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DS87C550 EPROM High-Speed Microcontroller with ADC and PWM

DS87C550 BLOCK DIAGRAM Figure 1
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DS87C550 EPROM High-Speed Microcontroller with ADC and PWM

Igi:%%/ QFP | SIGNAL NAME DESCRIPTION
1, 64-71 P5.0-P5.7 Port 5 - I/O. Port 5 functions as an open-drain 8-bit bi-directional I/O port or
62-68 alternately as an interface to the A/D converter. When used for general purpose
I/O, these pins operate in a quasi-bi-directional mode. Writing a logic 1 to these
pins (reset condition) will cause them to tri-state. This allows the pins to serve as
inputs since the tri-state condition can be overdriven by an external device. If a
logic 0 is written to a pin, it is pulled down internally and therefore serves as an
output pin containing a logic 0. Because these pins are open-drain, external pullup
resistors are required to create a logic 1 level when they are used as outputs. As
an alternate function Port 5 pins operate as the analog inputs for the A/D
converter as described below.
Port Alternate Mode
1 71 P5.0 ADCO Analog to Digital Converter input channel 0

68 70 P5.1 ADCI1 Analog to Digital Converter input channel 1

67 69 P52 ADC2 Analog to Digital Converter input channel 2

66 68 P53 ADC3 Analog to Digital Converter input channel 3

65 67 P5.4 ADC4 Analog to Digital Converter input channel 4

64 66 P5.5 ADCS Analog to Digital Converter input channel 5

63 65 P5.6 ADCo6 Analog to Digital Converter input channel 6

62 64 P5.7 ADC7 Analog to Digital Converter input channel 7

3-6,32 | 28,29 P6.0-P6.5 Port 6 - 1/0. Port 6 functions as a 7-bit bi-directional I/O port or alternately as an
33,38 37 P6.7 interface to the PWM and A/D on-board peripherals. As an I/O port, these pins
74-77 operate as described in Port 1. Note that P6.6 is not implemented. The alternate
modes of Port 6 are detailed below.
Port Alternate Function

4 75 P6.0 PWMOO PWM channel 0 output

5 76 P6.1 PWMOIl PWM channel 1 output

32 28 P6.2 PWMO2 PWM channel 2 output

33 29 P6.3 PWMO3 PWM channel 3 output

6 77 P64 PWMCO PWMO clock input

38 37 P6.5 PWMClI PWMI clock input

3 74 P6.7 STADC  External A/D conversion start signal (active low)

59 60 p.— A/D +Reference - Input. Supplies the positive reference voltage for the A/D
converter. This signal should be isolated from digital V¢ to prevent noise from
affecting A/D measurements.

58 59 Aet. A/D -Reference - Input. Supplies the negative reference voltage for the A/D
converter. This signal should be isolated from digital GND to prevent noise from
affecting A/D measurements.

61 63 Avyce Analog Vc

60 61 Avyss Analog Ground

3,21 NC NC-Reserved. These pins should not be connected. They are reserved for use
22,30 with future devices in this family.

33,36

43, 44

62,73

78,79
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DS87C550 EPROM High-Speed Microcontroller with ADC and PWM

instruction used two machine cycles or 24 oscillator cycles. Therefore, they required the same amount of
time. In the DS87C550, 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 counterparts, they now have different execution times. This is because the
DS87C550 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 4 clocks, and
provides one ALE pulse per cycle. Many instructions require only one cycle, but some require five. In the
original 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.

SPECIAL FUNCTION REGISTERS

Special Function Registers (SFRs) control most special features of the DS87C550. This allows the
DS87C550 to have many new features but use the same instruction set as the 8051. When writing
software to use a new feature, an equate statement defines the SFR to an assembler or compiler. This is
the only change needed to access the new function. The DS87C550 duplicates the SFRs contained in the
standard 80C52. Table 2 shows the register addresses and bit locations. Many are standard 80C52
registers. The High Speed Micro User’s Guide describes all SFRs in full detail.

SPECIAL FUNCTION REGISTER LOCATION: Table 2

REGISTER BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO ADDRESS
PORTO P0.7 P0.6 P0.5 P0.4 P0.3 P0.2 P0.1 P0.0 80h
SP 81h
DPL 82h
DPH 83h
DPLI 84h
DPHI 85h
DPS D1 DO TSL - - - - SEL 86h
PCON | SMOD 0 | SMOD0O | OFDF OFDE GF1 GF0 STOP IDLE 87h
TCON TF1 TRI TFO TRO IE1 IT1 IE0 ITO 88h
TMOD | GATE C/T Ml MO GATE C/T Ml MO 8oh
TLO 8Ah
TL1 8Bh
THO 8Ch
THI 8Dh
CKCON | WDI WDO T2M TIM TOM MD2 MD1 MDO 8Eh
PORTI P17 P16 PL5 P14 P13 P12 PlL.1 P10 90h
RCON - - - - CKRDY | RGMD | RGSL BGS 91h
SCONO | SMOFEO | SMI O | SM20 | RENO | TBSO | RBS O TI 0 RI 0 98h
SBUF0 99h
PMR CD1 CDO SWB CTM 4X/2X | ALEOFF | DEMI | DMEO 9Fh
PORT2 P2.7 P2.6 P2.5 P2.4 P2.3 P22 P2.1 P2.0 AOh
SADDRO Alh
SADDRI A2h
IE EA EAD ESI ESO ETI EX1 ETO EX0 ASh
CMPLO A%h
CMPLI AAh
CMPL2 ABh
CPTLO ACh
CPTLI ADh
CPTL2 AEh
CPTL3 AFh
PORT3 P3.7 P3.6 P3.5 P3.4 P33 P32 P3.1 P3.0 BOh
ADCONI | STRT/BSY | EOC | CONT/SS | ADEX WCQ WCM | ADON | WCIO B2h
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DS87C550 EPROM High-Speed Microcontroller with ADC and PWM

SPECIAL FUNCTION REGISTER LOCATION: Table 2 continued

REGISTER

BIT7

BIT6

BITS

BIT4

BIT3

BIT2

BIT1

BITO

ADDRESS

ADCON2 | OUTCF | MUX2 | MUXI MUX0 APS3 APS2 APS1 APS0 B3h
ADMSB B4h
ADLSB B5h
WINHI B6h
WINLO B7h

P - PAD PS1 PSO PT1 PX1 PTO PX0 Bsh

SADENO BYh
SADENI BAh
T2CON TF2 EXF2 RCLK TCLK | EXEN2 TR2 /T2 RL2 BEh
T2MOD - - - - - - T20E | DCEN BFh
PORT4 | CMTI CMTO0 | CMSR5 | CMSR4 | CMSR3 | CMSR2 | CMSRI | CMSRO | COh

ROMSIZE - - - - - RMS2 RMSI RMS0 C2h
PORT5 | ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADCI ADCO C4h
STATUS PIP HIP LIP - SPTA1 | SPRAI | SPTAO0 | SPRAO | C5h

TA C7h
T2IR - CM2F CMIF CMOF | IE5/CF3 | IE4/CF2 | IE3/CF1 | IE2/CF0 | C8h
CMPHO C
CMPHI CAh
CMPH2 CBh
CPTHO CCh
CPTHI CDh
CPTH2 CEh
CPTH3 CFh
PSW CY AC FO RS1 RSO oV F1 P DOh
PWOFG D2h
PWIFG D3h
PW2FG D4h
PW3FG D5h

PWMADR | ADRS - - - - - PWEI PWEO D6h
SCONI | SMOFE I | SMI 1 | SM21 | REN 1 | TBS I RBS_1 TI | RI 1 D8h
SBUF1 D%h
PWMO DCh
PWMI DDh
PWM2 DEh
PWM3 DFh

ACC EOh

PWOICS | PW0S2 | PWOSI | PW0SO | PWOEN | PWIS2 | PWISI | PWISO | PWIEN | Elh
PW23CS | PW2S2 | PW2S1 | PW2SO | PW2EN | PW3S2 | PW3S1 | PW3SO | PW3EN | E2h
PWOICON | PWOF | PWODC | PWOOE | PWOT/C | PWIF | PWIDC | PWIOE | PWIT/C | E3h
PW23CON | PW2F | PW2DC | PW20OE | PW2T/C | PW3F | PW3DC | PW3OE | PW3T/C | FE4h

RLOADL E6h
RLOADH E7h

EIE ET2 ECM2 ECMI1 ECM0 | EX5/EC3 | EX4/EC2 | EX3/EX1 | EX2/ECO | E8h
T2SEL TF2S TF2BS - TF2B - - T2P1 T2P0 EAh
CTCON T3 CT3 cT2 CT2 cTl CTI1 CcTo CTO EBh

TL2 ECh

TH2 EDh

SETR TGFF1 | TGFFO | CMS5 CMS4 CMS3 CMS2 CMSI1 CMS0 EEh
RSTR | CMTEl | CMTEO | CMRS CMR4 CMR3 CMR2 CMRI | CMRO EFh
B FOh
PORT6 | STADC - PWMCI | PWMCO | PWMO3 | PWMO2 | PWMOI | PWMOO | Fih

EIP PT2 PCM2 PCM1 PCM0 | PX5/PC3 | PX4/PC2 | PX3/PC1 | PX2/PCO | F8h

WDCON | SMOD 1 | POR EPFI PFI WDIF WTRF EWT RWT FFh
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DS87C550 EPROM High-Speed Microcontroller with ADC and PWM

ROM address of 5k. This would cause the current address to switch from internal to external and
potentially cause invalid operation. Similarly, do not instantly switch from external to internal memory.
For example, do not select a maximum ROM address of 8kB from an external ROM address of 7kB (if
ROMSIZE is set for 4kB or less).

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 available as 1/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
logic 0. EA overrides all bit settings. The PSEN signal will go active (low) to serve as a chip enable or
output enable when Ports 0 & 2 fetch from external ROM.

ROM MEMORY MAP Figure 2

ROM SIZE ADJUSTABLE
DEFAULT = 8K BYTES ROM SIZE IGNORED
EA=1 EA=0
FFFFh 64K FFFFh 84K
OFF CHIP
OFF CHiP

1FFFh 8k
USER
SELECTABLE
0000h 0000h

DATA MEMORY

Unlike many 8051 derivatives, the DS87C550 contains additional on-chip data memory. In addition to
the standard 256 bytes of data RAM accessed by direct instructions, the DS87C550 contains another 1kB
of data memory that is accessed using the MOVX instruction. Although physically on-chip, software
treats this area as though it was located off-chip. The 1kB of SRAM is permanently located from address
0000h to 03FFh (when enabled).

Access to the on-chip data RAM is optional under software control. When enabled by software, the data
SRAM is between 0000h and 03FFh. Any MOVX instruction that uses this area will go to the on-chip
RAM while enabled. MOVX addresses greater than 1kB automatically go to external memory through
Ports 0 & 2.

When disabled, the 1kB 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 & 2. This also is the default
condition. This default allows the DS87C550 to drop into an existing system that uses these addresses for
other hardware and still have full compatibility.

The on-chip data area is software selectable using two bits in the Power Management Register (DMEI,
DMEQ0). This selection is dynamically programmable. Thus access to the on-chip area becomes
transparent to reach off-chip devices at the same addresses. These bits have the following operation:
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DS87C550 EPROM High-Speed Microcontroller with ADC and PWM

Another useful feature of the device is its ability to automatically switch the active data pointer after a
DPTR-based instruction is executed. This feature can greatly reduce the software overhead associated
with data memory block moves, which toggle between the source and destination registers. When the
Toggle Select bit (TSL;DPS.5) is set to 1, the SEL bit (DPS.0) is automatically toggled every time one of
the following DPTR related instructions are executed:

INC DPTR

MOV DPTR, #datal6
MOVC A, @A+DPTR
MOVX A, @DPTR
MOVX @DPTR, A

As a brief example, if TSL is set to 1, then both data pointers can be updated with the two instruction
series shown.

INC DPTR
INC DPTR

With TSL set, the first increment instruction increments the active data pointer, and then causes the SEL
bit to toggle making the other DPTR active. The second increment instruction increments the newly
active data pointer and then toggles SEL to make the original data pointer active again.

CLOCK CONTROL and POWER MANAGEMENT

The DS87C550 includes a number of unique features that allow flexibility in selecting system clock
sources and operating frequencies. To support the use of inexpensive crystals while allowing full-speed
operation, a clock multiplier is included in the processor’s clock circuit. Also, along with the Idle and
power-down (Stop) modes of the standard 80C52, the DS87C550 provides a new Power Management
mode. This mode allows the processor to continue instruction execution at a very low speed to
significantly reduce power consumption (below even idle mode). The DS87C550 also features several
enhancements to Stop mode that make this extremely low power mode more useful. Each of these
features is discussed in detail below.

SYSTEM CLOCK CONTROL

As mentioned previously, the DS87C550 contains special clock control circuitry that simultaneously
provides maximum timing flexibility and maximum availability and economy in crystal selection. There
are two basic functions to this circuitry: a frequency multiplier and a clock divider. By including a
frequency multiplier circuit, full-speed operation of the processor may be achieved with a lower
frequency crystal. This allows the user the ability to choose a more cost-effective and easily obtainable
crystal than would be possible otherwise.

The logical operation of the system clock divide control function is shown in Figure 3. The clock signal
from the crystal oscillator (or external clock source) is provided to the frequency multiplier module, to a
divide-by-256 module, and to a 3-to-1 multiplexer. The output of this multiplexer is considered the
system clock. The system clock provides the time base for timers and internal peripherals, and feeds the
CPU State Clock Generation circuitry. This circuitry divides the system clock by 4, and it is the four
phases of this clock that make up the instruction execution clock. The four phases of a single instruction
execution clock are also called a single machine cycle clock. Instructions in the DS87C550 all use the
machine cycle as the fundamental unit of measure and are executed in from one to five of these machine
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CLOCK SWITCHING RESTRICTIONS

To ensure clean “glitch-free” switching of the system clock and to ensure that all clocks are running and
stable before they are used, there are minor restrictions on accessing the clock selection bits CD1:0 and
the 4X/2X bit.

One restriction is that any change in the CD1 and CDO bits from a condition other than a 1 0 state (i.e.,
clock divided by 4 mode) must pass through the divide-by-4 state before proceeding to the desired state.
As a specific example, if the clock divisor bits are set to use the frequency multiplier in 4X mode, no
other clock setting is possible until after the CD1:0 bits are set to divide-by-4 mode. After setting clock
divided-by-4 mode, then clock divided by 1024 can be selected by setting CD1 and CDO to “11b”. Any
attempt to change these bits to a disallowed state will be ignored by the hardware.

There are also some minor restrictions when changing from one clock multiplier to another. Changing the
clock multiplier can only be performed when the Crystal Multiplier Enable bit CTM (PMR.4) is set to 0.
This bit disables the clock multiplication function. However, the CTM bit can only be changed when
CDI1 and CDO are set to divide-by-4 mode (i.e., “10b”’) and the ring mode (RNGMD = RCON.2) bit is 0
(discussed later). Changing the clock multiplication factor also requires that the new frequency be stable
prior to effecting the change. The SFR bit CKRDY (RCON.3) indicates the state of the stabilization
timeout. Setting the CTM bit to a 0 from a 1 disables the clock multiplier function, automatically clears
the CKRDY bit, and starts the stabilization timeout.

SYSTEM CLOCK CONTROL Figure 3

SYSTEM MACHINE CYCLE
FROM CLOCK CLOCK
CRYSTAL
OSCILLATOR -
OR -
CPU
EXTERNAL
DIVIDE STATE
1 MUX [ -
CLOCK SOURCE BY 956 GENERATION
_ | FREQUENCY {divide by 4)
MULTIPLIER o
‘ T
CT™ .
__ CD1, CDO
4X2X

During the stabilization period, CKRDY will remain low, and software will be unable to set the CD1:0
bits to select the frequency multiplier. After the stabilization delay, CKRDY will be set to a 1 by
hardware. Note that this bit cannot be set to 1 by software. After hardware sets CKRDY bit, then the
CD1:0 bits can be set to use the clock multiplier function. However, before changing CD1:0, the 4X/2X
bit must be set to the desired state. Following this, the CTM bit must be set to 1 to enable the crystal
multiplier. Finally the CD1:0 bits may be set to select the crystal multiplier function. By following this
procedure, the processor is guaranteed to receive a stable, glitch-free clock.

OSCILLATOR-FAIL DETECT

The DS87C550 contains a unique safety mechanism called an on-chip Oscillator-Fail Detect circuit.
When enabled, this circuit causes the processor to be reset if the oscillator frequency falls below 40kHz.
The processor is held in reset until the oscillator frequency rises above 40kHz. In operation, this circuit
can provide a backup for the watchdog timer. Normally, the watchdog timer is initialized so that it will
timeout and will cause a processor reset in the event that the processor loses control. This works perfectly
as long as there is a clock from the crystal or external oscillator, but if this clock fails, there is the
potential for the processor to fail in an uncontrolled and possibly undesirable state. With the use of the
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EMI REDUCTION
One of the major contributors to radiated noise in an 8051-based system is the toggling of ALE. The
DS87C550 allows software to disable ALE when not used by setting the ALEOFF (PMR.2) bit to a 1.
When ALEOFF = 1, ALE will still toggle during an off-chip MOVX. However, ALE will remain inactive
when performing on-chip memory access. The default state is ALEOFF = 0 so ALE normally toggles at a
frequency of XTAL/4.

PERIPHERAL OVERVIEW

The DS87C550 provides several of the most commonly needed peripheral functions in microcomputer-
based systems. New functions include a second serial port, power-fail reset, power-fail interrupt flag, and
a programmable watchdog timer. In addition, the DS§7C550 contains an analog-to-digital converter and
four channels of pulse width modulation for industrial control and measurement applications. Each of

these peripherals is described below. More details are available in the High-Speed Microcontroller User's
Guide: DS87C550 Supplement.

SERIAL PORTS

The DS87C550 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 standard one. This port optionally uses pins P1.6
(RXD1) and P1.7 (TXD1). It has duplicate control functions included in new SFR locations.

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

Control for serial port 0 is provided by the SCONO register while its I/O buffer is SBUF0. The registers
SCON1 and SBUF1 provide the same functions for the second serial port. A full description of the use
and operation of both serial ports may be found in the High-Speed Microcontroller User's Guide,
available from the Maxim website.

ANALOG TO DIGITAL CONVERTER

The DS87C550 contains a 10-bit successive approximation analog-to-digital converter. This converter
provides eight multiplexed channels of analog input using an external voltage reference for the
conversion process.

Before using the A/D converter, the converter must be configured by performing two actions:

1. The user must set the ADON bit (ADCONI1.1). This enables the A/D converter. This bit defaults to 0
following a reset, disabling the A/D converter to conserve power.

2. In addition, the user must set the ADRS bit (PWMADR.7) to enable the external voltage reference
pins. This bit defaults to 0 following a reset, disabling the A/D converter voltage reference pins.

A/D CONVERTER INPUTS

The A/D converter of the DS87C550 provides eight channels of analog input on device pins ADC7
through ADCO (P5.7-P5.0). The signals on these pins are input into an analog multiplexer. The magnitude
(and polarity) of these signals is limited by the external reference (Avrgr:, Avrgr.) voltages used by the
converter. See the DC electrical characteristics section of this data sheet for more details.
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PULSE WIDTH MODULATION

The DS87C550 contains four independent 8-bit pulse width modulator (PWMs) functions each with
independently selectable clock sources. For more precise modulation operations, two 8-bit PWM
functions (PWMO & PWMI1 and/or PWM2 & PWM3) can be cascaded together to form a 16-bit PWM
function.

The PWM function is divided into three major blocks: a clock prescaler, a clock generator, and a pulse
generator. A single prescaler provides selectable clocks of different frequencies to each of the four clock
generator blocks. Each clock generator is an 8-bit reloadable counter that determines the repetition rate
(frequency) of its associated PWM. Each pulse generator PWM block is an 8-bit timer clocked by the
clock generator’s output. When this timer reaches zero, the output of the PWM is set to 1. When the timer
reaches the user selected PWM match value stored in SFR PWMx, the PWM output is cleared to 0. In
this way, the frequency and duty cycle of the PWM is varied under software control.

PWM PRESCALER

The prescaler block of the PWM function accepts as a clock input the system clock provided to the CPU
(and other peripherals), and divides it by 1, 4, 16, and 64. Each of these clocks is available at the output
of the prescaler, and is provided to all four of the PWM clock generator blocks. The actual clock used by
the clock generator block is dependant on the setting of SFR bits PWxS2:0 (where x is the PWM channel
number 0-3) located in the PW0O1CS or PW23CS registers. In addition to selecting one of the prescaler’s
CPU clock divided outputs, setting PWxS2 to a 1 allows an external clock to be used as an input to the
clock generators. The external clocks are input on device pins PWMCO (P6.4 for PWMO or PWMI) or
PWMCI (P6.5 for PWM2 or PWM3). Like all other inputs to the 8051, these inputs are synchronized by
sampling them using the internal machine cycle clock. Therefore these inputs must be of sufficient
duration for the clock to sample them properly (i.e., 2 machine cycles). The complete functionality of the
clock selection SFR bits is as follows:

Prescaler Output PWxS2:0
Machine Cycle Clock/1 000
Machine Cycle Clock/4 001
Machine Cycle Clock/16 010
Machine Cycle Clock/64 011
PWMCx (external) 1xx

In determining the exact frequency output of the prescaler, it is important to note that the machine cycle
clock provided to the prescaler is also software-selectable. The machine cycle clock can be the crystal (or
oscillator frequency) divided by 1, 2, 4, or 1024 as determined by the CD1:0 and the 4X/2X SFR bits (see
Clock Divide Control section for details).

PWM CLOCK GENERATOR

The clock generator blocks of the PWM modules are pre-loaded by software with an 8-bit value, and this
value determines the frequency or repetition rate of the PWM function. A value of 0 causes the selected
output of the prescaler to be passed directly to the pulse generator function (i.e., divide by 1). A value of
FFh passes a clock to the pulse generator function that is the selected prescaler output divided by 256. In
general, the clock generators provide a divide by N+1 selectable repetition rate (i.e., frequency) for their
PWM channel.
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Each clock generator has an associated SFR that contains the 8-bit reload value. These registers are called
PWOFG, PWI1FG, PW2FG, and PW3FG (see SFR map for addresses). In addition, there is a frequency
generator enable bit (PWOEN, PWI1EN, PW2EN, & PW3EN) for each of the clock generator blocks that
must be set to a 1 before these blocks will function. These bits are set to 0 after all resets so software must
set them to 1 to enable the PWM clocks.

The output of the clock generator block is supplied to the input of the pulse generator block.

PWM PULSE GENERATOR

The pulse generator block of the PWM function produces the PWM output signal on device pins
PWMOO (P6.0), PWMO1(P6.1), PWMO2 (P6.2), and PWMO3 (P6.3). Each of these output bits has an
enable bit: PWOOE (PWOICON.5), PWIOE (PWOICON.1), PW20OE (PW23CON.5), and PW3OE
(PW23CON.1) that are cleared to 0 on all resets, and must be set to 1 by software before the PWMs will
output a signal.

As described earlier, the pulse generator block is basically a free-running timer with a comparison
register that is loaded with an 8-bit value by software. The value of this register establishes the duty cycle
of the PWM function. The comparison values are stored in SFRs PWMO0, PWMI1, PWM2, and PWM3 for
the respective PWM channels, and it is these values that determine the pulse duration.

Actually, in accessing these specific SFRs, software has access to both the compare registers and the
timer registers of the pulse generator blocks. When the PWM Timer/Compare Value Select SFR bits
PWOT/C (PWOICON.4), PWIT/C (PWOICON.0), PW2T/C (PW23CON.4), and PW3T/C
(PW23CON.0) are cleared to 0, a read or write to the respective PWMx register accesses the compare
register. When these bits are set to 1, a read or write accesses the timer value. With the use of these bits,
the timers in the pulse generator sections of the PWM functions can be used as general-purpose timers if
desired.

When the free-running timer of the pulse generator block rolls over from FFh to 00h, the PWM output is
set to a 1. As the timer continues to count up from 0, the output of the PWM is cleared to 0 when the
timer value is equal to the comparison register value. This cycle continues automatically without
processor intervention until software or a reset changes some condition.

The value of 0 in the comparison register is a special case of each PWM function. Rather than allow a set
and a reset of the PWM output bit, special hardware ensures that 0 will be output continuously if 0 is
loaded into the compare register.

There are other SFR bits that affect PWM operation for special modes. Bits PWODC (PWO01CON.6),
PWI1DC (PWO01CON.2), PW2DC (PW23CON.6), and PW3DC (PW23CON.2) cause the output of the
respective PWM function to be a constant 1. This feature may be useful for driving a fixed DC voltage
into any circuitry attached to the PWM output. Bits PWOF (PW01CON.7), PW1F (PWO01CON.3), PW2F
(PW23CON.7), and PW3F (PW23CON.3) are flags that are set by the hardware when the respective
PWM pulse generator timer rolls over from FFh to 0. These flags must be cleared by software to remove
their set condition.

16-BIT MODE

For more precise PWM operations, two 8-bit PWMs may be combined into a single 16-bit PWM
function. By setting SFR bit PWEO (PWMADR.0) to a 1, a new 16-bit PWMO function is formed from
the 8-bit PWM functions PWMO (LSB) and PWM1 (MSB). Similarly, by setting PWE1 (PWMADR.1) to
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The three available priority levels are low, high, and highest. The highest priority level is reserved for the
Power-Fail Interrupt only. All other interrupt priority levels have individual priority bits that when set to a
1 establish the particular interrupt as high priority. In addition to the user selectable priorities, each
interrupt also has an inherent or “natural priority”. Given that all interrupt sources maintain the default
low priority, the natural priority determines the priority of simultaneously occurring interrupts. Table 9
identifies the available interrupt sources and their flags, enables, natural priority, and available priority
selection bits.

INTERRUPT SOURCES AND PRIORITIES Table 9

NATURAL FLAG ENABLE PRIORITY
NAME DESCRIPTION VECTOR | PRIORITY BIT BIT CONTROL BIT
PFI Power Fail Interrupt 33h 0 PFI(WDCON.4) | EPFI(WDCON.5) N/A
INTO External Interrupt 0 03h 1 IEO(TCON.1) EXO(IE.0) PX0(IP.0)
TI1 or RI1 from serial RI_1(SCONI1.0)
SCONI ot 1 0Bh 2 T1SCONI 1) ESI(IE.5) PS1(IP.5)
AD A/D Converter 13h 3 EOC(ADCON.6) EAD(IE.6) PAD(IP.6)
Interrupt
TFO Timer 0 1Bh 4 TFO(TCON.5) ETO(IE.1) PTO(IP.1)
INT2/CFO EXteméLL?f;?épt 2 or 23h 5 IE2/CFO(T2IR.0) | EX2/ECO(EIE.0)' | PX2/PCO(EIP.0)
CMOF Compare Match 0 2Bh 6 CMOF(T2IR 4) ECMO(EIE 4) PCMO(EIP 4)
INTI External Interrupt 1 3Bh 7 IE1(TCON.3) EXI1(IE.2) PX1(IP.2)
INT3/CF1 EXteméL;‘f;?;pt 3or 43h 8 IE3/CFI(T2IR.1) | EX3/ECL(EIE.1)! | PX3/PCI(EIP.1)
CMIF Compare Match 1 4Bh 9 CMIF(T2IR.5) ECMI(EIE.5) PCMI(EIP.5)
TF1 Timer 1 53h 10 TF1(TCON.7) ETI(IE.3) PTI(IP.3)
INT4/CF2 EXteméLL?f;g‘zlpt 4 or 5Bh 11 IE4/CF2(T2IR.2) | EX4/EC2(EIE.2)! | PX4/PC2(EIP.2)
CM2F Compare Match 2 63h 12 CM2F(T2IR.6) ECM2(EIE.6) PCM2(EIP.6)
TIO or RIO from serial RI_0(SCONO0.0)
SCONO bort 0 6Bh 13 TT O(SCONO.1) ESO(IE.4) PSO(IP.4)
INTs/cF3 | PXternal Interrupt 5 or 73h 14 IES/CF3(T2IR.3) | EX5/EC3(EIE.3)! | PXS/PC3(EIP.3)
Capture 3
. TF2(TCON.7)
TF2 Timer 2 7Bh 15 TE2B(T2SEL 4) ET2(EIE.7) PT2(EIP.7)

" External interrupts 2/3/4/5 also require the appropriate bits in the CTCON register to be configured before the interrupt is
fully enabled.

EPROM PROGRAMMING

The DS87C550 follows 8kB EPROM standards for the 8051 family. It is available in a UV erasable,
ceramic windowed package and in plastic packages for one-time user-programmable versions. The part
has unique signature information so programmers can support its specific EPROM options.

PROGRAMMING PROCEDURE

The DS87C550 should run from a clock speed between 4 and 6MHz when programmed. The
programming fixture 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.
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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 a non-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 Encryption Array. The array has no impact
while FFh. Simply programming the array to a non-FFh state will cause the encryption to function.

EPROM ERASURE CHARACTERISTICS

Erasure of the information stored in the DS87C550’s EPROM occurs when the isolated gate structure of
the EPROM stage element is exposed to certain wavelengths of light. While the gate structure is to some
degree sensitive to a wide range of wavelengths, it is mostly wavelengths shorter than approximately
4,000 angstroms that are most effective in erasing the EPROM. Since fluorescent lighting and sunlight
have wavelengths in this range, they can cause erasure if the device is exposed to them over an extended
period of time (weeks for sunlight, years in room-level fluorescent light). For this reason (and others
mentioned previously), it is recommended that an opaque covering be placed over the window of the -K
(windowed PLCC) package type.

For complete EPROM erasure, exposure to ultraviolet light at approximately 2537 angstroms to a dose of
15W-sec/cm® at minimum is recommended. In practice, exposing the EPROM to an ultraviolet lamp of
12,000uW/cm’” rating for 20 to 39 minutes at a distance of approximately 1 inch will normally be
sufficient.
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OTHER EPROM OPTIONS

The DS87C550 has user-selectable options that must be set before beginning software execution. These
options use EPROM bits rather than SFRs.

The EPROM selectable options may be programmed as shown in Table 10. The Option Register sets or
reads these selections. The bits in the Option Register have the following function:

Bit 7 -4 Reserved. Program to a 1.
Bit 3 Watchdog POR default.

Set to 1: Watchdog reset function is disabled on power-up.

Set to 0: Watchdog reset function is enabled automatically on power up.
Bit 2-0 Reserved. Program to a 1.

SIGNATURE
The Signature bytes identify the product and programming revision to EPROM programmers. This

information is located at programming addresses 30h, 31h, and 60h. This information is as follows:

Address Value Meaning

30h DA Manufacturer
31h 55 Model

60h 00 Extension

EPROM PROGRAMMING CONFIGURATION Figure 5
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NOTES FOR DS87C550 DC ELECTRICAL CHARACTERISTICS:

All parameters apply to both commercial and industrial temperature operation unless otherwise noted.
These parameters are guaranteed by design.

1.

2.

10.

11.

Voltage referenced to digital ground (GND).

Active current measured with 33MHz clock source on XTAL1, Vcc=RST=5.5V, other pins
disconnected.

Idle mode current measured with 33MHz clock source on XTALI1, Vcc=5.5V, RST at ground, other
pins disconnected.

Stop mode current measured with XTAL1 and RST grounded, Vcc=5.5V, all other pins disconnected.
This value is not guaranteed. Users that are sensitive to this specification should contact Dallas
Semiconductor for more information.

When addressing external memory.

RST=Vc. This condition mimics operation of pins in I/O mode. Port 0 is tri-stated in reset and when
at a logic high state during I/O mode.

During a 0 to 1 transition, a one-shot drives the ports hard for two oscillator clock cycles. This
measurement reflects port in transition mode.

Ports 1, 2, 3, 5, 6 source transition current when being pulled down externally. Current reaches its
maximum at approximately 2V.

0.45<VN<V(c. Not a high-impedance input. This port is a weak address holding latch in Bus Mode.
Peak current occurs near the input transition point of the latch, approximately 2V.

0.45< Vin <V¢ce. RST=Vc. This condition mimics operation of pins in I/O mode.
This is the current required from an external circuit to hold a logic low level on an I/O pin while the

corresponding port latch is set to 1. This is only the current required to hold the low level; transitions
from 1 to 0 on an I/O pin will also have to overcome the transition current.
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A/D CONVERTER ELECTRICAL CHARACTERISTICS
(AVCC=VCC=5V, VREF=5V, fosc=4MHZ, TA=-40°C to 85°C, unless otherwise noted. Typical

values are at To=25°C)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Analog Supply Voltage Avce Ve Vee A%
Avyss GND GND
Analog Supply Current Alpp 0.7 23 mA
Analog Idle Mode Current Alpp; 35 mA
Analog Power-Down Mode Current Alpppp 0.5 1 LA
Analog Input Voltage ADCT7- AvREr. AvRer+ \% 4
ADCO
External Analog Reference Voltage AvVREF- AVgs-0.2 AV + A% 4
AvREF+ 0.2
Analog Input Capacitance Cin 10 15 pF 4
A/D Clock tACLK 1 6.25 us 2,4
Sampling Time tADS 5 tacrk tACLK 4
Conversion Time taDC 16 tacrk tACLK 3,4
Resolution 10 Bits 4
Differential non-linearity EpL +1.0 LSB
Integral non-linearity EpL +2.0 LSB
Offset Error Eos +2.0 LSB
Gain Error Eg +1.0 %
Cross-talk between A/D inputs Ecr -60 dB 4

NOTES FOR A/D CONVERTER ELECTRICAL CHARACTERISTICS
1. The following condition must not be exceeded: GND-0.2V < AVgs < Ve + 0.2V.

Due to the dynamic nature of the A/D converter, tacrk has both min and max specifications.

2
3. A complete conversion cycle requires 16 ACLK periods, including five input sampling periods.
4

This parameter is guaranteed by design.

TYPICAL Icc VERSUS FREQUENCY

lec
mA

30 —

0 2 4 6 8 10 12

16 20 24
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MOVX CHARACTERISTICS
VARIABLE CLOCK STRETCH
PARAMETER SYMBOL MIN MAX UNITS VAEII\J/[IIJ)}?O;ZST
Data Access ALE Pulse 0.375tycs=> SST:O_
Width tLHLL O.StMcs-S ns 1<_CST<_3
1.5tpcs-10 4<=Cgq<=7
Port 0 Address Valid to ¢ 0.125tycs-5 ns Cgr=0
ALE Low AVLL2 0-25tMCS'5 CST>0
Address Hold after 0.125tycs-5 Cgr=0
ALE LOW fOI' MOVX tLLAXZ O°25tMCS_5 ns 1<:CST<:3
Write 1 'ZStMCS' 10 4<:CST<:7
—_ . O.StMcs-S CST:()
RD Pulse Width tRLRH CST*tMCS' 10 ns 1<:CST<:7
— . O.StMcs-S CST:()
WR Pulse Width twLwh CST*tMCS' 10 ns 1<:CST<:7
RD Low to ¢ 0.5t\cs-20 ns Csr=0
Valid Data In RLDV Csr*tmcs-20 1<=Cgr<=7
Data Hold
after Read fRHDX 0 ns
Data Float 0.25tucs-5 SST:O_
after Read trRuDZ O.StMcs-S ns 1<_CST<_3
1.5tmes-15 4<=Cgqr<=7
0-625tMCS'25 CST:()
ALE Low t
Valid I;)::a (I)n tLipy (CST+0~25)*tMCS'40 ns 1<:CST<:3
(C5T+1 '25)*tMCS'40 4<=Cgqr<=7
O.75tMcs-4O CST:()
Port 0 .Address tavDvi (Cs110.5)*tmes-27 ns 1<=Csr<=3
to Valid Data In
(CST+1 -5)*tMCS'2O 4<:CST<:7
0.875ty\cs-20 Csr=0
Port 2 Add
toOValid D;teas in tavoy (Cs110.5)*tyes-20 ns 1<=Cg<=3
(CST+1 -5)*tMCS'2O 4<:CST<:7
DT 0. 125tMCS' 10 0. 125tMCS+5 CST:()
ALE Low to RD fiwe 0.25tycs-10 0.25tycs 5 ns 1<=Cg<=3
or WR Low 1.25tycs-10 1.25tycst10 4<=Cg1<=7
Port 0 Address to RD 0.25tyes-12 Csr=0
P tavwri 0. StMCS' 12 ns 1 <:CST<:3
or WR Low 2.5tyes-12 4<=Cgr<=7
Port 2 Address to RD 0.25tyes-12 Csr=0
P tavwiz 0. StMCS' 12 ns 1 <:CST<:3
or WR Low 2.5tyes-12 4<=Cgr<=7
Data Valid to . s
WR Transition QVvX i s
Data Hold 0.25es-> SSTZO_
after Write tWHQX O.StMcs-S ns 1<_CST<_3
1.5tpcs-10 4<=Cgq<=7
RD Low to Address trt Az ~((0.125 tyes)-5) s
Float
— e h -10 18 Csr=0
R?\LOI; I?IVRh Hig twhLH 0.25tyics-5 0.25tycst5 ns 1<=Cyr<=3
to 12 1.25tycs-10 1.25tycs+10 4<=Cgr<=7

NOTES FOR MOVX CHARACTERISTICS USING STRETCH MEMORY CYCLES

tumes 1S a time period related to the Stretch memory cycle selection. The following table shows the value of tycs

for each Stretch selection.
Csr is the stretch cycle value as determined by the MD2, MD1, & MDO bits of the CKCON register.
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tmcs TIME PERIODS

System Clock Selection tMcs
4X/2X, CD1, CDO = 100 1 tcrer
4X/2X, CD1, CDO = 000 2 tcre
4X/2X, CD1, CDO =x10 4 tere
4X/2X,CD1, CDO =x11 1024 tcrcL

RD, WR PULSE WIDTH WITH STRETCH CYCLES

MOVX RD, WR Pulse Width (in oscillator clocks)
MD2 MD1 MDO Machine | 4X/2x=1 | 4X/2Xx=0 | 4X/2X=x | 4X/2X=x
Cycles CD1:0=00 | CD1:0=00 | CD1:0=10 | CD1:0=11
0 0 0 2 0.5 tereL 1 tereL 2 tereL 2048 tercr
0 0 1 3 teLeL 2 terer 4 terer 4096 tcrcr
0 1 0 4 2 tereL 4 tcLeL 8 tcreL 8192 tercr
0 1 1 5 3 teLeL 6 teLeL 12 teren 12288 tercr
1 0 0 9 4 tercL 8 teLeL 16 tercr 16384 terc
1 0 1 10 5 teLeL 10 tercL 20 tercL 20480 tepcr
1 1 0 11 6 teLeL 12 terel 24 tereL 24576 terc
1 1 1 12 7 teLeL 14 tercL 28 tereL 28672 tercL
EXTERNAL CLOCK CHARACTERISTICS
PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES
Clock High Time tcHex 10 ns
Clock Low Time tcLex 10 ns
Clock Rise Time tereL 5 ns
Clock Fall Time tcHCL 5 ns
SERIAL PORT MODE 0 TIMING CHARACTERISTICS
PARAMETER SYMBOL | MIN TYP MAX | UNITS | NOTES
Serial Port Clock Cycle Time 12teLeL ns
SM2=0, 12 clocks per cycle txrxL At
SM2=1, 4 clocks per cycle CLCL ns
Output Data Setup to Clock Rising
SM2=0, 12 clocks per cycle tQvxH 14%[tCLCL ns
SM2=1, 4 clocks per cycle CLCL ns
Output Data Hold from Clock Rising 1 2tereL ns
SM2=0, 12 clocks per cycle txHQX At
SM2=1, 4 clocks per cycle CLCL ns
Input Data Hold from Clock Rising 1 2tereL ns
SM2=0, 12 clocks per cycle txupx 4
SM2=1, 4 clocks per cycle terer ns
Clock Rising Edge to Input Data Valid 1 2tereL ns
SM2=0, 12 clocks per cycle txupv At
SM2=1, 4 clocks per cycle CLCL ns
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EXTERNAL PROGRAM MEMORY READ CYCLE
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DATA MEMORY WRITE WITH STRETCH=2
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POWER CYCLE TIMING
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