE 16-bit Bus Cycles

Definition of Symbols
Table 29. External IDE 16-bit Bus Cycles Timing Symbol Definitions
Signals Conditions
A Address H High
D Data In L Low
L ALE % Valid
Q Data Out X No Longer Valid
R RD z Floating
W WR

27
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Figure 7-16. SP| Master Waveforms (SSCPHA= 0)
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Note: 1. SS handled by software using general purpose port pin.

Figure 7-17. SPI Master Waveforms (SSCPHA= 1)
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Note: 1. SS handled by software using general purpose port pin.

7.4.1 Two-wire Interface

7.4.1.1 Timings
Table 34. TWI Interface AC Timing



7.4.3 Audio Interface

7.4.3.1 Definition of symbols
Table 37. Audio Interface Timing Symbol Definitions
Signals Conditions
C Clock H High
(6] Data Out L Low
Data Select Vv Valid
X No Longer Valid

7.4.3.2 Timings
Table 38. Audio Interface AC timings

Vpp = 2.7 t0 3.3 V, T, = -40 to +85°C, CL< 30pF

Symbol Parameter Min Max Unit
Tehen Clock Period 325.5( ns
Terex Clock High Time 30 ns
Telex Clock Low Time 30 ns
TelcH Clock Rise Time 10 ns
TehoL Clock Fall Time 10 ns
Telsy Clock Low to Select Valid 10 ns
Telov Clock Low to Data Valid 10 ns

Note: 1. 32-bit format with Fs= 48 KHz.

7.4.3.3 Waveforms

Figure 7-20. Audio Interface Waveforms
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AT8xC51SND1C

7.4.4.3 Waveforms

Figure 7-21. Analog to Digital Converter Internal Waveforms
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Figure 7-22. Analog to Digital Converter Characteristics
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8. Ordering Information

Memory Supply | Temperature Max Product
Part Number Size Voltage Range Frequency Package® Packing Marking

AT89C51SND1C-ROTIL
AT89C51SND1C-7HTIL
AT89C51SND1C-DDV
AT83SND1Cxxx"-ROTIL
AT83SND1Cxxx™M-7HTIL OBSOLETE
AT83SND1Cxxx-DDV
AT80C51SND1C-ROTIL
AT80C51SND1C-7HTIL
AT80C51SND1C-DDV

AT89C51SND1C-ROTUL 64K Flash 3V '”dG“rS;re'i' & 40 MHz TQFP8O Tray 89C51SND1C-IL
AT89C51SND1C-7HTJL 64K Flash 3V Industrial 40 MHz BGA81 Tray 89C51SND1C-IL
AT83SND1Cxxx(M-ROTUL | 64K ROM 3v '”dgrs;;'i' & 40 MHz TQFP80 Tray 89C51SND1C-IL
AT83SND1 Cxxx(M-7HTJL 64K ROM 3v '”dgrs;;'i' & 40 MHz BGAST Tray 89C51SND1C-IL
AT80C51SND1C-ROTUL ROMIess 3V '”dgrs;;'i' & 40 MHz TQFP80 Tray 89C51SND1C-IL
AT80C51SND1C-7HTJL ROMIess 3V '”dgrs;;'i' & 40 MHz BGA81 Tray 89C51SND1C-IL

Notes: 1. Refers to ROM code.
2. PLCCB84 package only available for development board.
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