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They are called "embedded" because they are embedded
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Figure 3. TSC80251G2D 44-pin VQFP Package
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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 12. Configuration Byte 1

UCONFIG1

7

CSIZE

INTR WSB WSB1# WSBO# EMAP#

Bit
Number

Bit Mnemonic

Description

CSIZE
TSC87251G2D

On-Chip Code Memory Size bit("

Clear to select 16 KB of on-chip code memory (TSC87251G1D
product).

Set to select 32 KB of on-chip code memory (TSC87251G2D product).

TSC80251G2D
TSC83251G2D

Reserved
Set this bit when writing to UCONFIG1.

Reserved
Set this bit when writing to UCONFIG1.

Reserved
Set this bit when writing to UCONFIG1.

INTR

Interrupt Mode bit®

Clear so that the interrupts push two bytes onto the stack (the two lower
bytes of the PC register).

Set so that the interrupts push four bytes onto the stack (the three bytes
of the PC register and the PSW1 register).

WSB

Wait State B bit®
Clear to generate one wait state for memory region 01:.
Set for no wait states for memory region 01:.

WSB1#

WSBO#

Wait State B bits

Select the number of wait states for RD#, WR# and PSEN# signals for
external memory accesses (only region 01:).

WSB1# WSBO# Number of Wait States

0 0 3

0 1 2
1 0 1
1 1 0

EMAP#

On-Chip Code Memory Map bit

Clear to map the upper 16 KB of on-chip code memory (at FF:4000h-
FF:7FFFh) to the data space (at 00:C000h-00:FFFFh).

Set not to map the upper 16 KB of on-chip code memory (at FF:4000h-
FF:7FFFh) to the data space.

Notes: 1.

The CSIZE is only available on EPROM/OTPROM products.
Two or four bytes are transparently popped according to INTR when using the RETI
instruction. INTR must be set if interrupts are used with code executing outside

region FF:.

Use only for Step A compatibility; set this bit when WSB1:0# are used.

ATMEL i
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Instruction Set
Summary

Notation for Instruction
Operands

4135F-8051-11/06

This section contains tables that summarize the instruction set. For each instruction
there is a short description, its length in bytes, and its execution time in states (one state
time is equal to two system clock cycles). There are two concurrent processes limiting
the effective instruction throughput:

* Instruction Fetch
* Instruction Execution

Table 20 to Table 32 assume code executing from on-chip memory, then the CPU is
fetching 16-bit at a time and this is never limiting the execution speed.

If the code is fetched from external memory, a pre-fetch queue will store instructions
ahead of execution to optimize the memory bandwidth usage when slower instructions
are executed. However, the effective speed may be limited depending on the average
size of instructions (for the considered section of the program flow). The maximum aver-
age instruction throughput is provided by Table 14 depending on the external memory
configuration (from Page Mode to Non-Page Mode and the maximum number of wait
states). If the average size of instructions is not an integer, the maximum effective
throughput is found by pondering the number of states for the neighbor integer values.

Table 14. Minimum Number of States per Instruction for given Average Sizes

Non-page Mode (states)
Average size
of Instructions Page Mode 0 Wait 1 Wait
(bytes) (states) State State | 2 Wait States | 3 Wait States | 4 Wait States
1 1 2 3 4 5 6
2 2 4 6 8 10 12
3 3 6 9 12 15 18
4 4 8 12 16 20 24
5 5 10 15 20 25 30

If the average execution time of the considered instructions is larger than the number of
states given by Table 14, this larger value will prevail as the limiting factor. Otherwise,
the value from Table 14 must be taken. This is providing a fair estimation of the execu-
tion speed but only the actual code execution can provide the final value.

Table 15 to Table 19 provide notation for Instruction Operands.

Table 15. Notation for Direct Addressing

Direct
Address Description C251 C51

A direct 8-bit address. This can be a memory address (00h-7Fh) or a
dir8 SFR address (80h-FFh). It is a byte (default), word or double word 3 3
depending on the other operand.

A 16-bit memory address (00:0000h-00:FFFFh) used in direct

dir16 addressing.

ATMEL 2
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Table 19. Notation for Register Operands

ATMEL

Register Description C251 C51
. A memory location (00h-FFh) addressed indirectly via byte registers
atRi - 3
RO or R1
Rn Byte register RO-R7 of the currently selected register bank B 3
n Byte register index: n = 0-7
Rm Byte register R0-R15 of the currently selected register file
Rmd Destination register
Rms Source register 3 -
m, md, ms Byte register index: m, md, ms = 0-15
Word register WR0, WR2, ..., WR30 of the currently selected register
WR file . .
WRid Destination register
WRjs Source register
at WR A memory Iocatiqn (OO:OOOOh-OO:FEFFh) addressed indirectlly
through word register WR0-WR30, is the target address for jump -
o instructions.
at WRj +dis16 A memory location (00:0000h-00:FFFFh) addressed indirectly 3
through word register (WRO0-WR30) + 16-bit signed (two’s
j,id, js complement) displacement value
Word register index: j, jd, js = 0-30
Dword register DRO, DR4, ..., DR28, DR56, DR60 of the currently
DRk selected register file
DRKd Destination register
DRks Source register
at DRk A memory Iocation. (00:0000n-FF:FFFFh) addressed i.ndirectly
through dword register DR0O-DR28, DR56 and DRG60, is the target -
. address for jump instruction
at DRk +dis16 A memory location (00:0000h-FF:FFFFh) addressed indirectly 3
through dword register (DR0-DR28, DR56, DR60) + 16-bit (two’s
k, kd, ks complement) signed displacement value
Dword register index: k, kd, ks = 0, 4, 8..., 28, 56, 60
23
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Table 30. Summary of Conditional Jump Instructions (2/2)

Jump if bitdB <src>, rel(PC) « (PC) + size (instr);
IF [src opnd = 1] THEN (PC) « (PC) + rel
Jump if not bitJNB <src>, rel(PC) « (PC) + size (instr);
IF [src opnd = 0] THEN (PC) « (PC) + rel
Jump if bit and clearJBC <dest>, rel(PC) « (PC) + size (instr);
IF [dest opnd = 1] THEN
destopnd « 0
(PC) « (PC) + rel
Jump if accumulator is zeroJZ rel(PC) « (PC) + size (instr);
IF [(A) = 0] THEN (PC) « (PC) + rel
Jump if accumulator is not zeroJNZ rel(PC) « (PC) + size (instr);
IF [(A) # 0] THEN (PC) « (PC) + rel
Compare and jump if not equalCJNE <src1>, <src2>, rel(PC) « (PC) + size (instr);
IF [src opnd1 < src opnd2] THEN (CY) « 1
IF [src opnd1 > src opnd2] THEN (CY) « 0
IF [src opnd1 # src opnd2] THEN (PC) « (PC) + rel
Decrement and jump if not zeroDJNZ <dest>, rel(PC) « (PC) + size (instr); dest opnd « dest opnd -1;
IF [ (Z)] THEN (PC) « (PC) + rel

Binary Mode® | Source Mode®
Mnemonic | <dest>, <src>® | Comments Bytes | States | Bytes | States
bit51, rel Jump if direct bit is set 3 2/53)6) 3 2/5(3)6)
JB . . .
bit, rel Jump if c.ilrect bit of 8-bit address 5 4/73)6) 4 3/6(3)6)
location is set
bit51, rel Jump if direct bit is not set 3 2/53)6) 3 2/53)6)
JNB Jump if direct bit of 8-bit address
bit, rel . 5 4/74)® 4 3/66®)
location is not set
bit51, rel Jump if direct bit is set & clear bit 3 4/7®)6) 3 4/7%)6)
bit, rel Jump if q”ect bit of 8-bit address 5 7/16(3 4 6/9(5)16)
location is set and clear
Jz rel Jump if ACC is zero 2 2/5(®) 2 2/5©)
JNZ rel Jump if ACC is not zero 2 2/5(®) 2 2/5©)
A, dir8, rel pompare direct address to ACC and 3 2/53)6) 3 2/5(3)6)
jump if not equal
A, #data, rel Qompare immediate to ACC and 3 2/5) 3 2/56)
jump if not equal
CJNE
Rn, #data, rel pompare immediate to register and 3 2/5() 4 3/66)
jump if not equal
at Ri, #data, rel pompare immediate to indirect and 3 3/6 4 470
jump if not equal
RN, rel Decrement register and jump if not 2 2/5) 3 3/66)
zero
DJNZ
dir8, rel pecrement direct address and jump 3 3/646) 3 3/6416)
if not zero
Notes: 1. A shaded cell denotes an instruction in the C51 Architecture.
2. States are given as jump not-taken/taken.
3. If this instruction addresses an 1/0 Port (Px, x = 0-3), add 1 to the number of states.
Add 2 if it addresses a Peripheral SFR.
4. If this instruction addresses an 1/0 Port (Px, x = 0-3), add 2 to the number of states.

ATMEL
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Table 32. Summary of Call and Return Instructions

Absolute callACALL <src>(PC) « (PC) +2; push (PC)ys.0;
(PC)10.0 < src opnd

Extended callECALL <src>(PC) « (PC) + size (instr); push (PC)ys.o;
(PC)y3.9 < src opnd

Long callLCALL <src>(PC) «— (PC) + size (instr); push (PC);5.o;
(PC)4s5.9 < src opnd

Return from subroutineRETpop (PC);s.q

Extended return from subroutineERETpop (PC),3.¢

Return from interruptRETIIF [INTR = 0] THEN pop (PC)ys.0
IF [INTR = 1] THEN pop (PC),3.; pop (PSW1)

Trap interruptTRAP(PC) « (PC) + size (instr);
IF [INTR = 0] THEN push (PC);5.
IF [INTR = 1] THEN push (PSW1); push (PC),s3.o

Binary Mode Source Mode
<dest>,
Mnemonic |<src>® Comments Bytes States Bytes States
ACALL addr11 Absolute subroutine call 2 923 2 923
at DRk Extended subroutine call (indirect) 3 14203) 2 13@00)
ECALL
addr24 Extended subroutine call 5 14203) 4 13@00)
at WRj Long subroutine call (indirect) 3 10@0G) 2 923
LCALL
addr16 Long subroutine call 3 923 3 923
RET Return from subroutine 1 7@ 1 7@
ERET Extended subroutine return 3 9@ 2 8
RETI Return from interrupt 1 72 1 7@
TRAP Jump to the trap interrupt vector 2 124 1 1@
Notes: A shaded cell denotes an instruction in the C51 Architecture.

N =

In internal execution only, add 1 to the number of states if the destination/return
address is internal and odd.

3. Add 2 to the number of states if the destination address is external.

4. Add 5 to the number of states if INTR = 1.

ATMEL s
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Programming and Verifying Non-volatile Memory

Internal Features

EPROM/OTPROM Devices

Mask ROM Devices

ROMless Devices

Security Features

The internal non-volatile memory of the TSC80251G2D derivatives contains five differ-
ent areas:

+ Code Memory

» Configuration Bytes
* Lock Bits

*  Encryption Array

+ Signature Bytes

All the internal non-volatile memory but the Signature Bytes of the TSC87251G2D prod-
ucts is made of EPROM cells. The Signature Bytes of the TSC87251G2D products are
made of Mask ROM.

The TSC87251G2D products are programmed and verified in the same manner as
Atmel's TSC87251G1A, using a SINGLE-PULSE algorithm, which programs at

Vpp = 12.75V using only one 100us pulse per byte. This results in a programming time
of less than 10 seconds for the 32 kilobytes on-chip code memory.

The EPROM of the TSC87251G2D products in Window package is erasable by Ultra-
Violet radiation” (UV). UV erasure set all the EPROM memory cells to one and allows
reprogramming. The quartz window must be covered with an opaque label® when the
device is in operation. This is not so much to protect the EPROM array from inadvertent
erasure, as to protect the RAM and other on-chip logic. Allowing light to impinge on the
silicon die during device operation may cause a logical malfunction.

The TSC87251G2D products in plastic packages are One Time Programmable (OTP).

An EPROM cell cannot be reset by UV once programmed to zero.

Notes: 1. The recommended erasure procedure is exposure to ultra-violet light (at 2537 A) to
an integrated dose of at least 20 W-sec/cm?. Exposing the EPROM to an ultra-violet
lamp of 12000 pW/cm? rating for 30 minutes should be sufficient.

2. Erasure of the EPROM begins to occur when the chip is exposed to light wavelength
shorter than 4000 A. Since sunlight and fluorescent light have wavelength in this
range, exposure to these light sources over an extended time (1 week in sunlight or 3
years in room-level fluorescent lighting) could cause inadvertent erasure.

All the internal non-volatile memory of TSC83251G2D products is made of Mask ROM
cells. They can only be verified by the user, using the same algorithm as the
EPROM/OTPROM devices.

The TSC80251G2D products do not include on-chip Configuration Bytes, Code Memory
and Encryption Array. They only include Signature Bytes made of Mask ROM cells
which can be read using the same algorithm as the EPROM/OTPROM devices.

In some microcontroller applications, it is desirable that the user’s program code be
secured from unauthorized access. The TSC83251G2D and TSC87251G2D offer two
kinds of protection for program code stored in the on-chip array:

* Program code in the on-chip Code Memory is encrypted when read out for
verification if the Encryption Array isprogrammed.

+ Athree-level lock bit system restricts external access to the on-chip code memory.

40 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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* Then device is driving the data on Port 2.

+ Itis possible to alternate programming and verification operation (see Paragraph
Programming Algorithm). Please make sure the voltage on the EA# pin has actually
been lowered to Vp before performing the verifying operation.

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

Table 37. Verifying Modes

ROM Area® RST | EA#/VPP | PSEN# | ALE/PROG# | PO P2 |P1(MSB) P3(LSB)
On-chip code 16-bit Address
P 1 1 0 1 28h | Data | 0000h-7FFFh (32
memory .
kilobytes)

) . CONFIGO: FFF8h
Configuration Bytes 1 1 0 1 29h | Data CONFIG1: FEFSh
Lock Bits 1 1 0 1 2Bh | Data | 0000h
Signature Bytes 1 1 0 1 29h | Data 882(1):: 0031h, 0060h,

Notes: 1. To preserve the secrecy of on-chip code memory when encrypted, the Encryption
Array can not be verified.

Figure 7. Setup for Verifying

VDD VDD
> RST VDD
> EA#/VPP
> ALE/PROGH#
~1__  —>|PSEN#
TSC8x251G2D

Mode I:> PO[7:0] P2[7:0] > Data
AL7:0] [ >P3[7:0]
XTAL1 [«—— 4 t0 12 MHz
A[14:8] [ SIP17:0]
VSS/VSS1/VSS2 j_

44 AT/TSC8Xx251G2D m e ——




Table 39. Bus Cycles AC Timings; Vpp =4.5t05.5V, T, =-40to 85°C

ATMEL

12 MHz 16 MHz 24 MHz
Symbol | Parameter Min Max Min Max Min Max Unit
Tosc | 1/Fosc 83 62 41 ns
Tiwe | ALE Pulse Width 78 58 38 ns®@
Ta. | Address Valid to ALE Low 78 58 37 ns®
Tuax | Address hold after ALE Low 19 11 3 ns
Trir'" | RD#/PSEN# Pulse Width 162 121 78 ns®
Twiwn | WR# Pulse Width 165 124 81 ns®
Tur" | ALE Low to RD#/PSEN# Low 22 14 6 ns
Tiuax | ALE High to Address Hold 99 70 40 ns®
Tripy'" | RD#PSEN# Low to Valid Data 146 104 61 ns®
Trupx'"! | Data Hold After RD#PSEN# High 0 0 0 ns
T g%dr:ess Hold After RD#/PSEN# 0 0 0 ns
Triaz'" | RD#/PSEN# Low to Address Float 0 0 0 ns
Tavoz: ::iztrr]uction Float After RD#/PSEN# 45 40 30 ns
Trupze | Data Float After RD#/PSEN# High 215 165 115 ns
Teetion (Ff?jﬁiil:;# high to ALE High 49 43 31 ns
Toiisn ;?DZT;I;SEN# high to ALE High 215 169 15 ns
Twrin | WR# High to ALE High 215 169 115 ns
Taov: | Address (PO) Valid to Valid Data In 250 175 105 | ns®®
Tapve | Address (P2) Valid to Valid Data In 306 223 140 | ns®®
Taovs ﬁi?:j;?of&) Valid to Valid 150 109 68 ns®
Taxox | Data Hold after Address Hold 0 0 0 ns
Tavr!" | Address Valid to RD# Low 100 70 40 ns®@
Tavwet | Address (PO) Valid to WR# Low 100 70 40 ns®@
Tavwiz | Address (P2) Valid to WR# Low 158 115 74 ns®@
Twhax | Data Hold after WR# High 90 69 32 ns
Touwn | Data Valid to WR# High 133 102 72 ns®
Twhax | WR# High to Address Hold 167 125 84 ns
Notes: 1. Specification for PSEN# are identical to those for RD#.

2. If a wait state is added by extending ALE, add 2-Tygc.

3. If wait states are added by extending RD#/PSEN#/WR#, add 2N-Tqgc (N = 1..3).

46 AT/TSC8Xx251G2D m e ——
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Table 40. Bus Cycles AC Timings; Vpp =2.71t0 5.5V, T, =-40 to 85°C

12 MHz 16 MHz
Symbol | Parameter Min Max Min Max Unit
Tose | 1/Fose 83 62 ns
Tl | ALE Pulse Width 72 52 ns@
TaL | Address Valid to ALE Low 71 51 ns®
Tuax | Address hold after ALE Low 14 6 ns
T | RD#/PSEN# Pulse Width 163 121 ns®
Towuw | WR# Pulse Width 165 124 ns®
Tur" | ALE Low to RD#/PSEN# Low 17 11 ns
Tiuax | ALE High to Address Hold 90 57 ns®
Tripy'" | RD#PSEN# Low to Valid Data 133 92 ns®
Trupx'"! | Data Hold After RD#PSEN# High 0 0 ns
Truax'" | Address Hold After RD#/PSEN# High 0 0 ns
Triaz!" | RD#/PSEN# Low to Address Float 0 0 ns
Trupzt1 | Instruction Float After RD#/PSEN# High 59 48 ns
Trupze | Data Float After RD#/PSEN# High 225 175 ns
Trunt | RD#/PSEN# high to ALE High (Instruction) 60 47 ns
Tauua | RD#PSEN# high to ALE High (Data) 226 172 ns
Ton | WR# High to ALE High 226 172 ns
Tavov1 | Address (PO) Valid to Valid Data In 289 160 | ns®®
Tavovz | Address (P2) Valid to Valid Data In 296 211 | ns®®
Tavovs | Address (P0) Valid to Valid Instruction In 144 98 ns®
Taxpx | Data Hold after Address Hold 0 0 ns
Tavr" | Address Valid to RD# Low 111 64 ns®
Tavwis | Address (PO) Valid to WR# Low 111 64 ns®
Tavwlz | Address (P2) Valid to WR# Low 158 116 ns®
Twhax | Data Hold after WR# High 82 66 ns
Touwn | Data Valid to WR# High 135 103 ns®
Twhax | WR# High to Address Hold 168 125 ns

Notes: 1. Specification for PSEN# are identical to those for RD#.
2. If a wait state is added by extending ALE, add 2-Tygc.
3. If wait states are added by extending RD#/PSEN#/WR#, add 2N-Togc (N = 1..3).

ATMEL a7
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Waveforms in Non-Page Mode Figure 8. External Bus Cycle: Code Fetch (Non-Page Mode)

ALE '
TLHLL(1)
<——> TLLRL(1)  TRLRH(1) TRHLH1_
PSEN#
TRLDV(1)
Triaz—>
B Tirax” _TrHpzt _
, TAVLL“)‘ Tiiax TrH
- > <—Dﬁ‘
PO—/ A7:0 D7:0> —
Tovm " ‘ Instruction In
B Tavov:"") | | Truax
Tavov2'") _

i:
P2/A16/A17 —<

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

A15:8/A16/A17

Note: 1.

Figure 9. External Bus Cycle: Data Read (Non-Page Mode)

ALE '
CTLHLL(1)
- > TLLRL(1) TRLRH(1) TRHLH2 N
RD#/PSEN#
TRLDV(1)
Triaz —> |-
B Tinax'” B TrHDz2 _
I‘TA\/LL(ZL Tiiax TrHDx ‘
[ o
PO4/ A7:0 D7:0 > )
Tavr " ‘ Data In
B Tavova"” P Triax
< — > |
L AVDV2

A15:8/A16/A17

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

4135F-8051-11/06



AT/TSC8x251G2D

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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4135F-8051-11/06



s A\ T/TSC8Xx251G2D

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

P1=A15:8
P3 = A7:0 Address ><

P2 =D7:0 >< Data ><

‘ Tovet ToHpx ‘
Vpp ool
EA#/VPP Vpp Tshar | ToLeH . Tonst
Ves A
ALE/PROGH#
TeisH SLEH

PO >< Mode = 68h, 69h, 6Bh or 6Ch X
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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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