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— Four 8-bit I/O ports P1.2RXD1 F 2 38 =y PO.1
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— 1K byte extra on—chip SRAM for MOVX P3.1/TXD0 @ 11 DS87C520 30 ale
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— Selects effective on—chip ROM size from 0 to P3.4/T0 F 14 7T P26
16K P3.5/T1 ] 15 26 oy P25
) P3.6/W_Rﬁ: 16 25 = P24
— Allows access to entire external memory map P3.7/A0 & -7 2405 P23
_ . : XTAL2 & 18 23 P22
Dynamically adjustable by software xTALT ¢ 19 5 : i
— Useful as boot block for external FLASH Vss = 20 215 P20
® High—Speed Architecture 40-PIN PDIP
40-PIN CER DIP
— 4 clocks/machine cycle (8051 = 12)
— Runs DC to 33 MHz clock rates /_Dmannnnnmn\
- Single—cycle instruction in 121 ns [e)
— Dual data pointer
— Optional variable length MOVX to access fast/
slow RAM/peripherals D[)s%'-',lé%go
e Power Management Mode
— Programmable clock source to save power
— CPU runs from (crystal/64) or (crystal/1024)
-~ Provides automatic hardware and software exit 44-PIN PLCC
e EMI Reduction Mode disables ALE
e Two full-duplex hardware senal ports /ﬂuﬂﬂﬂﬂﬂﬂﬂﬂn\
— ——
® High integration controller includes: =
- Power—fail reset = ]
— Early—warning power—fail interrupt — DS87C520 ]
—~ Programmable Watchdog timer = ]
® 13 total interrupt sources with 6 exteral WHH”HHUUH)
® Available in 40-pin PDIP, 44-pin PLCC, 44-pin
PQFP, and 40-pin windowed CERDIP 44-PIN MQFP
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DS87C520

DESCRIPTION

The DS87C520 is a fast 8051 compatible microcontrol-
ler. It features a redesigned processor core without
wasted clock and memory cycles. As a result, it
executes every 8051 instruction between 1.5 and 3
times fasterthan the original for the same crystal speed.
Typicalapplications will see a speedimprovement of 2.5
times using the same code and the same crystal. The
DS87C520 offers a maximum crystal speed of 33 MHz,
resulting in apparent execution speeds of 82.5 MHz
(approximately 2.5X).

The DS87C520 is pin compatible with all three pack-
ages of the standard 8051 and includes standard
resources such as three timer/counters, serial port, and
four8—bitl/O ports. It features 16K bytes of EPROM with
an extra 1K byte of data RAM. Both OTP and windowed
packages are available.

Besides greater speed, the micro includes a second full

hardware serial port, seven additional interrupts, pro-
grammable watchdog timer, brown—out monitor, and

ORDERING INFORMATION:

power—fail reset. The DS87C520 also provides dual
data pointers (DPTRs) to speed block data memory
moves. It also can adjust the speed of MOVX data
memory access from two to nine machine cycles for
flexibility in selecting extemal memory and peripherals.

A new Power Management Mode (PMM) is useful for
portable applications. This feature allows software to
select alower speed clock as the main time base. While
normal operation has a machine cycle rate of 4 clocks
per cycle, the PMM runs the processor at 64 or 1024
clocks per cycle. For example, at 12 MHz, standard
operation has a machine cycle rate of 3 MHz. In Power
Management Mode, software can select either 187.5
KHz or 11.7 KHz machine cycle rate. There is a corre-
sponding reduction in power consumption when the
processor runs slower.

The EMI reduction feature allows software to select a
reduced emission mode. This disables the ALE signal
when it is unneeded.

PART NUMBER PACKAGE MAX. CLOCK SPEED { TEMPERATURE RANGE
DS87C520-MCL | 40-pin plastic DIP 33 MHz 0°C to 70°C
DS87C520-QCL | 44-pin PLCC 33 MHz 0°C to 70°C
DS87C520-FCL | 44—pin PQFP 33 MHz 0°C to 70°C
DS87C520-MNL | 40—pin plastic DIP 33 MHz —40°C to +85°C
DS87C520-QNL | 44—pin PLCC 33 MHz —40°C to +85°C
DS87C520-FNL | 44—pin PQFP 33 MHz —40°C to +85°C
DS87C520-WCL | 40-pin windowed CERDIP 33 MHz 0°C to 70°C
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DS87C520 BLOCK DIAGRAM Figure 1
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PIN DESCRIPTION Table 1

DIP PLCC | PQFP SIGNAL DESCRIPTION
NAME
40 44 ag Vee Ve — +5V.
20 22,23, | 16,17, GND GND - Digital circuit ground.
1 39

9 10 4 RST RST - Input. The RST input pin contains a Schmitt voltage input
to recognize extemmal active high Reset inputs. The pin also
employs an intemnal pull-down resistor to allow for a combination
of wired OR external Reset sources. An RC is not required for
power—up, as the DS87C520 provides this function internally.

18 20 14 XTAL2 XTAL1, XTAL2 - The crystal oscillator pins XTAL1 and XTAL2

19 21 15 XTAL1 provide support for parallel resonant, AT cut crystals. XTAL1 acts
also as an input if there is an extemal clock source in place of a
crystal. XTAL2 serves as the output of the crystal amplifier.

29 32 26 PSEN PSEN — Output. The Program Store Enable output. This signal
is commonly connected to optional external ROM memory as a
chip enable. PSEN will provide an active low pulse and is driven
high when external ROM is not being accessed.
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DIP PLCC | PQFP SIGNAL DESCRIPTION
NAME
30 33 27 ALE ALE - Output. The Address Latch Enable output functions as a
clock to latch the extemal address LSB from the multiplexed
address/data bus on Port 0. This signal is commonly connected
to the latch enable of an external 373 family transparent latch.
ALE has a pulse width of 1.5 XTAL1 cycles and a period of four
XTAL1 cycles. ALE is forced high when the DS87C520 is in a
Reset condition. ALE can also be disabled using the EMI reduc-
tion mode.
39 43 37 P0.0 (ADO) | Port0(ADO-7)-V/0Q. PortQis an open—drain 8-bit bi-directional
38 42 36 P0.1 (AD1) | /O port. As an altemate function Port 0 can function as the multi-
37 41 35 P0.2 (AD2) | plexed address/data bus to access off-chip memory. During the
36 40 34 P0.3 (AD3) | timewhen ALE is high, the L.SB of amemory address is presented.
35 39 33 P0.4 (AD4) | When ALE falls to a logic 0, the port transitions to a bi—directional
34 38 32 P0.5 (AD5) | databus. This busis used to read external ROM and read/write
33 37 31 P0.6 (AD6) | extemal RAM memory or peripherals. When used as a memory
32 36 30 P0.7 (AD7) | bus, the port provides active high drivers. The reset condition of
Port 0 is tri-state. Pull-up resistors are required when using Port
0 as an |/O port.
1-8 2-9 40-44 P1.0-P1.7 | Port1-VO. Port 1 functions as both an 8—bit bi—directional /O
1-3 port and an alternate functional interface for Timer 2 I/O, new
External Interrupts, and new Serial Port 1. The reset condition of
Port 1 is with all bits at alogic 1. In this state, a weak pull-up holds
the port high. This condition also serves as an input state, a weak
pull-up holds the port high. This condition also serves as an input
mode, since any extemal circuit that writes to the port will over-
come the weak pull-up. When software writes a 0 to any port pin,
the DS87C520 will activate a strong pull-down that remains on
until either a 1 is written or a reset occurs. Wiitinga 1 after the port
has been at 0 will cause a strong transition driver to tumn on, fol-
lowed by a weaker sustaining pull-up. Once the momentary
strongdrivertums off, the portagain becomes the outputhigh (and
input) state. The alternate modes of Port 1 are outlines as follows.
Port Alternate Function
1 2 40 P10 T2 External |/O for Timer/Counter 2
2 3 41 P1.1 T2EX Timer/Counter 2 Capture/Reload Trigger
3 4 42 P1.2 RXD1 Serial Port 1 Input
4 5 43 P1.3 TXD1 Serial Port 1 Output
5 6 44 P1.4 INT2 External Interrupt 2 (Positive Edge Detect)
5 7 1 P1.5 INT3 External Interrupt 3 (Negative Edge Detect)
7 8 2 P1.6 INT4 External Interrupt 4 (Positive Edge Detect)
3 9 3 P1.7 INTS External Interrupt 5 (Negative Edge Detect)
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DiP PLCC | PQFP SIGNAL DESCRIPTION
NAME
21 24 18 P2.0 (A8) | Port2(A8-15)— 1/O. Port2is a bi—directional I/0 port. The reset
22 25 19 P2.1 (A9) | condition of Port 2 is logic high. In this state, a weak pull-up holds
23 26 20 P2.2 (A10) | the port high. This condition also serves as an input mode, since
24 27 21 P2.3 (A11) [ any extemal circuit that writes to the port will overcome the weak
25 28 22 P2.4 (A12) | pull-up. When software writes a O to any port pin, the DS87C520
26 29 23 P2.5 (A13) | will activate a strong pull-down that remains on until eithera 1 is
27 30 24 P2.6 (A14) | written or a reset occurs. Writing a 1 after the port has been at 0
28 31 25 P2.7 (A15) | willcause a strongtransition driverto tumon, followed by a weaker
sustaining pull-up. Once the momentary strong driver tums off,
the port again becomes both the output high and input state. As
an alternate function Port 2 can function as MSB of the extemal
address bus. This bus can be used to read extermal ROM and
read/write external RAM memory or peripherals.
10-17 11, 5,7-13 | P3.0-P3.7 | Port 3 — /0. Port 3 functions as both an 8-bit bi—directional I/O
13-19 port and an alternate functional interface for External Interrupts,
Serial Port 0, Timer 0 and 1 Inputs, and RD and WR strobes. The
reset condition of Port 3 is with all bits at a logic 1. In this state, a
weak pull-up holds the port high. This condition also serves as an
input mode, since any extemal circuit that writes to the port wili
overcome the weak pull-up. When software writes a 0 to any port
pin, the DS87C520 will activate a strong pull-down that remains
on until either a 1 is written or a reset occurs. Writing a 1 after the
port has been at 0 will cause a strong transition driver to turn on,
followed by a weaker sustaining pull-up. Once the momentary
strong driver tums off, the port again becomes both the output
high and input state. The alternate modes of Port 3 are outlined
below.
Port Alternate Mode
10 11 5 P3.0 RXD0  Serial Port O Input
11 13 7 P3.1 TXDo Serial Port 0 Output
12 14 8 P3.2 INTO Extemnal Interrupt 0
13 15 9 P3.3 INT1 Extemal Interrupt 1
14 16 10 P3.4 TO Timer 0 Extemnal Input
15 17 11 P3.5 T Timer 1 Extemal Input
16 18 12 P3.6 WR Extemal Data Memory Write Strobe
17 19 13 pP3.7 RD External Data Memory Read Strobe
31 35 29 EA EA - Input. Connect to ground to force the DS87C530 to use an
extemal ROM. The internal RAM is still accessible as determined
by register settings. Connect EA to V¢ to use intemal ROM.
- 12 6 NC NC — Reserved. These pins should not be connected. They are
34 28 reserved for use with future devices in this family.
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COMPATIBILITY

The DS87C520 is a fully static CMOS 8051 compatible
microcontroller designed for high performance. In most
cases the DS87C520 can drop into an existing socket
forthe 80C51, B0C52, 87C51, or87C52 to improve the
operation significantly. While remaining familiar to 8051
family users, ithas many new features. in general, soft-
ware written for existing 8051 based systems works
without modification on the DS87C520. The exception
is critical timing since the High—Speed Micro perfforms
its instructions much faster than the original for any
given crystal selection. The DS87C520 runs the stan-
dard 8051 family instruction set and is pin compatible
with DIP, PLCC or QFP packages.

The DS87C520 provides three 16—bit timer/counters,
full-duplex senal port (2), 256 bytes of direct RAM plus
1K byte of extra MOVX RAM. I/O ports have the same
operation as a standard 8051 product. Timers will
default to a 12 clock per cycle operation to keep their
timing compatible with original 8051 family systems.
However, timers are individually programmable to run at
the new 4 clocks per cycle if desired. The PCA is not
supported.

The DS87C520 provides several new hardware fea-
tures implemented by new Special Function Registers.
A summary of these SFRs is provided below.

PERFORMANCE OVERVIEW

The DS87C520 features a high speed 8051 compatible
core. Higher speed comes not just from increasing the
clock frequency, but from a newer, more efficient
design.

This updated core does not have the dummy memory
cycles that are present in a standard 8051. A conven-
tional 8051 generates machine cycles using the clock
frequency divided by 12. In the DS87C520, the same
machine cycle takes four clocks. Thus the fastest
instruction, 1 machine cycle, executes three times
faster for the same crystal frequency. Note that these
are identical instructions. The majority of instructions on
the DS87C520 will see the full 3 to 1 speed improve-
ment. Some instructions will getbetween 1.5and2.4to
1 improvement. All instructions are faster than the origi-
nal 8051.

The numerical average of all opcodes gives approxi-
mately a 2.5 to 1 speed improvement. Improvement of

individual programs will depend on the actual instruc-
tions used. Speed sensitive applications would make
the most use of instructions that are three times faster.
However, the sheer numberof 3 to 1 improved opcodes
makes dramatic speed improvements likely for any
code. These architecture improvements and 0.8 um
CMOS produce a peak instruction cyclein 121 ns (8.25
MIPs). The Dual Data Pointer feature also allows the
user to eliminate wasted instructions when moving
blocks of memory.

INSTRUCTION SET SUMMARY

All instructions in the DS87C520 perform the same
functions as their 8051 counterparts. Their effect on
bits, flags, and other status functions is identical. How-
ever, the timing of each instruction is different. This
applies both in absolute and relative number of clocks.

For absolute timing of real-time events, the timing of
software loops can be calculated using a table in the
High~Speed Micro User's Guide. However, counter/
timers default to run at the older 12 clocks per incre-
ment. In this way, timer—based events occur at the stan-
dard intervals with software executing at higher speed.
Timers optionally can run at 4 clocks perincrement to
take advantage of faster processor operation.

The relative time of two instructions might be different in
the new architecture than it was previously. For exam-
ple, in the original architecture, the “MOVX A, @DPTR"
instruction and the “MOYV direct, direct” instruction used
two machine cycles or 24 oscillator cycles. Therefore,
they required the same amount of time. In the
DS87C520, the MOVX instruction takes as little as two
machine cycles or eight oscillator cycles but the “MOV
direct, direct’ uses three machine cycles or 12 oscillator
cycles. While both are faster than their original counter-
parts, they now have different execution times. This is
because the DS87C520 usually uses one instruction
cycle for each instruction byte. Examine the timing of
each instruction for familiarity with the changes. Note
that a machine cycle now requires just four clocks, and
provides one ALE pulse per cycle. Many instructions
require only one cycle, but some require five. In the ong-
inal architecture, all were one or two cycles except for
MUL and DIV. Refer to the High—Speed Micro User's
Guide for details and individual instruction timing.
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SPECIAL FUNCTION REGISTERS

Special Function Registers {SFRs) control most special
features of the DS87C520. This allows the DS87C520
to have many new features but use the same instruction
setasthe 8051. When writing software to use anew fea-
ture, an equate statement defines the SFR to an assem-

bler or compiler. This is the only change needed to
access the new function. The DS87C520 duplicates the
SFRs contained in the standard 80C52. Table 2 shows
the register addresses and bitlocations. Many are stan-
dard 80C52 registers. The High—-Speed Micro User's
Guide describes all SFRs.

SPECIAL FUNCTION REGISTER LOCATIONS Table 2

* New functions are in bold

REGISTER BIT7 BIT6 BITS BIT 4 BIT3 BIT 2 BIT1 BITO | ADDRESS
PORT 0 PO.7 P0.6 P0.5 P0.4 P0.3 Po.2 PO.1 Po.0 80h
STK 81h
POINTER
DPL 82h
DPH 83h
DPLA1 84h
DPH1 85h
DPS 0 0 0 0 (] 0 o SEL 86h
PCON SMOD_0 | sMODO |- - GF1 GFo STOP IDLE 87h
TCON TF1 TR1 TFO TRO IE1 IT1 IEO ITo 88h
TMOD GATE ca M1 MO GATE cr M1 Mo 8gh
TLo 8Ah
TL1 8Bh
THo 8Ch
TH1 8bh
CKCON wD1 WDo T2M TIM TOM MD2 MD1 MDO 8Eh
PORT1 P1.7 P16 P15 P1.4 P1.3 P12 P11 P1.0 90h
EXIF IES IE4 IE3 IE2 XTRG |RGMD |RGSL BGS 91h
SCONO sMoFe 0 [smM1 0 |sM20 |REN O |TBBO rRBg 0o [TloO RO 98h
SBUFO 9oh
PORT2 P2.7 P2.6 P25 P2.4 P2.3 P22 P2.1 P2.0 AOh
IE EA ES1 ET2 ESO ET1 EX1 ETO EX0 A8h
SADDRO Agh
SADDR1 AAh
PORT3 P3.7 P3.6 P35 P3.4 P3.3 P3.2 P3.1 P3.0 Boh
P - PS1 PT2 PSO PT1 PX1 PTO PX0 Bsh
SADENO Boh
SADEN1 BAh
SCON1 SMOFE 1 | SM1_1 SM2 1 REN 1 | TB8 1 RBS8 1 A RI_1 coh
SBUF1 sSB7 SB6 SB5 SB4 SB3 $B2 sB1 SBO C1h
ROMSIZE - - - - - RS2 RS1 RSO C2h
PMR cD1 cDO swB - XTOFF | ALEOFF | DME1 DMEO Cah
STATUS PIP HIP Lip XTUP SPTA1 SPRA1 [ SPTA0 |sSPRAO Csh
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REGISTER BIT 7 BIT6 BITS BIT 4 BIT3 BIT2 BIT 1 BITO | ADDRESS
TA C7h
T2CON TF2 EXF2 RCLK TCLK EXEN2 | TR2 CiT2 CP/RL2 C8h
T2MOD - - - - - - T20E DCEN Coh
RCAP2L CAh
RCAP2H CBh
TL2 CCh
TH2 CDh
PSW cy AC Fo RS1 RSO ov FL P Doh
WDCON SMOD 1 | POR EPFI PF WDIF WTRF EWT RWT Dsh
ACC EOh
EIE - - - EWDI EXS EX4 EX3 EX2 E8h
B Foh
EIP - - - PWDI PX5 PX4 PX3 PX2 F8h

MEMORY RESOURCES to access on—chip memory. In fact, all of the on~chip

Like the 8051, the DS87C520 uses three memory
areas. These are program (ROM), data (RAM), and
scratchpad RAM (registers). The DS87C520 contains
on-chip quantities of all three areas.

The totalmemory configuration of the DS87C520is 16K
bytes of ROM, 1K byte of data SRAM and 256 bytes of
scratchpad or direct RAM. The 1K byte of data space
SRAM is read/write accessible andis memory mapped.
This on—chip SRAM is reached by the MOVX instruc-
tion. Itis not used for executable memory. The scratch-
pad area is 256 bytes of register mapped RAM and is
identical to the RAM found on the 80C52. There is no
conftict or overlap among the 256 bytes and the 1K as
they use different addressing modes and separate
instructions.

PROGRAM MEMORY ACCESS

On-<hip ROM begins at address 0000h and is contigu-
ous through 3FFFh (16K). Exceeding the maximum
address of on—chip ROM will cause the DS87C520 to
access off—chip memory. However, the maximum on—
chip decoded address is selectable by software using
the ROMSIZE™ feature. Software can cause the
DS87C520 to behave like a device with less on—chip
memory. This is beneficial when overlapping extemal
memory, such as FLASH, is used.

The maximum memory size is dynamically variable.
Thus a portion of memory can be removed from the
memory map to access off—chip memory, then restored

memory can be removed from the memory map allow-
ingthe full 64K memory space to be addressed from off—
chip memory. ROM addresses that are larger than the
selected maximum are automatically fetched from out-
side the part via Ports 0 and 2. A depiction of the ROM
memory map is shown in Figure 2.

The ROMSIZE register is used to select the maximum
on—hip decoded address for ROM. Bits RS2, RS1,
RS0 have the following affect.

Maximum on—chip
ROM Address

0 oK
1 1K
0 2K
1 4K
0
1
0
1

RS2 RSt

0

RSO

8K
16K (default)
Invalid — reserved
Invalid — reserved

4 4w 4o 20000

4 A 0O a4 a0

The reset default condition is a maximum on—chip ROM
address of 16K bytes. Thus no action is required if this
feature is not used. When accessing extemnal program
memory, the first 16K bytes would be inaccessible. To
selecta smaller effective ROM size, software mustalter
bits RS2-RS0. Altering these bits requires a Timed
Access procedure as explained below.
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The ROMSIZE register should be manipulated from a
safe area in the program memory map. This is a pro-
gram memory address that will not be affected by the
change. For example, do not select a maximum ROM
size of 4K from an internal ROM address of 5K. This
would cause current address to switch from intemal to
extemal and cause invalid operation. Similarly, do not
instantly switch from extemal to internal memory. For
example, do not select a maximum intemal ROM
address of 16K from an extemal ROM address of 12K.

ROM MEMORY MAP Figure 2

ROM SIZE ADJUSTABLE
DEFAULT = 16K BYTES

EA=1
FFFFh 64K

OFF CHIP

USER
SELECTABLE 3FFFh

0000h E

DATA MEMORY ACCESS

Unlike many 8051 derivatives, the DS87C520 contains
on—chip data memory. It also contains the standard 256
bytes of RAM accessed by direct instructions. These
areas are separate. The MOVX instruction accesses
the on—chip data memory. Although physically on—hip,
software treats this area as though it was located off-
chip. The 1K byte of SRAM is between address 0000h
and 03FFh.

Access to the on—chip data RAM is optional under soft-
ware control. When enabled by software, the data
SRAM is between 0000h and 03FFh. Any MOVX
instruction that usesthis area will go to the on—chip RAM
while enabled. MOV X addresses greater than 1K auto-
matically go to external memory through Ports 0 and 2.

Off—chip memory is accessed using the multiplexed
address/data bus on PO and the MSB address on P2.
While serving as a memory bus, these pins are not I/O
ports. This convention follows the standard 8051
method of expanding on—chip memory. Off-chip ROM
access also occurs if the EA pin is a logic 0. EA over-
rides all bit settings. The PSEN signal will go active (low)
to serve as a chip enable or output enable when Ports ©
and 2 fetch from extemal ROM.

ROM SIZE IGNORED

EA=0
FFFFh 64K

OFF CHIP

0000h

When disabled, the 1K memory area is transparent to
the system memory map. Any MOVX directed to the
space between 0000h and FFFFh goes to the expanded
bus on Ports 0 and 2. This also is the default condition.
This default allows the DS87C520 to drop into an exist-
ing system that uses these addresses for other hard-
ware and still have full compatibility.

The on—chip data area is software selectable using two
bitsin the Power Management Register at location C4h.
This selection is dynamically programmable. Thus
access to the on—chip area becomes transparent to
reach off~chip devices at the same addresses. The con-
trol bits are DME1 (PMR. 1) and DMEO (PMR.0). They
have the following operation:
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DATA MEMORY ACCESS CONTROL Table 3

DME1 | DMEO DATA MEMORY ADDRESS MEMORY FUNCTION
0 o] 0000h — FFFFh Extemal Data Memory *Default condition
0 1 0000h — 03FFh Intemal SRAM Data Memory
0400h — FFFFh Extemal Data Memory
1 0 Reserved Reserved
1 1 0000h ~ 03FFh Intemal SRAM Data Memory
0400h — FFFBh Reserved — no extemal access
FFFCh Read access to the status of lock bits

Notesonthe status byte read at FFFCh with DME 1, 0= 1, 1. Bits 2~0 reflect the programmed status of the security lock
bits LB2-LBO0. They are individually set to a logic 1 to correspond to a security lock bit that has been programmed.
These status bits allow software to verify that the parthas been locked before running if desired. The bits are read only.

STRETCH MEMORY CYCLE

The DS87C520 allows software to adjust the speed of
off—chip data memory access. The micro is capable of
performing the MOVX in as little as two instruction
cycles. The on~chip SRAM uses this speed and any
MOVX instruction directed internally uses two cycles.
However, the time can be stretched for interface to
external devices. This allows access to both fast
memory and slow memory or peripherals with no glue
logic. Evenin high—speed systems, it may not be neces-
sary or desirable to perform off—chip data memory
access at full speed. In addition, there are a variety of
memory mapped peripherals such as LCDs or UARTs
that are slow.

The Stretch MOVX is controlled by the Clock Control
Register at SFR location 8Eh as described below. It
allows the user to select a Stretch value between zero
and seven. A Stretch of zero will resultin a two machine
cycle MOVX. A Stretch of seven will resultin a MOVX of
nine machine cycles. Software can dynamically change
this value depending on the particular memory or
peripheral.

On reset, the Stretch value will default to a one resulting
in a three cycle MOVX for any external access. There-

fore, off—chip RAM access is not at full speed. This is a
convenience to existing designs that may not have fast
RAM in place. Intermal SRAM access is always at full
speed regardless of the Stretch setting. When desiring
maximum speed, software should selecta Stretchvalue
of zero. When using very slow RAM or peripherals,
select a larger Stretch value. Note that this affects data
memory only and the only way to slow program memory
(ROM) access is to use a slower crystal.

Using a Stretch value between one and seven causes
the microcontroller to Stretch the read/write strobe and
all related timing. Also, setup and hold times are
increased by one clock when using any Stretch greater
than 0. This results in a longer read/write strobe and
relaxed interface timing, allowing more time for
memory/pernipherals to respond. The timing of the vari-
able speed MOVX is in the Electrical Specifications.
Table 4 shows the resulting strobe widths for each
Stretch value. The memory Stretch uses the Clock Con-
trol Special Function Register at SFR location 8Eh. The
Stretch value is selected using bits CKCON.2-0. In the
table, these bits are referred to as M2 through M0. The
first Stretch (default) allows the use of common 120 ns
RAMs without dramatically lengthening the memory
access.
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DATA MEMORY CYCLE STRETCH VALUES Table 4

CKCON.2-0 RD OR WR STROBE STROBE WIDTH TIME
M2 M1 MO MEMORY CYCLES WIDTH IN CLOCKS @ 33 MHz
0 0 0 2 (forced internal) 2 60 ns
0 0 1 3 (default external) 4 121 ns
0 1 ¢} 4 8 242 ns
0 1 1 5 12 364 ns
1 0 0 6 16 485 ns
1 0 1 7 20 606 ns
1 1 0 8 24 727 ns
1 1 1 9 28 848 ns

DUAL DATA POINTER

The timing of block moves of data memory is faster
using the DS87C520 Dual Data Pointer (DPTR). The
standard 8051 DPTR is a 16-bit value that is used to
address off—chip data RAM or peripherals. In the
DS87C520, this data pointer is called DPTR 0, located
at SFR addresses 82h and 83h. These are the original
locations. Using DPTRO requires no modification of
standard code. The new DPTR at SFR 84h and 85h is
called DPTR1. The DPTR Selectbit (DPS ) chooses the
active pointer. Its location is the Isb of the SFR location
86h. No otherbits in register 86h have any effectand are
0. The user switches between data pointers by toggling
the Isb of register 86h. The increment (INC) instruction
is the fastest way to accomplish this. All DPTR-related
instructions use the currently selected DPTR for any
activity. Therefore it takes only one instruction to switch
from a source to a destination address. Using the Dual
Data Pointer saves code from needing to save source
and destination addresses when doing a block move.
The software simply switches between DPTRO and 1
once software loads them. The relevant register loca-
tions are as follows:

DPL 82h Low byte original DPTR

DPH 83h High byte original DPTR

DPL1 84h Low byte new DPTR

DPH1 85h High byte new DPTR

DPS 8ch DPTR Select (Isb)
POWER MANAGEMENT

Along with the standard IDLE and power down (STOP)
modes of the standard 80C52, the DS87C520 provides
anew Power Management Mode. This mode allows the
processor to continue functioning, yet to save power

compared with full operation. The DS87C520 also fea-
tures severalenhancements to STOP mode thatmakeiit
more useful.

POWER MANAGEMENT MODE (PMM)

Power Management Mode offers a complete scheme of
reduced internal clock speeds that allow the CPU to run
software but to use substantially less power. During
default operation, the DS87C520 uses four clocks per
machine cycle. Thus the instruction cycle rate is
Clock/4. At 33 MHz crystal speed, the instruction cycle
speed is 8.25 MHz (33/4). In PMM, the microcontrolier
continues to operate but uses an intemally divided ver-
sion of the clock source. This creates a lower power
state without external components. It offers a choice of
two reduced instruction cycle speeds (and two clock
sources —discussed below). The speeds are (Clock/64)
and (Clock/1024).

Software is the only mechanism to invoke the PMM.
Table 5 illustrates the instruction cycle rate in PMM for
several common crystal frequencies. Since power con-
sumption is a direct function of operating speed, PMM 1
eliminates most of the power consumption while still
allowing areasonable speed of processing. PMM 2 runs
very slow and provides the lowest power consumption
without stopping the CPU. This is illustrated in Table 6.
Note that PMM provides a lower power condition than
IDLE mode. This is because in IDLE, all clocked func-
tions such as timers run at a rate of crystal divided by 4.
Since wake—-up from PMM is as fast as or faster than
from IDLE and PMM allows the CPU to operate (even if
doing NOPs), there is litle reason to use IDLE in new
designs.
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INSTRUCTION CYCLE RATE Table 5

FULL OPERATION PMM 1 PMM 2
CRYSTAL SPEED (4 CLOCKS) (64 CLOCKS) (1024 CLOCKS)
1.8432 MHz 460.8 KHz 28.8 KHz 1.8 KHz
11.0592 MHz 2.765 MHz 172.8 KHz 10.8 KHz
22 MHz 5.53 MHz 3456 KHz 21.6 KHz
25 MHz 6.25 MHz 390.6 KHz 24.4 KHz
33 MHz 8.25 MHz 515.6 KHz 32.2KHz
OPERATING CURRENT ESTIMATES IN PMM Table 6
FULL OPERATION PMM 1 PMM 2
CRYSTAL SPEED (4 CLOCKS) (64 CLOCKS) (1024 CLOCKS)
1.8432 MHz 3.1 mA 1.2mA 1.0 mA
3.57 MHz 53 mA 1.6 mA 1.1 mA
11.0592 MHz 15.5mA 4.8 mA 4.0 mA
16 MHz 21 mA 7.1 mA 6.0 mA
22 MHz 25.5mA 8.3 mA 6.5 mA
25 MHz 31 mA 9.7 mA 8.0 mA
33 MHz 36 mA 12.0 mA 10.0 mA

CRYSTALESS PMM

A major component of power consumption in PMM is
the crystal amplifier circuit. The DS87C520 allows the
user to switch CPU operation to an intemnal ring oscilla-
torand tum off the crystal amplifier. The CPU would then
have a clock source of approximately 4 MHz, divided by
either 4, 64, or 1024. The ring is not accurate so soft-
ware can not perform precision timing. However, this
mode allows an additional saving of between 0.5 and
6.0 mA depending on the actual crystal frequency.
While this saving is oflittle use when running at 4 clocks
perinstruction cycle, it makes a major contribution when
running in PMM1 or PMM2.

PMM OPERATION

Software invokes the PMM by setting the appropriate
bits in the SFR area. The basic choices are divider
speed and clock source. There are three speeds (4, 64,
and 1024) and two clock sources (crystal and ring).
Both the decisions and the controls are separate. Soft-
ware will typically select the clock speed first. Then, it
will perform the switch to ring operation if desired.
Lastly, software can disable the crystal amplifier if
desired.

There are two ways of exiting PMM. Software can
remove the condition by reversing the procedure that
invoked PMM or hardware can (optionally) remove it. To
resume operation at a divide by 4 rate under software
control, simply select 4 clocks per cycle, then crystal
based operation if relevant. When disabling the crystal
as the time base in favor of the ring oscillator, there are
timing restrictions associated with restarting the crystal
operation. Details are described below.

There are three registers containing bits that are con-
cemed with PMM functions. They are Power Manage-
ment Register (PMR; C4h), Status (STATUS; C5h), and
External Interrupt Flag (EXIF; 91h)

Clock Divider
Software can select the instruction cycle rate by select-
ing bits CD1 (PMR.7) and CDO (PMR.6) as follows:

€Dl CDO  Cydlerate

0 0 Reserved

0 1 4 clocks (default)
1 0 64 clocks

1 1 1024 clocks

090794 12/39



Ds87C520

The selection of instruction cycle rate will take effect
after a delay of one instruction cycle. Note that the clock
divider choice applies to all functions including timers.
Since baud rates are altered, it will be difficult to conduct
serial communication while in PMM. There are minor
restrictions on accessing the clock selection bits. The
processor must be running in a 4 clock state to select
either 64 (PMM1) or 1024 (PMM2) clocks. This means
software cannot go directly from PMM1 to PMM2 orvisa
versa. It must retum to a 4 clock rate first.

Switchback

To retum to a 4 clock rate from PMM, software can sim-
ply select the CD1 and CDO clock control bits to the 4
clocks per cycle state. However, the DS87C520 pro-
vides several hardware altematives for automatic
Switchback. If Switchback is enabled, then the
DS87C520 will automatically return to a 4 clock per
cycle speed when an interrupt occurs from an enabled,
valid external interrupt source. A Switchback will also
occur when a UART detects the beginning of a serial
start bit if the serial receiver is enabled. Note the begin-
ning of a start bit does not generate an interrupt; this
occurs on reception of a complete serial word. The auto-
matic Switchback on detection of a start bit allows hard-
ware to correct baud rates in time for a proper senal
reception. A switchback will also occur when a byte is
written to the SBUF SFR for transmission.

Switchback is enabled by setting the SWB bit (PMR.5)
to a 1in software, For an external interrupt, Switchback
will occur only if the interrupt source could really gener-
ate theinterrupt. Forexample, if INTO is enabled buthas
a low priority setting, then Switchback will not occur on
TNTO if the CPU is servicing a high priority interrupt. A
serial Switchback will occur only if the serial receiver
function is enabled (REN=1), or if the SBUF register is
written to.

When SWB=1, the user software will not be able to
select a reduced clock mode if the UART is active. For
example, the processor will prohibit the PMM by not
allowing a write to CD1 and CD0 if a serial start bit
arrived and SWB=1. Since the reception of a serial start
bit or an interrupt priority lockout is normally undetect-
able by software in an 8051, the Status register features
several new flags that are useful. These are described
below.

Status

information in the Status register assists decisions
about switching into PMM. This register contains
information about the level of active interrupts and the
activity on the serial ports.

The DS87C520 supports three levels of interrupt prior-
ity. These levels are Power—fail, High, and Low. Bits
STATUS.7-5indicate the service status of each level. If
PIP (Power—fail Interrupt Prority; STATUS.7) is a 1,
then the processor is servicing this level. If either HIP
(High Interrupt Priority; STATUS.6) or LIP (Low Interrupt
Prionity; STATUS.5) is high, then the corresponding
level is in service.

Software should not rely on a lower priority level inter-
rupt source to remove PMM (Switchback) when a
higher level is in service. Check the current priority ser-
vice level before entering PMM. If the current service
level locks out a desired Switchback source, then it
would be advisable to wait until this condition clears
before entering PMM.

Alternately, software can prevent an undesired exit from
PMM by entering a low priority interrupt service level
before entering PMM. This will prevent otherlow priority
interrupts from causing a Switchback.

Status also contains information about the state of the
serial ports. Serial Port Zero Receive Activity (SPRAO;
STATUS.0) indicates a serial word is being received on
Serial Port 0 when this bitis setto a 1. Serial Port Zero
Transmit Activity (SPTAO; STATUS. 1) indicates that the
sefial portis still shifting out a senal transmission. STA-
TUS.2 and STATUS.3 provide the same information for
Senal Port 1, respectively. While one of these bitsis set,
hardware prohibits software from entering PMM (CD1
and CDO are write protected) since this would corrupt
the corresponding serial transmissions.

Crystal/Ring Operation

The DS87C520 ailows software to choose the clock
source as an independent selection from the instruction
cycle rate. The user can select crystal-based or ring
oscillator-based operation under software control.
Power—on reset default is the crystal (or extemmal clock)
source. The ring may save power depending on the
actual crystal speed. To save still more power, software
can then disable the crystal amplifier. This process
requires two steps. Reversing the process also requires
two steps.
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The XT/RG bit (EXIF.3) selects the crystal or ring as the
clock source. Setting XT/RG=1 selects the crystal. Set-
ting XT/RG=0 selects the ring. The RGMD (EXIF.2) bit
serves as a status bit by indicating the active clock
source. RGMD=0 indicates the CPU is running from the
crystal. RGMD=1 indicates it is running from the ring.
When operating from the ring, disable the crystal ampli-
fier by setting the XTOFF bit (PMR.3) to a 1. This can
only be done when XT/RG=0.

When changing the clock source, the selection will take
effect after a one instruction cycle delay. This applies to
changes from crystal to ring and vise versa. However,
this assumes that the crystal amplifier is running. In
most cases, when the ringis active, software previously
disabled the crystal to save power. If ring operation is
being used and the system must switch to crystal opera-
tion, the crystal must first be enabled. Setthe XTOFF bit
to a 0. At this time, the crystal oscillation will begin. The
DS87C520 then provides a warm—up delay to make cer-
tain that the frequency is stable. Hardware will set the
XTUP bit(STATUS.4) to a 1 when the crystalis ready for

use. Then software should write XT/RG to a 1 to begin
operating from the crystal. Hardware prevents writing
XT/RG to a 1 before XTUP=1. The delay between
XTOFF=0 and XTUP=1 will be 65,536 crystal clocks in
addition to the crystal cycle startup time.

Switchback has no effect on the clock source. If soft-
ware selects a reduced clock divider and enables the
ring, a Switchback will only restore the divider speed.
The ring will remain as the time base until altered by soft-
ware. If there is serial activity, Switchback usually
occurs with enough time to create proper baud rates.
This is not true if the crystal is off and the CPU is running
from the ring. If sending a serial character that wakes
the system from crystaless PMM, then it should be a
dummy character of no importance with a subsequent
delay for crystal startup.

Figure 3illustrates atypical decision set associated with
PMM. The following table is a summary of the bits relat-
ing to PMM and its operation.

PMM CONTROL AND STATUS BIT SUMMARY Table 7

BIT NAME | LOCATION FUNCTION RESET WRITE ACCESS
XTRG EXIF.3 Control. XT/RG=1, runs from crystal or X 0 to 1 only when
extemal clock; XT/RG=0, runs from intemal XTUP=1 and XTOFF=0
ring oscillator,
RGMD EXIF.2 Status. RGMD=1, CPU clock = ring; 0 None
RGMD=0, CPU clock = crystal.
CD1i, CDo PMR.7, Control. CD1,0=01, 4 clocks; CS1,0=10, 0,1 Write CD1,0=10 or 11
PMR.6 PMM1; CD1,0=11, PMM2, only from CD1,0=01
sSwB PMR.5 Control. SWB=1, hardware invokes switch- 0 Unrestricted
back to 4 clocks, SWB=0, no hardware
switchback.
XTOFF PMR.3 Control. Disables crystal operation after ring 0 1 only when XT/RG=0
is selected.
PIP STATUS.7 | Status. 1 indicates a power—fail interrupt in 0 None
service.
HIP STATUS.6 | Status. 1 indicates high priority interrupt in 0 None
service.
LIP STATUS.5 | Status. 1 indicates low priority interrupt in 0 None
service.
XTUp STATUS.4 | Status. 1 indicates that the crystal has stabi- 1 None
lized.
SPTA1 STATUS.3 | Status. Serial transmission on serial port 1. 0 None
SPRA1 STATUS.2 | Status. Serial word reception on senal port 1. 0 None
SPTAO STATUS.1 | Status. Serial transmission on serial port 0. 0 None
SPRAC STATUS.O0 | Status. Serial word reception on senal port 0. 0 None
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INVOKING AND CLEARING PMM
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IDLE MODE

Setting the Isb of the Power Control register (PCON;
87h) invokes the IDLE mode. IDLE will leave internal
clocks, serial ports and timers running. Power con-
sumption drops because the CPU is not active. Since
clocks are running, the IDLE power consumption is a
function of crystal frequency. It should be approximately
1/2 of the operational power at a given frequency. The
CPU can exit the IDLE state with any interruptorareset.
IDLE is available for backward software compatibility.
The system can now reduce power consumption to
below IDLE levels by using PMM1 or PMM2 and running
NOPs.

STOP MODE ENHANCEMENTS

Setting bit 1 of the Power Control register (PCON; 87h)
invokes the STOP mode. STOP mode is the lowest
power state since it turns off all internal clocking. The
lcc of a standard STOP mode is approximately 1 pA
{but is specified in the Electrical Specifications). The
CPU will exit STOP mode from an extemnalinterrupt ora
reset condition. Internally generated interrupts (timer,
serial port, watchdog) are not useful since they require
clocking activity.

The DS87C520 provides two enhancements to the
STOP mode. As documented below, the DS87C520
provides a band—gap reference to determine Power—fail
Interrupt and Reset thresholds. The default state is that
the band—gap reference is off while in STOP mode. This
allows the extremely low power state mentioned above.
A user can optionally choose to have the band-gap
enabled during STOP mode. With the band~-gap refer-
ence enabled, PFl and Power—fail Reset are functional
and are a valid means for leaving STOP mode. This
allows software to detect and compensate for a brown—
out or power supply sag. even when in STOP mode. In
STOP mode with the band—gap enabled, Ic¢ will be
approximately 50 uA compared with 1 pA with the
band—gap off. If a user does not require a Power-fail
Reset or Interrupt while in STOP mode, the band—gap
can remain disabled. Oniy the most power sensitive
applications should tum off the band—gap, as this
results in an uncontrolled power—-down condition.

The control of the band—gap reference is located in the
Extended Interrupt Flag register (EXIF; 91h). Setting
BGS (EXIF.0) to a 1 will keep the band-gap reference
enabled during STOP mode. The default or reset condi-

tion is with the bit at a logic 0. This results in the band—
gap being off during STOP mode. Note that this bit has
no control of the reference during full power, PMM, or
IDLE modes.

The second feature allows an additional power saving
option while also making STOP easiertouse. Thisisthe
ability to start instantly when exiting STOP mode. It is
theintemal ring oscillator that provides this feature. This
ring can be a clock source when exiting STOP mode in
response to an interrupt. The benefit of the ring oscilla-
tor is as follows.

Using STOP mode turns off the crystal oscillator and all
interal clocks to save power. This requires that the
oscillator be restarted when exiting STOP mode. Actual
start-up time is crystal dependent, but is normally at
least 4 ms. A common recommendation is 10 ms. In an
application that will wake—up, perform a short operation,
then return to sleep, the crystal start—up can be longer
than the real transaction. However, the ring oscillator
will start instantly. Running from the ring, the user can
perform a simple operation and retum to sleep before
the crystal has even started. If a user selects the ring to
provide the start-up clock and the processor remains
running, hardware will automatically switch to the crys-
tal once a power—on reset interval (65536 clocks) has
expired. Hardware uses this value to assure proper
crystal start even though power is not being cycled.

The ring oscillator runs at approximately 4 MHz but will
not be a precise value. Do not conduct real-time preci-
sion operations (including serial communication) during
this ring period. Figure 3 shows how the operation would
compare when using the ring, and when starting up nor-
mally. The default state is to exit STOP mode without
using the ring oscillator.

The RGSL — Ring Select bitat EXIF.1 (EXIF; 91h) con-
trols this function. When RGSL=1, the CPU will use the
ring oscillator to exit STOP mode quickly. As mentioned
above, the processor will automatically switch from the
ring to the crystal after a delay of 65,536 crystal clocks.
Fora 3.57 MHz crystal, thisis approximately 18 ms. The
processor sets a flag called RGMD-Ring Mode, located
at EXIF.2, that tells software that the ring is being used.
The bit will be a logic 1 when the ring is in use. Attempt
no serial communication or precision timing while this bit
is set, since the operating frequency is not precise.
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RING OSCILLATOR EXIT FROM STOP MODE Figure 4
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Note: Diagram assumes that the operation following STOP requires less than 18 ms to complete.

EMI REDUCTION

The DS87C520 allows software to reduce EMI. One of
the major contributors to radiated noise in an 8051
based system is the toggling of ALE. The DS87C520
allows software to disable ALE when not used by setting
the ALE OFF (PMR.2) bit toa 1. When ALEOFF=1, ALE
will still toggle during an off—chip MOVX. However, ALE
will remain in a static mode when performing on—chip
memory access. The default state of ALEOFF=0 so
ALE toggles at a frequency of XTAL/4.

PERIPHERAL OVERVIEW

The DS87C520 provides several of the most commonly
needed peripheral functions in microcomputer-based
systems. These new functions include a second serial
port, Power—fail Reset, Power-fail Interrupt, and a pro-
grammable Watchdog Timer. These are described
below, and more details are available in the High—
Speed Micro User's Guide.

SERIAL PORTS

The DS87C520 provides a serial port (UART) that is
identical to the 80C52. In addition it includes a second
hardware serial port that is a full duplicate of the stan-
dard one. This port optionally uses pins P1.2 (RXD1)
and P1.3 (TXD1). It has duplicate control functions
included in new SFR locations.

Both ports can operate simultaneously but can be at dif-
ferent baud rates or even in different modes. The
second serial port has similar control registers (SCON1
at Coh, SBUF1 at C1h) to the original. The new senal
port can only use Timer 1 for timer generated baud
rates.

TIMER RATE CONTROL

There is one important difference between the
DS87C520 and 8051 regarding timers. The original
8051 used 12 clocks per cycle for timers as well as for
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machine cycles. The DS87C520 architecture normally
uses four clocks per machine cycle. However, in the
area of timers and serial ports, the DS87C520 will
defaultto 12 clocks per cycle on reset. This allows exist-
ing code with real~time dependencies such as baud
rates to operate properly.

If an application needs higher speed timers or senal
baudrates, the user can selectindividual timers to run at
the 4 clock rate. The Clock Control register (CKCON;
8Eh) determines these timer speeds. When the relevant
CKCON bitis alogic 1, the DS87C520 uses four clocks
per cycle to generate timer speeds. When the bitisa0,
the DS87C520 uses 12 clocks for timer speeds. The
reset condition is a 0. CKCON.5 selects the speed of
Timer 2. CKCON.4 selects Timer 1 and CKCON.3
selects Timer0. Unless a userdesires very fasttiming, it
is unnecessary to alter these bits. Note that the timer
controls are independent.

POWER FAIL RESET

The DS87C520 uses a precision band-gap voltage ref-
erence to decide if V¢ ¢ is out of tolerance. While power-
ing up, the internal monitor circuit maintains a reset
state until V¢ rises above the Vrg level. Once above
this level, the monitor enables the crystal oscillator and
counts 65536 clocks. It then exits the reset state. This
power—on reset (POR) interval allows time for the oscil-
lator to stabilize.

A system needs no external components to generate a
power—related reset. Anytime V¢ drops below Vpgr,
as in power failure or a power drop, the monitor will gen-
erate and hold a reset. |t occurs automatically, needing
no action from the software. Refer to the Electrical
Specifications for the exact value of Vpgr.

POWER FAIL INTERRUPT

The voltage reference that sets a precise reset thresh-
old also generates an optional early waming Power—
Fail Interrupt (PFI1). When enabled by software, the pro-
cessor will vector to program memory address 0033h if
Ve drops below Vppy. PFl has the highest priority. The
PFl enable is in the Watchdog Control SFR (WDCON —
D8h). Setting WDCON.5 to a logic 1 will enable the PFI.

Application software can also read the PFI flag at
WDCON.4. APFlcondition setsthisbittoa 1. The flagis
independent of the interrupt enable and software must
manually clear it.

WATCHDOG TIMER

To prevent software from losing control, the DS87C520
includes a programmable Watchdog Timer. The Watch-
dog is a free running timer that sets a flag if allowed to
reach a preselected time—out. It can be (re)started by
software.

A typical application is to select the flag as a reset
source. When the Watchdog times out, it sets its flag
which generates reset. Software must restart the timer
before it reaches its time—out or the processor is reset.

Software can select one of four time—out values. Then,
it restarts the timer and enables the reset function. After
enabling the reset function, software must then restart
the timer before its expiration or hardware will reset the
CPU. Both the Watchdog Reset Enable and the Watch-
dog Restart control bits are protected by a “Timed
Access” circuit. This prevents errant software from acci-
dentally clearing the Watchdog. Time—out values are
precise since they are a function of the crystal frequency
as shown in Table 8. For reference, the time periods at
33 MHz also are shown.

The Watchdog also provides a useful option for systems
that do not require a reset circuit. It will set an interrupt
flag 512 clocks before setting the reset flag. Software
can optionally enable this interrupt source. The interrupt
is independent of the reset. A common use of the inter-
rupt is during debug, to show developers where the
Watchdog times out. This indicates where the Watch-
dog must be restarted by software. The interrupt also
can serve as a convenient time—base generator or can
wake—up the processor from power saving modes.

The Watchdog function is controlled by the Clock Con-
trol (CKCON - 8Eh), Watchdog Control (WDCON -
D8h), and Extended Interrupt Enable (EIE — E8h) SFRs.
CKCON.7 and CKCON.6 are WD1 and WDO respec-
tively and they select the Watchdog time—out period as
shown in Table 8.
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WATCHDOG TIME-OUT VALUES Table 8

INTERRUPT
wD1 wDo TIME-OQUT TIME (33 MHz) RESET TIME-OUT TIME (33 MHz)
0 217 clocks 39718 ms 217 + 512 clocks 3.9874 ms
i 220 clocks 31.77ms 220 4 512 clocks 31.79ms
0 223 clocks 254.20 ms 223 4 512 clocks 254,21 ms

As shown above, the Watchdog Timer uses the crystal
frequency as a time base. A user selects one of four
counter values to determine the time—out. These clock
counter lengths are 217=131,072  clocks;
220-1,048,576;  225=8,388,608  clocks;  and
226-67,108,864 clocks. The times shown in Table 8
above are with a 33 MHz crystal frequency. Once the
counter chain has completed a full interrupt count, hard-
ware will setan interrupt flag. Regardless of whetherthe
userenables this interrupt, there are then 512 clocks left
until the reset flag is set. Software can enable the inter-
rupt and reset individually. Note that the Watchdogisa
free running timer and does not require an enable.
There are five control bits in special function registers
that affect the Watchdog Timer and two status flags that
report to the user. WDIF (WDCON.3) is the interrupt flag
thatis set at timertermination when there are 512 clocks
remaining until the reset flag is set. WTRF (WDCON.2)
is the flag that is set when the timer has completely
timed out. This flag is hormally associated with a CPU
reset and allows software to determine the reset source.

INTERRUPT SOURCES AND PRIORITIES Table 9

EWT (WDCON.1) is the enable for the Watchdog timer
reset function. RWT (WDCON.0) is the bit that software
uses to restart the Watchdog Timer. Setting this bit
restarts the timer for another full interval. Application
software must set this bit before the time—out. Both of
these bits are protected by Timed Access discussed
below. As mentioned previously, WD1and0 (CKCON .7
and 6) select the time—out. Finally, the user can enable
the Watchdog Interrupt using EWDI (EIE .4). The Spe-
cial Function Register map is shown above.

INTERRUPTS

The DS87C520 provides 13 interrupt sources with three
priority levels. The Power—fail interrupt (PFl) has the
highest priority. Software can assign high or low priority
to other sources. All interrupts that are new to the 8051
family, except for the PFI, have a lower natural priorty
than the originals.

NATURAL
NAME DESCRIPTION VECTOR PRIORITY 8051/DALLAS
PFI Power Fail Interrupt 33h 1 DALLAS
INTO External Interrupt 0 03h 2 8051
TFO Timer O 0Bh 3 8051
INTT External Interrupt 1 13h 4 8051
TF1 Timer 1 1Bh 5 8051
SCONO TIO or RIO from serial port O 23h 6 8051
TF2 Timer 2 2Bh 7 8051
SCON?1 TI1 or R from senal port 1 3Bh 8 DALLAS
INT2 Extemnal Interrupt 2 43h 9 DALLAS
TNT3 External Interrupt 3 4Bh 10 DALLAS
INT4 External Interrupt 4 53h 1 DALLAS
INTS External Interrupt 5 5Bh 12 DALLAS
WODTI Watchdog Time-Out Interrupt 63h 13 DALLAS
RTCI Real-Time clock Interrupt 6Bh 14 DALLAS
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TIMED ACCESS PROTECTION

Itis useful to protect certain SFR bits from an accidental
write operation. The Timed Access procedure stops an
errant CPU from accidentally changing these bits. |t
requires that the following instructions precede a write
of a protected bit.

MOV
MOV

0C7h, #0AAh
0C7h, #55h

Writing an AAh then a 55h to the Timed Access register
(location C7h) opens a 3 cycle window for write access.
The window allows software to modify a protected bit(s).
If these instructions do not immediately precede the
write operation, then the write will not take effect. The
protected bits are;

EXIF.0 BGS Band-gap Select
WDCON.6 POR Power—on Reset flag
WDCON.1 EWT Enable Watchdog Reset
WDCON.o RWT Restart Watchdog
WDCON.3 WDIF Watchdog Interrupt Flag
ROMSIZE.2 RS2 ROM size select 2
ROMSIZE.1 RSt ROM size select 1
ROMSIZE.0O RSO0 ROM size select 0

EPROM PROGRAMMING
The DS87C520 follows standards for a 16K byte

EPROM version inthe 8051 family. Itis availableina UV
erasable, ceramic windowed package and in plastic

EPROM PROGRAMMING MODES Table 10

packages for one—time user—programmable versions.
The part has unique signature information so program-
mers can support its specific EPROM options.

PROGRAMMING PROCEDURE

The DS87C520 should run from a clock speed between
4 and 6 MHz when programmed. The programming fix-
ture should apply address information for each byte to
the address lines and the data value to the data lines.
The control signals must be manipulated as shown in
Table 10. The diagram in Figure 5 shows the expected
electrical connection for programming. Note that the
programmer must apply addresses in demultiplexed
fashion to Ports 1 and 2 with data on Port 0. Waveforms
and timing are provided in the Electrical Specifications.

Program the DS87C520 as follows:

1. Apply the address value,
2. Apply the data value,

3. Select the programming option from Table 10 using
the control signals,

4. Increase the voltage on Vpp from 5V to 12.75V if
writing to the EPROM,

5. Pulse the PROG signal five times for EPROM array
and?25times forencryptiontable, lockbits, and other
EPROM bits,

6. Repeat as many times as necessary.

MODE RST | PSEN | ALE/PROG | EA/VPP | P26 | P2.7 { P3.3 | P3.6 | P37

Program Code Data H L PL 12,75V L H H

Verify Code Data H L H H L

Program Encryption Array H L PL 12.75V L H H H

Address 0-3Fh

Program Lock Bits | LB1 H L PL 12.75V H H H H H
LB2 H L PL 12.75V H H H L L
LB3 H L PL 12.75V H L H H L

Program Option Register H L PL 12.75V L H H L L

Address FCh

Read Signature or Option H L H H L L L L L

Registers 30, 31, 60, FCh

* PL indicates pulse to a logic low.
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EPROM LOCK BITS Table 11

LEVEL LOCK BITS PROTECTION
LB1 LB2 LB3

1 u u u No program lock. Encrypted verify if encryption table was pro-
grammed.

2 P U u Prevent MOVC instructions in external memory from reading pro-
gram bytes in intemal memory. EA is sampled and latched on reset.
Allow no further programming of EPROM.

3 P P u Level 2 plus no verify operation. Also, prevent MOV X instructions in
extemal memory from reading SRAM (MOVX) in intemal memory.

4 P P P Level 3 plus no external execution.

SECURITY OPTIONS Encryption Array. The array has no impact while FFh,

The DS87C520 employs a standard three—evel lock
that restricts viewing of the EPROM contents. A
64—byte Encryption Array allows the authorized user to
verify memory by presenting the datain encrypted form.

Lock Bits

The security lock consists of three lock bits. These bits
select atotal of four levels of security. Higherlevels pro-
vide increasing security butalso limitapplication flexibil-
ity. Table 11 shows the security settings. Note that the
programmer cannot directly read the state of the secu-
rity lock. User software has access to this information
as described in the Memory section.

Encryption Array

The Encryption Array allows an authorized user to venfy
EPROM without allowing the true memory to be
dumped. During a verify, each byte is Exclusive NORed
(XNOR) with a byte in the Encryption Array. This results
inatrue representation of the EPROM while the Encryp-
tion is unprogrammed (FFh). Once the Encryption Array
is programmed in a non—-FFh state, the verify value will
be encrypted.

For encryption to be effective, the Encryption Array
must be unknown to the party that is trying to verify
memory. The entire EPROM also should be anon-FFh
state or the Encryption Array can be discovered.

The Encryption Array is programmed as shown in Table
10. Note that the programmer cannot read the array.
Also note that the verify operation always uses the

Simply programming the array to a non—-FFh state will
cause the encryption to function.

OTHER EPROM OPTIONS

The DS87C520 has user selectable options that must
be set before beginning software execution. These
options use EPROM bits rather than SFRs.

Program the EPROM selectable options as shown in
Table 10. The Option Register sets orreads these selec-
tions. The bits in the Option Control Register have the
following function:

Bit 7 -4 Reserved, program to a 1.

Bit 3 Watchdog POR default. Set=1; Watchdog reset
function is disabled on power—up. Set=0; Watchdog
reset function is enabled automatically.

Bit2-0 Reserved. Programtoa 1.

SIGNATURE

The Signature bytes identify the product and program-
ming revision to EPROM programmers. This informa-
tion is at programming addresses 30h, 31h, and 60h.
This information is as follows::

Address  Value Meaning

30h DAh Manufacturer
31h 20h Model

60h 01h Extension
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EPROM PROGRAMMING CONFIGURATION Figure 5

AQ -~ A7

CONTROL SIGNALS

CONTROL SIGNALS
Al4
Al5
CONTROL SIGNALS
CONTROL SIGNALS

T

'r

© 00 N O U A W N

>3

PORT 1

P3.3
P34
P35

PORT 0

EANVpp
ALE/PROG
PSEN
P2.7
P2.6
P25
P2.4
P23
P2.2
P2.1
P2.0

40
39
38

+

T

5V
PROG/VERIFY
DATA

} A8 - A13

PROGRAM SIGNALS
PROGRAM SIGNALS
CONTROL SIGNALS
CONTROL SIGNALS
CONTROL SIGNALS
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Ground

Operating Temperature
Storage Temperature
Soldering Temperature

-0.3Vto +7.0V

0°C to 70°C

—55°C to +125°C

260°C for 10 seconds

* This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operation sections of this specification is notimplied. Exposure to absolute maxi-
mum rating conditions for extended periods of time may affect reliability.

DC ELECTRICAL CHARACTERISTICS

(0°C to 70°C; V=40V to 5.5V)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Supply Voltage Vee 4.5 5.0 5.5 \ 1
Power Fail Warning Verw 425 4.38 4.5 \ 1
Minimum Operating Voltage VgsT 4.0 4.13 4.25 Vv 1
Supply Current Active Mode lce 30 mA 2
Supply Current Idle Mode lioLe 15 mA 3
Supply Current Stop Mode IsToP 1 pnA 4
Supply Current Stop Mode, IspBG 50 nA 4,5
Band—gap

Input Low Level A\ -0.3 +0.8 A 1
Input High Level Vi 2.0 Vge+0.3 \" 1
Input High Level XTAL1 and RST ViH2 35 Vce+0.3 \ 1
Output Low Voltage VoL 0.15 0.45 \ 1
@ o =1.6 mA

Output Low Voltage Port 0 Vorz 0.15 0.45 \ 1
@ lpg =3.2mA

Output High Voltage Ports 1, 2, 3, VoH1 24 \ 1.7
ALE, PSEN @ loy=—50 pA

Output High Voltage Ports 1, 2, 3 VoHe 2.4 \" 1,8
@ IOH= -50 pA

Output High Voltage Ports 1, 2, 3 VoHs 2.4 \ 1,9
@ loy=—-1.5mA

Qutput High Voltage Port 0 in Bus VoHa 24 v 1,6
Mode igy= —800 pHA

Input Low Current Ports 1, 2, 3 I -50 nA

@ 0.45V

Transition Current from 1to 0 e —650 A 10
Ports 1,2,3 @ 2V

Input Leakage Port 0, EA IL -10 +10 HA 1
RST Pull-down Resistance Rpst 50 150 kQ
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NOTES:

1.
2.

© ® N o o

All voltages are referenced to ground.

Active current is measured with a 25 MHz clock source driving XTAL1, max V¢ between Ve and GND, RST
at max Vg, all other pins disconnected.

Idle mode current is measured with a 25 MHz clock source driving XTAL1, max V¢ between Ve and GND,
RST at ground, all other pins disconnected.

Stop mode current measured with XTAL1 and RST grounded, max V¢ between V¢ and GND, all other pins
disconnected.

Band—gap reference is enabled.

When addressing.

During a reset condition.

At a steady state, not being pulled below V| externally.

During a 0 to 1 transition, a one-shot drives the ports hard for two oscillator clock cycles. Maximum drive
occurs at 2.4V.

10. Ports 1, 2, and 3 source transition current when being pulled down externally. Current reaches its maximum

at approximately 2V.

11. V| between ground and Vg — 0.3V,

12. Industrial temperature version meets all specifications between —40°C and +85°C.
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EXTERNAL PROGRAM MEMORY

AC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vc=4.0V to 5.5V)
33 MHz VARIABLE CLOCK

PARAMETER SYMBOL | MIN MAX MIN MAX NOTES
Oscillator Frequency ihcLol 0 33 0 33 MHz
ALE Pulse Width tLHLL 40 (BtcLcL/2)-5 ns
Port 0 Address Valid to ALE Low taviL 10 (tcLeL2)-5 ns
Address Hold after ALE Low tLax 10 (toLcL/2)-5 ns
ALE Low to Valid Instruction In v 56 2.5t cL—20 ns
ALE Low to PSEN Low el 10 (tcLeL/?)~5 ns
PSEN Pulse Width toLpH 55 2tcicL -5 ns
PSEN Low to Valid Instr. In teLiv 41 2te 20 ns
input Instruction Hold after PSEN tpxix 0 0 ns
Input Instruction Float after PSEN tpx|z 26 teLcL—5 ns
Port 0 Address to Valid Instr. In taviv 71 3tc oL —20 ns
Port 2 Address to Valid Instr. in tavive 81 3.5t cL—25 ns
PSEN Low to Address Float tpLAz 0 0 ns

NOTES:

1. All signals rated over operating temperature.
2. All signals characterized with load capacitance of 80 pF except Port 0, ALE, PSEN, RD and WR with 100 pF.

3. Interfacing to memory devices with float times (tum off times) over 25 ns may cause contention. This will not
damage the parts, but will cause an increase in operating current.

090794 25/39



DS87C620

MOVX CHARACTERISTICS USING STRETCH MEMORY CYCLES  (0°C to 70°C; Vc=4.0V to 5.5V)

VARIABLE CLOCK
PARAMETER SYMBOL MIN MAX UNITS STRETCH
Data Access ALE Pulse Width t L2 (BtoLcL/2)-5 ns tmes=0
2tc o5 tmcs>0
Address Hold after ALE Low for t Laxe (tcLcy)/2-5 ns
MOVX Wirite
RD Pulse Width tRLRH 2tcLcl—5 ns tmcs=0
tmcs—10 tMcs>0
WR Pulse Width twiLwH 2tcL o8 ns tmcs=0
tmcs—10 tmes>0
RD Low to Valid Data In taLpy 2tc oL —20 ns tmes=0
tmeg—20 tmcs>0
Data Hold after Read tRHDX 0 ns
Data Float after Read tRuDZ tcLoL—5 ns tmcs=0
2| c -5 tmcs>0
ALE Low to Valid Data In tLLov 2.5tc o1 —20 ns tmcs=0
tucs+2toLc 40 tmcg>0
Port 0 Address to Valid Data In tavDv1 3tcLcL—20 ns tmcs=0
tcs+2tc o 20 tmcs>0
Port 2 Address to Valid Data In tavDve 351 c1-20 ns tcs=0
mes+2.5tc 20 tmcs>0
ALE Low to RD or WR Low tiwe (tcLol/2)-5 (tcLcL/2)+5 ns tmes=0
(BtcLcL/2)-5 3teLcL/2)+5 tMcs>0
Port 0 Address to RD or WR Low tAvWL teLcL—5 ns tmcog=0
(tcLcl)-5 tmcs>0
Port 2 Address to RD or WR Low tavwre | (BteLcl/2)-5 ns tpcs=0
(2.5tcLc)-5 tmcs>0
Data Valid to WR Transition tavwx -5 ns
Data Hold after Write twHax tcLet—5 ns twcs=0
2tcicL -5 tMcs>0
RD Low to Address Float taL A7 ~(tcLcL/2)-5 ns
RD or WR High to ALE High twHLH 0 10 ns tmcs=0
terel—5 teLeL+6 tmcs>0
NOTE: tycs is atime period related to the Stretch memory cycle selection. The following table shows the value of
tmes for each Streteh selection.
M2 M1 ) MOVX CYCLES tucs
0 0 0 2 machine cycles 0
0 0 1 3 machine cycles 4tccL
0 1 0 4 machine cycles 8tcLcL
0 1 1 5 machine cycles 12tcLcL
1 o] o] 6 machine cycles 16 toLcL
1 0 1 7 machine cycles 20 toLcL
1 1 0 8 machine cycles 24 tcL oL
1 1 1 9 machine cycles 28 toL el
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EXTERNAL CLOCK CHARACTERISTICS

(0°C to 70°C; V=40V to 5.5V)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Clock High Time tcHOX 15 ns
Clock Low Time tcLex 15 ns
Clock Rise Time toLeoL 10 ns
Clock Fall Time teHeL 10 ns
SERIAL PORT MODE 0 TIMING CHARACTERISTICS (0°C to 70°C; Vc=4.0V to 5.5V)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Serial Port Clock Cycle Time tyLxL
SM2=0, 12 clocks per cycle 12tcLoL ns
SM2=1, 4 clocks per cycle dtcien ns
Output Data Setup to Clock Rising tavxH
SM2=0, 12 clocks per cycle 10tcLoL ns
SM2=1, 4 clocks per cycle 3tcLeL ns
Output Data Hold from Clock Rising txHax
SM2=0, 12 clocks per cycle 2tcLeL ns
SM2=1, 4 clocks per cycle teLeL ns
Input Data Hold after Clock Rising txHOX
SM2=0, 12 clocks per cycle tcLoL ns
SM2=1, 4 clocks per cycle tcLeL ns
Clock Rising Edge to Input txHOV
Data Valid
SM2=0, 12 clocks per cycle 11tcLeL ns
SM2=1, 4 clocks per cycle 3tcLoL ns

EXPLANATION OF AC SYMBOLS

In an effort to remain compatible with the original 8051
family, this device specifies the same parameters as
such devices, using the same symbols. For complete-
ness, the following is an explanation of the symbols.

Time

Address

Clock

Input data
Logic level high
Logic level low
Instruction
PSEN

Output data
RD signal

Valid

WR signal

No longer a valid logic level
Tristate

NXS<IQU-rTOoO>»"
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POWER CYCLE TIMING CHARACTERISTICS (0°C to 70°C; Viee=4.0V to 5.5V)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Cycle Start—up Time tcsu 1.8 ms 1

Power—on Reset Delay tror 65536 toLeL 2
NOTES:

1. Start-up time for crystals varies with load capacitance and manufacturer. Time shown is for an 11.0592 MHz
crystal manufactured by Fox.

2. Raeset daily is a synchronous counter of crystal oscillations after crystal start—up. At 33 MHz, this time is
1.99 ms.

EPROM PROGRAMMING AND VERIFICATION (21°C to 27°C; Vc=4.5V to 5.5V)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Programming Voltage Vpp 12,5 13.0 \ 1
Programming Supply Current lpp 50 mA
Oscillator Frequency Mool 4 6 MHz
Address Setup to PROG Low tavaL 48tc oL
Address Hold after PROG taHAX 48tc oL
Datz Setup to PROG Low tovaL 48t oL
Data Hold after PROG tGHDX 48tc oL
Enable High to Vpp tEHSH 48tci oL
Vpp Setup to PROG Low tsHaL 10 us
Vpp Hold after PROG taHsL 10 us
PROG Width taLGH 90 110 us
Address to Data Valid tavav 48t oL
Enable Low to Data Valid teLqv 48tc oL
Data Float after Enable tenaz 0 48tc oL
PROG High to PROG Low taHaL 10 us

NOTE:

1. All voltages are referenced to ground.
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EXTERNAL PROGRAM MEMORY READ CYCLE

ja—— tHL ———»d
j-————— ty v ————
ALE /
tavLL 3
RN ——|

—— tp fy —

PSEN
T
— leg— tLLPL
texiz
tpLaz
texix
B ADORESS INSTRUCTION ADDRESS
PORT 0 :>_7 AO-A7 \ iN AO-AT
tavivi

tayiyz ————————
PORT 2 ADDRESS A8-A15 OUT ADDRESS A8-A15 OUT

EXTERNAL DATA MEMORY READ CYCLE

[——— Dy ——
ALE ’ \—
— |“_(WHLH
tiwe
BSEN tLLaxi
le—— tRLRH >
RD
l— ROV —am -
tavie
traz —- |t—
—
la——  tavwit -
INSTRUCTION ADDRESS ADDRESS
PORT 0 N AO-A7 DATAIN AD-A7
tavovi
tavov2 -
C
PORT 2 ADDRESS A8-A15 OUT
5
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DATA MEMORY WRITE CYCLE

ALE / h
—o e tWHLH
/ tiwe \
PSEN taxy —ie lt—
[ tywn ——————
WR - > i A
taviL A
L | twhax
INSTRUCTION ADDRESS ADDRESS
PORT 0 N AO-A7 batAQUT AG-A7
—-| Lt qywx
f—— taywit ——

PCRT 2 X ADDRESS A8-A15 OUT X

- tavwi2 ———

DATA MEMORY WRITE WITH STRETCH=1

Last Cycle ot First Second Third Need
Previous _+_ Machine Machine Machine _+_ Instruction
Instruction Cycle Cycle Cycle Machine Cycle
[ ad
[ Ll

MOVX Instruction

|C1|02|03|C4|C1|C2|CB|C4|C1|02|03104|C1|C?|CS|C4 |C1|02|C3|C4|

ST T S

PORTO 00-D7 D0-D7
MOVX Next Instr. MOVX T
tnstruction Address Data MOVX Data
Address MOVX Next Address
Instruction Instruction
Read

PORT 2 x A8-A15 X AB-A15 X AB-A15 X AB-A15
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DATA MEMORY WRITE WITH STRETCH=2

Last Cycle First Second Third Fourth Need
of Previous _+_ Machine _+_ Machine ____+_ Machine Machine _.1‘_ Instruction __ge
Instruction Cycle Cycle Cycle Cycle Machine

| Py |

e =

MOVX Instruction Cycle

|c1|02|cs|c4|c1|c2|cs|c4|c1|cz|03|04|c1|cz|cs|04|c1|cz|cs|c4|c1|02]ca|04|

ALE

-
i
]
:

DO-D7 M Do~07
Next Instr. —t

Instruction Address Data MOVX Data
Address  povx Next Address
Instruction Instruction
Read

PORT2 x A8-A15 X AB-A1S X A8-A15 X A8-A15

FOUR CYCLE DATA MEMORY WRITE
STRETCH VALUE=2

EXTERNAL CLOCK DRIVE

j———— tcicL

tenex
XTALA

teHel |at— tcLeH

tewex
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SERIAL PORT MODE 0 TIMING
SERIAL PORT 0 (SYNCHRONOQUS MODE

HIGH SPEED OPERATION SM2=1=>TXD CLOCK=XTAL/4

we T MM MMM o n

=T N e Y Y e e ) e Y s O O

1
| OVXL g

RXD
DATA QUT

DOX D1X

D2X

% X o X o X

D7X

% ]

1
|
WRITETOSBUE | | = f— txhox
1 I
1
1

CLOCK

Tl

WRITE TO SCON
TO CLEAR RI [

RXD
DATAIN

TXD
CLOCK

Rl

SERIAL PORT 0 (SYNCHRONOUS MODE)
SM2=0=>TXD CLOCK=XTAL/12

ALE

PSEN

1/(XTAL FREQ/12) !
————

g RECEIVE

RXD

DATA OUT

'
'
'
!
'
'
.
1
WRITE TO SBUF .
T
T
'

[
[

.

XD '
CLOCK !
]

Tl

WRITE TO SCON TO CLEAR Ri

RXD DATA IN

TXD CLOCK l

RI_|

> TRANSMIT

LINSNVHL

3AI13034
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POWER CYCLE TIMING

VS = = = = = = = = =

I
INTERRUPT I
SERVICE ROUTINE I
!

[4— tesu

SN 1 I

| be— tror ——»]
| (1

INTERNAL RESET ))

o)

EPROM PROGRAMMING AND VERIFICATION WAVEFORMS

PROGRAMMING VERIFICATION
Y y
AQ-A15 —'—\ ADDRESS %(, y L ADDRESS )—_
" ()(’_\ —» r'— tavQy
Do-D7 s DATAIN (. y DATA QUT
1)
toval -~ — taHDxX
f— 5 puLses — M
tavaL taHAX
ALEPROG y
‘)j tGHsL
tSHGL
teHGL
—> laLeH (¢
)J
EANVpp
tEHSH (¢ tELav e ¢ tenaz
CONTROL 17
SIGNALS ()(’
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EXTERNAL PROGRAM MEMORY READ CYCLE

f——— il ———

/r
ALE

FSEN

PCORT O

f——— oy ———

tavie

-————— —
taviv

- PLPH -
jog——  tp [y ——
ny
—o g— tLLPL
texiz
tPxix
ADDRESS INSTRUCTION ADDRESS

AO-A7 IN AD-A7

taviyza —————————»

PORT 2

ADDRESS A8-A15 OUT

ADDRESS A8-A15 OUT

EXTERNAL DATA MEMORY READ CYCLE

ALE

PSEN

RD

PORT 0

PORT 2

UL —— o -—————

|

ti oy ———

|<— twHLH

tLowe

tiaxe

|NSTR|l‘thCTlON

tavie

l@«— tRLAH

lt— tRLOV ——

trLaz

f——  taywi

ADDRESS
AQ-A7 f

[— tavov

tavove

B |

DATAIN

tRHDZ

ADDRESS
AD-A7

o

ADDRESS A8-A15 QUT

r— tayw o —
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DATA MEMORY WRITE CYCLE

ALE / \
ot
/ @ lLVL \
PSEN taxe = j—

[ —— tyy gy — |

taviL
. twHax
p B 3
INSTRUCTION ADDRESS ADDRESS
PORT 0 ) ACAT DATA OUT AO-A7

——' et t

ja—  tayw ——

fe—— taywio ———»]

X
PORT 2 >< ADDRESS A8-A15 OUT X

DATA MEMORY WRITE WITH STRETCH=1

Last Cycle of Second Need
Previous _+_ Machme __"_ Machine _.1‘__ Machlne _.1‘_ Instruction __'
Instruction Cycle Cycle Cycle Machine Cycle
MOVX Instruction

|C1|C2ICS|C4|C1IC2‘CB|C4|C1|C2|CS|C4|C1|C2|CB|C4|C1|02|C3|C4|

Wmmmmm

S N e ;I__I

PORT 0

Do-D7 DO-D7

MOVX Next instr. T
Instruction Address Data MOVX Data
Address MOVX Next Address
Instruction Instruction
Read

PORT 2 x A8-A15 X A8-A1S X AB-A15 X AB-A15
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40-PIN DIP (600 MIL)
i e e IO e s O o

o —

) &

J A D NS (R U [ N (N NS ) O |
! R

Lo A 1

O

" Lz
4

K"”"_.I L

PKG 40-PIN

!
1

DIM MIN MAX

AIN. 2.050 2.075
MM 52.07 5271

B IN. 0.530 0.550
MM 13.46 13.97

CIN. 0.140 0.160
MM 3.56 4.06

DIiN. 0.600 0.625
MM 15.24 15.88

EIN. 0.015 0.040
MM 0.380 1.02

FIN. 0.120 0.145
MM 3.05 3.68

GIN. 0.090 0.110
MM 2.29 2.79

HIN 0.625 0.675
MM 15.88 1715

JIN 0.008 0.012
MM 0.20 0.30

K IN. 0.015 0.022
MM 0.38 .56
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40-PIN CER DIP

—

"—51 S——‘

)

.350 DIA
GLASS LENS

| S QN VNN g I N R NN R UV ) W R FUUN [ N Ry w |

PKG 40-PIN
DiM MIN MAX
A - 0.225
B 0.014 0.023
B1 0.038 0.065
0.006 0.015
2.096
E 0.510 0.620
E1 0.590 0.630
e 100 BSC
L 0.125 0.200
L1 0.150 -
0.020 0.060
S - 0.098
S$1 0.005 -
a 0° 15°

q

ALL DIMENSIONS ARE IN INCHES,
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44-PIN PLCC

A\ Pin 1 identifier to be located in zone indicated.

iminifninfefafelaialwle] ~
g i
i i
i h
i il
NG| — q—l i
1( | .075 MAX N 01
A | b
AT D
d i
! D
. .150
MAX
fe- 1
i E£2 ﬂi
PKG 44-PIN
DIM MIN MAX
A 0.165 0.180
Al 0.090 0.120
A2 0.020 -
B 0.026 0.033
B1 0.013 0.021
[ 0.009 0.012
CH1 0.042 0.048
D 0.685 0.695
D1 3.650 0.656
D2 0.590 0.630
E 0.685 0.695
E1 0.650 0.656
E2 0.590 0.630
el 0.050 BSC
N 44 -

Al
Az ] -

B

| bt
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44-PIN MQFP (10 X 10 X 2)

t D
D1
g/ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
== i
SH SEE _T.BE1
LELNDETE
I o

SEE DETAIL ‘A~

PKG 44-PIN
DIM MIN MAX
A - 2.45
At 0.10 0.30
1.95 2.10
D 13.65 14.30
D1 9.90 10.10
E 13.65 14.30
E1 9.90 10.10
L 0.65 0.95
[ 0.80 BSC
0.30 045
0.13 0.23

NQTES:

1.

DIMENSIONS D1 AND E1 INCLUDE MOLD
MISMATCH, BUT DO NOT INCLUDE MOLD
PROTRUSION; ALLOWABLE PROTRUSION IS
0.25 MM PER SIDE.

. DETAILS OF PIN 1 IDENTWIED ARE OPTIONAL

BUT MUST BE LOCATED WITHIN THE ZONE
INDICATED.

ALLOWABLE DAMBAR PROTRUSION IS 0.08 MM
TOTAL IN EXCESS OF THE B DMENSION;
PROTRUSION NOT TO BE LOCATED ON LOWER
RADIUS OR FOOT OF LEAD.

‘\ =0 MIN,

DETAIL A

S

0-7¢

DIMENSIONS ARE IN MILLIMETERS.
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