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Pin Number
Mnemonic Type Name And Function
DIL | LCC | VQFP 1.4
Vss 20 22 16 | Ground: 0V reference
Vssl 1 39 | Optional Ground: Contact the Sales Office for ground connection.
Vee 20 24 38 | Power Suppl_y: This is the power supply voltage for normal, idle and power-
down operation
P0.0-PO.7 39-32 43-3 37-30 /O | Port O: Port O is an open-drain, bidirectional 1/0 port. Port 0 pins that have 1s
written to them float and can be used as high impedance inputs. Port 0 pins must
be polarized to Vcc or Vss in order to prevent any parasitic current consumption.
Port 0 is also the multiplexed low-order address and data bus during acgess to
external program and data memory. In this application, it uses strong internal
pull-up when emitting 1s. Port 0 also inputs the code bytes during EPROM
programming. External pull-ups are required during program verification during
which PO outputs the code bytes.
P1.0-P1.7 1-8 2-9 40-44 1/0 Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 1
1-3 pins that have 1s written to them are pulled high by the internal pull-upg and
can be used as inputs. As inputs, Port 1 pins that are externally pulled loyw will
source current because of the internal pull-ups. Port 1 also receives the low-order
address byte during memory programming and verification.
Alternate functions for Port 1 include:
1 2 40 I/O | T2 (P1.0): Timer/Counter 2 external count input/Clockout
2 3 41 | T2EX (P1.1): Timer/Counter 2 Reload/Capture/Direction Control
3 4 42 | ECI (P1.2): External Clock for the PCA
4 5 43 I/O | CEXO (P1.3): Capture/Compare External I/O for PCA module 0
5 6 44 I/O | CEX1 (P1.4): Capture/Compare External I/O for PCA module 1
6 7 45 /0 | CEXO (P1.5): Capture/Compare External 1/O for PCA module 2
7 8 46 I/O | CEXO (P1.6): Capture/Compare External I/O for PCA module 3
8 9 47 I/O | CEXO (P1.7): Capture/Compare External I/O for PCA module 4
P2.0-P2.7 21-28 24-3 18-25 /0| Port 2: Port 2 is an 8-bit bidirectional 1/0O port with internal pull-ups. Port 2
pins that have 1s written to them are pulled high by the internal pull-ups and
can be used as inputs. As inputs, Port 2 pins that are externally pulled loyw will
source current because of the internal pull-ups. Port 2 emits the high-order address
byte during fetches from external program memory and during accesses to external
data memory that use 16-bit addresses (MOVX @DPTR).In this applicatipn, it
uses strong internal pull-ups emitting 1s. During accesses to external data memory
that use 8-bit addresses (MOVX @Ri), port 2 emits the contents of the P2|SFR.
Some Port 2 pins (P2.0 to P2.5) receive the high order address bits during
EPROM programming and verification:
P3.0-P3.7 10-17 11, 5, 1/0 Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3
13-19 7-13 pins that have 1s written to them are pulled high by the internal pull-upg and
can be used as inputs. As inputs, Port 3 pins that are externally pulled loyw will
source current because of the internal pull-ups. Some Port 3 pins (P3.4 tg P3.5)
receive the high order address bits during EPROM programming and verification.
Port 3 also serves the special features of the 80C51 family, as listed belgw.
10 11 5 | RXD (P3.0): Serial input port
11 13 7 O | TXD (P3.1): Serial output port
12 14 8 | INTO (P3.2): External interrupt O
13 15 9 | INT1 (P3.3): External interrupt 1
14 16 10 | TO (P3.4): Timer 0 external input
15 17 11 | T1 (P3.5): Timer 1 external input
16 18 12 O |WR (P3.6): External data memory write strobe
17 19 13 O |RD (P3.7): External data memory read strobe
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Mnemonic Pin Number Type Name And Function

ALE/PROG 30 33 27 O (I) | Address Latch Enable/Program Pulse:Output pulse for latching the low byte
of the address during an access to external memory. In normal operation, ALE
is emitted at a constant rate of 1/6 (1/3 in X2 mode) the oscillator frequency,
and can be used for external timing or clocking. Note that one ALE pulse is
skipped during each access to external data memory. This pin is also the program
pulse input PROG) during EPROM programming. ALE can be disabled| by
setting SFR’s AUXR.0 bit. With this bit set, ALE will be inactive during internal
fetches.

PSEN 29 32 26 O | Program Store ENable: The read strobe to external program memory. When
executing code from the external program memB$EN is activated twice each
machine cycle, except that tweSEN activations are skipped during each access
to external data memony?SEN is not activated during fetches from internal

program memory.

EANpp 31 35 29 | External Access Enable/Programming Supply VoltageEA must be externally
held low to enable the device to fetch code from external program memory
locations 0000H and 3FFFH (RB) or 7FFFH (RC), or FFFFH (RD). If EA is
held high, the device executes from internal program memory unless the program
counter contains an address greater than 3FFFH (RB) or 7FFFHERGHust
be held low for ROMless devices. This pin also receives the 12.75V programming
supply voltage (¥p during EPROM programming. If security level 1 |is
programmedEA will be internally latched on Reset.

XTALL 19 21 15 I Crystal 1: Input to the inverting oscillator amplifier and input to the internal
clock generator circuits.

XTAL2 18 20 14 O Crystal 2: Output from the inverting oscillator amplifier
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PLCC68 SQUARE;/QFPM
P3.2 40 29
P3.3 41 30
P3.4 42 31
P3.5 43 32
P3.6 45 34
P3.7 47 36
RESET 30 21
ALE/PROG 68 56
PSEN 67 55
EA/VPP 2 58
XTAL1 49 38
XTAL2 48 37
P4.0 20 11
P4.1 24 15
P4.2 26 17
P4.3 44 33
P4.4 46 35
P4.5 50 39
P4.6 53 42
P4.7 57 46
P5.0 60 49
P5.1 62 51
P5.2 63 52
P5.3 7 62
P5.4 8 63
P5.5 10 1
P5.6 13 4
P5.7 16 7
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6. TS80C51Rx2 Enhanced Features

In comparison to the original 80C52, the TS80C51Rx2 implements some new features, which are
* The X2 option.
e The Dual Data Pointer.
e The extended RAM.
e The Programmable Counter Array (PCA).
* The Watchdog.
e The 4 level interrupt priority system.
* The power-off flag.
e The ONCE mode.
e The ALE disabling.
* Some enhanced features are also located in the UART and the timer 2.

6.1. X2 Feature

The TS80C51Rx2 core needs only 6 clock periods per machine cycle. This feature called "X2" provides the
following advantages:

¢ Divide frequency crystals by 2 (cheaper crystals) while keeping same CPU power.

* Save power consumption while keeping same CPU power (oscillator power saving).

* Save power consumption by dividing dynamically operating frequency by 2 in operating and idle modes.
* Increase CPU power by 2 while keeping same crystal frequency.

In order to keep the original C51 compatibility, a divider by 2 is inserted between the XTAL1 signal and the main
clock input of the core (phase generator). This divider may be disabled by software.

6.1.1. Description

The clock for the whole circuit and peripheral is first divided by two before being used by the CPU core and
peripherals. This allows any cyclic ratio to be accepted on XTAL1 input. In X2 mode, as this divider is bypassed,
the signals on XTAL1 must have a cyclic ratio between 40 to 60%. Figure 1. shows the clock generation block
diagram. X2 bit is validated on XTALA2 rising edge to avoid glitches when switching from X2 to STD mode.
Figure 2. shows the mode switching waveforms.

XTALL 3 7 XTALL2 % state machine: 6 clock cycles.
E l ) CPU control
XTAL 1 .
osc
X2
CKCON reg

Figure 1. Clock Generation Diagram
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Table 3. CKCON Register
CKCON - Clock Control Register (8Fh)

7 6 5 4 3 2 0
- - - - - - X2
. Bit .
Bit Number . Description
Mnemonic

7 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.

6 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.

5 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.

4 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.

3 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.

> ) Reserved
The value read from this bit is indeterminate. Do not set this bit.

1 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.

CPU and peripheral clock bit

0 X2 Clear to select 12 clock periods per machine cycle (STD meggsFyraL /2).

Set to select 6 clock periods per machine cycle (X2 masiesTFyTaL )-

Reset Value = XXXX XXX0b
Not bit addressable

For further details on the X2 feature, please refer to ANMO72 available on the web (http://www.atmel-wm.com)
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6.2. Dual Data Pointer Register Ddptr

The additional data pointer can be used to speed up code execution and reduce code size in a number of
ways.
The dual DPTR structure is a way by which the chip will specify the address of an external data memory

location. There are two 16-bit DPTR registers that address the external memory, and a single bit called
DPS = AUXR1/bit0 (See Table 4.) that allows the program code to switch between them (Refer to Figure 3).

External Data Memory

| |DF’S ————— »] DPTR1 | -

AUXR1(A2H) | oPTRO
DPH(83H) DPL(82H)

Figure 3. Use of Dual Pointer

Table 4. AUXR1: Auxiliary Register 1

AUXR1
Address 0A2H ) ) ) ) Cl= : ) DI

Reset value X X X X 0 X X 0

Symbol | Function

Not implemented, reserved for future use.

DPS Data Pointer Selection.
DPS Operating Mode
0 DPTRO Selected
1 DPTR1 Selected
GF3 This bit is a general purpose user flag

a. User software should not write 1s to reserved bits. These bits may be used in future 8051 family
products to invoke new feature. In that case, the reset value of the new bit will be 0, and its active
value will be 1. The value read from a reserved bit is indeterminate.

b. GF3 will not be available on first version of the RC devices.

Application

Software can take advantage of the additional data pointers to both increase speed and reduce code size, for
example, block operations (copy, compare, search ...) are well served by using one data pointer as a 'source’
pointer and the other one as a "destination" pointer.
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ASSEMBLY LANGUAGE

; Block move using dual data pointers

; Destroys DPTRO, DPTR1, A and PSW
; hote: DPS exits opposite of entry state
; unless an extra INC AUXR1 is added

00A2

0000 909000

AUXR1 EQU 0A2H

MOV DPTR,#SOURCE

; address of SOURCE

0003 05A2 INC AUXR1 ; switch data pointers
0005 90A000 MOV DPTR,#DEST ; address of DEST

0008 LOOP:

0008 05A2 INC AUXR1 ; switch data pointers
000A EO MOVX A,@DPTR ; get a byte from SOURCE
000B A3 INC DPTR ; increment SOURCE address
000C 05A2 INC AUXR1 ; switch data pointers
O00E FO MOVX @DPTR,A ; write the byte to DEST
000F A3 INC DPTR ; increment DEST address
0010 70F6 JNZ LOOP ; check for O terminator
0012 05A2 INC AUXR1 ; (optional) restore DPS

INC is a short (2 bytes) and fast (12 clocks) way to manipulate the DPS bit in the AUXR1 SFR. However,
note that the INC instruction does not directly force the DPS bit to a particular state, but simply toggles it.
In simple routines, such as the block move example, only the fact that DPS is toggled in the proper sequence
matters, not its actual value. In other words, the block move routine works the same whether DPS is '0' or '1'
on entry. Observe that without the last instruction (INC AUXR1), the routine will exit with DPS in the
opposite state.
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6.3. Expanded RAM (XRAM)

The TS80C51Rx2 provide additional Bytes of ramdom access memory (RAM) space for increased data
parameter handling and high level language usage.

RA2, RB2 and RC2 devices have 256 bytes of expanded RAM, from O0H to FFH in external data space;
RD2 devices have 768 bytes of expanded RAM, from 00H to 2FFH in external data space.

The TS80C51Rx2 has internal data memory that is mapped into four separate segments.

The four segments are:
e 1. The Lower 128 bytes of RAM (addresses 00H to 7FH) are directly and indirectly addressable.
e 2. The Upper 128 bytes of RAM (addresses 80H to FFH) are indirectly addressable only.
« 3. The Special Function Registers, SFRs, (addresses 80H to FFH) are directly addressable only.
* 4. The expanded RAM bytes are indirectly accessed by MOVX instructions, and with the EXTRAM
bit cleared in the AUXR register. (See Table 5.)

The Lower 128 bytes can be accessed by either direct or indirect addressing. The Upper 128 bytes can be
accessed by indirect addressing only. The Upper 128 bytes occupy the same address space as the SFR. That
means they have the same address, but are physically separate from SFR space.

When an instruction accesses an internal location above address 7FH, the CPU knows whether the access is
to the upper 128 bytes of data RAM or to SFR space by the addressing mode used in the instruction.

* Instructions that use direct addressing access SFR spacexample: MOV OAOH, # data ,accesses the SFR
at location OAOH (which is P2).

* |Instructions that use indirect addressing access the Upper 128 bytes of dataHeRABkample: MOV @RO,
# datawhere RO contains 0AOH, accesses the data byte at address 0AOH, rather than P2 (whose address is 0AOH).

* The 256 or 768 XRAM bytes can be accessed by indirect addressing, with EXTRAM bit cleared and MOVX
instructions. This part of memory which is physically located on-chip, logically occupies the first 256 or 768
bytes of external data memory.

* With EXTRAM = 0, the XRAM is indirectly addressed, using the MOVX instruction in combination with any
of the registers RO, R1 of the selected bank or DPAR access to XRAM will not affect ports PO, P2, P3.6
(WR) and P3.7 RD). For example, with EXTRAM = 0, MOVX @RO, # data where RO contains OAQH,
accesses the XRAM at address 0AQH rather than external memory. An access to external data memory locations
higher than FFH (i.e. 0100H to FFFFH) (higher than 2FFH (i.e. 0300H to FFFFH for RD devices) will be
performed with the MOVX DPTR instructions in the same way as in the standard 80C51, so with PO and P2
as data/address busses, and P3.6 and P3.7 as write and read timing signals. Refer to Figure . For RD devices,
accesses to expanded RAM from 100H to 2FFH can only be done thanks to the use of DPTR.

e  With EXTRAM = 1, MOVX @Ri and MOVX @DPTR will be similar to the standard 80C51. MOVX @ Ri
will provide an eight-bit address multiplexed with data on Port0 and any output port pins can be used to output
higher order address bits. This is to provide the external paging capability. MOVX @DPTR will generate a
sixteen-bit address. Port2 outputs the high-order eight address bits (the contents of DPH) while Port0 multiplexes
the low-order eight address bits (DPL) with data. MOVX @ Ri and MOVX @DPTR will generate either read
or write signals on P3.6WR) and P3.7 RD).

The stack pointer (SP) may be located anywhere in the 256 bytes RAM (lower and upper RAM) internal
data memory. The stack may not be located in the XRAM.
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6.5.1. PCA Capture Mode

To use one of the PCA modules in the capture mode either one or both of the CCAPM bits CAPN and CAPP
for that module must be set. The external CEX input for the module (on port 1) is sampled for a transition.
When a valid transition occurs the PCA hardware loads the value of the PCA counter registers (CH and CL)
into the module's capture registers (CCAPnL and CCAPnNH). If the CCFn bit for the module in the CCON
SFR and the ECCFn bit in the CCAPMn SFR are set then an interrupt will be generated (Refer to Figure 9).

Cex.n

CF | CR CCF4| CCF3| CCF4 CCFl CCHCCON
0xD8
A | PCAIT
_I »
PCA Counter/Timer
|7| -]
|l T CH cL
Capture
ITI [~ p >
CCAPnH CCAPNL
ECOMr CAPPNCAPNn| MATn| TOGn| PWMn ECCFHCCAPMn, n=0to 4
OxDA to OXDE

Figure 9. PCA Capture Mode
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6.5.2. 16-bit Software Timer / Compare Mode

The PCA modules can be used as software timers by setting both the ECOM and MAT bits in the modules
CCAPMN register. The PCA timer will be compared to the module's capture registers and when a match
occurs an interrupt will occur if the CCFn (CCON SFR) and the ECCFn (CCAPMn SFR) bits for the module
are both set (See Figure 10).

CCON
CF CR CCF4| CCF3| CCF2| CCFi1| ccCFQ 0xD8
Write to
CCAPnL Reset
PCAIT
Write to | >
CCAPNH CCAPNH CCAPNL
1 0 Enable J\/L J\/L Match —
o 16 bit comparator L
*
CH cL — RESET
L o
PCA counter/timer

CCAPMn,n=0to 4
OxDA to OxDE

ECOMn CAPPN[CAPNNn| MATn| TOGn| PWMn ECCFn

CIDL | WDTE| CPS1| CPSO ECH

CMOD
0xD9

* Only for Module 4
Figure 10. PCA Compare Mode and PCA Watchdog Timer

Before enabling ECOM bit, CCAPnL and CCAPnH should be set with a non zero value, otherwise an unwanted
match could happen. Writing to CCAPnH will set the ECOM bit.

Once ECOM set, writing CCAPnL will clear ECOM so that an unwanted match doesn’t occur while modifying
the compare value. Writing to CCAPnH will set ECOM. For this reason, user software should write CCAPnNL first,
and then CCAPNH. Of course, the ECOM bit can still be controlled by accessing to CCAPMn register.
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Software may examine FE bit after each reception to check for data errors. Once set, only software or a reset can
clear FE bit. Subsequently received frames with valid stop bits cannot clear FE bit. When FE feature is enabled,
RI rises on stop bit instead of the last data bit (See Figure 14. and Figure 15.).

RXD \h éDOXDlXD2XD3XD4XD5XD6XD7%_HJ

r St.afr Data byte T Sth
bit bit
RI [
SMODO0=X
FE
SMODO0=1
Figure 14. UART Timings in Mode 1
RXD DO X D1y D2y D3 X D4 Y D5 ¥ D6 ¥ D7 Y D8 J
Star Data byte NinthSto
bit bit  bit
RI [
SMODO0=0
RI [
SMODO0=1
FE
SMODO=1

Figure 15. UART Timings in Modes 2 and 3

6.6.2. Automatic Address Recognition

The automatic address recognition feature is enabled when the multiprocessor communication feature is enabled
(SM2 bit in SCON register is set).

Implemented in hardware, automatic address recognition enhances the multiprocessor communication feature by
allowing the serial port to examine the address of each incoming command frame. Only when the serial port
recognizes its own address, the receiver sets RI bit in SCON register to generate an interrupt. This ensures that
the CPU is not interrupted by command frames addressed to other devices.

If desired, you may enable the automatic address recognition feature in mode 1. In this configuration, the stop bit
takes the place of the ninth data bit. Bit RI is set only when the received command frame address matches the
device’s address and is terminated by a valid stop bit.

To support automatic address recognition, a device is identified by a given address and a broadcast address.

NOTE: The multiprocessor communication and automatic address recognition features cannot be enabled in mode O (i.e. setting SM2 bitin SCON
register in mode 0 has no effect).
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Table 21. IPH Register
IPH - Interrupt Priority High Register (B7h)

7 6 5 4 3 2 1 0
- PPCH PT2H PSH PT1H PX1H PTOH PXOH
i Il Description
Number | Mnemonic P
7 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
PCA interrupt priority bit high.
PPCH PPC Priority Level
0 0 Lowest
6 PPCH 0 1
1 0
1 1 Highest
Timer 2 overflow interrupt Priority High bit
PT2H PT2 Priority Level
0 0 Lowest
5 PT2H 0 1
1 0
1 1 Highest
Serial port Priority High bit
PSH PS Priority Level
0 0 Lowest
4 PSH 0 1
1 0
1 1 Highest
Timer 1 overflow interrupt Priority High bit
PT1H PT1 Priority Level
0 0 Lowest
3 PT1H 0 1
1 0
1 1 Highest
External interrupt 1 Priority High bit
PX1H PX1 Priority Level
0 0 Lowest
2 PX1H 0 1
1 0
1 1 Highest
Timer O overflow interrupt Priority High bit
PTOH PTO Priority Level
0 0 Lowest
1 PTOH 0 1
1 0
1 1 Highest
External interrupt O Priority High bit
PX0H PX0 Priority Level
0 0 Lowest
0 PX0H 0 1
1 0
1 1 Highest

Reset Value = X000 0000b
Not bit addressable
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8.3. EPROM Programming

8.3.1. Set-up modes

In order to program and verify the EPROM or to read the signature bytes, the TS87C51RB2/RC2/RD2 is placed
in specific set-up modes (See Figure 18.).

Control and program signals must be held at the levels indicated in Table 30.

8.3.2. Definition of terms

Address Lines:  P1.0-P1.7, P2.0-P2.5, P3.4, P3.5 respectively for A0-Al5 (P2.5 (A13) for RB, P3.4 (Al14) for
RC, P3.5 (A15) for RD)

Data Lines: P0.0-P0.7 for DO-D7
Control Signals: RST,PSEN, P2.6, P2.7, P3.3, P3.6, P3.7.
Program Signals: ALE/PROG,EA/VPP.

Table 30. EPROM Set-Up Modes

Mode RST PSEN F’?\I;gﬁ; EA/VPP P2.6 P2.7 P3.3 P3.6 P3.7
Program Code data 1 0 u 12.75v 0 1 1 1 1
Verify Code data 1 0 1 1 0 - 0 1 1
Program Encryption Arfay 1 0 I 1278y 0 1 1 0 1
Read Signature Bytes 1 0 1 1 0 I 0 0 0
Program Lock bit 1 1 0 u 12.75V 1 1 1 1 1
Program Lock bit 2 1 0 u 12.75vV 1 1 1 0 0
Program Lock bit 3 1 0 u 12.75vV 1 0 1 1 0
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10.3. DC Parameters for Standard Voltage

TA = 0°C to +70C; Vgs= 0 V; Voc = 5 V + 10%; F = 0 to 40MHz.
TA = -40°C to +85C; Vgg= 0 V; Voo = 5 V + 10%; F = 0 to 40MHz.
Table 32. DC Parameters in Standard Voltage
Symbol Parameter Min Typ Max Unit Test Conditions
Vi Input Low Voltage -0.5 0.2Vcc-01] V
ViH Input High Voltage except XTAL1, RST 0.2Vcc+0.9 Vcet 0.5 \Y%
Vg Input High Voltage, XTAL1, RST 0.7 Ve Vee+ 0.5 Y
VoL Output Low Voltage, ports 1, 2, 3, 485 03 Vo | lgL = 100uA®
0.45 % _ 2)
10 v |lo=16 mA
loL = 3.5 mAY
VoL1 | Output Low Voltage, port () 03 Vo | 1oL = 200uA™
0.45 Y% B 2)
10 v |loL=32 mA
loL = 7.0 mAY
VoL2 Output Low Voltage, ALEPSEN 0.3 \ loL = 100uA®
0.45 % _ n
1o v |lo=16 mA
loL = 3.5 mAY
Vou Output High Voltage, ports 1, 2, 3, 4,5 Vee-0.3 \ lon = -10pA
Vcc'0.7 \ |OH:'30|.1A
Vee-15 Vo | 1oy = -60pA
VCC =5V+10%
Vo1 Output High Voltage, port 0 Vcc-0.3 \ lon = -200pA
Vee-0.7 V| loy=-3.2mA
Vee-1.5 Vo llgy=-7.0mA
Vee=5V+10%
Vouz | Output High Voltage ALEPSEN Vee-0.3 V | lon = -100pA
Vcc'0.7 \ |OH=-1.6 mA
Vee-15 Vo |lon=-35mA
VCC =5V 10%
RrsT RST Pulldown Resistor 50 90® 200 kQ
I Logical 0 Input Current ports 1, 2, 3, 4, 5 -50 WA | Vin=0.45V
I Input Leakage Current +10 HA | 0.45V <Vin < V¢
I Logical 1 to 0 Transition Current, ports 1, 2, -650 PA | Vin=20V
4,5
Co Capacitance of I/0O Buffer 10 pF | Fc=1MHz
TA=25C
Ipp Power Down Current 20 50 MHA | 2.0V < Ve <5.5W3)
lce Power Supply Current Maximum values, X 1+ 0.4 Freq
mode:(") (MHz) Vee=55W
;gg; @12MHz58| ma | ¢
@16MHz 7.4
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Table 38. AC Parameters for a Variable Clock: derating formula

Symbol Type Standard | X2 Clock -M -V -L Units
Clock
TLHLL Min 2T-x T-X 10 8 15 ns
TavLL Min T-X 05T-x 15 13 20 ns
TLLAX Min T-x 05T-x 15 13 20 ns
Ty Max 4T-x 2T-x 30 22 35 ns
TLLPL Min T-x 0.5T-x 10 8 15 ns
TpLpH Min 3T-x 15T-x 20 15 25 ns
TeLiv Max 3T-x 15T-x 40 25 45 ns
Texix Min X X 0 0 0 ns
Texiz Max T-X 05T-x 7 5 15 ns
Taviv Max 5T-x 25T-x 40 30 45 ns
TpLaz Max X X 10 10 10 ns

10.5.3. External Program Memory Read Cycle

< 12 TereL >
— T | —Pe— T yv—»

ALE T pL / \
—— TpLpy—P
[ Texav \ /

'€ TpL v P Texiz

¢ TPLAZ Toxix: <
PORTO INSTRIN INSTR IN AO-A7 INSTR IN
PORT 2 ADDRESS
OR SFR-P2 ADDRESS A8-A15 ADDRESS A8-A15

Figure 25. External Program Memory Read Cycle
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10.5.6. External Data Memory Read Cycle

< - TwHLHP
ALE j < TLLov >
PSEN
J <—TLLWL - TRLRH
\¢—— TRLDV —|
RD
~ “¢TRHD
< Tavpv
=T AxP] TruDx P [«
> TrLAZ
e Taw,——»
PORT2  ADDRESS ADDRESS A8-A15 OR SFR P2 >

Figure 27. External Data Memory Read Cycle

10.5.7. Serial Port Timing - Shift Register Mode
Table 42. Symbol Description

Symbol Parameter
Tyxe Serial port clock cycle time
TQVHX Output data set-up to clock rising edge
TxHox Output data hold after clock rising edge
TxHDX Input data hold after clock rising edge
TxHDV Clock rising edge to input data valid
Table 43. AC Parameters for a Fix Clock
Speed -M -V -V -L -L Units
40 MHz X2 mode standard mode X2 mode standard mode
30 MHz 40 MHz 20 MHz 30 MHz
60 MHz equiv. 40 MHz equiv.
Symbol Min Max Min Max Min Max Min Max Min Max
TxixL 300 200 300 300 400 ns
TovHx 200 117 200 200 283 ns
TxHOX 30 13 30 30 47 ns
TyHDX 0 0 0 0 0 ns
TxHDY 117 34 117 117 200 ns
68
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10.5.9. EPROM Programming and Verification Characteristics
TA = 21°C to 27C; Vgg= 0V; Ve = 5V £ 10% while programming. ¥c = operating range while verifying
Table 45. EPROM Programming Parameters

Symbol Parameter Min Max Units
Vpp Programming Supply Voltage 125 13 \%
Ipp Programming Supply Current 75 mA
1Tl Oscillator Frquency 4 6 MHz
TaveL Address Setup tBROG Low 48 TeLcL
TeHAX Adress Hold aftePROG 48 TeL oL
TovelL Data Setup t®#ROG Low 48 TeLcL
TGHDX DataHold afterPROG 48 TercL
TEHSH (Enable) High to ¥p 48 TeLeL
TsheL Vpp Setup tdPROG Low 10 us
TGHsL VppHold afterPROG 10 us
TeLeH PROG Width 90 110 us
Tavov Address to Valid Data 48 TeLcL
TeLgv ENABLE Low to Data Valid 48 TeLcL
TeHQz Data Float after ENABLE 0 48 T oL
10.5.10. EPROM Programming and Verification Waveforms
PROGRAMMING VERIFICATION

P1.0-P1.7 -
P2.0-P2.5 ADDRESS ADDRESS
P3.4-P3.5* > f—Taov
PO DATA IN DATA OUT
TDVGL T ‘1_ P TEHDX
AVGL > TGHAX
ALE/PROG
-
TsHeL [ TeHsL
EA/VPP Vee VPP Vee
T —
CONTROL EHSH Telqu > — —» TeHoz
SIGNALS X X X
(ENABLE)

* 8KB: up to P2.4, 16KB: up to P2.5, 32KB: up to P3.4, 64KB: up to P3.5

Figure 29. EPROM Programming and Verification Waveforms
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10.5.11. External Clock Drive Characteristics (XTAL1)
Table 46. AC Parameters

Symbol Parameter Min Max Units
TeLel Oscillator Period 25 ns
TcHex High Time 5 ns
Telex Low Time 5 ns
TcLcH Rise Time 5 ns
TcHeL Fall Time 5 ns

Tehex/TeLex Cyclic ratio in X2 mode 40 60 %

10.5.12. External Clock Drive Waveforms

V0.5 Ve

iC 0.7Vee
0.45 V. 0.2Vec0.1V

TcHeL —»

Figure 30. External Clock Drive Waveforms

10.5.13. AC Testing Input/Output Waveforms

Vec05V 0.2Vcc+0.9
INPUT/OUTPUT >< ) ><
045V 0.2Vec0.1

Figure 31. AC Testing Input/Output Waveforms

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

10.5.14. Float Waveforms

FLOAT

Vo 0.1V v oap Vi oapt0.1V
Vo +0.1V Vioap-0.1V

Figure 32. Float Waveforms
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For timing purposes a 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 loadeg W level occurs. & /gy = £ 20mA.

10.5.15. Clock Waveforms
Valid in normal clock mode. In X2 mode XTAL2 signal must be changed to XTAL2 divided by two.

INTERNAL | STATE4 | STATES | STATE6 | STATEL | STATE2 | STATE3, STATE4 STATES
CLOCK ‘p1| PZ‘ P1| PZ‘ P1 | PZ‘ PL | PZ‘ P1| Pz‘ P1| pz‘ P1 | PZ‘ P | PZ‘
XTAL2

ALE 4|—| I—l—

THESE SIGNALS ARE NOT ACTIVATED DURING THE

EXTERNAL PROGRAM MEMOR Y FETCH EXECUTION OF A MOVX INSTRUCTION

PSEN
PO DATA PCL OUT | [DaTA | [ PCLOUT | [DATA | [PCLOUT
SAMPLED SAMPLED SAMPLED
FLOAT Li FLOAT—>| L—FLOAT
P2 (EXT) INDICATES ADDRESS TRANSITIONS |
READ CYCLE

RD | |

PCL OUT (IF PROGRAM
MEMORY IS EXTERNAL)

PO DPL OR Rt OUT Y
!< FLOAT =|
P2 INDICATES DPH OR P2 SFR TO PCH TRANSITION
WRITE CYCLE
WR | ["PCLOUT (EVENIF PROGRAM

MEMORY IS INTERNAL)

PO DPL OR RtOUT \m
le DATA OUT 4>|}3—> PCL OUT (IF PROGRAM

MEMORY IS EXTERNAL)

P2 INDICATES DPH OR P2 SFR TO PCH TRANSITION
PORT OPERATION
OLD DATA [ NEW DATA
PO PINS SAMPLED PO PINS SAMPLED
MOV DEST PO m II‘
MOV DEST PORT (P1, P2, P3) P1, P2, P3 PINS SAMPLED P1, P2, P3 PINS SAMPLED
(INCLUDES INTO, INT1, 7O, T1) [(¥}] m_
SERIAL PORT SHIFT CLOCK RXD SAMPLED RXD SAMPLED

TXD (MODE 0)

Figure 33. Clock Waveforms

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. Propagation also varies from output to output and component. Typically thoygBXT fully loaded)

RD andWR propagation delays are approximately 50ns. The other signals are typically 85 ns. Propagation delays
are incorporated in the AC specifications.
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11. Ordering Information

TS 87C51RD2 -M C B R

i e S T

-M:  VCC: 5V +/- 10%

Packages:
40 MHz, X1 mode A: PDIL 40
20 MHz, X2 mode :
i ) o B: PLCC 44
-V: VCC: 5V +/- 10% E: VOEP 44 (1.4
40 MHz, X1 mode VQ (L.4mm)
. 30 MHz, X2 mode J: Window CDIL 40*
30 MHz, X1 mode + Window CQ
20 MHz, X2 mode L: PLCC68 (RD devices only)*
-E:  Samples M: VQFP64, square package, 1.4mm

(RD devices only)*
N: JLCC68 (RD devices only)*

Part Number

80C51RA2 (ROMless, 256 bytes XRAM)
80C51RD2 (ROMless, 768bytes XRAM)
83C51RB2zzz (16k ROM, zzz is the customer code
83C51RC2zzz (32k ROM, zzz is the customer code

83C51RD2zzz (64k ROM, zzz is the customer code Conditioning
87C51RB2 (16k OTP EPROM) R: Tape & Reel
87C51RC2 (32k OTP EPROM) D: Dry Pack
87C51RD2 (64k OTP EPROM) B: Tape & Reel and
Temperature Range Dry Pack

C: Commercial 0 to 2C
I: Industrial -40 to 8%C

(*) Check with Atmel Wireless & Microcontrollers Sales Office for availability. Ceramic packages (J, K, N) are available €or prot
typing, not for volume production. Ceramic packages are available for OTP only.

Table 47. Maximum Clock Frequency

Code -M -V -L Unit
Standard Mode, oscillator frequenc! 40 40 30 MHz
Standard Mode, internal frequency| 40 40 30
X2 Mode, oscillator frequency 20 30 20 MHz
X2 Mode, internal equivalent frequen 40 60 40

Rev. C - 06 March, 2001 73



