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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,
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Signals
Table 2. Product Name Signal Description
Signal Alternate
Name Type | Description Function

18" Address Bit
Output to memory as 18th external address bit (A17) in extended bus

At7 © applications, depending on the values of bits RDO and RD1 in UCONFIGO P17
byte (see Table 13, Page 20).
17" Address Bit

A16 0 Output to memory as 17th external address bit (A16) in extended bus P37

applications, depending on the values of bits RDO and RD1 in UCONFIGO
byte (see Table 13, Page 20).

Address Lines
.a(1) .
A15:8 © Upper address lines for the external bus. p2.7:0

Address/Data Lines
.0 .
ADT:0 Vo Multiplexed lower address lines and data for the external memory. P0.7:0

Address Latch Enable
ALE signals the start of an external bus cycle and indicates that valid

ALE © address information are available on lines A16/A17 and A7:0. An external -
latch can use ALE to demultiplex the address from address/data bus.
Real-time Asynchronous Wait States Input
When this pin is active (low level), the memory cycle is stretched until it
AWAITE | becomes high. When using the Product Name as a pin-for-pin replacement

for a 8xC51 product, AWAIT# can be unconnected without loss of
compatibility or power consumption increase (on-chip pull-up).

Not available on DIP package.

PCA Input/Output pins
CEX4:0 /0 | CEXXx are input signals for the PCA capture mode and output signals for P1.7:3
the PCA compare and PWM modes.

External Access Enable

EA# directs program memory accesses to on-chip or off-chip code memory.
For EA# = 0, all program memory accesses are off-chip.

EA# | For EA# = 1, an access is on-chip ROM if the address is within the range of -
the on-chip ROM; otherwise the access is off-chip. The value of EA# is
latched at reset.

For devices without ROM on-chip, EA# must be strapped to ground.

PCA External Clock input

ECI © ECIl is the external clock input to the 16-bit PCA timer. P12
SPI Master Input Slave Output line
MISO /o When SPI is in master mode, MISO receives data from the slave P15

peripheral. When SPI is in slave mode, MISO outputs data to the master
controller.

SPI Master Output Slave Input line
MOSI /O | When SPI is in master mode, MOSI outputs data to the slave peripheral. P1.7
When SPl is in slave mode, MOSI receives data from the master controller.

External Interrupts O and 1

INT1#/INTO# inputs set IE1:0 in the TCON register. If bits IT1:0 in the
TCON register are set, bits IE1:0 are set by a falling edge on INT1#/INTO#.
If bits IT1:0 are cleared, bits IE1:0 are set by a low level on INT1#/INTO#.

INT1:0# | P3.3:2

ATMEL 7
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Table 2. Product Name Signal Description (Continued)

ATMEL

Signal Alternate
Name Type | Description Function
Timer 1:0 External Clock Inputs
T1:0 /O | When timer 1:0 operates as a counter, a falling edge on the T1:0 pin -
increments the count.
Timer 2 Clock Input/Output
T2 /O | For the timer 2 capture mode, T2 is the external clock input. For the Timer 2 P1.0
clock-out mode, T2 is the clock output.
Timer 2 External Input
In timer 2 capture mode, a falling edge initiates a capture of the timer 2
T2EX | registers. In auto-reload mode, a falling edge causes the timer 2 register to P1.1
be reloaded. In the up-down counter mode, this signal determines the
count direction: 1 = up, 0 = down.
Transmit Serial Data
TXD O | TXD outputs the shift clock in serial I/O mode 0 and transmits data in serial P3.1
I/O modes 1,2 and 3.
Digital Supply Voltage
VDD PWR Connect this pin to +5V or +3V supply voltage.
Programming Supply Voltage
VPP | The programming supply voltage is applied to this input for programming -
the on-chip EPROM/OTPROM.
Circuit Ground
VSS GND Connect this pin to ground. -
Secondary Ground 1
This ground is provided to reduce ground bounce and improve power
VSS1 GND supply bypassing. Connection of this pin to ground is recommended.
However, when using the TSC80251G2D as a pin-for-pin replacement for a -
8xC51 product, VSS1 can be unconnected without loss of compatibility.
Not available on DIP package.
Secondary Ground 2
This ground is provided to reduce ground bounce and improve power
VSS2 GND supply bypassing. Connection of this pin to ground is recommended.
However, when using the TSC80251G2D as a pin-for-pin replacement for a -
8xC51 product, VSS2 can be unconnected without loss of compatibility.
Not available on DIP package.
Real-time Synchronous Wait States Input
The real-time WAIT# input is enabled by setting RTWE bit in WCON
WAIT# | (S:A7h). During bus cycles, the external memory system can signal P1.6
‘system ready’ to the microcontroller in real time by controlling the WAIT#
input signal.
Wait Clock Output
WCLK 0 The real-time WCLK output is enabled by setting RTWCE bit in WCON P17
(S:A7h). When enabled, the WCLK output produces a square wave signal ’
with a period of one half the oscillator frequency.
Write
WR# © Write signal output to external memory. P36
Input to the on-chip inverting oscillator amplifier
To use the internal oscillator, a crystal/resonator circuit is connected to this
XTAL1 | ) . . . . o -
pin. If an external oscillator is used, its output is connected to this pin.
XTALA1 is the clock source for internal timing.
9
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Table 4. Serial I/0 Port SFRs

Mnemonic Name Mnemonic Name
SCON Serial Control SADDR Slave Address
SBUF Serial Data Buffer BRL Baud Rate Reload
SADEN Slave Address BDRCON Baud Rate Control
Mask
Table 5. SSLC SFRs
Mnemonic Name Mnemonic Name
SSCON Synchronous Serial SSADR Synchronous Serial
control Address
Synchronous Serial Synchronous Serial
SSDAT Data SSBR Bit Rate
Synchronous Serial
SSCS Control and Status
Table 6. Event Waveform Control SFRs
Mnemonic | Name Mnemonic | Name
CCON | EWC-PCA Timer/Counter Control ccapoL | EWC-PCA Compare Capture
Module 0 Low Register
CMOD | EWC-PCA Timer/Counter Mode ccapiL | EWC-PCA Compare Capture
Module 1 Low Register
cL EW(?-PCA Timer/Counter Low CCAP2L EWC-PCA Compante Capture
Register Module 2 Low Register
CH EWQ-PCA Timer/Counter High CCAP3L EWC-PCA Compalfe Capture
Register Module 3 Low Register
CCAPMO | EWC-PCA Timer/Counter Mode 0 ccapaL | EWC-PCA Compare Capture
Module 4 Low Register
CCAPM1 | EWC-PCA Timer/Counter Mode 1 ccApoH | EWE-PCA Compare Capture
Module 0 High Register
CCAPM2 | EWC-PCA Timer/Counter Mode 2 ccapiH | EWC-PCA Compare Capture
Module 1 High Register
CCAPM3 | EWC-PCA Timer/Counter Mode 3 ccapgH | EWC-PCA Compare Capture
Module 2 High Register
CCAPM4 | EWC-PCA Timer/Counter Mode 4 ccApaH | EWC-PCA Compare Capture
Module 3 High Register

AT/TSC8Xx251G2D m e ——

CCAP4H

EWC-PCA Compare Capture
Module 4 High Register
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Table 16. Notation for Inmediate Addressing

Immediate
Address Description C251 C51
#data An 8-bit constant that is immediately addressed in an instruction 3 3
#data16 A 16-bit constant that is immediately addressed in an instruction 3 -
#0data16 A 32-bit constant that is immediately addressed in an instruction. The 3 _
#1data16 upper word is filled with zeros (#0data16) or ones (#1data16).
#short .Aconst.ant, equal to 1, 2, or 4, that is immediately addressed in an 3 _
instruction.
Table 17. Notation for Bit Addressing
Direct
Address Description C251 C51
A directly addressed bit (bit number = 00h-FFh) in memory or an
SFR. Bits 00h-7Fh are the 128 bits in byte locations 20h-2Fh in the
bit51 on-chip RAM. Bits 80h-FFh are the 128 bits in the 16 SFRs with - 3
addresses that end in Oh or 8h, S:80h, S:88h, S:90h,..., S:FOh,
S:F8h.
. A directly addressed bit in memory locations 00:0020h-00:007Fh or
bit . ) 3
in any defined SFR.
Table 18. Notation for Destination in Control Instructions
Direct
Address Description C251 C51
el A signed (two’s complement) 8-bit relative address. The destination 3 3
is -128 to +127 bytes relative to the next instruction’s first byte.
An 11-bit target address. The target is in the same 2-Kbyte block of
addr11 . N - 3
memory as the next instruction’s first byte.
addr16 A 16-bit target address. The target can be anywhere within the same _ 3
64-Kbyte region as the next instruction’s first byte.
A 24-bit target address. The target can be anywhere within the 16-
addr24 3 -
Mbyte address space.

AT/TSC8Xx251G2D m e ——
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Size and Execution Time Table 20. Summary of Add and Subtract Instructions

for Instruction Families AddADD <dest>, <src>dest opnd « dest opnd + src opnd
SubtractSUB <dest>, <src>dest opnd « dest opnd - src opnd
Add with CarryADDC <dest>, <src>(A) « (A) + src opnd + (CY)
Subtract with BorrowSUBB <dest>, <src>(A) < (A) - src opnd - (CY)
Binary Mode Source Mode
<dest>,
Mnemonic |<src>® Comments Bytes States | Bytes | States
A, Rn Register to ACC 1 1 2 2
A, dir8 Direct address to ACC 2 12 2 1@
ADD
A, atRi Indirect address to ACC 1 2 2 3
A, #data Immediate data to ACC 2 1 2 1
Rmd, Rms Byte register to/from byte register 3 2 2 1
WRjd, WRjs Word register to/from word register 3 3 2 2
DRkd, DRks Dword register to/from dword register 3 5 2 4
Rm, #data Imrped|ate 8-bit data to/from byte 4 3 3 2
register
WR], #data16 Imrpedlate 16-bit data to/from word 5 4 4 3
register
DRK, 16-bit unsigned immediate data 5 6 4 5
#0data16 to/from dword register
) Direct address (on-chip RAM or SFR) @ @
ADD/SUB | Rm, dir8 to/from byte register 4 3 3 2
WR, dir8 Direct address (Qn-chlp RAM or SFR) 4 4 3 3
to/from word register
Rm, dir16 Dlrgct address (64K) to/from byte 5 3@®) 4 20)
register
WR, dir16 D|rgct address (64K) to/from word 5 4 4 3@)
register
Rm, at WR] Indllrect address (64K) to/from byte 4 3@®) 3 20)
register
Rm, at DRk Indl.rect address (16M) to/from byte 4 4 3 30)
register
A, Rn Register to/from ACC with carry 1 1 2 2
. Direct address (on-chip RAM or SFR) @ @
A, dir8 to/from ACC with carry 2 L 2 !
ADDC/SU
BB A atRi Indirect address to/from ACC with 1 2 2 3
carry
A, #data Immediate data to/from ACC with 2 1 2 1
carry
Notes: 1. A shaded cell denotes an instruction in the C51 Architecture.
If this instruction addresses an 1/O Port (Px, x = 0-3), add 1 to the number of states.
Add 2 if it addresses a Peripheral SFR.
3. If this instruction addresses external memory location, add N+2 to the number of
states (N: number of wait states).
24 AT/ T SC X 251 G2 D s —
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4. If this instruction addresses external memory location, add 2(N+2) to the number of
states (N: number of wait states).

Table 21. Summary of Increment and Decrement Instructions

IncrementINC <dest>dest opnd « dest opnd + 1
IncrementINC <dest>, <src>dest opnd « dest opnd + src opnd
DecrementDEC <dest>dest opnd « dest opnd - 1
DecrementDEC <dest>, <src>dest opnd « dest opnd - src opnd
Binary Mode Source Mode
<dest>,
Mnemonic <src>W Comments Bytes | States | Bytes | States
A ACC by 1 1 1 1 1
Rn Register by 1 1 1 2 2
INC
DEC . Direct address (on-chip RAM or @ @)
dir8 SFR) by 1 2 2 2 2
atRi Indirect address by 1 1 3 2 4
INC Rm, #short Byte register by 1, 2, or 4 3 2 2 1
DEC WR], #short | Word register by 1, 2, or 4 3 2 2 1
INC DRK, #short Double word register by 1, 2, or 4 3 4 2 3
DEC DRK, #short Double word register by 1, 2, or 4 3 5 2 4
INC DPTR Data pointer by 1 1 1 1 1

Notes: 1. A shaded cell denotes an instruction in the C51 Architecture.
2. If this instruction addresses an 1/0 Port (Px, x = 0-3), add 2 to the number of states.
Add 3 if it addresses a Peripheral SFR.

ATMEL 2
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Logical instructions that affect a bit are in Table 27.

A shaded cell denotes an instruction in the C51 Architecture.

If this instruction addresses an 1/O Port (Px, x = 0-3), add 1 to the number of states. Add 2 if it addresses a Peripheral SFR.
If this instruction addresses an 1/O Port (Px, x = 0-3), add 2 to the number of states. Add 3 if it addresses a Peripheral SFR.
If this instruction addresses external memory location, add N+2 to the number of states (N: number of wait states).

If this instruction addresses external memory location, add 2(N+2) to the number of states (N: number of wait states).

Table 23. Summary of Logical Instructions (2/2)

Shift Left LogicalSLL <dest><dest>; «— 0
<dest>,, « <dest> , n = 0..msb-1
(CY) « <dest>q;,

Shift Right ArithmeticSRA <dest><dest> ., « <dest>
<dest> 4 < <dest>,, n = msb..1
(CY) « <dest>,

Shift Right LogicalSRL <dest><dest> o, < 0
<dest>; « <dest> , n = msb..1
(CY) « <dest>,

SwapSWAP AA;, As,

msb

Binary Mode Source Mode
<dest>,
Mnemonic <src>W Comments Bytes States | Bytes | States
Shift byte register left through the
Rm MSB 3 2 2 1
SLL
) Shift word register left through the
WRj MSB 3 2 2 1
Rm Shift byte register right 3 2 2 1
SRA
WRj Shift word register right 3 2 2 1
Rm Shift byte register left 3 2 2 1
SRL
WRj Shift word register left 3 2 2 1
SWAP A Swap nibbles within ACC 1 2 1 2

Note: 1. A shaded cell denotes an instruction in the C51 Architecture.

AT/TSC8Xx251G2D m e ——
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Lock Bit System The TSC87251G2D products implement 3 levels of security for User’'s program as
described in Table 33. The TSC83251G2D products implement only the first level of
security.

Level 0 is the level of an erased part and does not enable any security features.

Level 1 locks the programming of the User’s internal Code Memory, the Configuration
Bytes and the Encryption Array.

Level 2 locks the verifying of the User’s internal Code Memory. It is always possible to
verify the Configuration Bytes and the Lock Bits. It is not possible to verify the Encryp-
tion Array.

Level 3 locks the external execution.

Table 33. Lock Bits Programming
External
Lock bits Internal External PROM read
Level LB[2:0] Execution Execution | Verification | Programming (MOVC)
0 000 Enable Enable Enable™ Enable Enable®
1 001 Enable Enable Enable™ Disable Disable
2 01x® Enable Enable Disable Disable Disable
3 1xx©®) Enable Disable Disable Disable Disable

Notes: 1. Returns encrypted data if Encryption Array is programmed.

Returns non encrypted data.

3. xmeans don'’t care. Level 2 always enables level 1, and level 3 always enables levels
1and 2.

n

The security level may be verified according to Table 34.

Table 34. Lock Bits Verifying

Level Lock bits Data®™
0 xxxxx000
1 xxxxx001
2 xxxxx01x
3 XXXXXTXX

Note: 1. x means don’t care.

Encryption Array The TSC83251G2D and TSC87251G2D products include a 128-byte Encryption Array
located in non-volatile memory outside the memory address space. During verification
of the on-chip code memory, the seven low-order address bits also address the Encryp-
tion Array. As the byte of the code memory is read, it is exclusive-NOR’ed (XNOR) with
the key byte from the Encryption Array. If the Encryption Array is not programmed (still
all 1s), the user program code is placed on the data bus in its original, unencrypted form.
If the Encryption Array is programmed with key bytes, the user program code is
encrypted and cannot be used without knowledge of the key byte sequence.

ATMEL s
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PSEN# and the other control signals have to be released to complete a sequence of
programming operations or a sequence of programming and verifying operations.

Figure 6. Setup for Programming

VDD VDD
L | L |

> RST VDD
VPP —>{EA#/VPP
100 ms pulses —»|ALE/PROG#
“ 1 __ —>|PSEN#

TSC87251G2D

Mode [ >{P0[7:0]

Al7:0] I::> P3[7:0]

A14:8] C— >PII7:0] XTAL1 f<—— 4 to 12 MHz
O e VSS/VSS1/VSS2 —

Table 36. Programming Modes
PSEN
ROM Area® RST | EA#/VPP # ALE/PROG#® | PO P2 |P1(MSB) P3(LSB)
. 16-bit Address
On-chip Code 1 Vep 0 1 Pulse 68h | Data |0000h-7FFFh (32
Memory .
kilobytes)
Configuration CONFIGO: FFF8h
Bytes ! Vee 0 1Pulse 69h | Data | coNFIGH: FFFON
LBO: 0001h
Lock Bits 1 Vpp 0 1 Pulse 6Bh X | LB1:0002h
LB2: 0003h
Encryption Array 1 Vep 0 1 Pulse 6Ch Data | 0000h-007Fh

Notes: 1. Signature Bytes are not user-programmable.

2. The ALE/PROGH# pulse waveform is shown in Figure 23 page 59.

Verify Algorithm Figure 7 shows the hardware setup needed to verify the TSC87251G2D
EPROM/OTPROM or TSC83251G2D ROM areas:

4135F-8051-11/06

The chip has to be put under reset and maintained in this state until the completion
of the verifying sequence.

PSEN# and the other control signals (ALE and Port 0) have to be set to a high level.

Then PSEN# has to be to forced to a low level after two clock cycles or more and it
has to be maintained in this state until the completion of the verifying sequence (see
below).

The voltage on the EA# pin must be set to V5 and ALE must be set to a high level.

The Verifying Mode is selected according to the code applied on Port 0. It has to be
applied until the completion of this verifying operation.

The verifying address is applied on Ports 1 and 3 which are respectively the MSB
and the LSB of the address.

ATMEL =
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Figure 12. External Bus Cycle: Data Read (Page Mode)

ALE ‘
_TLHLL(1)
- > _TLLRL(1) TRLRH(1) TRHLH2
RD#/PSEN#
TRLDV(1)
Triaz —>
‘ Tinax™ _ TrHDZ2
_TAVLL(EL Tiiax TrrHpx
“  — <—>1
P2 — A15:8 D7:0 > >
Tavro(1) Data In
‘ Tavovs" S TrHax
L Tavov2"
B »
PO/A16/A17 —< A7:0/A16/A17

Note: 1. The value of this parameter depends on wait states. See Table 39 and Table 40.

Figure 13. External Bus Cycle: Data Write (Page Mode)

ALE ‘
~TLHLL(1)
< > TWLWH(1) TwHLH _
WR#
T oM
- LHAX - <—Tquwn
i TAVLL() . Tuiax - Twhax ’i
pp— A15:8 >—< D7:0 >7
Tavwis" Data Out
I TAVWL2(1) - Twhax > ‘
PO/A16/A17 AT:0/A16/A17 >—<

Note: 1. The value of this parameter depends on wait states. See Table 39 and Table 40.

AC Characteristics - Real-Time Synchronous Wait State

Definition of Symbols Table 41. Real-Time Synchronous Wait Timing Symbol Definitions
Signals Conditions
Cc WCLK L Low
R RD#/PSEN# Vv Valid
w WR# X No Longer Valid
Y WAIT#
50 AT/TSCEX 251G 2 D s —
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AC Characteristics - Real-Time Asynchronous Wait State

Definition of Symbols

Timings

Waveforms

Table 43. Real-Time Asynchronous Wait Timing Symbol Definitions

Signals Conditions
S PSEN#/RD#/WR# L Low
Y AWAIT# \ Valid

No Longer Valid

Table 44. Real-Time Asynchronous Wait AC Timings; Vpp = 2.7 t0 5.5V, T, = -40 to

AC Characteristics - Serial Port in Shift Register Mode

Definition of Symbols

85°C
Symbol | Parameter Min Max Unit
Tayy | PSEN#/RD#WR# Low to Wait Set-up Tosc - 10 ns
Tayx | Wait Hold after PSEN#/RD#WR# Low (2N-1)Toge + 10 ns(
Note: 1. N is the number of wait states added (N> 1).
Figure 16. Real-time Asynchronous Wait State Timings
RD#PSEN#WR# ~— /
< TSLYX >
-< TSLYV >
AWAIT#
Table 45. Serial Port Timing Symbol Definitions
Signals Conditions
D Data In H High
Q Data Out L Low
Clock \% Valid
X No Longer Valid

52 AT/TSC8Xx251G2D m e ——
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Timings Table 46. Serial Port AC Timing -Shift Register Mode; Vpp =2.7t0 5.5V, T, =-40 to
85°C
12 MHz 16 MHz 24 MHz®
Symbol | Parameter Min Max Min Max Min Max Unit
Tyx. | Serial Port Clock Cycle Time 998 749 500 ns
Tou Output Data Setup to Clock Rising 833 625 417 ns
Edge
Toeiox Output Data hold after Clock Rising 165 124 82 ns
Edge
Input Data Hold after Clock Risin
Tytox E(’j’ge 91 o 0 0 ns
Treioy \C/:;Iji?jk Rising Edge to Input Data 974 732 482 ns

Note: 1. For high speed versions only.
Waveforms

Figure 17. Serial Port Waveforms - Shift Register Mode

TXLXL

> <—Tquxu Set TIM
> ‘<_TXHQX |
RXD(©Out)— 0 X 1 X 2 X 3 X 4 X 5 X 6 X 7 >
Txrpx Set RIM
TXHDV

RXD (In)_ XValidX_ XvalidX_ XValdX  XvalidX  XvalidX  XvalidX_ XvaldX  XValdX

Note: 1. Tland Rl are set during S1P1 of the peripheral cycle following the shift of the eight bit.

ATMEL
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Table 49. SPI Interface AC Timing; Vpp =2.710 5.5V, T, =-40 to 85°C

Symbol Parameter Min Max Unit
Slave Mode®
TchcH Clock Period 8 Tosc
Tchex Clock High Time 3.2 Tosc
Teolex Clock Low Time 3.2 Tosc
Tsichs Tsicl | SS# Low to Clock edge 200 ns
Twew Tiven Input Data Valid to Clock Edge 100 ns
Teuxe Tehix Input Data Hold after Clock Edge 100 ns
Torov, Terov | Output Data Valid after Clock Edge 100 ns
Tclox Tchox | Output Data Hold Time after Clock Edge 0 ns
Toishs Tensn | SS# High after Clock Edge 0 ns
Twew Tiven Input Data Valid to Clock Edge 100 ns
Teuxe Tehix Input Data Hold after Clock Edge 100 ns
Tsiov SS# Low to Output Data Valid 130 ns
Tshox Output Data Hold after SS# High 130 ns
TshsL SS# High to SS# Low 2)
Tiun Input Rise Time 2 us
TiHiL Input Fall Time 2 us
ToLon Output Rise time 100 ns
TonoL Output Fall Time 100 ns
Master Mode®

TchcH Clock Period 4 Tosc
Tchex Clock High Time 1.6 Tosc
Teolex Clock Low Time 1.6 Tosc
Twew Tiven Input Data Valid to Clock Edge 50 ns
Teuxe Tehix Input Data Hold after Clock Edge 50 ns
Torov, Terov | Output Data Valid after Clock Edge 65 ns
Tcrox Tchox | Output Data Hold Time after Clock Edge 0 ns
TiuH Input Data Rise Time 2 us
TiHiL Input Data Fall Time 2 us
ToLon Output Data Rise time 50 ns
TonoL Output Data Fall Time 50 ns
Notes: 1. Capacitive load on all pins = 200 pF in slave mode.

2. The value of this parameter depends on software.

3. Capacitive load on all pins = 100 pF in master mode.

AT/TSC8Xx251G2D m e ——
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Waveforms Figure 19. SPI Master Waveforms (SSCPHA = 0)

SSH) ————
(output) ,\l /

TCHCH

SCK < “ > Teren
(SSCPOL =0)
(output)

TCHCX TCLCX |

A
\

FW(

sSCK - - > Tyl
(SSCPOL = 1)
(output) ‘ ‘
T\/CH TCHIX
IVCL CLIX
<>
MISO
(input) ——(msBIN——— BIT6 LSB IN
> <_¥CLOV > <_¥CLOX
‘ CHOV ‘ CHOX

(om;?ust)l PotData X MSBOUT X BITGNI X LsBouT X PortData X

Note: 1. SS# handled by software.

Figure 20. SPI Master Waveforms (SSCPHA = 1)

Ss#) ———
(output) '\l /

TCHCH

SCK < > »| l«—TccH
(SSCPOL = 0) ‘ /
(output)

TC HCX TCLCX

SCK - “ <«—TcheL
(SSCPOL =1)
(output) ‘ ‘

-_II—JVCH TCHIX
IVCL CLIX

]
MISO J\:{L
(input) MSB IN BIT6 LSB IN
> r_ ¥CLOV > ‘4_ ¥CLOX
CHovV CHOX
MOSI
(output) Port Data X wmseout X BIT 6, X LsBour X PortData

Note: 1. Not Defined but normally MSB of character just received.
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Timings Table 51. EPROM Programming AC timings; Vpp =4.5t05.5V, T, =0 to 40°C

Symbol Parameter Min Max Unit
Tosc XTAL1 Period 83.5 250 ns
Tavel Address Setup to PROG# low 48 Tosc
TehAx Address Hold after PROG# low 48 Tosc
Toval Data Setup to PROG# low 48 Tosc
Tehpx Data Hold after PROG# 48 Tosc
Tersh ENABLE High to Vpp 48 Tosc
TshalL Vpp Setup to PROG# low 10 us
TeustL Vpp Hold after PROG# 10 us
Tsien ENABLE Hold after Vpp 0 ns
ToLeH PROG# Width 90 110 us

Table 52. EPROM Verifying AC timings; Vpp =4.5t05.5V, Vpp =2.7t05.5V, T,=0to

40°C
Symbol Parameter Min Max Unit
Tosc XTAL1 Period 83.5 250 ns
Tavav Address to Data Valid 48 Tosc
Taxax Address to Data Invalid 0 ns
Terqv ENABLE low to Data Valid 0 48 Tosc
Tenaz Data Float after ENABLE 0 48 Tosc

Waveforms

Figure 23. EPROM Programming Waveforms
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Absolute Maximum Rating and Operating Conditions

Absolute Maximum Ratings

Storage Temperature ..........ccccoooiiiiiiiniiiieee. -65 to +150°C
Voltage on any other Pinto VSS ........................ -0.5t0+6.5V
loL PEr /O Pin ..o 15 mA
Power Dissipation ..........ccceiioiiiiiiii e 1.5W
Ambient Temperature Under Bias
Commercial..........oocueiiieieiee e 0to +70°C
Industrial ..o -40 to +85°C
AULOMOTIVE ... -40 to +85°C
Vip

High Speed versions............ccccovvveeeeeciieeee e 45055V
Low Voltage versions........ccccccvvveeeeeieeeccceeececce 27t055V

*NOTICE:

Stressing the device beyond the “Absolute Maxi-
mum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond
the “operating conditions” is not recommended
and extended exposure beyond the “Operating
Conditions” may affect device reliability.
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Low Voltage Versions - Commercial & Industrial
Table 56. DC Characteristics; Vpp = 2.7 t0 5.5V, T, = -40 to +85°C

Symbol | Parameter Min Typical® Max Units Test Conditions
Vi lliﬁiﬁf gA\;(,)Itsagi, SDA) -0.5 0-2-Vpp - 0.1 v
Vir® ig%Jlf,LSC)I‘II)VA\;OItage 0.5 0.3'Vpp \
Vi irér:;tt)Low Voltage 0 0.2:Vpp - 0.3 \Y;
Vi lgzgctegtlg;TXﬁag;ST SCL, SDA) 0.2-Vpp + 0.9 Vop *+ 0.5 v
Vi ® i?(pTlXLr;i?gg%”g%eL, SDA) 0.7-Vop Vpp *+ 0.5 v

VoL Output Low Voltage 0.45 v lo, = 0.8 MA@

(Ports 1, 2, 3)

Output Low Voltage
Vou1 (Ports 0, ALE, PSEN#, Port 2 in Page 0.45 \ lo, = 1.6 mAM@
Mode during External Address)

Output high Voltage

Vor (Ports 1, 2, 3, ALE, PSEN#)

0.9'Vpp v loy = -10 pA®

Output high Voltage
Vot (Port 0, Port 2 in Page Mode during 0.9:'Vpp \% loy = -40 pA
External Address)

Vrer Vpp data retention limit 1.8 \
Logical 0 Input Current -50 _
o | (Ports 1, 2, 3 - AWAIT#) WA Vin =045V
Logical 1 Input Current +50
s (NI?/II) P HA Vin = Vop
Input Leakage Current
I (P‘;n 0 9 +10 WA 045V <Vjy< Vo
Logical 1-to-0 Transition Current _
It (Ports 1, 2, 3) - 650 HA V=20V
Rgrst RST Pull-Down Resistor 40 110 225 kQ
Cio Pin Capacitance 10 pF Tp=25°C
4 8 5 MHz, Vpp<3.6V
. 8 11 10 MHz, Vpp<3.6 V
Iop Operating Current 9 12 mA 12 MHz, Vo < 3.6 V
1 14 16 MHz, Vpp<3.6 V
0.5 1 5 MHz, Vpp<3.6V
1.5 4 10 MHz, Vpp<3.6 V
IoL Idle Mode Current 5 5 mA 12 MHz, Vo < 3.6 V
3 7 16 MHz, Vpp<3.6 V
lep Power-Down Current 1 10 HA Vger <Vpp <36V

Notes: 1. Under steady-state (non-transient) conditions, |5 must be externally limited as follows:
Maximum IOL per port pin: 10 mA
Maximum |OL per 8-bit port: Port 0 26 mA
Ports 1-315 mA
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Maximum Total IOL for all:Output Pins71 mA
If IOL exceeds the test conditions, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test

conditions.

2. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses above 0.4 V on the low-level outputs of ALE and Ports
1, 2, and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins change
from high to low. In applications where capacitive loading exceeds 100 pF, the noise pulses on these signals may exceed

ok

0.8 V. It may be desirable to qualify ALE or other signals with a Schmitt Trigger or CMOS-level input logic.

Capacitive loading on Ports 0 and 2 causes the Vo on ALE and PSEN# to drop below the specification when the address

lines are stabilizing.

Typical values are obtained using Vpp = 3 V and T, = 25°C. They are not tested and there is not guarantee on these values.
The input threshold voltage of SCL and SDA meets the TWI specification, so an input voltage below 0.3-Vpp will be recog-
nized as a logic 0 while an input voltage above 0.7-V will be recognized as a logic 1.

Figure 29. Ipp/lp, Versus Xy, Frequency; Vpp =2.7t0 3.6 V
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Part Number® ROM Description

Low Voltage Versions 2.7t0 5.5V

TSC251G2Dxxx-L16CB 32K MaskROM | 16 MHz, Commercial 0° to 70°C, PLCC 44

TSC251G2Dxxx-L16CE 32K MaskROM | 16 MHz, Commercial 0° to 70°C, VQFP 44

AT251G2Dxxx-SLSUL 32K MaskROM | 16 MHz, Industrial & Green, PLCC 44

AT251G2Dxxx-RLTUL 32K MaskROM | 16 MHz, Industrial & Green, VQFP 44

Note: 1. xxx: means ROM code, is Cxxx in case of encrypted code.
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