Features
* 80C52X2 Core (6 Clocks per Instruction)
— Maximum Core Frequency 48 MHz in X1 Mode, 24MHz in X2 Mode
— Dual Data Pointer
— Full-duplex Enhanced UART (EUART)
— Three 16-bit Timer/Counters: TO, T1 and T2
— 256 Bytes of Scratchpad RAM _®

* 32-Kbyte On-chip Flash In-System Programming through USB or UART
* 4-Kbyte EEPROM for Boot (3-Kbyte) and Data (1-Kbyte)
* On-chip Expanded RAM (ERAM): 1024 Bytes

* Integrated Power Monitor (POR/PFD) to Supervise Internal Power Supply 8_b|t FI ash
e USB 1.1 an_d 2.0 Full Speed Compliant Module with Interrupt on Transfer Completion .
: gr;’c:ggIrr;trnorr:(;[)l(éogr::joplo-gﬁzs\:/ietf.Ir?i-rbétuetlg::rce)ctions and with Bulk, Interrupt or M ICroCoO ntro l l er
Endpoimi1.2.3 2byte FIF0 - with Full Speed
Endpoint . 2 S12.byte FIFO with Dauble Euffering (Ping-pong Mode) USB Device

— Suspend/Resume Interrupts
— Power-on Reset and USB Bus Reset
— 48 MHz DPLL for Full-speed Bus Operation
— USB Bus Disconnection on Microcontroller Request AT89C5131A'L
* 5 Channels Programmable Counter Array (PCA) with 16-bit Counter, High-speed
Output, Compare/Capture, PWM and Watchdog Timer Capabilities
* Programmable Hardware Watchdog Timer (One-time Enabled with Reset-out): 50 ms to . ]
65 at 4 MHz Preliminary
* Keyboard Interrupt Interface on Port P1 (8 Bits)
* TWI (Two Wire Interface) 400Kbit/s
* SPIl Interface (Master/Slave Mode)
e 341/0 Pins
* 4 Direct-drive LED Outputs with Programmable Current Sources: 2-6-10 mA Typical Su mm ary
* 4-level Priority Interrupt System (11 sources)
* Idle and Power-down Modes
* 0to 32 MHz On-chip Oscillator with Analog PLL for 48 MHz Synthesis
* Industrial Temperature Range
* Low Voltage Range Supply: 3.0V to 3.6V
* Packages: SO28, MLF48, PLCC52, VQFP64

Note: The AT89C5131A-L is the low voltage version of AT89C5131A-M, for function-
nal information, please refer to AT89C5131A-M datasheet on the Atmel web
site.

Rev. 4338A-USB-08/04

AImEl Note:  This is a summary document. A complete functional
description is available in the AT89C5131A-M datasheet.
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Description

ATMEL

AT89C5131A-L is a high-performance Flash version of the 80C51 single-chip 8-bit
microcontrollers with full speed USB functions.

AT89C5131A-L features a full-speed USB module compatible with the USB specifica-
tions Version 1.1 and 2.0. This module integrates the USB transceivers with a 3.3V
voltage regulator and the Serial Interface Engine (SIE) with Digital Phase Locked Loop
and 48 MHz clock recovery. USB Event detection logic (Reset and Suspend/Resume)
and FIFO buffers supporting the mandatory control Endpoint (EPQ) and up to 6 versatile
Endpoints (EP1/EP2/EP3/EP4/EP5/EP6) with minimum software overhead are also part
of the USB module.

AT89C5131A-L retains the features of the Atmel 80C52 with extended Flash capacity
(32-Khyte), 256 bytes of internal RAM, a 4-level interrupt system, two 16-bit
timer/counters (TO/T1), a full duplex enhanced UART (EUART) and an on-chip
oscillator.

In addition, AT89C5131A-L has an on-chip expanded RAM of 1024 bytes (ERAM), a
dual- data pointer, a 16-bit up/down Timer (T2), a Programmable Counter Array (PCA),
up to 4 programmable LED current sources, a programmable hardware watchdog and a
power-on reset.

AT89C5131A-L has two software-selectable modes of reduced activity for further reduc-
tion in power consumption. In the idle mode the CPU is frozen while the timers, the
serial ports and the interrupt system are still operating. In the power-down mode the
RAM is saved, the peripheral clock is frozen, but the device has full wake-up capability
through USB events or external interrupts.

2 /A T 8O C 511371 /A - L s —
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Block Diagram
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Notes: 1. Alternate function of Port 1
2. Alternate function of Port 3
3. Alternate function of Port 4
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Pinout Description

Pinout
Figure 1. AT89C5131A-L 52-pin PLCC Pinout
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P2.7/A15 []15 39 []P3.7/RD/LED3
VDD []16 38 []P0.5/AD5
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Figure 2. AT89C5131A-L 64-pin VQFP Pinout
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Figure 3. AT89C5131A-L 48-pin MLF Pinout
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The MLF48 package does not allow external memory acces through PO/P2 ports (exter-
nal code execution or external XRAM access).

PO and P2 ports are output only ports for MLF48 package.

Figure 4. AT89C5131A-L 28-pin SO Pinout

P1.5/CEX2/KIN5/MISO[]1 ~ 28 [JP1.4/CEX1/KIN4
P1.6/CEX3/KIN6/SCK[] 2 27 [JP1.3/CEXO/KIN3
P1.7/CEX4/KIN7/MOSI[]3 26 [JP1.2/ECI/KIN2
P4.0/SCL[]4 25 [JP1.1/T2EX/KINL/SS
P4usDAlls  SO28 24 [JP1.0/T2/KINO
XTAL2[]6 23 [JRST
XTAL1[]7 22 [] vss
vDD[]8 21 []P3.7/RD/LED3
avss[]e 20 [] P3-6/WRILED2
pa.orxpl10 19 [] P3.5/T1/LEDL
pLLF [11 18 [] P3.4/T0
D-[]12 17 [] P3.3/INT1/LEDO
D+[]13 16 [] P3-2/INTO
VREF []14 15 [J P3.1/TxD
6 /AT SO C'521. 31 /A - L s

4338A-USB-08/04



s A\ TSOC5131A-L

Signals All the AT89C5131A-L signals are detailed by functionality on Table 1 through Table 12.
Table 1. Keypad Interface Signal Description
Signal Alternate
Name Type | Description Function

Keypad Input Lines
KIN[7:0) | Holding one of these pins high or low for 24 oscillator periods triggers a P1[7:0]
keypad interrupt if enabled. Held line is reported in the KBCON register.

Table 2. Programmable Counter Array Signal Description

Signal Alternate
Name Type |Description Function
ECI | External Clock Input P1.2

P1.3
Capture External Input
P1.4
CEX[4:0] 110 P1.5
Compare External Output
P1.6
P1.7
Table 3. Serial /0O Signal Description
Signal Alternate
Name Type | Description Function
Serial Input
RxD I The serial input is P3.0 after reset, but it can also be configured to P4.0 by P3.0
software.
Serial Output
TxD O | The serial output is P3.1 after reset, but it can also be configured to P4.1 by P3.1
software.
Table 4. Timer 0, Timer 1 and Timer 2 Signal Description
Signal Alternate
Name Type | Description Function

Timer 0 Gate Input

INTO serves as external run control for timer 0, when selected by GATEO
bit in TCON register.

INTO I External Interrupt O P3.2
INTO input set IEQ in the TCON register. If bit ITO in this register is set, bits
IEO are set by a falling edge on INTO. If bit ITO is cleared, bits IEO is set by
a low level on INTO.

Timer 1 Gate Input

INT1 serves as external run control for Timer 1, when selected by GATE1
bit in TCON register.

INT1 I External Interrupt 1 P3.3
INT1 input set IE1 in the TCON register. If bit IT1 in this register is set, bits
IE1 are set by a falling edge on INT1. If bit IT1 is cleared, bits IE1 is set by
a low level on INTL.

AIMEL 7
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Table 4. Timer 0, Timer 1 and Timer 2 Signal Description (Continued)
Signal Alternate
Name Type | Description Function

Timer Counter 0 External Clock Input
TO | When Timer 0 operates as a counter, a falling edge on the TO pin P3.4
increments the count.

Timer/Counter 1 External Clock Input
T1 | When Timer 1 operates as a counter, a falling edge on the T1 pin P3.5
increments the count.

| Timer/Counter 2 External Clock Input
T2 P1.0

O | Timer/Counter 2 Clock Output

T2EX | Timer/Counter 2 Reload/Capture/Direction Control Input P1.1

Table 5. LED Signal Description

Signal Alternate
Name Type |Description Function
Direct Drive LED Output P3.3
These pins can be directly connected to the Cathode of standard LEDs P3.5
LED[3:0] O | without external current limiting resistors. The typical current of each '
output can be programmed by software to 2, 6 or 10 mA. Several outputs P3.6
can be connected together to get higher drive capabilities. P3.7
Table 6. TWI Signal Description
Signal Alternate
Name Type |Description Function

SCL: TWI Serial Clock
SCL /O | SCL output the serial clock to slave peripherals. P4.0
SCL input the serial clock from master.

SDA: TWI Serial Data pa 1

SDA Vo SCL is the bidirectional TWI data line.

Table 7. SPI Signal Description

Signal Alternate
Name Type | Description Function
ss /O |SS: SPI Slave Select P1.1

MISO: SPI Master Input Slave Output line

MISO e When SPI is in master mode, MISO receives data from the slave PL5
peripheral. When SPI is in slave mode, MISO outputs data to the master '
controller.
SCK: SPI Serial Clock

SCK 110 . . P1.6
SCK outputs clock to the slave peripheral or receive clock from the master

1o MOSI: SPI Master Output Slave Input line

MOsSI When SPI is in master mode, MOSI outputs data to the slave peripheral. P17
When SPI is in slave mode, MOSI receives data from the master controller

8 /A T 8O C 511371 /A - L s —
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Table 8. Ports Signal Description

Signal
Name Type |Description Alternate Function
Port 0
PO is an 8-bit open-drain bidirectional 1/O port. Port 0
PO[7:0] /o plns.tha.t have 1s wr.ltten to them float and can pe used AD[7:0]
as high impedance inputs. To avoid any parasitic current
consumption, Floating PO inputs must be pulled to Vpp or
Vgs.
KIN[7:0]
Port 1 T2
. P1 is an 8-bit bidirectional I/0 port with internal pull-ups,
P1[7:0] Vo except for P1.6 and P1.7 that are true open drain TEZEIX
outputs.
CEX[4:0]
. Port 2 .
P2[7:0] Vo P2 is an 8-bit bidirectional 1/0 port with internal pull-ups. AlL5:8]
LED[3:0]
RxD
TxD
. Port 3 INTO
P3[7:0] YO | b3 is an 8-bit bidirectional 110 port with internal pull-ups. INT1
TO
T
WR
RD
. Port 4 SCL
PA[L:0] Vo P4 is an 2-bit open port. SDA
Table 9. Clock Signal Description
Signal Alternate
Name Type | Description Function

Input to the on-chip inverting oscillator amplifier
XTAL1 | To use the internal oscillator, a crystal/resonator circuit is connected to this -
pin. If an external oscillator is used, its output is connected to this pin.

Output of the on-chip inverting oscillator amplifier
XTAL2 O | To use the internal oscillator, a crystal/resonator circuit is connected to this -
pin. If an external oscillator is used, leave XTAL2 unconnected.

PLL Low Pass Filter input
PLLF | Receives the RC network of the PLL low pass filter (See Figure 5 on page -
13).

Table 10. USB Signal Description

Signal Alternate
Name Type | Description Function
D+ /O | USB Data + signal -
D- /O | USB Data - signal -
VREF 0 USB Reference Voltage )
Connect this pin to D+ using a 1.5 kQ resistor to use the Detach function.

AIMEL 9
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Table 11. System Signal Description

Signal Alternate
Name Type | Description Function

Multiplexed Address/Data LSB for external access
ADI[7:0] 110 . . PO[7:0]
Data LSB for Slave port access (used for 8-bit and 16-bit modes)

Address Bus MSB for external access
A[15:8] 110 . P2[7:0]
Data MSB for Slave port access (used for 16-bit mode only)

Read Signal
RD /O | Read signal asserted during external data memory read operation. P3.7

Control input for slave port read access cycles.

Write Signal
WR /0 | Write signal asserted during external data memory write operation. P3.6

Control input for slave write access cycles.

Reset

Holding this pin low 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 oscillator is running.
RST 1o This pin has an internal pull-up resistor which allows the device to be reset )
by connecting a capacitor between this pin and VSS.

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

This pin is set to O for at least 12 oscillator periods when an internal reset
occurs (hardware watchdog or Power monitor).

Address Latch Enable Output

The falling edge of ALE strobes the address into external latch. This signal
ALE o |. . . " . -
is active only when reading or writing external memory using MOVX

instructions.

PSEN o Program )
Test mode entry signal. This pin must be set to V,, for normal operation.

External Access Enable

EA | This pin must be held low to force the device to fetch code from external
program memory starting at address 0000h. It is latched during reset and
cannot be dynamically changed during operation.

Table 12. Power Signal Description

Signal Alternate
Name Type | Description Function
Alternate Ground
AVSS GND AVSS is used to supply the on-chip PLL and the USB PAD. )
Alternate Supply Voltage )
AVDD PWR AVDD is used to supply the on-chip PLL and the USB PAD.
Digital Ground
Vss GND VSS is used to supply the buffer ring and the digital core. )
Digital Supply Voltage
VDD BWE VDD is used to supply the buffer ring on all versions of the device.
Itis also used to power the on-chip voltage regulator of the Standard
versions or the digital core of the Low Power versions.
10 AT89C5131A L m—————
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4338A-USB-08/04

Table 12. Power Signal Description (Continued)

I )

Signal Alternate
Name Type | Description Function
USB pull-up Controlled Output
VREE o VREF is used to control the USB D+ 1.5 kQ pull up. )
The Vref output is in high impedance when the bit DETACH is set in the
USBCON register.
AIMEL 1t
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Typical Application

The following figure represents the typical wiring schematic.

Figure 5. Typical Application
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Electrical Characteristics

Absolute Maximum Ratings

) ) Note:  Stresses at or above those listed under “Absolute
Ambient Temperature Under Bias: Maximum Ratings” may cause permanent damage to
I =industrial ........oooeeeiii e -40°C to 85°C the deYice- This is a_stress rating only and functiongl
operation of the device at these or any other condi-
Storage Temperature ........ccccccveveveeeieeesenenennnn -65°C to + 150°C tions above those indicated in the operational
sections of this specification is not implied. Exposure
to absolute maximum rating conditions may affect

Voltage on Any Pin from Vgg c.covoveeencenenens -0.5V 1o Vg + 0.2V device reliability.

Voltage on Ve from Vgg.veniiniiciii, -0.5V to + 6V

DC Parameters
Ta = -40°C to +85°C; Vgg = OV; Ve = 3.3V + 10%; F = 0 to 40 MHz

Symbol |Parameter Min Typ® Max Unit | Test Conditions
Vi Input Low Voltage -0.5 0.2Vec-0.1 \%
V4 Input High Voltage except XTAL1, RST 0.2V +0.9 Vee + 0.5
Vi1 Input High Voltage, XTAL1, RST 0.7 Vee Vee + 0.5 \%
0.3 V |l =100 uA®
VoL Output Low Voltage, ports 1, 2, 3 and 4©) 0.45 V  |lg =0.8 mA®
1.0 V|l = 1.6mA®@
0.3 V  |lg =200 uA®
Vour Output Low Voltage, port 0, ALE, PSEN ©® 0.45 V  |lg =1.6 mA®
1.0 V  |lg =3.5mA®
lon = -10 pA
Vee-03 v |OH =-30 “A
Von Output High Voltage, ports 1, 2, 3, 4 and 5 Vee-0.7 \% oH ™ K
lon = -60 HA
Vee-1.5 v
Ve = 3.3V £10%
lon = -200 HA
Vee-0.3 v oo K
_ — lon = -1.6 MA
Vou1 Output High Voltage, port 0, ALE, PSEN Vee-0.7 \%
lon = -3.5 MA
Vee-1.5 v
Ve = 3.3V £10%
Rrst RST Pullup Resistor 50 100 200 kQ
I Logical O Input Current ports 1, 2, 3 and 4 -50 pA [ Vin =0.45V
I Input Leakage Current +10 pA | 0.45V < Vin < Ve
Iy Logical 1 to O Transition Current, ports 1, 2, 3 650 WA | Vin=20v
and 4
. Fc=1MHz
Co Capacitance of /O Buffer 10 pF Ta = 25°C
[ Power-down Current TBD PA 3.0V <V <3.6VO
e Power Supply Current lccop = TBD mA Vee = 3.3V OO
lcciole = TBD mA
Vpepp Power Fail High Level Threshold 3.0 \
14 AT89C5131A L m—————
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Symbol |Parameter Min Typ® Max Unit | Test Conditions
Voeom Power Fail Low Level Threshold 2.2 \
Power fail hysteresis Vprpp - Vpepu 0.15 \
Notes: I. Operafing I IS measured with all oufput pins disconnected; XTALT driven With T, cqy Tchel = © NS (See Figure 9.), V, =
Vgg + 0.5V, -
Viy = Vee - 0.5V; XTAL2 N.C.; EA = RST = Port 0 = V. lcc Would be slightly higher if a crystal oscillator used (see Figure
6.).
2. ldle I.¢ is measured with all output pins disconnected; XTALL driven with Te ¢y, Tepe =508, VL = Vgg + 0.5V, Vi = Ve -
0.5V; XTAL2 N.C; Port 0 = Vc; EA = RST = V4 (see Figure 7). -
3. Power-down I¢ is measured with all output pins disconnected; EA = V¢, PORT 0 = V¢; XTAL2 NC.; RST = Vg (see Fig-
ure 8.). In addition, the WDT must be inactive and the POF flag must be set.
4. Capacitance loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the Vg, 5 of ALE and Ports 1
and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1to 0
transitions during bus operation. In the worst cases (capacitive loading 100 pF), the noise pulse on the ALE line may exceed
0.45V with maxi V,_peak 0.6V. A Schmitt Trigger use is not necessary.
5. Typicals are based on a limited number of samples and are not guaranteed. The values listed are at room temperature.
6. Under steady state (non-transient) conditions, I, must be externally limited as follows:

Maximum Iy, per port pin: 10 mA

Maximum |, per 8-bit port:

Port 0: 26 mA

Ports 1, 2 and 3: 15 mA

Maximum total 15, for all output pins: 71 mA

If 15, exceeds the test condition, V5, may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.

Figure 6. I Test Condition, Active Mode

VCC
ICCl
Vee Vee
pa—
ol —
—{RST EA
(NC) XTAL2
CLOCK XTAL1
SIGNAL
Vs

All other pins are disconnected.
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Figure 7. loc Test Condition, Idle Mode

VCC

ICCl
Vee Vee
PO e
VCC
s

Lest e

(NC)—— XTAL2
CLOCK  __pIxTALL

SIGNAL

All other pins are disconnected.

Figure 8. I Test Condition, Power-down Mode
VCC
ICCJ
Vee Ve
PGE—
VCC

Tl o

O

(NCy—— XTAL2

E XTAL1
VSS

All other pins are disconnected.

Figure 9. Clock Signal Waveform for I¢ Tests in Active and Idle Modes

V0.5V 0.7Vee
0.45\v 0.2Vec-0.1
TereL Teen

Teren = TeweL = 5ns.

LED’s
Table 13. LED Outputs DC Parameters
Symbol | Parameter Min Typ Max Unit | Test Conditions
1 2 4 mA | 2 mA configuration
loL Output Low Current, P3.6 and P3.7 LED modes 2 4 8 mA |4 mA configuration

5 10 20 mA | 10 mA configuration

Note: 1. (Ta=-20°Cto +50°C, V- VoL =2 V £ 20%)

16 AT89C5131A L m—————
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USB DC Parameters

1-Vpus
2-D-
3-D+
4-GND
R
VREF
3| 2 — D+
USB ‘B’ © Rpad D-
Receptacle
o o0
4 1
R=15kQ
Rpad =27Q
Symbol | Parameter Min Typ Max Unit
Veger | USB Reference Voltage 3.0 3.6 \
Vig Input High Voltage for D+ and D- (Driven) 2.0 \%
Viuz Input High Voltage for D+ and D- (Floating) 2.7 3.6 \%
Vi Input Low Voltage for D+ and D- 0.8 \
Von Output High Voltage for D+ and D- 2.8 3.6 \%
VoL Output Low Voltage for D+ and D- 0.0 0.3 \

AIMEL 17
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AC Parameters

Explanation of the AC Each timing symbol has 5 characters. The first character is always a “T” (stands for

Symbols time). The other characters, depending on their positions, stand for the name of a signal
or the logical status of that signal. The following is a list of all the characters and what
they stand for.

Example: T,y = Time for Address Valid to ALE Low.
T,..pL = Time for ALE Low to PSEN Low.

T, = -40°C to +85°C; Vgg = OV; Ve = 3.3V +10%; F = 0 to 40 MHz.
T, = -40°C to +85°C; Vgg = OV; Ve = 3.3V + 10%.

(Load Capacitance for port 0, ALE and PSEN = 60 pF; Load Capacitance for all other
outputs = 60 pF.)

Table 14, Table 17 and Table 20 give the description of each AC symbols.
Table 15, Table 19 and Table 21 give for each range the AC parameter.

Table 16, Table 19 and Table 22 give the frequency derating formula of the AC parame-
ter for each speed range description. To calculate each AC symbols. take the x value
and use this value in the formula.

Example: T, ,, and 20 MHz, Standard clock.
x=30ns

T=50ns

Teey =4T -x=170ns

External Program Memory Table 14. Symbol Description
Characteristics
Symbol Parameter
T Oscillator Clock Period

T ALE Pulse Width

TaviL Address Valid to ALE

Tiax Address Hold after ALE

Ty ALE to Valid Instruction In

TueL ALE to PSEN

ToLpH PSEN Pulse Width
Teuv PSEN to Valid Instruction In
Toxix Input Instruction Hold after PSEN
Toxiz Input Instruction Float after PSEN
Taviv Address to Valid Instruction In
ToLaz PSEN Low to Address Float
18 AT89C5131A L m—————

4338A-USB-08/04



s A\ TSOC5131A-L

4338A-USB-08/04

Table 15. AC Parameters for a Fix Clock (F = 40 MHz)

Symbol Min Max Units

T 25 ns

Tinie 40 ns

TaviL 10 ns

TiLax 10 ns

LY, 70 ns

Tipe 15 ns

TeLpH 55 ns

Teuv 35 ns

Texix 0 ns

Texiz 18 ns

Taviv 85 ns

Triaz 10 ns

Table 16. AC Parameters for a Variable Clock
Standard
Symbol Type Clock X2 Clock X Parameter Units

Tih Min 2T-x T-x 10 ns
TaviL Min T-X 05T-x 15 ns
Tiax Min T-X 05T-x 15 ns
T Max 4T-Xx 2T-x 30 ns
TuepL Min T-X 05T-x 10 ns
Tolpn Min 3T-x 15T-x 20 ns
Touv Max 3T-Xx 15T-x 40 ns
Toxix Min X X 0 ns
Toxiz Max T-X 05T-x 7 ns
Taviv Max 5T-x 25T-x 40 ns
Toiaz Max X X 10 ns

AIMEL

I )
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External Program Memory Read Cycle

12 TCLCL

v

— Ty —Pe— Ty —»
ALE Tiel

< L

——Tp py —H

PSEN T > > [ Toxay
LLAX < PLIV > > TPXIZ
«TPLAZ Toxx» <

PORTO INSTRIN INSTR IN AQ-A7 INSTR IN
Tavy ——>
PORT 2 ADDRESS
OR SFR-P2 ADDRESS A8-A15 ADDRESS A8-A15
External Data Memory Table 17. Symbol Description

Characteristics
Symbol Parameter

TrirH RD Pulse Width

Twiwh WR Pulse Width

Triov RD to Valid Data In

TRrHDX Data Hold After RD

Trubz Data Float After RD

TiLiov ALE to Valid Data In

Tavov Address to Valid Data In

Tt ALE to WR or RD

Tavwi Address to WR or RD

Tovwx Data Valid to WR Transition

TovwH Data set-up to WR High

TwHox Data Hold After WR

Triaz RD Low to Address Float

Twhin RD or WR High to ALE high

20 /A T 8O C 511371 /A - L s —
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Table 18. AC Parameters for a Variable Clock (F = 40 MHz)

Symbol Min Max Units
TRLRH 130 ns
Twiwh 130 ns
Tripv 100 ns
TrHDX 0 ns
TrHDZ 30 ns
Tiov 160 ns
Tavov 165 ns
T 50 100 ns
Tavwi 75 ns
Tovwx 10 ns
Tovwh 160 ns
Twhox 15 ns
Triaz 0 ns
TwHLH 10 40 ns

AIMEL
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Table 19. AC Parameters for a Variable Clock

Standard
Symbol Type Clock X2 Clock X Parameter Units
TrLRH Min 6T-x 3T-x 20 ns
Twiwn Min 6T-x 3T-x 20 ns
Triov Max 5T-x 25T-x 25 ns
TrHDxX Min X X 0 ns
Trupz Max 2T-x T-Xx 20 ns
T ov Max 8T-x 4T -Xx 40 ns
Tavov Max 9T-x 45T-x 60 ns
T Min 3T-x 15T-x 25 ns
T Max 3T+X 15T+x 25 ns
TavwiL Min 4T-X 2T-x 25 ns
Tovwx Min T-x 05T-x 15 ns
Tovwh Min 7T-x 35T-x 25 ns
Twhox Min T-x 05T-x 10 ns
Triaz Max X X 0 ns
TwHLH Min T-x 05T-x 15 ns
TwhLH Max T+x 05T+x 15 ns

External Data Memory Write

Cycle
Twhn
aE
PSEN
—T > < Twiwn >
WR
<_TQVWX T
*Tuax Tovwh ——P< lyhox
PORT 0 AO-A7 DATA OUT
Taw, ——»
PORT 2 ADDRESS
ER rR ADDRESS A8-A15 OR SFR P2 >
22 /AT SO C 5171371 /A - L 10—
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External Data Memory Read Cycle

TwhLH
ALE j < Tiov >
PSEN
— T > Trern >
RD
< Tavov * Trroz
=T x> Tropx P <—
PORT 0 D—/ AO-A7 DATA IN
T —» Triaz
< AVWL >

ADDRESS > <
PORT 2 OR SFR-P2

ADDRESS A8-A15 OR SFR P2

Serial Port Timing - Shift

Table 20. Symbol Description (F = 40 MHz)

AT89C5131A-L

Register Mode

Symbol Parameter
Tyxixe Serial port clock cycle time
Tovhx Output data set-up to clock rising edge
Txrox Output data hold after clock rising edge
TxHDX Input data hold after clock rising edge
TxHov Clock rising edge to input data valid

Table 21. AC Parameters for a Fix Clock (F = 40 MHz)

Symbol Min Max Units
Txxt 300 ns
Taovx 200 ns
TxHox 30 ns
Txrpx 0 ns
Txrov 117 ns
Table 22. AC Parameters for a Variable Clock
Standard X Parameter
Symbol Type Clock X2 Clock for -M Range Units
Tyixe Min 12T 6T ns
Tovhx Min 10T -x 5T-x 50 ns
Txhox Min 2T-x T-x 20 ns
TxHpx Min X X 0 ns
TxHov Max 10T-x 5T-Xx 133 ns

4338A-USB-08/04
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Shift Register Timing Waveform

INSTRUCTION | O | 1 | 2 | 38 | 4 | 5 | 6 | 7 | 8 |
=Ty x|
CLoCK L T

T ouxet =) >:_TXHQX
OUTPUT DATA NS X P IX 2 X3 XA XS X8 X7/
*

WRITE to SBUF

INPUT DATA
CLEARRI
External Clock Drive Table 23. AC Parameters
Characteristics (XTAL1)
Symbol Parameter Min Max Units
TeleL Oscillator Period 25 ns
Tenex High Time 5 ns
Terex Low Time 5 ns
Telen Rise Time 5 ns
TenelL Fall Time 5 ns
Tenex! Telex | Cyclic ratio in X2 mode 40 60 %
External Clock Drive
Waveforms
Ve-0.5Veeeeeee
0.45 Tehex
Tewer —»  — Teiex Teien
< TeleL >

AC Testing Input/Output
Waveforms

Vee 0.5V 0.2 Ve + 0.9
INPUT/OUTPUT “Vec* U

0.2 Vee-0.1

0.45v

AC inputs during testing are driven at V¢ - 0.5 for a logic “1” and 0.45V for a logic “0”".
Timing measurement are made at V,; min for a logic “1” and V,, max for a logic “0".

Float Waveforms

FLOAT

Vou-01V Vioa + 0.1V

VoL + 0.1V Vioa-0.1V

24 /A T 8O C 511371 /A - L s —
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For timing purposes as port pin is no longer floating when a 100 mV change from load
voltage occurs and begins to float when a 100 mV change from the loaded Vq,/V, level
occurs. lg /lgy = £20 mA.

AIMEL 25
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Clock Waveforms Valid in normal clock mode. In X2 mode XTAL2 must be changed to XTAL2/2.
STATE4 | STATES , STATE6 , STATELl , STATE2 , STATE3 , STATE4 , STATES
INTERNAL
cLock pi|p2|Pi|pP2|pPi|pP2|Pr|P2|pPL|pP2|Pa|P2|pPi]pP2]|pi]rp2

THESE SIGNALS ARE NOT ACTIVATED DURING THE

EXTERNAL PROGRAM MEMORY FETCH EXECUTION OF A MOVX INSTRUCTION
PSEN
PO DATA PCLOUT DATA PCLOUT DATA PCLOUT
AMP AMP AMP
FLOA Li FLOAT_>I L_ FLOAT.
P2 (EXT) INDICATES ADDRESS TRANSITIDNS
READ CYCLE
RD | |
PCL OUT ?IF PROGRAM
MEMORY IS EXTERNAL)
PO [[DPLORRTOU [DATH
L SAMPLED J
e FLOAT N
P2 [ INDICATESDPHORPZSFRTO PCH TRANSITION |
WRITE CYCLE
WR | | pcLouT ﬁEVEN IF PROGRAM
MEMORY 1S INTERNAL)

PO DPL OR Rt OU \"?—4—
B A_, |PCL OUT (IF PROGRAM
le DATA OUT MEMORYSS EXTERNAL

P2 INDICATES DPH OR P2 SFR TO PCH TRANSITION

PORT OPERATION

MOV PORT SRC OLD DATANEW DATA
PO PINS SAMPLED PO PINS SAMPLED
MOV DEST PO Y] lil
MOV DEST PORT (P1,P2 P3) _P1, P2, P3 PINS SAMPLED P1, P2, P3 PINS SAMBLED
(INCLUDES INTO. INT1. TO T1) n~ll
SERIAL PORT SHIFT CLOCK RXD SAMPLED RXD SAMPLED
TXD (MODE 0) |

This diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the pins, however,
ranges from 25 to 125 ns. This propagation delay is dependent on variables such as temperature and pin loading. Propaga-
tion also varies from output to output and component. Typically though (T, = 25°C fully loaded) RD and WR propagation
delays are approximately 50 ns. The other signals are typically 85 ns. Propagation delays are incorporated in the AC
specifications.
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Flash Memory Table 24. Timing Symbol Definitions
Signals Conditions
S (Hardware —
Condition) PSEN, EA L Low
R RST \Y Valid
B FBUSY Flag X No Longer Valid

Table 25. Memory AC Timing
VDD = 3.3V £ 10%, T, = -40 to +85°C

Symbol Parameter Min Typ Max Unit
TsvrL Input PSEN Valid to RST Edge 50 ns
Trisx Input PSEN Hold after RST Edge 50 ns
TansL Flash Internal Busy (Programming) Time 10 ms

Figure 10. Flash Memory - ISP Waveforms

RST

PSEN1

/

T SVRL TRL SX

[/

Figure 11. Flash Memory - Internal Busy Waveforms

FBUSY

4338A-USB-08/04
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USB AC Parameters

ATMEL

Rise Time Fall Time
_VHimin
_Vers
10% _
. . VLmax
Differential
Data Lines
tr
Table 26. USB AC Parameters
Symbol | Parameter Min Typ Max Unit | Test Conditions
tr Rise Time 4 20 ns
te Fall Time 4 20 ns
teprare | FUll-speed Data Rate 11.9700 12.0300 | Mb/s
Vers | Crossover Voltage 13 2.0 \%
Source Jitter Total to Next
1 | Transaction 35 35 ns
t Source Jitter Total for Paired ” 4 ns
DJ2 Transactions
Receiver Jitter to Next
BRL | Transaction -18.5 185 ns
t Receiver Jitter for Paired 9 9 ns
JR2 | Transactions
28 /A T 8O C 511371 /A - L s —
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Ordering Information
Table 27. Possible Order Entries

Part Number Memory Size (Kbytes) Supply Voltage Temperature Range Package Packing
AT89C5131A-RDTIL 32 3.0to 3.6V Industrial VQFP64 Tray
AT89C5131A-PLTIL 32 3.0to 3.6V Industrial QFN48 Stick
AT89C5131A-S3SIL 32 3.0to 3.6V Industrial PLCC52 Stick
AT89C5131A-TISIL 32 3.0to0 3.6V Industrial S0O28 Stick

Note: 1. Optional Packing and Package options (please consult Atmel sales representative):
-Tape and Reel
-Dry Pack
-Known good dice
AIMEL 29
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Packaging Information

64-lead VQFP
D A
= 0 to 8
Dl |
iy
QM a o A
1777774 7%4 724
1 [
E Bl
F
12°
tzzzzz) L 724
a a T =
L -
o
[ —
A3
A2 Y
0.102 MAX.
LEAD COPLANARITY
M INCH
Mi n Ma x Mi n Ma x
A - 1.60 - . 063
Al 0, 64 REF . 025 REF
A2 0, 64 REF . 025 REF
A3 1,35 1,45 ., 053 . 057
D 11.75 12 25 . 463 . 483
D1 9. 90 10.10 . 390 . 398
E 11.75 12. 25 . 463 . 483
£l 9. 930 10.10 . 390 . 398
J 0. 05 - 002 -
L 0. 45 0. 75 . 018 . 030
e 0. 50 BSC . 0197 BSC
f 0. 25 BSC ., 010 BSC
30 /A T SO C /571 371 /A - | s ——
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52-lead PLCC
A
G — Nd
I ’%
45¢ i) : 7 i)
7 Ne T T
y EIE Ee/De
| | l JV
E‘;T W}; )
—~ D1 =
D
MM I NCH
A 4. 20 4. 57 165 . 180
Al 2. 29 3. 30 . 090 . 130
D 19, 94 20.19 . /85 . 799
D1 19. 05 19. 25 . 790 . 738
De 17.33 18. 54 . 690 . 730
= 19. 94 20.19 . /85 . 795
El 19,05 19,25 . 750 . /958
Ee 17,33 18, 94 . 690 . 730
e 1.27 BSC . 050 BSC
G 1.07 1. 22 . 042 . 048
H 1.07 1. 42 . 04e . 0596
J 0. 951 - . 020 -
K 0. 33 0. 53 . 013 .02l
Nol 13 13
Ne 13 13
PKG STD 00

4338A-USB-08/04
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48-lead MLF

A —=—
|y
{0}
{1} et ek
i /i
0.80 DIA. i
g —+ | E0
N= ~ -
TOP VIEW
| [ 4x P
D2
‘*b PINT 1D
{ MM INCH
ax P uuuunyuouuy MIN | NOM | MAX | MIN | NOM | Max
f — — A - |o es o090 - 033|035
— =
— — J |o0.00|0. 01| 0 09 000|.000|. 002
— — Al 0,20 ref 008 ref
— — D/E 7.00 BSC 276 BSC
+ E2
— — Dl /EL 6.75 BSC . 266 BSC
= — D2/E2] 4, 95‘ 5. 10‘ 5. 25 ‘195‘ . 201‘ 207
 — [ —
 — [ —
| = = P 0‘24‘0‘42‘ 0. 60 ‘009“016“084
L N00Nnn mﬂﬂﬂﬂ e 0.50 BSC 020 BSC
f | L |0 300 40/ 0 50| 012| 016| 0c0
- b |0.18|0.23 0.30|.007|.009 . 0L2

BOTTOM VIEW
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28-lead SO

=

AREA
quuuu\ﬂﬁ

HHHHﬂ

H[ [0.25( 010)® [B® |

4 IMIN

0.356mm(.01
ig il

- %m\g\o 10 (0

04)]C ]|

P |

SEATING PLANE

o) 45°
=~/ ¢

LSRR e

& Jo.250.010)@[D][B[AG

MM I NCH
A 2. 395 2. 69 . 093 104
Al 0.10 0. 30 . 004 . 01e
B 0. 35 0. 49 014 . 019
C 0. 23 0. 32 . 009 . 013
D 17.70 18.10 . 697 713
E 7. 40 7. 60 . 291 . 299
e 1. 27 BSC . 050 BSC
H 10. 00 10. 65 . 394 419
2 0. 25 0.75 . 010 . 0e9
L 0. 40 1. 27 016 . 050
N 28 28
o} 0° 8°

4338A-USB-08/04
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