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1.0 GENERAL DESCRIPTION

1.1 OVERVIEW

The System Energy Manager is a highly integrated
microcontroller that provides several key features for
systems including key scanning and control, battery
and power management, as well as two 2—-Wire serial
1/0 Ports. It incorporates the Dallas 8051-compatible
high—speed microcontroller core which has been rede-
signed to eliminate wasted clock and memory cycles.
Every standard 8051 instruction is executed between
1.5 and 3 times faster than the original for the same
crystal speed. Looking at it another way, the high—
speed core achieves the same throughput as a stan-
dard 8051 while using much less power as a result of
fewer required clock cycles. As a result, the firmware
can easily support many tasks required by mobile sys-
tems within a single component.

The controller is designed to off-load battery and power
management tasks from the host CPU and thereby
make possible an efficient solution for systems. Inaddi-
tion to the microcontroller core, it incorporates an
8—channel, 10-bit A/D converter with external refer-
ence so that its firmware can perform battery manage-
ment tasks without burdening the host CPU. A four—

channel 8-bit pulse—width modulator allows digital
control of functions such as LCD contrast and bright-
ness. An 8-bit port is provided for key scan inputs. A
total of 88 parallel I/O pins are available for key scan-
ning, system configuration, and power management
control.

The System Energy Manager scans a key matrix and
interfaces to the host CPU via an 8042—compatible port.
The benefits of sophisticated power management and
permanently powered functions are thereby attained
without adding to the system’s chip count.

Two 2-wire, bi—directional serial buses are incorpo-
rated to facilitate the management of slave peripheral
devices on the motherboard, such as digital tempera-
ture sensors and potentiometers, and to support exter-
nal low—speed 1/O devices such as monitor configura-
tion channels, pen tablets, and joysticks.

Because a direct interface to the X—bus is provided, the
controller is not dependent on a particular core logic
chip or chip set. Independent chip select inputs for the
keyboard controller, power management #1, and power
management #2 registers are provided.
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CONTROLLER BLOCK DIAGRAM Figure 1-1
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1.2 DETAILED FEATURE SUMMARY

* High Speed 80C32 Compatible Core:

— High performance 4 clocks / machine cycle
(8032 =12)

— Low Power: typically 1/3 power for equivalent
8032 throughput

— Maximum clock speed up to 25 MHz at 5.0V

— Ultra—low stop mode power (typ. 1 uA) and
“IDLE” mode (typ. 10 mA)

— Multiple wake—up sources from STOP including
key scan, 2—wire, host I/F, or external interrupt

— Three 16-bit timers, 1 serial port
— 256 byte scratchpad
— 256 bytes MOVX RAM

* Keyboard Control:
— Replaces 8042 and key scan microcontroller
— 2 Parallel /O ports for key scan outputs

— One interrupt—driven 8-hit input port to initiate
key—scan sequence

* Input/Output:

— Total of eleven 8-bit I/O ports; all pins can be
individually programmed to serve as general
purpose digital input/output.

— Each 8-bit port supports one or more special

functions:

Port 0, 2, 3: External program / data memory
interface

Port 1, 3: UART, 2-Wire serial, timers, and
external interrupt 1/O.

Port 4, 8, 9: Key scan input / output

Port 5: A/D inputs

Port 6: PWM Outputs

Port 7: Activity monitor, LED Control

Port 10: GPIO

* Analog Input/Output:

— Eight—channel, 10-bit A/D with power down
mode supports charging NiMH rechargeable
cells

— 4—channel, 8-bit PWM supports LCD brightness
and contrast control
* 2-Wire Bi—directional Serial Buses

— Master/slave multi—drop operation
— Manages on-board slaves or external 1/O
devices
* Power Control
— Generates system power on reset
— Programmable power down pin states

1.3 CONVENTIONS
The following conventions are used throughout this
specification:

“SEM” is the short form name used to indicate the
System Energy Manager.

Signals that are active low are followed by a pound
symbol (#) or backslash (), or are indicated with an
overbar.

Ifarange of signalsis described, such as SA0 through
SA10, the range is given as SA10-0, with the most—
significant digit first and the least—significant digit last,
separated by a hyphen.

* Numbers written in this specification can be written as
decimal, hexadecimal, or binary. Hexadecimal num-
bers are followed by an “H” suffix. Binary numbers are
followed by a “B” suffix. For example, decimal
27 = 1BH = 00011011B.

1.4 ADDITIONAL REFERENCES

The SEM incorporates the Dallas 8051 compatible High
Speed Micro core including the CPU and many of its
core peripherals. The operational details of these ele-
ments are contained in the Dallas High Speed Micro
User’s Guide.
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2.0 PIN DESCRIPTION

128-TQFP PIN ASSIGNMENT Figure 2-1
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2.1 PIN FUNCTION SUMMARY

PIN SYMBOL DESCRIPTION

36 AO Command / Data Select: Input. Address input used by the host processor in data
transfersto the keyboard controller and power management#1 and #2 interface ports to
indicate whether the transfer is command (AO=1) or data (A0=0).

43 AGND Analog Ground.

106 ALE Address Latch Enable:  Output. This signal functions as a clock to latch the external
address LSB from the multiplexed address/data bus on Port 0. This signalis 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 4 XTAL1 cycles. ALE is forced high
when the SEM is in a Reset condition.

46 AVCC Analog VCC.

17 GND Digital circuit ground.

35

86

117

47 HGND Host Interface Ground:

68 HvVCC Host Interface VCC:

38 IOR I/0O Read: Input. 1/O Read is used to signal a read operation is in effect on the host
address/data bus.

37 IOW I/O Write: Input. 1/O Write is used to signal a write operation is in effect on the host
address/data bus.

42 KBCS Keyboard Chip Select:  (Input, active low). This is a chip select signal used to enable
the keyboard control host interface port.

40 KBOBF Keyboard Output Buffer Full: ~ (Output, active high). This signal is set when the key-
board control host interface data buffer contains data to be read by the host. KBOBF will
be driven low when host reads the keyboard control data buffer register.

56 NC No Connection.

57

108

121 P0.0 (ADO) Port 0 / Address/Data Outputs 7-0:  1/0. Port 0 is an open—drain 8-bit bi—directional
122 P0.1 (AD1) I/O port. As an alternate function Port 0 can function as the multiplexed address/data
123 P0.2 (AD2) bus to access off-chip memory. During the time when ALE is high, the LSB of a memory
124 P0.3 (AD3) addressis presented. When ALE falls to alogic 0, the port transitions to a bi—directional
125 P0.4 (AD4) data bus. This bus is used to read external ROM and read/write external RAM memory
126 P0.5 (AD5) or peripherals. When used as a memory bus, the port provides active high drivers. The
127 P0.6 (AD6) reset condition of Port O is tri—state. Pull-up resistors are required when using Port 0 as
128 P0.7 (AD7) an 1/O port.
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PIN SYMBOL DESCRIPTION
87 P1.0(T2) Port 1/ (Alternate Functions): —1/O. Port 1 provides eight lines which can be individu-
88 P1.1 (T2EX) ally selected as bi—directional I/O port pins or as the alternate functions listed below:
89 P1.2 SCL1
90 P1.3 SDA1 Alternate
91 P1.4 SCL2 Port Function Description
92 P1.5 SDA2 P1.0 T2 External 1/O for Timer/Counter 2
93 P1.6 P11 T2EX Timer/Counter 2 Capture/Reload Trigger
94 P1.7 P1.2 SCL1 2—Wire Serial Clock 1
P1.3 SDA1 2-Wire Serial Data 1
P1.4 SCL2 2—Wire Serial Clock 2
P15 SDA2 2-Wire Serial Data 2
P1.6 (None)
P1.7 (None)
Note that P1.7 — P1.2 are high—drive pins which are always open—drain and must be
used with external pull-ups when used as I/O port pins. P1.1 and P1.0 have internal
pull-up resistors.
109 P2.0 (A8) Port 2/ Address Outputs A15-8: —1/O. Port 2 is a pseudo-bi—directional I/O port with
110 P2.1 (A9) internal pull-up resistors. As an alternate function Port 2 can function as MSB of the
111 P2.2 (A10) external address bus.
112 P2.3 (Al1l)
113 P2.4 (A12)
114 P2.5 (A13)
115 P2.6 (A14)
116 P2.7 (A15)
95 P3.0(RXD0) Port 3 / (Alternate Functions): - I/O. Port 3 provides eight lines each of which can
96 P3.1 (TXDO) | serve as psuedo-bi—directional I/O port pins or as the alternate functions as listed
97 P3.2 (INTO) below. Internal pull-up resistors are always present on these pins.
98 P3.3 (INT1)
99 P3.4 (TO) Alternate
100 P3.5 (T1) Port Function Description
103 P3.6 (WR) P3.0 RXDO Serial Port O Input
104 P3.7 (RD) P3.1 TXDO Serial Port O Output
P3.2 INTO External Interrupt O
P3.3 INT1 External Interrupt 1
P3.4 TO Timer 0 External Input
P3.5 T1 Timer 1 External Input
P3.6 WR External Data Memory Write Strobe
P3.7 RD External Data Memory Read Strobe
77 P4.0 (KSI.0) Port4 /KSI.7-0: —1/0/Keyboard Scan Inputs. Port4 provides eight lines which can be
78 P4.1 (KSI.1) individually selected as psuedo—bi—directional I/O port pins or as an interrupt Inputs for
79 P4.2 (KSI.2) key scanning. Port 4 pins incorporate Schmitt inputs with pull-up resistors.
80 P4.3 (KSI.3)
81 P4.4 (KSl1.4)
82 P4.5 (KSI.5)
83 P4.6 (KSI.6)
84 P4.7 (KSI.7)
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PIN SYMBOL DESCRIPTION
34 P5.0 (AL.O) Port5/AI.7-0: —1/0/A/D inputs. Port5 provides eight lines which can be individually
33 P5.1 (Al.1) selected as open—drain psuedo-bi—directional I/O port pins or as A/D inputs. Pull-up
32 P5.2 (Al.2) resistors are required when using Port 5 as an 1/O port.
31 P5.3 (AL3)
30 P5.4 (AL4)
29 P5.5 (AL5)
28 P5.6 (AL6)
27 P5.7 (AL7)
26 P6.0 (PWO.0) | Port6/PWO0.3-0: —1/0/Pulse-Width Modulated Outputs. Port 6 provides eight lines
25 P6.1 (PWO.1) | which can all serve as psuedo-bi—directional 1/0O port pins with internal pull-up
24 P6.2 (PWO.2) | resistors. Six lines can be individually selected to serve the pulse—width modulator
23 P6.3 (PWO.3) | function indicated below:
22 P6.4 (PWI.0)
21 P6.5 (PWI.1) Alternate
20 P6.6 Port Eunction Description
19 P6.7 / SOC P6.0 PWO.0 PWM 0 output (active high drive when enabled)
P6.1 PWO.1 PWM 1 output (active high drive when enabled)
P6.2 PWO.2 PWM 2 output (active high drive when enabled)
P6.3 PWO.3 PWM 3 output (active high drive when enabled)
P6.4 PWI.O Optional clock input for PWM channels 0 and 2
P6.5 PWI.1 Optional clock input for PWM channels 1 and 3
P6.6 (none)
P6.7 SOC External A / D start of conversion signal
69 P7.0 (AMI.O) | Port7/AMI.7-0/LED.7-0: —I/O/ Activity Monitor Inputs/LED Control. Port7 provides
(LED.O) eight lines which can serve as a psuedo-bi—directional I/O port pins with internal pull-
70 P7.1 (AML.1) | ups or as Activity Monitor inputs. When used as Activity Monitor inputs, these pins are
(LED.1) typically connected to the chip select line of an external peripheral device, and can be
71 P7.2 (AML.2) | programmed to sense active—high or active—low signals. Any pin which is programmed
(LED.2) as an Activity Monitor input by setting its AMEn bit to a 1 will have its pull-up device dis-
72 P7.3 (AML.3) | abled and thereby function as an open—drain pin in order to eliminate unnecessary cur-
(LED.3) rent drain. All port 7 pins are capable of controlling LED’s.
73 P7.4 (AML.4)
(LED.4)
74 P7.5 (AML.5)
(LED.5)
75 P7.6 (AML.6)
(LED.6)
76 P7.7 (AML7)
(LED.7)
16 P8.0 (KSO.0) | Port8/KSO.7-0: —I/O. Port8 provides eightlines of open—drain psuedo-bi-directional
15 P8.1 (KSO.1) | /O port pins. Typically, these lines are used for key—scan outputs.
14 P8.2 (KSO.2)
13 P8.3 (KSO.3)
12 P8.4 (KSO.4)
11 P8.5 (KSO.5)
10 P8.6 (KSO.6)
9 P8.7 (KSO.7)
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PIN SYMBOL DESCRIPTION
8 P9.0 (KSO.8) | Port9/KS0.15-8: —1/0O. Port 9 provides eight lines of open—drain psuedo—bi—direc-
7 P9.1 (KS0O.9) | tional I/O port pins. Typically, these lines are used for key—scan outputs.
6 P9.2 (KSO.10)
5 P9.3 (KSO.11)
4 P9.4 (KSO.12)
3 P9.5 (KSO.13)
2 P9.6 (KSO.14)
1 P9.7 (KSO.15)
60 P10.0 Port10: —1/O. Port 10 provides eight lines of general purpose Input or Output.
61 P10.1
62 P10.2
63 P10.3
64 P10.4
65 P10.5
66 P10.6
67 P10.7
41 PM1CS Power Management #1 Chip Select:  (Input, active low). This is a chip select signal
used to enable the power management #1 host interface port.
59 PM2CS Power Management #2 Chip Select:  (Input, active low). This is a chip select signal
used to enable the power management #2 host interface port.

107 PSEN Program Store Enable:  Output. This signal goes low when off—chip program memory
is being accessed via Ports 0 and 2. Itis 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.

105 RST Reset: Input, active high The RST input pin contains a Schmitt voltage input to recog-
nize external active high Reset inputs. The pin also employs an internal pull-down
resistor to allow for a combination of wired OR external Reset sources. An RC is not
required for power—up, as the controller provides this function internally.

55 SDO System Data Bus: (Bi—directional). SD7-0 are data bus lines used for data transfers

54 SD1 between the host processor and the keyboard interface buffer and power management

53 SD2 #1 and #2 interface buffers.

52 SD3

51 SD4

50 SD5

49 SD6

48 SD7

39 SMI1 System Management Interrupt #1:  (Output, active low). This signal is driven low
when the power management #1 host interface data buffer contains data to be read by
the host. SMI1 will be returned to a High Level when host reads the power management
#1 data buffer register.

58 SMI2 System Management Interrupt #2:  (Output, active low). This signal is driven low

when the power management #2, host interface data buffer contains data to be read by
the host. SMI2 will be returned to a high level when the host reads the power manage-
ment #2 data buffer register.
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PIN SYMBOL DESCRIPTION

18 VCC Digital Power Supply Input:  For microcontroller and associated functions.

85

120

101 VPFW Power Fail Warning:  Output, active low. The VPFW pin signals an impending power
failure when VCC drops below VPFW voltage threshold.

44 VRH A/D Positive Voltage Reference:  The VRH pinis the positive reference (upper voltage
limit) of the A/D Converter.

45 VRL A/D Negative Voltage Reference: The VRL pin is the negative reference (lower volt-
age limit) of the A/D Converter.

102 VRST Power Fail Reset: Output, active low. The VRST pin signals a “power not good” condi-
tion to the system when system VCC has dropped below the VRST voltage threshold.

118 XTAL1 UC Crystal Oscillator Inputs.  XTAL1 and XTALZ2 provide support for parallel resonant,

119 XTAL2 AT cut crystals. XTAL1 acts also as an input if there is an external clock source in place

of a crystal. XTAL2 serves as the output of the crystal amplifier.
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2.2 PIN CHARACTERISTICS

POWER DOWN RESET
PIN NAME MODE STATE I/O BUFFER TYPE STATE
36 A0 - | -
43 AGND - - -
106 ALE Low (0] Low
46 AVCC - - -
17 GND - - -
35 GND - - -
86 GND - - -
117 GND - - -
47 HGND - - -
68 HVCC - - -
38 IOR - | -
37 oW - | -
42 KBCS - | -
40 KBOBF Hold (0] Low
57 NC - - -
56 NC - - -
108 NC - - -
121 P0.0/ ADO High-z Open-Drain (port) High-Z
CMQOS drive (bus)
122 P0.1/AD1 High-Z Open-Drain (port) High-Z
CMOS drive (bus)
123 P0.2 / AD2 High-Z Open-Drain (port) High-Z
CMOS drive (bus)
124 P0.3/AD3 High-Z Open—Drain (port) High-Z
CMOS drive (bus)
125 P0.4 / AD4 High-Z Open-Drain (port) High-Z
CMOS drive (bus)
126 P0.5/ AD5 High-Z Open-Drain (port) High-Z
CMOS drive (bus)
127 P0.6 / AD6 High-Z Open-Drain (port) High-Z
CMOS drive (bus)
128 P0.7 | AD7 High-z Open-Drain (port) High—-z
CMOS drive (bus)
87 P1.0/T2 Hold Pull-up Weak High
88 P1.1/T2EX Hold Pull-up Weak High
89 P1.2/SCL1 Hold Open—drain High—-Z
20 P1.3/SDA1 Hold Open—drain High—-z
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2.2 PIN CHARACTERISTICS (cont'd)

POWER DOWN RESET
PIN NAME MODE STATE 1/0 BUFFER TYPE STATE
91 P1.4/SCL2 Hold Open—drain High—-z
92 P1.5/SDA2 Hold Open—drain High-z
93 P1.6 Hold Open—drain High-zZ
94 P1.7 Hold Open—drain High-z
109 P2.0/ A8 Hold Pull-up Weak High
110 P2.1/A9 Hold Pull-up Weak High
111 pP2.2/A10 Hold Pull-up Weak High
112 P2.3/A11 Hold Pull-up Weak High
113 P2.4/A12 Hold Pull-up Weak High
114 P2.5/A13 Hold Pull-up Weak High
115 P2.6 / A14 Hold Pull-up Weak High
116 P2.7 1 A15 Hold Pull-up Weak High
95 P3.0/RXDO Hold Pull-up Weak High
96 P3.1/TXDO Hold Pull-up Weak High
97 P3.2/INTO Hold Pull-up Weak High
98 P3.3/INT1 Hold Pull-up Weak High
929 P3.4/T0 Hold Pull-up Weak High
100 P3.5/T1 Hold Pull-up Weak High
103 P3.6 / WR Hold Pull-up Weak High
104 P3.7/RD Hold Pull-up Weak High
77 P4.0/KSI.0 Hold Pull-up Weak High
78 P4.1/KSl.1 Hold Pull-up Weak High
79 P4.2 /KSI.2 Hold Pull-up Weak High
80 P4.3/KSI.3 Hold Pull-up Weak High
81 P4.4/KSl.4 Hold Pull-up Weak High
82 P4.5/KSIL5 Hold Pull-up Weak High
83 P4.6 / KSI.6 Hold Pull-up Weak High
84 P4.7 | KSL.7 Hold Pull-up Weak High
34 P5.0/AlO Hold Open—drain High-Z
33 P5.1/Al1 Hold Open—drain High-zZ
32 P5.2/Al2 Hold Open—drain High—-z
31 P5.3/AL3 Hold Open—drain High—-z
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2.2 PIN CHARACTERISTICS (cont'd)

POWER DOWN RESET
PIN NAME MODE STATE I/0 BUFFER TYPE STATE
30 P5.4/Al4 Hold Open—drain High—-z
29 P5.5/AlL5 Hold Open—drain High—-z
28 P5.6 / Al.6 Hold Open—drain High—-z
27 P5.7 | AL.7 Hold Open—drain High—-z
26 P6.0/PWO.0 Hold Pull-up (PWMn disabled) Weak High
CMOQOS drive (PWMn enabled)
25 P6.1/PWO.1 Hold Pull-up (PWMn disabled) Weak High
CMOQOS drive (PWMn enabled)
24 P6.2 / PWO.2 Hold Pull-up (PWMn disabled) Weak High
CMOQOS drive (PWMn enabled)
23 P6.3/PWO.3 Hold Pull-up (PWMn disabled) Weak High
CMOS drive (PWMn enabled)
22 P6.4 / PWI.O Hold Pull-up Weak High
21 P6.5/PWI.1 Hold Pull-up Weak High
20 P6.6 Hold Pull-up Weak High
19 P6.7 / SOC Hold Pull-up Weak High
69 P7.0/AMIL.O/ Hold Pull-up Weak High
LED.O
70 P7.1/AMIL.1/ Hold Pull-up Weak High
LED.1
71 P7.21AMIL.2/ Hold Pull-up Weak High
LED.2
72 P7.3/AML3/ Hold Pull-up Weak High
LED.3
73 P7.4 1 AMIL.4/ Hold Pull-up Weak High
LED.4
74 P7.5/ AML5/ Hold Pull-up Weak High
LED.5
75 P7.6 / AMI.6/ Hold Pull-up Weak High
LED.6
76 P7.7 1 AML.7/ Hold Pull-up Weak High
LED.7
16 P8.0/KSO0.0 Hold Open—drain High—-Z
15 P8.1/KSO.1 Hold Open—drain High—-z
14 P8.2/KS0.2 Hold Open—drain High—-z
13 P8.3/KS0.3 Hold Open—drain High—-z
12 P8.4/KS0O.4 Hold Open—drain High—-Z
11 P8.5/KS0.5 Hold Open—drain High—-z
10 P8.6 / KSO.6 Hold Open—drain High—-z
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2.2 PIN CHARACTERISTICS (cont'd)

POWER DOWN RESET
PIN NAME MODE STATE 1/0 BUFFER TYPE STATE
9 P8.7  KSO.7 Hold Open—drain High—-z
8 P9.0/KSO.8 Hold Open—drain High-z
7 P9.1/KS0.9 Hold Open—drain High-zZ
6 P9.2 /KSO.10 Hold Open—drain High-z
5 P9.3/KS0.11 Hold Open—drain High-z
4 P9.4/KSO.12 Hold Open—drain High-Z
3 P9.5/KSO0.13 Hold Open—drain High-zZ
2 P9.6 / KSO.14 Hold Open—drain High-zZ
1 P9.7 / KSO.15 Hold Open—drain High-zZ
60 P10.0 Hold Pull-up Weak High
61 P10.1 Hold Pull-up Weak High
62 P10.2 Hold Pull-up Weak High
63 P10.3 Hold Pull-up Weak High
64 P10.4 Hold Pull-up Weak High
65 P10.5 Hold Pull-up Weak High
66 P10.6 Hold Pull-up Weak High
67 P10.7 Hold Pull-up Weak High
41 PM1CS — | -
59 PM2CS - | -
107 PSEN Low @) Low
105 RST — | -
55 SDO (note 2) Bi—directional (note 2)
54 SD1 (note 2) Bi—directional (note 2)
53 SD2 (note 2) Bi—directional (note 2)
52 SD3 (note 2) Bi—directional (note 2)
51 SD4 (note 2) Bi—directional (note 2)
50 SD5 (note 2) Bi—directional (note 2)
49 SD6 (note 2) Bi—directional (note 2)
48 SD7 (note 2) Bi—directional (note 2)
39 SMI1 Hold @) High
58 SMI2 Hold (0] High
18 VCC - - -
85 VCC — - -
120 VCC — - -
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2.2 PIN CHARACTERISTICS (cont'd)

POWER DOWN RESET

PIN NAME MODE STATE I/0 BUFFER TYPE STATE
101 VPFW (note 3) (0] (note 3)
44 VRH - - -
45 VRL - - -
102 VRST (note 3) (0] (note 3)
118 XTAL1 - | -
119 XTAL2 H o -

PIN STATE DESCRIPTIONS

High-z High Impedance

Enabled Power applied; electrically functioning input

Unchanged Previous state not affected

NOTES:

1. Asshown above, the original port pins P1.7-P1.2 have been modified to open—drain instead of having “Internal”

pull-up resistors.

2. Thissignalisindependently powered from the HYCC on pin 68. As aresult, the state of the reset pin and the power

down mode have no effect on its operation.

3. VRST and VPFW reflects the state of VCC with respect to the power—fail reset and power—fail warning trip points,

respectively, and is unaffected by the RST pin and power down mode state.
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3.0 CORE MICROCONTROLLER

3.1 CORE MICRO OVERVIEW

The SEM incorporates the Dallas High Speed Micro
core which is a fully static CMOS 8051 compatible
microcontroller with a new internal architecture
designed for high performance. The higher speed
operation of the microcontroller core comes not just
from increasing the clock frequency, but from a newer,
more efficient design of the internal architecture. The
major features of the High Speed Micro Core include:

* 4 clocks/machine cycle (8032 = 12)

* Wasted cycles removed

* Runs DC to 25 Mhz clock rates @ 5V
* Single—cycle instruction in 160 ns

* Uses less power for equivalent work
¢ Dual data pointer

* Optional variable length MOVX to access fast/slow
RAM /peripherals

3.2 INSTRUCTION SET SUMMARY

All instructions in the SEM perform the same functions
as their 80C32 counterparts. Their affect on bits, flags,
and other status functions are identical. However, 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 will need to be calculated using the table
below. However, counter/timers default to run at the
older 12 clocks per increment. Therefore, while soft-
ware runs at higher speed, timer—based events need no
modification to operate as before. Timers can be set to

run at 4 clocks per increment cycle to take advantage of
higher speed operation.

The relative time of two instructions might be differentin
the new architecture than it was previously. For exam-
ple, inthe original architecture, the “MOVX A, @ DPTR”
instruction and the “MOV direct, direct” instruction used
two machine cycles or 24 oscillator cycles. Therefore,
they required the same amount of time. Inthe GEM, the
MOVX instruction can be done in two machine cycles or
8 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 from each other. This is
because in most cases, the SEM uses one cycle for
each byte. The timing of each instruction should be
examined for familiarity with the changes. Note that a
machine cycle now requires just four clocks, and pro-
vides one ALE pulse per cycle. Many instructions
require only one cycle, but some require five. Inthe orig-
inal architecture, all were one or two cycles except for
MUL and DIV.

INSTRUCTION SET SUMMARY Table 3-1

Legends:

A — Accumulator

Rn — Register R7-R0

direct — Internal Register address

@RI — Internal Register pointed—to by ROor R1
(except MOVX)

rel — 2's complement offset byte

bit — direct bit-address

#data — 8-bit constant

#data 16 — 16-bit constant

addr16 — 16-bit destination address

addr11 - 11-bit destination address

011200 19/88



DS80CH11

INSTRUCTION SET SUMMARY Table 3-1 (cont'd)

INSTRUCTION

Arithmetic Instructions:

ADD A, Rn
ADD A, direct
ADD A, @Ri
ADD A, #data
ADDC A, Rn
ADDC A, direct
ADDC A, @Ri
ADDC A, #data
SUBB A, Rn
SUBB A, direct
SUBB A, @Ri
SUBB A, #data

Logical Instructions:
ANL A, Rn

ANL A, direct
ANL A, @RI

ANL A, #data
ANL direct, A
ANL direct, #data
ORL A, Rn

ORL A, direct
ORL A, @RI
ORL A, #data
ORL direct, A
ORL direct, #data

Data Transfer
Instructions:

MOV A, Rn

MOV A, direct

MOV A, @RI

MOV A, #data

MOV Rn, A

MOV Rn, direct
MOV Rn, #data
MOV direct, A

MOV direct, Rn
MOV directl, direct2
MOV direct, @Ri
MOV direct, #data
MOV @RI, A

MOV @RI, direct
MOV @RI, #data
MOV DPTR, #data 16

BYTE

NEFENFEFDNMNENENEDNPR

WNDNNENRFEPWONNDNEDNPRE

WNNEPWNWMNMNNMNNMNENEDNPRE

OSCILLATOR
CYCLES

b~ OOS~OOPDMODPINSOODOOD

.
Koo o

0 0~ 00~

© oS Do

INSTRUCTION

INC A
INC Rn
INC direct
INC @RI
INC DPTR
DECA
DEC Rn
DEC direct
DEC @RI
MUL AB
DIV AB
DA A

XRL A, Rn
XRL A, direct
XRL A, @Ri
XRL A, #data
XRL direct, A
XRL direct, #data
CLRA
CPLA

RL A

RLC A

RR A

RRC A
SWAP A

MOVC A, @A+DPTR
MOVC A, @A+PC
MOVX A, @Ri
MOVX A, @DPTR
MOVX @RI, A
MOVX @DPTR, A
PUSH direct

POP direct
XCHA, Rn

XCH A, direct
XCHA, @Ri
XCHD A, @Ri

BYTE

PR RPRNRPRRERRERNERER

PR RPRRPRRPRPRPONNENR

PR NRNNRRRRRR

OSCILLATOR
CYCLES

OO DD

[ IR SN

20
20

N
Qoo s os

A A DA DADN

12
8-36
8-36
8-36
8-36

A B OO DM OO
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INSTRUCTION SET SUMMARY Table 3-1 (cont'd)

Bit Manipulation

Instructions:

CLRC 1 4
CLR bit 2 8
SETBC 1 4
SETB bit 2 8
CPLC 1 4
CPL bit 2 8
Program Branching

Instructions:

ACALL addr 11 2 12
LCALL addr 16 3 16
RET 1 16
RETI 1 16
AJMP addr 11 2 12
LIMP addr 16 3 16
SIMP rel 2 12
JMP @A+DPTR 1 12
JZ rel 2 12
JINZ rel 2 12
DJINZ Rn, rel 2 12
DJNZ direct, rel 3 16

The Table above shows the speed for each class of

ANL C, bit 2 8
ANL C, bit 2 8
ORL C, bit 2 8
ORL C, bit 2 8
MOV C, bit 2 8
MOV bit, C 2 8
CJINE A, direct, rel 3 16
CJINE A, #data, rel 3 16
CJINE Rn, #data, rel 3 16
CJINE @ Ri, #data, rel 3 16
NOP 1 4
JC rel 2 12
JNC rel 2 12
JB bit, rel 3 16
JNB bit, rel 3 16
JBC bit, rel 3 16

3.4 INSTRUCTION SET ADDITIONAL

instruction. Note that many of the instructions have mul-
tiple opcodes. There are 255 opcodes for 111 instruc-
tions. Of the 255 opcodes, 159 are three times faster
than the original 80C32. While a system than empha-
sizes those instructions will see the most improvement,
the large total number that receive a three to one
improvement assure a dramatic speed increase for any
system. The speed improvement summary is provided
below.

3.3 SPEED IMPROVEMENT
The following table summarizes the speed improve-
ment of the High Speed Micro core over a standard 12
clock / machine cycle 8052 device.

#0Opcodes Speed Improvement
159 3.0x

51 15x

43 2.0x

2 2.4x

255 Average: 2.5

REFERENCES

The user should refer to the Dallas High Speed Micro
User’s Guide for a complete description of the instruc-
tion set including its address modes, coding, and timing
for the SEM.

3.5 RESET
The High—Speed Micro has three ways of entering a
reset state:

* Power-On / Fail Reset
* Watchdog Timer Reset

* External Reset

The operation of the CPU timing and states during a
reset are documented in the Dallas High Speed Micro
User’s Guide under the “Reset Conditions” section. The
Watchdog Timer reset is documented in the Watchdog
Timer section of the Dallas High Speed Micro User’s
Guide. The operation of the Power—On / Fail reset is
described inthe Power Management section of this doc-
ument.
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3.6 INTERRUPT CONTROL

The SEM provides 16 sources of interrupt with three neously, the hardware—determined precedence given
priority levels. The Power—fail Interrupt (PFI), if below determines which is a acted upon. Except for the
enabled, always has the highest priority. There are two PFI, all interrupts that are new to the 8051 family have a
remaining user selectable priorities: high and low. If two lower natural priority than the originals.

interrupts that have the same priority occur simulta-

INTERRUPT PRIORITY Table 3-2

NATURAL
NAME DESCRIPTION VECTOR PRIORITY 8051/DALLAS

PFI Power Fail Interrupt 33h 1 DALLAS

INTO External Interrupt O 03h 2 8051

TFO Timer O 0Bh 3 8051

INT1 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

AMI Activity Monitor Interrupt 3Bh 8 DALLAS

2wi1 2-Wire Serial Port 1 43h 9 DALLAS

ADI A/D End of Conversion 4Bh 10 DALLAS

2Wi12 2—-Wire Serial Port 2 53h 11 DALLAS

KBI Keyboard Buffer Input 5Bh 12 DALLAS

PBI1 Power Mgmt. Buffer Input #1 63h 13 DALLAS

KDI Key Detect Input 6Bh 14 DALLAS

WDI WatchDog Periodic Interrupt 73h 15 DALLAS

PBI2 Power Mgmt. Buffer Input #2 7Bh 16 DALLAS
INTERRUPT CONTROL SUMMARY Table 3-3

INTERRUPT FLAG ENABLE PRIORITY
SOURCE FLAG(S) LOC. ENABLE LOC. PRIORITY LOC.
Power Fail PFI WDCON.4 EPFI WDCON.5 N/A N/A
External 0 IEO TCON.1 EX0 IE.O PX0 IP.0
Timer O TFO TCON.5 ETO IE.1 PTO IP.1
External 1 IE1 TCON.3 EX1 IE.2 PX1 IP.2
Timer 1 TF1 TCON.7 ET1 IE.3 PT1 IP.3
Serial Port 0 RIO,TIO SCONO0.0/ ESO IE.4 PSO IP.4
SCONO0.1

Timer 2 TF2 T2CON.7 ET2 IE.5 PT2 IP.5
Activity monitor AMF7-0 AMF.7-0 EAM IE.6 PAM IP.6
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INTERRUPT CONTROL SUMMARY Table 3-3 (cont'd)

INTERRUPT FLAG ENABLE PRIORITY
SOURCE FLAG(S) LOC. ENABLE LOC. PRIORITY LOC.
2-Wire Serial Port 1 2WIF1 2WCON1.4 E2wW1 EIE.O P2w1 EIP.O
A/D End of Conv. EOC ADCONL1.6 EAD EIE.1 PAD EIP.1
2-Wire Serial Port 2 2WIF2 2WCON2.4 E2W2 EIE.2 P2wW2 EIP.2
Keyboard Buffer KIBF KBSTAT.1 EKB EIE.3 PKB EIP.3
Power Mgmt. #1 Buffer PIBF1 PMSTAT1.1 EPB1 EIE.4 PPB1 EIP.4
Key Detect Input KDF7-0 KDF.7-0 EKD EIE.5 PKD EIP.5
WatchDog periodic WDIF WDCON.3 EWDI EIE.6 PWDI EIP.6
Power Mgmt. #2 Buffer PIBF2 PMSTAT2.1 EPB2 EIE.7 PPB2 EIP.7

A complete description of the interrupt structure of the microcontroller core including operation of the priority scheme
and acknowledgment operation is contained in the Dallas High Speed Micro User’s Guide.
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4.0 MEMORY RESOURCES

4.1 OVERVIEW
The SEM contains the following memory resources and
features:

* 256 bytes of on—chip direct (scratchpad) RAM
® 256 bytes of on—chip MOVX data RAM
¢ Off—chip program and data memory expansion

* Software enable/disable of on—chip data memory

4.2 DATA MEMORY ACCESS

Unlike many 8051 derivatives, the SEM contains on—
chip data memory. Although physically on—chip, soft-
ware accesses this area in the same way off—chip data
memory is accessed: via the MOVX instruction. The
256 bytes of SRAM is located between address 0000h
and O0OFFh.

Access to the on—chip data RAM is optional under soft-
ware control. When enabled by software, the data

DATA MEMORY ACCESS CONTROL Table 4-1

SRAM is between 0000h and O00FFh. Any MOVX
instruction that uses this area will go to the on—chip RAM
while enabled. MOVX addresses greater than 256
automatically go to external memory through Ports
0&2.

When disabled, the 256 bytes of memory area is trans-
parentto 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 SEM to drop into an
existing system that uses these addresses for other
hardware and still have full compatibility.

The on—chip data area is selected by software using two
bits in 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
control bits are DME1 (PMR.1) and DMEO (PMR.0).
Their operation is described in Table 4-1.

DME1 DMEO DATA MEMORY ADDRESS MEMORY FUNCTION
0 0 0000h — FFFFh External Data Memory (Default condition)
0 1 0000h — 00FFh Internal SRAM Data Memory
0100h — FFFFh External Data Memory
1 0 Reserved Reserved
1 1 0000h — 00FFh Internal SRAM Data Memory
0100h — FFFBh Reserved — no external access
FFFCh Read access to the status of lock bits
FFFDh — FFFFh Reserved — no external access

Notes on the status byte read at FFFCh with DME1, 0 = 1, 1: Bits 2—-0 reflect the programmed status of the security
lock bits LB3-LB1. They are individually setto alogic 1 to correspond to a security lock bit that has been programmed.
These status bits allow software to verify that the part has been locked before running if desired. The bits are read

only.

4.2.1  Stretch Memory Cycle

The SEM allows software to adjust the speed of off-chip
data memory access. The micro is capable of perform-
ing the MOVX in as little as two instruction cycles. The
on—chip SRAM uses this speed and any MOV X instruc-
tion 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 necessary or desirable to

perform off—chip data memory access at full speed. In
addition, there are a variety of memory mapped periph-
erals such as LCDs or UARTS that are slow.

Operation of the Stretch MOVX function is fully docu-
mented in the Dallas High Speed Micro User’s Guide.
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4.2.2 Dual Data Pointer

A second data pointer register (DPTR 1) is incorporated
into the SEM in addition to the standard one in the 8051.
This feature allows faster execution of many operations
involving data memory access, such as block moves.

Operation of the dual data pointer function is fully docu-
mented in the Dallas High Speed Micro User’s Guide.

4.3 EXTERNAL MEMORY INTERFACE
Interface techniques for interfacing external memory as
program or data storage to the SEM via Ports 0 and 2
are described in the Dallas High Speed Micro User’s
Guide.

4.4 DIRECT (SCRATCHPAD) RAM ACCESS
The SEM incorporates a full 256 bytes of direct RAM.
This RAM is accessed in a manner identical to that of a

standard 80C52 compatible device. A full description of
this memory along with the instructions that access it is
contained in the Dallas High Speed Micro User’s Guide.

4.5 SPECIAL FUNCTION REGISTERS
Special Function Registers (SFRs) control most special
features of the SEM. This allows the SEM 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 SEM duplicates the SFRs contained
in the standard 80C52. Table 4-2 is a summary of the
values loaded into the SEM’s SFR’s on reset. Table 4-3
is a summary of all of the SFR’s and the control bits they
contain.
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SPECIAL FUNCTION REGISTER RESET VALUES Table 4-2

* New functions are in bold

F8h

FOh

E8h

EOh

D8h

DOh

C8h

COh

B8h

BOh

A8h

AOh

98h

90h

88h

80h

EIP
00000000
B PORT10 PMSTAT2 PMDIN2 PMDOUT2
00000000 11111111 | XXXXXX00 | XXXXXXXX [ XXXXXXXX
EIE PORT9 PW23CON PWM2 PWM3
00000000 11111111 00000000 00000000 00000000
ACC PORT8 PW23Cs PW2FG PW3FG
00000000 11111111 00000000 00000000 00000000
WDCON 2WCON2 | 2WSTAT12 | 2WSTAT22 PWO01CON PWMO PWM1
0X0X0XX0 | 00000000 00000000 00000000 00000000 00000000 00000000
PSW 2WSADR2 2WDAT2 2WFS2 PORT7 PWO1CS PWOFG PW1FG
00000000 | 00000000 00000000 00000000 11111111 00000000 00000000 00000000
T2CON T2MOD RCAP2L RCAP2H TL2 TH2
00000000 11111100 00000000 00000000 00000000 00000000
PMR STATUS TA
010X0000 00000000 11111111
IP SADENO PORT6 PMSTAT1 PMDIN1 PMDOUT1
10000000 | 00000000 11111111 | XXXXXX00 | XXXXXXXX [ XXXXXXXX
PORT3 ADCON1 ADCON2 ADMSB ADLSB WINHI WINLO
11111111 00000000 00000000 00000000 00000000 00000000 00000000
IE SADDRO PORTS5 KBSTAT KBDIN KBDOUT
00000000 | 00000000 11111111 | XXXXXX00 | XXXXXXXX [ XXXXXXXX
PORT2 PORT4 KDE KDF
11111111 11111111 00000000 00000000
SCONO SBUFO 2WSADR1 2WDAT1 2WFS1 2WCON1 2WSTAT11 | 2WSTAT21
00000000 | 00000000 00000000 00000000 00000000 00000000 00000000 00000000
PORT1 EXIF AME AMQ AMP AMF
11111111 0000XXX0 [ 00000000 00000000 00000000 00000000
TCON TMOD TLO TL1 THO TH1 CKCON
00000000 | 00000000 00000000 00000000 00000000 00000000 00000001
PORTO SP DPL DPH DPL1 DPH1 DPS PCON
11111111 00000111 00000000 00000000 00000000 00000000 00000000 00110000

FFh

F7h

EFh

E7h

DFh

D7h

CFh

C7h

BFh

B7h

AFh

AT7h

9Fh

97h

8Fh

87h
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SPECIAL FUNCTION REGISTER LOCATIONS Table 4-3

* New functions are in bold

REGISTER | BIT7 | BIT6 | BITS | BIT4 | BIT3 | BIT2 | BIT1 | BITO | ADDRESS
PORTO PO.7 P0.6 PO.5 PO.4 PO.3 PO.2 PO.1 P0.0 80h
SP 81h
DPL 82h
DPH 83h
DPL1 84h
DPH1 85h
DPS 0 0 0 0 0 0 0 SEL 86h
PCON SMOD | SMODO - - GF1 GF0 | STOP | IDLE 87h
TCON TF1 TR1 TFO TRO IE1 IT1 IEO ITO 8sh
TMOD GATE [ M1 MO GATE cIT M1 MO 89h
TLO 8Ah
TL1 8Bh
THO 8Ch
TH1 8Dh
CKCON WD1 | WDO T2M TiM TOM MD2 MD1 | MDO 8Eh
PORT1 P1.7 P1.6 P15 P1.4 P1.3 P1.2 P1.1 P1.0 90h
EXIF - - - - XT/RG | RGMD | RGSL | BGS 91h
AME AME7 | AME6 | AME5 | AME4 | AME3 | AME2 | AMEL | AMEO 92h
AMQ AMQ7 | AMQ6 | AMQ5 | AMQ4 | AMQ3 | AMQ2 | AMQ1 | AMQO 93h
AMP AMP7 | AMP6 | AMP5 | AMP4 | AMP3 | AMP2 | AMP1 | AMPO 94h
AMF AMF7 | AMF6 | AMF5 | AMF4 | AMF3 | AMF2 | AMF1 | AMFO 95h
SCONO SMO/FE | SM1 SM2 REN TBS RB8 TIO RIO 98h
SBUFO SB7 SB6 SB5 SB4 SB3 SB2 SB1 SBO 99h
2WSADRL | SLA6 | SLA5 | SLA4 | SLA3 | SLA2 | SLAl | SLAO - 9Ah
2WDAT1 9Bh
2WFS1 9Ch
2WCON1 | 2WEN1 | STA1 | STO1 | 2WIF1 | BMM1 | ANAK1 - - 9Dh
2WSTAT11 | BER1 | ARL1 | RSTO1 | TXI1 RXI1 | TSTAL | RSTAL - 9Eh
2WSTAT21 | BB1 | ADM1 | X/RI | ACKs1i - - - - 9Fh
PORT2 P2.7 P2.6 P2.5 P2.4 P2.3 pP2.2 P2.1 P2.0 AOh
PORT4 P4.7 P4.6 P4.5 P4.4 P4.3 P4.2 P4.1 P4.0 Adh
KDE KDE7 | KDE6 | KDE5 | KDE4 | KDE3 | KDE2 | KDE1 | KDEO ASh
KDF KDF7 | KDF6 | KDF5 | KDF4 | KDF3 | KDF2 | KDF1 | KDFO A6h
IE EA EAM ET2 ESO ET1 EX1 ETO EXO0 Ash
SADDRO A%h
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SPECIAL FUNCTION REGISTER LOCATIONS Table 4-3 (cont'd)
* New functions are in bold

REGISTER | BIT7 | BIT6e | BIT5 | BIT4 | BIT3 | BIT2 | BIT1 | BITO | ADDRESS
PORT5 P5.7 P5.6 P5.5 P5.4 P5.3 P52 | P51 | P5.0 ACh
KBSTAT KST7 | KST6é | KST5 | KST4 | KC/D | KST2 | KIBF | KOBF ADh
KBDIN AEh
KBDOUT AFh
PORT3 P3.7 P3.6 P3.5 P3.4 P3.3 P32 | P31 | P3.0 BOh
ADCON1 STRT/ | EOC | CONT/ | ADEX | WCQ | wCM | ADON | wcio B2h
BSY ss
ADCON2 | OUTCF | MUX2 | MUX1 | MUX0 | APS3 | APS2 | APS1 | APSO B3h
ADMSB ADOCQ/ ADOCB/ ADé:w ADé:e/ ADé:5/ ADOC4/ AA%CC39/ AA%CC%/ B4h
ADLSB ADC7 | ADC6 | ADC5 | ADC4 | ADC3 | ADC2 | ADC1 | ADCO B5h
WINHI B6h
WINLO B7h
P - PAM PT2 PSO PT1 PX1 PTO PX0 B8h
SADENO B9h
PORT6 P6.7 P6.6 P6.5 P6.4 P6.3 P62 | P61 | P6.0 BCh
PMSTATL | P1ST7 | P1STé | P1ST5 | P1ST4 | PC/D1 | P1ST2 | PIBF1 | POBF1 BDh
PMDINL BEh
PMDOUT1 BFh
PMR cD1 cbo | sws - XTOFF | ALE- | DME1 | DMEO C4h
OFF
STATUS PIP HIP LIP XTUP - - SPTAO | SPRAO C5h
TA C7h
T2CON TF2 | EXF2 | RCLK | TCLK | EXEN2 | TR2 | T2 | CP/ csh
RL2
T2MOD - - - - - - T20E | DCEN Coh
RCAP2L CAh
RCAP2H CBh
TL2 cch
TH2 CDh
PSW cy AC FO RS1 RSO ov FL P DOh
2WSADR2 [SLA6 |SLA5 |SLA4 |[SLA3 |SLA2 |SLA1l |SLAO - Dih
2WDAT2 - - - - - - - - D2h
2WFS2 D3h
PORT7 P7.7 P7.6 P7.5 P7.4 P7.3 P7.2 P71 | P7.0 D4h
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SPECIAL FUNCTION REGISTER LOCATIONS Table 4-3 (cont'd)
* New functions are in bold

REGISTER BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BITO | ADDRESS
PWO01CS PW0S2 | PWOS1 | PWOSO | PWOEN | PW1S2 | PW1S1 | PW1S0 | PW1EN D5h
PWOFG D6h
PW1FG D7h
WDCON SMOD POR EPFI PFI WDIF WTRF EWT RWT D8h
2WCON2 2WEN2 | STA2 STO2 2WIF2 | BMM2 | ANAK2 - - D9h
2WSTAT12 BER2 ARL2 RSTO2 TXI2 RXI2 TSTA2 | RSTA2 - DAh
2WSTAT22 BB2 ADM2 XIR2 ACKS2 - - - - DBh
PWO01CON PWO PWO PWO PWO PW1 PwW1 PwW1 PwW1 DDh
F DC OE T/IC F DC OE TIC
PWMO DEh
PWM1 DFh
ACC EOh
PORTS8 P8.7 P8.6 P8.5 P8.4 P8.3 P8.2 P8.1 P8.0 E4h
PW23CS PW2S2 | PW2S1 | PW2S0O | PW2EN [ PW3S2 | PW3S1 | PW3S0 | PW3EN E5h
PW2FG E6h
PW3FG E7h
EIE EPB2 EWDI EKD EPB1 EKB E2W2 EAD E2W1 E8h
PORT9 P9.7 P9.6 P9.5 P9.4 P9.3 P9.2 P9.1 P9.0 ECh
PW23CON PW2 PW2 PW2 PwW2 PW3 PW3 PW3 PW3 EDh
F DC OE TIC F DC OE TIC
PWM2 EEh
PWM3 EFh
B FOh
PORT10 P10.7 P10.6 P10.5 P10.4 P10.3 P10.2 P10.1 P10.0 F4h
PMSTAT2 P2ST7 | P2ST6 | P2ST5 | P2ST4 | PC/D2 | P2ST2 | PIBF2 | POBF2 F5h
PMDIN2 F6h
PMDOUT2 F7h
EIP PPB2 PWDI PKD PPB1 PKB P2w2 PAD P2w1 F8h
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5.0 CORE I/O RESOURCES

The SEM incorporates a full complement of the
80C52—compatible I/O resources as well as anumber of
specialized I/O resources which are associated with the
Dallas High—Speed micro core. These features are
described in this section.

5.1 PROGRAMMABLE TIMERS

Three programmable timers are included which are
compatible with the standard 80C52. All of the functions
are duplicated and all of the control bits and registers
associated with these functions are in their standard
locations. The standard operating modes of each timer
are fully described in the Dallas High Speed Micro
User’s Guide.

There is one important difference between the Dallas
High Speed Micro Core and the 8051 regarding timers.
The original 8051 used 12 clocks per cycle for timers as
well as for machine cycles. The High Speed Micro archi-
tecture normally uses 4 clocks per machine cycle. How-
ever, in the area of timers and serial port, the High
Speed Micro will default to 12 clocks per cycle on reset.
This allows existing code with real-time dependencies
such as baud rates to operate properly.

If an application needs higher speed timers or serial
baud rates, 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 High Speed Micro core uses
4 clocks per cycle to generate timer speeds. When the
bitis a 0, the High Speed Micro core 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 Timer 0. Note that unless a user
desires very fast timing, it is unnecessary to alter these
bits. Note that the timer controls are independent.

5.2 SERIAL PORT

The SEM provides a serial port (UART) that is identical
to the 80C52. The duplicate serial port implemented as
described in the Dallas High Speed Micro User’s Guide
is not present. Operation of the original serial port,
which is called Serial Port 0, is fully described in the
User’s Guide.

5.3 WATCHDOG TIMER

To prevent software from losing control, the SEM
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 below in Table 5-1. For reference, the time
periods at 25 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 Watchdog
must be restarted by software. The interrupt also can
serve as a convenient time—base generator or can
wake—up the processor.

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 5-1. A complete operational description
for the Watchdog Timer is given in the Dallas High
Speed Micro User’s Guide.
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WATCHDOG TIMER INTERRUPT / RESET TIMEOUT VALUES Table 5-1

INTERRUPT RESET
wD1 | wWDO TIME-OUT TIME (25 MHz) TIME-OUT TIME (25 MHz)
0 0 217 clocks 5.243 ms 217 + 512 clocks 5.263 ms
0 1 220 clocks 41.94 ms 220 + 512 clocks 41.96 ms
1 0 223 clocks 335.54 ms 223 + 512 clocks 335.56 ms
1 1 226 clocks 2684.35 ms 226 + 512 clocks 2684.38 ms
5.4 PARALLEL I/O PORTS Port4: 0A4H
The SEM incorporates the original four pseudo—bi— Port5: OACH
directional parallel I/O ports found in the 80C52: Ports Port6: O0BCH
0,1,2and 3. Allof these ports operate logically as docu- Port 7: OD4H
mented in the Dallas High Speed Micro User’s Guide. Port8: OE4H
All of the Port 0, 1, 2, and 3 pins exhibit the same electri- Port9: OECH

cal characteristics as documented in the user’s guide
except for P1.7 — P1.2 which are open—drain pins.

In addition to these basic ports, the SEM adds an addi-
tional seven 8-bit ports. All of these additional ports
incorporate the same logical I/O structure as the original
four, Ports O through 3. Therefore, they are pro-
grammed the same as Ports 0-3. The SFR addresses
for the new ports are as follows:

PORT PIN ALTERNATE FUNCTIONS Table 5-2

Port 10: OF4H

5.4.1 Alternate Pin Function Summary

A number of port pins on the SEM offer an optional alter-
nate function. These functions are individually select-
able; i.e. each pin can be programmed for use as a gen-
eral purpose /O or to serve the alternate function. In
order to use the alternate function, the associated port
latch must be programmed to a 1. The alternate func-
tions are summarized in Table 5-2 below.

ALTERNATE
PIN(S) PIN(S) ALTERNATE FUNCTION(S)

P0.7 - P0.0 AD7 — ADO Mux. addr. / data bus

P1.7 - None

P1.6 - None

P1.5 SDA2 2—Wire Serial Port Data Input/Output 2

P14 SCL2 2—Wire Serial Port Clock 2

P1.3 SDA1 2—Wire serial port data Input / Output 1

P1.2 SCL1 2—Wire serial port clock 1

P1.1 T2EX Timer 2 capture / reload input

P1.0 T2 Timer 2 output pulse
P2.7 - P2.0 Al5 - A8 Address bus outputs

P3.7 RD Read strobe output

P3.6 WR Write strobe output

P3.5 T1 Timer 1 input

P3.4 TO Timer 0 input

P3.3 INTL External interrupt 1 input (active low)

pP3.2 INTO External interrupt O input (active low)

P3.1 TXDO UART Transmit
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PORT PIN ALTERNATE FUNCTIONS Table 5-2 (cont'd)

P3.0 RXDO UART Receive
P4.7 -P4.0 KSI.7 - KSI.0 Keyboard scan inputs
P5.7 - P5.0 AL7 - AlO A/D analog inputs
P6.7 SOC A/D start of conversion input
P6.6 - (None)
P6.5-P6.4 PWI.1-PWIO PWM channels 1 and 0 inputs
P6.3 -P6.0 PWO.3 - PWO.0 PWM channels 3, 2, 1, and 0 outputs
P7.7-P7.0 AML.7 — AMI.O Activity monitor inputs /
LED.7 -LED.O LED Control
P8.7 - P8.0 KSO.7 - KS0.0 Keyboard Scan Outputs
P9.7 - P9.0 KSO0.15 - KSO0.8 Keyboard Scan Outputs
P10.7 - P10.0 - (None)
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6.0 2-WIRE SERIAL INTERFACE

6.1 INTRODUCTION

The SEM provides two industry standard 2—Wire serial
interfaces for processor—processor and processor—
slave bi—directional communication. The major fea-
tures of these buses include:

* Only two signal lines are required per bus: a serial
clock line (SCL) and a serial data line (SDA).

* Each device connected to the bus is software
addressable by a unique address.

Masters can operate as Master—transmitter or Mas-
ter—receiver.

Multiple master capability via collision detection and
arbitration to prevent data corruption if two or more
masters simultaneously initiate a data transfer.

* Serial clock synchronization allows devices with dif-
ferent bit rates to communicate via the same serial
bus.

* Devices can be added to or removed from the bus

without affecting any other circuit on the bus.
Both on—chip 2-Wire ports support four modes of
operation: Master transmitter, Master receiver, Slave
transmitter, Slave receiver. Byte—oriented data trans-
port, clock generation, address recognition, and bus
control arbitration are all performed by the hardware.
Double-buffering is provided on receive, allowing a full
word time to service the port during multiple byte data
transfers.

Figure 6-1 is a block diagram which illustrates the hard-
ware of both 2—Wire serial ports. For simplicity “X” rep-
resents 1 for Port 1 and 2 for Port 2.

2-WIRE SERIAL PORT BLOCK DIAGRAM Figure 6-1

INTERNAL
DATA BUS

2WSTAT1x — STATUS
ODAH EN _ REGISTER
RIW 2WSADRx — ADDRESS RD S e TYs
REGISTER 09FH
09AH —» EN
ODAH
ADDRESS RD 2WDATX — RECEIVE
COMPARE 09BH —wl en  DATA BUFFER
0D2H
SDAX
PIN
2WCONx — CONTROL WR DOUT  SHIFT
R/W DIN [ ACK =
09DH —w EN  REGISTER 09BH gy REGISTER
OD9H LSB
4'
SCLx
PIN
ek R/w 2WFSx — FREQUENCY TIMING & | ARBITRATION
09CH —» EN SELECT CONTROL LooIC
0D3H LOGIC
! -
DIVIDE BY DIVIDE BY
8 PRESCALE | ™|  RELOAD VALUE - —
SERIAL
CLOCK GEN.
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6.2 REGISTER DESCRIPTION
The microcontroller interface to either 2-Wire serial port
consists of six Special Function Registers (SFR’s), per

6.2.1

2WFS1; SFR ADDR.=09CH, 2WFS2; SFR ADDR.=0D3H

Port, which are documented below. None of these reg-
isters are bit addressable.

2WFSx — 2-Wire Frequency Select Registers

BIT7 BIT 6 BITS5 BIT 4

BIT 3 BIT 2 BIT1 BIT O

Read/Write Access: Unrestricted.
Initialization: 00H on any type of reset

The 2-Wire Frequency Select Registers are 8-bit read/
write registers which are used by the microcontroller to
set the 2—Wire clock data rate. The value programmed
into these registers sets the reload value for an 8-bit
auto—reload timer, which is clocked by the CPU
machine clock (tyck) through a divide—by—8 prescaler.
The CPU machine clock period is the oscillator clock
period (tc; k) multiplied times 4, 64, or 1024 as deter-
mined by the programming of the system clock divider

6.2.2 2WDATx —2-Wire Data I/O Registers

bits (CD1, CDO) in the PMR register. The 2—wire clock
frequency can therefore be calculated using the follow-
ing formula:

fawx = fmeLk /((8 * Reload) +2); toweL= 1 / fawy

where  Reload=(2WFSx register value) for 2-255,
and
Reload=(256) for 2WFSx value=0

Reload=(1) is invalid

2WDAT1; SFR ADDR.=09BH, 2WDAT2; SFR ADDR.=0D2H

BIT7 BIT 6 BIT5 BIT 4

BIT 3 BIT 2 BIT1 BITO

Read/Write Access: Unrestricted.
Initialization: 00H on any type of reset

The Data I/O Registers consist of transmit buffers and
the receive buffers. Both registers are located at SFR
address 9BH for Port 1 and D2H for Port 2. A write to
these locations results in a write to the transmit buffer
registers, while a read results in a read from the receive
buffer registers.

6.2.3

During transmit, a write to these locations results in
8-bits of data being transmitted on the 2—Wire bus when
either master or slave transmit mode is established.
When master or slave receive mode is in effect, 8—bits
are shifted in via the shift register and immediately
transferred to the receive buffer. All datais shifted MSB
first.

2WSADRXx — 2-Wire Slave Address Registers

2WSADR1; SFR ADDR.=09AH, 2WSADR2; SFR ADDR.=0D1H

BIT7 BIT 6 BIT 5 BIT 4

BIT 3 BIT 2 BIT1 BIT O

SLA6 SLAS SLA4 SLA3

SLA2 SLAl SLAO -

Read/Write Access: Unrestricted.
Initialization: 0OH on any type of reset

SLA6-0 — Slave Address bits
SLA6-0 are used to establish the 7-bit address recog-
nized by the 2—Wire port when it is operating in slave

mode. The 7-bit slave address is MSB justified when it
is read or written by the firmware. When read, bit 0 is
always returned as a 0.
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6.2.4 2WCONXx — 2-Wire Control Registers

2WCON1,; SFR ADDR.=09DH, 2WCON2; SFR ADDR.=0D9H

BIT 7 BIT 6 BITS5 BIT 4

BIT 3 BIT 2 BIT1 BITO

2WENX STAX STOx 2WIFxX

BMMx ANAKX - -

Read/Write Access: Unrestricted.
Initialization: 0OH on any type of reset

The 2—Wire Control Register bits <7:2> can be read or
written by the microcontroller. Bit<1,0> are reserved for
future use and should be ignored by the firmware. Refer
to the bit description below for specific set/reset condi-
tions.

2WENx — 2—-Wire Enable

When 0, the 2—Wire port is disabled. SCLx and SDAXx
pins are off (high—Z), no internal processing or bus mon-
itoring is performed, and all internal registers are reset.
If SDAXx and SCLx are left connected to the 2—Wire bus
with 2WENXx = 0, the serial interface hardware will not
generate or respond to activity on the bus. Also when
2WENXx =0, SDAx and SCLx can be used as open drain
general purpose /O port pins (P1.5, P1.3, P1.4, and
P1.2, respectively) and are accessible via the port 1
latch register.

When 2WENx = 1, the 2-Wire interface is enabled.
P1.5, P1.4, P1.3 and P1.2 port latches must be setto 1
in order for both serial interfaces, to operate.

STAX — 2—Wire Start

The firmware can generate a start or a repeat start
condition by setting STAx=1 with STOx=0. The hard-
ware will then wait for the bus to be free, and generate a
start condition on the bus in an attempt to gain control of
the bus as a master. If the start condition fails, or if the
port loses arbitration, the hardware will repeat its
attempt until it is successful as long as STAx=1. When
the START condition is successfully asserted, the
TSTAX flag will be set.

If the STAX bit remains set while in the master mode
throughout the time that a byte is being transmitted or
received, then a repeat START condition will be
asserted at the end of the byte transfer. Again, TSTAX
will be set when the repeat start is successfully
asserted.

If STAX is cleared to O, no further START or repeat
START will be attempted.

STOx — 2—Wire Stop

If STOx=1 when the hardware has control of the bus as
a master, a stop condition is issued on the bus after the
transmit or receive of any byte currently in progress is
completed. When the STOP condition is transmitted on
the bus, the STOX flag will automatically be cleared to 0.

If both STAx and STOXx are set in the master mode, the
STOP condition will be generated first. After the STOx
bit is cleared a START will be generated.

When STOx=0, no STOP condition is generated.

2WIFx — 2—Wire Interrupt Flags

2WIFx serves as the main interrupt flag bit for the
2—Wire port. If BMMx =0, (in 2WCONX register) 2WIFx
is set to 1 whenever operating as a master or as an
addressed slave and one or more of the following inter-
rupt source bits in 2-Wire Status Register 2WSTAT1x)
are set (active): BERx, ARLx, RSTOx, TXIx, RXIx,
TSTAX.

When BMMx=1, the 2WIFx flag will be set when any of
the following source bits are set: BERx, ARLx, RSTOXx,
TXIX, RXIx, TSTAX, RSTAx. Note that in this case
RSTAX also generates an interrupt.

Regardless of the state of the BMMx bit, the 2WIFx bit
will be cleared when all of its source bits are cleared.

BMMx — Bus Monitor Mode

When BMMx=0, the 2—-Wire port will only generate inter-
rupts if it is operating as a master or being addressed as
a slave.

If bus monitoring is enabled with BMMx = 1, the port can
“listen” to (receive) packets sent from external masters
to external slaves on the 2-Wire bus. In this mode the
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portwill generate an interrupt for every action on the bus
even when it is not operating as a master or being
addressed as aslave. As aresult, when atransfer takes
place between an external master and slave, the port
will be notified of a transmitted START condition, will
receive the subsequent address and data bytes on the

6.2.5 2WSTAT1x — 2—Wire Status Register 1

bus, and will finally be notified of a transmitted STOP
condition.

ANAKXx — Assert Negative AcKnowledge

If ANAKX is setto 1, a negative acknowledge bit will be
returned on the next serial word received. Ifitis 0, apos-
itive acknowledge bit will be returned.

2WSTAT11; SFR ADDR.=09EH, 2WSTAT12; SFR ADDR.=0DAH

BIT7 BIT 6 BIT5 BIT 4

BIT 3 BIT 2 BIT1 BITO

BERX ARLX RSTOx TXIx

RXIx TSTAX RSTAXx -

Read/Write Access: Unrestricted.
Initialization: 00H on any type of reset

BERX — Bus ERror

BERX is a status flag which will be set to 1 in the event
that a stop condition is received with greater or less than
8 bits shifted. BERX is cleared when the 2WSTAT1x
register is read.

ARLXx — ARbitration Loss

This bit is set to a 1 when the 2—Wire hardware loses
arbitration to another master on the bus. ARLXx is
cleared when the 2WSTAT1x register is read. If arbitra-
tion is lost, the bus will enter the not-addressed slave
state and will receive data beginning with the byte where
arbitration was lost.

RSTOx — Received STOP

RSTOx is set when a valid stop condition is received
when operating as a slave. RSTOx is cleared when the
2WSTAT1x register is read.

TXIx — Transmit Interrupt Flags

During transmit, TXIx is set when a byte has been com-
pletely shifted out and the acknowledge bit received
from the slave. The TXIx flag must be cleared by firm-

6.2.6 2WSTAT2x — 2—Wire Status Register 2

ware before any data written to the transmit buffer can
be transmitted, or after setting STAx or STOx bits. If
TXIxis not cleared the 2—Wire bus will be held low until it
is cleared.

RXIx — Receive Interrupt Flags

During receive, RXIx is set when the receive buffer reg-
ister is loaded with a byte of data which has just been
shifted in. The RXIx flag must be cleared by firmware
before the next byte of data can be shifted in.

TSTAX — Transmitted Start

TSTAXx will be set to a 1 when a START condition has
been successfully transmitted on the 2—Wire bus. The
TSTAX must be cleared by firmware before the trans-
mission can begin if not the 2—Wire bus will be held low
until it is cleared.

RSTAX — Received Start

RSTAx =1 when a START condition has been detected
on the bus. RSTAXx will be cleared to 0 when the
2WSTAT1x register is read. If BMMx = 0, RSTAx does
not affect the setting of 2WIFx. If BMMx =1, then RSTAx
will set 2WIFx.

2WSTAT21; SFR ADDR.=09FH, 2WSTAT22; SFR ADDR.=0DBH

BIT7 BIT 6 BIT 5 BIT 4

BIT 3 BIT 2 BIT1 BIT O

BBx ADMX X/Rx ACKSXx

Read/Write Access: Read Only.
Initialization: 00H on any type of reset
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BBx — Bus Busy

This bit is used to signal the microcontroller that the
2-Wire bus is currently in use either by another master
or by the microcontroller itself. It will be set at detection
(or transmission) of a START and will be reset at detec-
tion (or transmission) of STOP.

ADMx — ADdress Match

This bitis setto a1 when an address has been received
which either matches the value stored in the Address
Register or is the General Call address (00H). The
received address is available in the receive buffer. RXIx
will also be set when an address is received. ADMx will
stay set until a STOP or repeat START is generated.

X/Rx — Xmit / Receive

When X/Rx is set to 1, the 2-Wire port has entered
transmit mode. When X/Rx is cleared to 0, receive
mode operation is signaled.

ACKSx — ACKnowledge Status

ACKSXx reflects the state of the acknowledge bit at the
end of a byte transfer on the bus. If a positive acknowl-
edge was detected, ACKSx will be setto 1. If anegative
acknowledge is detected, ACKSx will be cleared to 0.

6.3 OPERATIONAL DESCRIPTION

A typical 2-Wire bus configuration is shown in Figure
6-2 and Figure 6-3illustrates how a data transferis per-
formed. Two types of data transfers are possible on the
2-Wire bus:

1. Data transfer from a master transmitter to a slave
receiver. The first byte transmitted by the master is
the slave address with the R/W bit set to O (write), fol-
lowed by a number of data bytes. The slave returns
an acknowledge bit after each received byte.

2. Data transfer from a slave transmitter to a master
receiver. The first byte is again the slave address,
this time with the R/W bit set to 1 (read). The slave
returns an acknowledge bit for this first byte. Next,
the slave will transmit the pre—determined number of
data bytes to the master. The master returns an
acknowledge bit after each byte is received for all
butthe last byte. Atthe end of the last byte, the mas-
ter returns a negative acknowledge. This action sig-
nals the slave to stop transmitting.

In both types of transfers, the master generates all of the
serial clock pulses as well as the START and STOP
conditions. Atransferis ended witha STOP condition or
with a repeated START condition. Since a repeated
START condition is also the beginning of the next serial
transfer, the 2—Wire bus will not be released in this case.

Both on—chip 2-Wire ports support four modes of
operation: Master transmitter, Master receiver, Slave
transmitter, and Slave Receiver. Operating the portsin
these four modes is described in detail below. Following
any type of reset, both 2—Wire ports will be configured in
slave receive mode.

TYPICAL 2-WIRE BUS CONFIGURATION Figure 6-2

Vee
In I-
< <
< <
SDA
SCL
P1.3/SDA1 P1.2/SCL1
P15/SDA2 P1.4/SCL2 DS1307 glsGll%zAlL 8-BIT uC
SEM SERIAL RTC THERMOMETER w/ 2-Wire I/F
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DATA TRANSFER ON EITHER 2-WIRE BUS Figure 6-3

RIW
DIR. BIT

SCLx 1 2 3

ACK

L
I_J CLOCK LINE HELD LOW
XMIT: UNTIL SHIFT REG. LOAD
START -
CONDITION RECEIVE: REC. BUF. FULL
6.3.1 Master Transmit

Inthe master transmit mode, the SEM is configured as a
master device and transfers a number of data bytes to a
slave receiver. A timing diagram in Figure 6—4 illus-
trates the interaction between the firmware and hard-
ware with respect to events on the 2—Wire bus.

The master transmit mode can now be entered by set-
ting the STAXx bit. The 2-Wire port logic will test the
2-Wire bus and generate a start condition as soon as
the bus is free. As soon as the start condition is trans-

NAK
FROM
RECEIVER CONDITION
STOP
REPEAT
START
.
RECEIVER ‘
- 1 B 3&—/;\—/. STOP OR !
ACK REPEAT START
l@«— REPEATEDFOR — | _ CONDITION

MULTI-BYTE XFERS

mitted, the TSTAXx flag will be set. In addition, the X/Rx
bit will be set to a 1, indicating transmit operation is in
effect.

In response to TSTAX being set, the firmware can now
write to the transmit buffer an initial byte for the message
as follows:

7 6 5 4 3 2 1 0
7—-bit Slave Address ‘ 0 ‘

MASTER TRANSMIT OPERATION TIMING Figure 6-4

%]

SLAVE ADDR. DATA A

SDAX/SCLx .

DATA

)
A/A [ sSr SLAVE ADDR.| RW | A DATA | AA P‘
(

STAx BIT

X/Rx BIT

TSTAX BIT

XMIT BUF
WRITE

]
By
:

TXIx BIT

ACKSx BIT

STOx BIT

T ¢ ACTION TAKEN BY FIRMWARE

- - - - ALTERNATIVE CONDITION

] MASTER TO SLAVE XFER

[C] SLAVE TO MASTER XFER

A = ACKNOWLEDGE (SDAx LOW)

A = NEGATIVE ACKNOWLEDGE (SDAX HIGH)
S = START CONDITION

Sr = REPEAT START CONDITION

P = STOP CONDITION
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The desired slave address is placed in the most signifi-
cant 7—bits and a “0” in the least significant bit (direction
bit position) indicating a write operation. Transmission
of this byte will begin immediately upon writing the byte.
Afterwriting the byte, the firmware must clear the TSTAx
and STAXx bits. The firmware can now exit the interrupt
service routine or otherwise wait until the initial byte is
transmitted.

When the slave address and direction bit have been
sent and a positive acknowledge bit received back from
the slave, the TXIx bitwill be set, indicating the transmis-
sion is complete. At this point the firmware can load the
first data byte into the transmit buffer and then clear the
TXIx bit. Because transmit mode is now in effect, clear-
ing TXIx causes the hardware to load the contents of the
buffer into the shift register. Therefore loading the buffer
before clearing TXIx willinsure that the hardware will not
load the previous byte into the shift register and thereby
re—transmit it. Subsequent data bytes can be success-
fully transmitted each time TXIx is set by repeating the
above procedure. In the event that a negative acknowl-
edge hit is received back from the slave after sending
any bytes, the transmission can be aborted by issuing a
repeat START or STOP condition as described below.

As shown inthe diagram, a repeat start condition can be
sent following the transmission of a data byte. In this
case the firmware should first set STAx to a 1 after
detecting that the TXIx flag is set. Since the port logic
has control of the bus, a repeat START condition will be
issued immediately, resulting in TSTAx being set to 1.
The firmware must then reset TSTAX, write the next
slave address and direction bit (O = master transmit) to
the transmit buffer, and clear TXIx to 0. This sequence
will insure that the repeat start is sent before the data
containing the slave address is transmitted. Finally, the
STAX bit should be cleared to 0 so that another repeat
START will not be sent following the slave address byte.
Subsequent data bytes can then be transmitted as
described above.

When TXIx is set after the last byte of data has been
transmitted, a STOP condition can be issued by setting
the STOX bit to a 1. The TXIx bit must be cleared at this
point by firmware; this action will not cause any addi-
tional data to be sent since the port will be in receive
mode as aresult of setting STOx. After the STOP condi-
tion is sent, the STOx bit will be automatically cleared
and X/Rx will be cleared to 0.

Inthe Master transmit mode, the arbitration logic checks
that every transmitted logic 1 actually appears as a logic
1 on the 2-Wire bus. If another device on the bus over-
rules alogic 1 and pulls the SDAX line low, arbitration is
lost, and the port logic immediately changes from Mas-
ter transmit mode to Slave Receive mode. The port
logic will continue to output clock pulses on SCLx until
transmission of the current serial byte is complete. At
the completion of the byte, the ARLx bit willbe settoa 1.
The resulting transmitted serial word from the master
which won the arbitration will be available in the receive
buffer. If arbitration was lost during the transmission of
the slave address and the resulting address matches
the port's programmed slave address in 2WSADRX,
then the ADMXx bit will also be set to 1.

6.3.2 Master Receive

Figure 6-5 illustrates Master Receive operation. In
Master Receive mode, the SEM is configured as a mas-
terand one or more data bytes are received from a slave
device.

The transfer is initiated as in the Master Transmit mode,
beginning with either a start condition or a repeat start
condition, followed by the transmission of the slave
address. However, in this case the direction bit should
be set to a 1 to signal Master Receive operation.

When the acknowledge bit for the slave address is
sampled, the TXIx bit will be setto a 1 and ACKSx bit will
reflect the state of the bit returned from the slave. Since
the direction bit was set to 1, the X/Rx bit will be cleared
to 0 indicating receive operation is now in effect. The
TXIx bit must be cleared to 0 by firmware to remove the
interrupt condition. No further bytes will be transmitted
in the packet since the port logic is in receive mode.

If it is desired to return a positive acknowledge bit upon
the receipt of subsequent data byte(s), the ANAKXx bit
should be cleared to 0. Upon the receipt of the data
byte, the RXIx bit will be set at the time the acknowledge
bitis transmitted. The firmware should read the incom-
ing byte from the receive buffer register followed by a
clear of RXIxto 0. Subsequentincoming data bytes are
handled in the same manner.

After each byte is received and loaded into the receive
buffer and the RXIx flag cleared, the next byte will begin
to be shifted in immediately.
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MASTER RECEIVE OPERATION TIMING Figure 6-5
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¥
ACKSx BIT
ANAKx BIT f
(
)
STOx BIT

Inresponse to RXIx being set on the nextto the last data
byte, the ANAKX bit can be set so that a negative
acknowledge bit is returned to the slave when the last
data byte is received. This action signals the slave to
stop transmitting bytes and return to receive mode. If
there is only one byte to be received from the slave
device, the ANAKX bit can be set at the time the slave
address is transmitted so that the negative acknowl-
edge signal will be transmitted after the reception of the
single byte.

When the last data byte is received and RXIx cleared,
the STOP condition can be issued by setting the STOx
bitto a 1. ANAKXx can be returned to a O at this time to
return a positive acknowledge on future received bytes
(e.g., received slave address). After the STOP condi-
tion is sent the STOXx bit will be automatically cleared
and X/Rx will remain at 0, indicating the port hardware is
still in receive mode.

4

Arbitration with another master may be lost during the
transmission of the slave address as described above in
the Master Transmit mode. Once receive operationisin
progress in the Master Receive mode, then arbitration
loss can only occur while a negative acknowledge is
being returned on the bus. In this case arbitration is lost
when another master on the bus pulls this signal low.
Since this occurs at the end of a serial byte, no further
clock pulses are generated. The ARLXx flag will be setto
signal this event.

6.3.3 Slave Receive

Figure 6-6 illustrates the timing for Slave Receive
operation. In this mode another master transfers one or
more bytes to the SEM which is addressed as a slave
device.

When the 2—Wire ports are initialized following a reset,
the SEM’s 7-bit slave addresses are established by
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programming the 2WSADRX register with the address
value left—justified. The ANAKX bit should be cleared to

SLAVE RECEIVE OPERATION TIMING Figure 66

0 to allow a positive acknowledge bit to be issued when
the SEM’s slave address is received.

(t
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Thetransferisinitiated by the external master beginning
with either a START or Repeat START condition, fol-
lowed by the transmission of the SEM'’s slave address
with the direction bit cleared to 0. This byte will be
shifted in and loaded into the receive buffer register at
the time the acknowledge bit is returned to the master,
resulting in RXIx being setto 1. In addition, an address
match condition will occur as indicated by the ADMx flag
set to 1. Upon detecting these flags, the firmware
should respond by reading the receive buffer in order to
determine if the programmed slave address or the gen-
eral call address was received. Following the read of
the buffer, the RXIx flag must be cleared. Also at this
time the firmware should insure that the 2WIFx bit is
cleared to 0, so that the interrupt flag will be set in
response to subsequent received data byte(s) and
STOP condition.

Upon the receipt of the first data byte, the RXIx bit will be
set at the time the acknowledge bit is transmitted. The

firmware should read the incoming byte from the receive
buffer register followed by a clear of RXIx to 0. Subse-
quent incoming data bytes are handled in the same
manner. If desired, the ANAKXx bit can be setto cause a
negative acknowledge to be issued upon receipt of the
next byte.

When the last byte of data has been sent, the bus mas-
ter will issue a STOP condition, which will result in the
RSTOx flag set to a 1. At this time, the port hardware
returns to the not—addressed slave mode.

6.3.4 Slave Transmit

Figure 6-7 illustrates the timing for Slave Transmit
mode operation. In this mode the SEM, addressed as a
slave, transfers one or more bytes to the bus master.

Thetransferisinitiated by the external master beginning
with either a START or Repeat START condition, fol-
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lowed by the transmission of the SEM’s slave address
with the direction bit set to 1. This byte will be shifted in
and loaded into the receive buffer register at the time the
acknowledge bit is returned to the master, resulting in

RXIx being set to 1. In addition, an address match
condition will occur as indicated by the ADMx flag
setto 1.

SLAVE TRANSMIT OPERATION TIMING Figure 6-7
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Upon detecting these flags, the firmware should
respond by reading the receive buffer in order to deter-
mine if the programmed slave address or the general
call address was received. Following the read of the
buffer, the RXIx flag must be cleared. Also at this time
the firmware should insure that the 2WIFx bit is cleared
to 0, so that the interrupt flag will be set in response to
subsequent received data byte(s) and STOP condition.

If the programmed slave address was received, the
firmware can now send the first data byte by a write to
the transmitbuffer. After the first data byte is transmitted
and the acknowledge bit received, the TXIx flag will be
setto 1. If the acknowledge bit ACKSx is returned as a
1, the next byte can be loaded into the transmit buffer
and the TXIx bit cleared. Successive bytes can be han-
dled in the same manner. Whenever any data is trans-
mitted from the 2—-Wire port, the byte actually trans-

4

ferred on the bus will be shifted back in and loaded into
the receive buffer.

If the acknowledge bit ACKSx is returned as a 0 on a
transmitted byte, then the master is signaling this as the
lastdata byte in the packet. In this event, the X/Rx bit will
be automatically cleared to 0 and the firmware should
notwrite any more data bytes to the transmit buffer. The
TXIx bit must be cleared at this point by firmware; this
action will not cause any additional data to be sent since
the port is now in receive mode.

When the last byte of data has been sent, the bus mas-
ter will issue a STOP condition, which will result in the
RSTOX bit set to a 1. At this time, the port hardware
returns to the not—addressed slave mode.
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6.3.5 Bus Monitor Mode Operation

The bus monitor mode is provided to allow the SEM to
“listen” as a third party to conversations between exter-
nal master and slave devices. This mode can be useful
for diagnostic purposes, or to help the system recover
from a detected error condition.

When the BMMx bit is set to 1, bus monitoring is
enabled. Inthis mode the port will generate an interrupt
for every action on the bus even when it is not operating
as a master or being addressed as a slave. As aresult,
when atransfer takes place between an external master
and slave, the port will be notified of a transmitted
START condition, will receive the subsequent address
and data bytes on the bus, and will finally be notified of a
transmitted STOP condition.

If the SEM is receiving a transfer between an external
master and an external slave device, the timing is nearly
identical to that for Slave Receive operation as shown in
Figure 6—6. The exceptions to this timing are summa-
rized as follows: 1) An additional interrupt will be gener-

ated when a Receive START condition is detected as
indicated by RSTAx = 1. This will inform the firmware of
the start of a message and allow it to identify the next
byte as an address. 2) A positive acknowledge pulse
will never be generated. 3) SCLx will never be held low
to prevent data in the receive buffer from being overwrit-
ten. Other than these differences bytes are received
and all other status is flagged as described for Slave
Receiver operation.

When BMMx =1 and the SEM is operating as a master
or is being addressed as a slave, the Master Transmit,
Master Receive, Slave Transmit, and Slave Receive
modes will all operate exactly as documented above
with the exception that RSTAX becomes an additional
interrupt flag that is set whenever a START condition is
detected on the bus.

When BMMx = 0, bus monitoring is disabled and inter-
rupt flags are only generated when the port is operating
as a master or being addressed as a slave device.
Transfers between external devices are ignored.
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7.0 A/D CONVERTER

7.1 OVERVIEW
A self-contained A/D converter is provided on the SEM.
Its major features are summarized below:

® 10-bit resolution

* True 9-bit accuracy: total error no greater than + 2
LSB’s

* Monotonic with no missing codes

¢ eight multiplexed inputs

* Shared analog/digital pins with 60 dB isolation
¢ Digital window comparator / alarm

* Low power consumption

The A/D subsystem consists of a 10-bit successive
approximation analog to digital converter, an 8 input
analog multiplexor, a programmable reference block, a
digital window comparator, and a control block as
depicted in Figure 7-1.

The multiplexor selects 1 of 8 analog inputs for conver-
sion. A conversion is initiated either by a software or
hardware generated start of conversion signal. An
optional mode enables continuous conversions on a
selected channel. Atthe completion of a conversion the
A/D generates an end of conversion signal indicating
that the conversion is complete and the results may be
read. An end of conversion can also be used to gener-
ate an interrupt.

After the conversion is complete, the 10-bit result is
available in two registers. In order to accommodate a

variety of applications, the A/D result can be pro-
grammed to be presented either as eight msbs and
eight Isbs in separate registers, or as a right justified
10-bit result with the most significant two bits of the
result right—justified in the most significant byte. An A/D
conversion can be performed in a minimum of 16 psec.
An interrupt can be programmed to occur at the end of a
conversion.

A digital window comparator is available to allow auto-
matic monitoring of external signals without burdening
the software. The window comparator allows software
to select an upper and lower limit for comparison. In
addition, the hardware can be programmed to look
inside or outside of the window. By adjusting the win-
dow location, the hardware can automatically look for
results that are above a number, below a number, inside
of a range, or outside of a range. When the window
comparator qualifier function is used, an end—of-con-
version interrupt will only be generated when selected
criteria for the conversion result has been met.

7.2 ANALOG POWER / SLEEP MODE

The A/D block provides separate power and ground
pins to provide power to the analog circuits. This allows
the A/D to operate from a clean supply if available. Ana-
log power is supplied through AVCC and AGND. While
these pins do supply power, they are not the source of
the A/D reference. The converter will draw a maximum
of 1 mA during full operation.

Aminimumtime of tap required for the analog circuitry to
stabilize. The ADON bit is cleared to O following a reset
— leaving the A/D converter powered down.
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A/D CONVERTER BLOCK DIAGRAM Figure 7-1
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7.3 REFERENCE OPTION

An A/D conversion is the process of assigning a digital
code to an analog input voltage. This code represents
the input value as a fraction of the reference voltage
range, which divided by the A/D converter into 1024
codes (10-bits). The reference voltage is connected to
the internal nodes called REFHI and REFLO as shown
in Figure 7-1.

The REFHI and REFLO signals are connected to the
VRH and VRL pins, respectively.

The result can always be calculated from the following
formula:

Result = 1024 x ( V|y — REFLO) / ( REFHI - REFLO )

7.4 SAR A/D CONVERTER

Figure 7-2 is a simplified block diagram of the succes-
sive approximation A/D converter. As with all succes-
sive approximation converters it contains a digital to
analog converter (DAC), a comparator, a successive
approximation register (SAR) and some control logic. A
conversion is initiated by the internal start signal issued
from the control logic. The successive approximation
logic sets bits of the DAC starting with bit 9 and proceed-
ing to bit 0 on each successive clock (ACLK). After each
bit is set the DAC output is compared with the sampled
analog input. If the DAC output is less than the analog
input the bit remains set. If the DAC output is greater
than the analog input the bit is reset. After all bits have
been tested and set or reset accordingly, the binary
value in SAR[9..0] is a digital representation of the ana-
log input value.
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SAR A/D SIMPLIFIED BLOCK DIAGRAM Figure 7-2
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7.5 CONVERSION TIME

Aninternal clock signal called ACLK is used to clock the
successive approximation logic in performing the A/D
conversion. ACLK is derived from the microcontroller
clock signal through divide—down logic. A total of 16
clock cycles are required to perform the conversion.
The minimum ACLK period is 1 ps, a faster clock can
result in erroneous results. At the other extreme, the
maximum clock period is 6.25 ps due the dynamic
nature of the internal sample—hold circuitry.

In order to meet these requirements and accommodate
awide range of CPU clock frequencies a programmable
prescaler is provided to generate appropriate converter
clock (ACLK) from the CPU clock.

Based on the micro’s CPU clock, the ACLK frequency
can be set to one of 16 values via the four A/D clock
prescaler (APS) bits in the ADCON2 register. This
results in a conversion clock frequency as given by the
formula below:

tack = tmewk © (N+1)

where tack is the analog clock period, tyck is the CPU
machine clock period, and N is the clock prescale value
ranging from O to 15 as programmed in the APS bits.
The CPU machine clock period is the oscillator clock
period (tc k) multiplied times 4, 64, or 1024 as deter-
mined by the programming of the system clock divider
bits (CD1, CDO) in the PMR register.

The resulting tac| k must meet the criteria of
1.00 ps < tacLk < 6.25 s

Table 7-1 gives a set of conversion times at usable A/D
clock prescaler settings for a range of microcontroller
clock frequencies, assuming that the microcontroller
machine clock is at its default value of 4 crystal clock
periods.
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A/D CONVERSION TIMES (pS)

PRESCALE 0.640 4.000 8.000 12.000 16.000 20.000 25.000
SETTING MHz MHz MHz MHz MHz MHz MHz
0 100.00 16.00 - - - - -
1 - 32.00 16.00 - - - -
2 - 48.00 24.00 16.00 - - -
3 - 64.00 32.00 21.33 16.00 - -
4 - 80.00 40.00 26.67 20.00 16.00 -
5 - 96.00 48.00 32.00 24.00 19.20 -
6 - - 56.00 37.33 28.00 22.40 17.92
7 - - 64.00 42.67 32.00 25.60 20.48
8 - - 72.00 48.00 36.00 28.80 23.04
9 - - 80.00 53.33 40.00 32.00 25.60
10 - - 88.00 58.67 44.00 35.20 28.16
11 - - 96.00 64.00 48.00 38.40 30.72
12 - - - 69.33 52.00 41.60 33.28
13 - - - 74.67 56.00 44.80 35.84
14 - - - 80.00 60.00 48.00 38.40
15 - - — 85.33 64.00 51.20 40.96
NOTES:

1. Conversion times given in microseconds (Us)

2. (-)=not a usable setting

7.6 WINDOW COMPARATOR

The window comparator allows software to identify a
range of potential digital A/D results that are considered
interesting. The window comparator will monitor each
conversion result against user programmed selections.
Results that meet the criteria will cause the comparator
to set the WCM flag. By setting the WCQ bit, the end of
conversion interrupt source is qualified so that only
results which fall within the programmed range cause
the interrupt. This feature allows software to ignore
uninteresting results without actually reading the con-
verter result.

User software can select two 8-bit comparator values.
These values will be compared against the most signifi-

cant 8—bits of each A/D result, designated as ADR9-2.
The user also can identify whether the target result is
inside of the range bounded by the upper and lower limit
or outside through programming of the WCIO bit. In
practice, this allows the comparator to look for A/D
results that are above a number, below a number, inside
of arange, or outside of arange. The state of the WCM
flag can be expressed by the following Boolean equa-
tion:

WCM = WCIO 0O (WINHI < ADR9-2) O (WINLO <
ADR9-2)

Figure 7-3 illustrates the ranges that can be examined
using the window comparator.
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WINDOW COMPARATOR OPERATION Figure 7-3

3FFH 3FFH
WINHI WINHI
~+— wclo=0 wCIo =1
WINLO WINLO
000H 000H
WINHI WINLO WCM WCM WINDOW
VALUE VALUE (WCIO=0) (WCIO=1) STATUS
>ADR9-2 >ADR9-2 0 1 Qutside
>ADR9-2 <ADR9-2 1 0 Inside
<ADR9-2 >ADR9-2 1 0 Inside
<ADR9-2 <ADR9-2 0 1 Outside

Note that there is no hardware significance to upper and lower designations. The upper comparison value can be
selected as less than the lower comparison value, although doing so provides no additional function.

7.7 A/D OPERATION

Prior to initiating a conversion, software must select
several parameters. First, the conversion channel must
be selected. The next selection is whether this signal
will be constantly monitored or simply converted once.
Thus, software chooses continuous conversion or
single shot. The window comparator can then be pro-
grammed to look for particular result ranges. The con-
version time must be programmed using the prescale
value. Thisis a function of the urgency of getting a result
and the operating frequency. If interrupt operation is
desired, the EAD bit (EIE.1) must be set.

At this time, the converter is ready to operate. Software
may either begin a conversion by setting the start con-
version bit, or enable the external start conversion pin. If
enabled, a falling edge on the pin will start conversion.
At this time, the A/D hardware will set the start/busy bit
to alogic 1. Once a conversion has been started, it can
only be interrupted by powering down the converter. An
interval of 16 A/D clocks at the prescale frequency is
usedto time the conversion process. The selected input
channel will be sampled by a sample and hold for five
A/D clocks. Ten A/D clocks are used to perform the
successive approximation conversion. On the final

clock cycle, the hardware will setthe EOC bitto alogic 1.
If A/D interrupts are enabled via EAD, aninterrupt condi-
tion will be generated every time that EOC is setto 1
when WCQ = 0. When WCQ = 1, an interrupt will be
generated at the end of a conversion when EOC and
WCM both are set to 1. In all cases EOC should be
clearedto O by software after the resultis read in order to
clear the interrupt condition.

If continuous operation is selected, the A/D will then
automatically restart the process on the next machine
cycle after completing the conversion. Thus, in this
case the busy flag appears to be set at all times. If the
single shot mode is selected subsequent to operation in
the continuous mode, single shot operation will take
effect when the converter finishes the current conver-
sion.

Power control of the A/D is a manual operation . The
converter defaults to a power—down condition. If soft-
ware disables power to the converter, it will require a
period of tap to restart when software re—enables the
power.
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7.8 A/D SPECIAL FUNCTION REGISTERS
The following is a description of the Special Function
Registers used to control the on—chip A/D converter.

7.8.1 ADCONL1 - A/D Control Register 1

ADCON1; SFR ADDR.=0B2H

BIT7 BIT 6 BITS5 BIT 4 BIT 3 BIT 2 BIT1 BIT O
STRT/ EOC CONT/ ADEX WCQ WCM ADON WCIO
BSY SS

Read/Write Access: (Read at any time, See individual bit description for write operation)

Initialization: 00h on any type of reset

STRT/BSY - Start/Busy.

Setting this bitto a 1 from a 0 condition will initiate an A/D
conversion. The bit will then remain set for the duration
of the conversion, regardless of any attempt to write it to
0. Thus, the bit serves as a busy flag as well. When a
conversion is complete, the A/D hardware will clear this
bit to 0.

EOC - End of Conversion.

The A/D will set this bitto a 1 when a conversion is com-
plete. EOC also serves the function of an interrupt flag
which may be qualified via the WCQ bit described
below.

CONT/SS - Continuous/Single Shot.

When setto a 1, the A/D will repeatedly run conversions
without software intervention once a conversion is initi-
ated. When cleared to a 0, the A/D will perform the
requested conversion then halt. Setting the bitfroma 1
to a O (taking it out of continuous mode) will cause the
converter to halt when the current conversion is com-
pleted.

ADEX — A/D External Start.

When this bit is set to a 1, an A/D can be initiated by a
falling edge detected on an external pin. When setto a
0, the external pin has no effect. When a pin is used to
initiate a conversion, the A/D will write a 1 to the STRT/
BSY bit to indicate that a conversion has started. When
ADEX =1, the STRT bit can still be used.

WCQ — Window Comparator Qualifier.
Setting this bit to a 1 enables the window comparator
qualifier function. When WCQ = 1, an interrupt can

occuronlywhen EOC and WCM are both settoa 1 atthe
end of a conversion. When cleared to a 0, an interrupt
can result each time that EOC is set at the end of any
conversion.

WCM — Window Comparator Match.

Atthe end of conversion, WCM is updated. WCM will be
set when the window comparator detects an A/D result
that matches the selected criteria. If the A/D result does
not match the criteria for the window as specified in the
WINHI and WINLO limit registers as well as the WCIO,
WCM will not be set.

ADON — A/D ON.

Setting this bit to a 1 applies power to the analog circuit
functions, and must be set in order to perform an A/D
conversion. The A/D requires a warm up period of tap
when setting this bit from a 0 to a 1 condition before a
proper conversion can be performed. In order to assure
a very low power STOP mode or to save power in other
states, this bit should be cleared to 0. Clearing ADON to
0 will abort any conversion in progress and will reset
STRT/BSY to a 0.

WCIO — Window Comparator Inside /

Outside.

When set to a 1, the window comparator looks for A/D
results that are outside of the window bounded by the
WINHI and WINLO limits. When set to a 0, the
comparator looks for A/D results that are inside of the
window bounded by WINHI and WINLO.
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7.8.2 ADCON2 — A/D Control Register 2
ADCON2; SFR ADDR.=0B3H
BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO
OUTCF MUX2 MUX1 MUXO0 APS3 APS2 APS1 APSO
Read/Write Access: Unrestricted.
Initialization: 00h on any type of reset
OUTCF — Output Conversion Format. = MUX2 | MUX1 | MUXO | PIN | A/D CHANNEL
Selects whether the conversion output most-significant
8-bits or the most-significant 2—bits are presented in 0 0 0 AlO Channel 0
Fhe A/D MSB register. When OUTQF = 1., the MSB reg- 0 0 1 Al Channel 1
ister returns the upper 2 conversion bits, ADR8 and
ADR9 in bit locations 0 and 1 respectively. When 0 1 0 Al2 Channel 2
O'UTCF = 0., the MSB reglgter .returr'l.s the upper 8 blt.S 0 1 1 Al3 Channel 3
with result bit ADR9 located in bit position 7 and result bit
ADRZ2 in bit position 0. 1 0 0 Al4 Channel 4
1 0 1 AlI5 Channel 5
MUX2-0 — Multiplexor Select.
MUX2-0 select the A/D channel that will be sampled 1 1 0 Al6 Channel 6
and converted when the next conversion is initiated. 1 1 1 Al7 Channel 7

The table to the right shows the decoding.

7.8.3 ADMSB — A/D Result Most Significant Byte

ADMSB; SFR ADDR.=0B4H

APS3-0 — A/D Clock Prescale Select.
APS3-0are used to determine the prescale setting from
the micro’s CPU clock to the A/D converter. The CPU
machine clock will be divided by the value of (N+1)
where N is the 4-bit value represented by APS3-0.

BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO
ADRY/ ADRS8/ ADR7/ ADRG6/ ADRS5/ ADR4/ ADR3/ ADR2/
0 0 0 0 0 0 ADR9 ADRS8

Read/Write Access: Unrestricted.
Initialization: 00h on any type of reset

Depending on the programming of the OUTCF bit, this
register contains either the most significant 8—bits or
2-bits of the conversion result. If OUTCF = 0 bits 7-0

contain bits 9-2, respectively, of the result. If
OUTCF=1, hits 7-2 contain 0, and bits 1 and 0 contain
result bits 9 and 8, respectively.
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7.8.4 ADLSB — A/D Result Least
Significant Byte

ADLSB; SFR ADDR.=0B5H

BIT7 BIT 6 BITS5 BIT 4

BIT 3 BIT 2 BIT1 BITO

ADR7 ADRG6 ADR5 ADR4

ADR3 ADR2 ADR1 ADRO

Read/Write Access: Unrestricted.
Initialization: 00h on any type of reset

ADLSB always returns the least significant 8—bits of the conversion result.

7.8.5 WINHI — A/D Window Comparator
High Byte

WINHI; SFR ADDR.=0B6H

BIT7 BIT 6 BIT5 BIT 4

BIT 3 BIT 2 BIT1 BITO

Read/Write Access: Unrestricted.
Initialization: 00h on any type of reset

Upper limit for the window comparator. These 8-bits
are compared against the most significant 8-bits of the
previous A/D result. A match of the desired magnitude

7.8.6

WINLO; SFR ADDR.=0B7H

causes the comparator to set the WCM flag. The match
condition is selected by the WCIO bit in ADCONL1.

WINLO — A/D Window Comparator Low Byte

BIT7 BIT 6 BIT 5 BIT 4

BIT 3 BIT 2 BIT1 BIT O

Read/Write Access: Unrestricted.
Initialization: 00h on any type of reset

Lower limit for the window comparator. These 8—bits
are compared against the most significant 8-bits of the
previous A/D result. A match of the desired magnitude

causes the comparator to set the WCM flag. The match
condition is selected by the WCIO bit in ADCONL1.
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8.0 ACTIVITY MONITOR/LED CONTROL

8.1 OVERVIEW

During periods of inactivity, varying levels of standby
and suspend modes of operation can be initiated by the
SEM. Inactivity can be detected by the SEM and then
action can be taken to reduce the power consumption of
the system and thereby conserve operating power.

Activity monitoring is performed by the special logic pro-
vided as an alternate function on all lines of Port 7. This
alternate function allows any combination of the Port 7
pins to be configured as activity monitor inputs. In this
mode, these pins are intended for connection to the chip
select signals of external peripheral subsystems, such
as the hard disk, floppy, etc. These pins can be option-
ally qualified by the TOR and IOW input control signals.

When inactivity is detected, peripheral devices such as
the LCD display, hard disk, floppy disk, and modem are
turned off as required by the microcontroller firmware.
Thisis accomplished via parallel I/O pins as assigned by
the user. When CPU accesses to memory or /O loca-
tions which are connected to the activity monitor inputs
are detected, accessed peripheral devices can be
turned back on by the firmware. As an option, the host
CPU can be notified of the power on sequence by writ-
ing a word to a power management host interface port,
which activates either SMI1 or SMI2.

8.2 ACTIVITY MONITOR INPUT
OPERATION

The activity monitor enable bits in the Activity Monitor
Enable (AME—092H) register select the associated pins
from Port 7 as activity monitor inputs. In order to func-
tion properly, each enabled pin must have a 1 pro-
grammed into its Port 7 output latch bit. The current
state of the Port 7 pins can always be read through the
Port 7 input buffer regardless of the programming of the
activity monitor enable bits. Figure 8—1 shows the logic
associated with each Activity Monitor Input.

The active state for each pin is programmed via the
Activity Monitor Polarity register (AMP—-094H). A “0”

programmed into a bit in the AMP register selects a low
state signal as active for the pin (default case) whilea“1”
selects a high state signal.

When an active state is detected on an enabled activity
monitor pin, the associated bit in the Activity Monitor
Flag (AMF-095H) will be set.

In order to avoid false triggering of the activity monitor
inputs due to glitches from an external address decoder,
the inputs can be optionally qualified by the IOR and
IOW lines via the Activity Monitor Qualify register
(AMQ—-093H). When a bitis setto 1in the AMQ register,
the associated pin will not be active unless it is accom-
panied by a valid IOR or IOW signal. When AMQ bits
are 0, the associated pins qualify function is disabled
(default case).

Interruptsinitiated from the enabled activity monitor pins
are enabled by the EAM bit (IE.6), and their priority can
be adjusted via PAM (IP.6). When activity monitor inter-
rupts are enabled and an active state occurs, an inter-
rupt will be generated, and the SEM firmware should
read the AMF register to determine the source of the
interrupt. The interrupt flag can be cleared by writing a
“0” to the flag bit; writing a 1 will have no effect.

When all peripheral devices in the system are fully pow-
ered, host accesses to them may occur very often. So
oftenin fact, that if these accesses were to initiate inter-
rupts during this time the SEM may be bogged down in
unnecessary interrupt service routines servicing the
interrupts. Typically, it is necessary only to ascertain
whether each monitored device has been accessed by
the host over the past, say, 16—second period. In order
to eliminate any unnecessary interrupt processing bur-
den, it may be desirable to disable the interrupts from
the activity monitor inputs (e.g., by clearing EAM) and
reading the register once during each such period. This
period can be easily set up via the Power Down Periodic
Interrupt described below.
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ACTIVITY MONITOR INPUTS Figure 8-1
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When one or more peripheral devices have been pow-
ered down due to inactivity, it may be desirable at that
time to enable interrupts to at least those devices.
When an access is attempted by the host, the SEM can
take the appropriate action to apply power to the periph-
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BIT Pj > AME.n
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eral. During such time, the SEM can activate the SMI1
or SMI2 interrupt by writing to a power management
host interface output buffer register with a status word
reflecting the current condition.

8.3 AME - ACTIVITY MONITOR ENABLE REGISTER

AME; SFR ADDR.=092H

BIT7 BIT 6 BIT5 BIT 4

BIT 3 BIT 2 BIT1 BITO

AME7 AMEG6 AMES5 AME4

AME3 AME2 AME1 AMEO

Read/Write Access: Unrestricted.
Initialization: 00h on any type of reset

When an AME bit is set to 1, it enables the correspond-
ing line of Port 7 as an activity monitor interrupt source.
An interrupt condition will exist when the associated
activity monitor flag bit is set (see below). When AME is

cleared to 0O, the associated pin is disabled as an inter-
rupt source. The associated Port 7 latch bit must be set
to 1when apinisto be programmed as an activity moni-
tor input.

8.4 AMQ - ACTIVITY MONITOR QUALIFIER REGISTER

AMQ; SFR ADDR.=093H

BIT7 BIT 6 BIT5 BIT 4

BIT 3 BIT 2 BIT1 BITO

AMQ7 AMQ6 AMQ5 AMQ4

AMQ3 AMQ2 AMQ1 AMQO

Read/Write Access: Unrestricted.
Initialization: 00h on any type of reset
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When an AMQ bit is set to 1, the corresponding activity
monitor input pin is qualified with TOR or IOW. As a
result, the corresponding AMF bit will not be set unless
the programmed state on the AMLI.n pin is accompanied

with a valid TOR or IOW signal. This prevents false trig-
gering of activity monitor inputs from chip select outputs
due to address decoding glitches.

8.5 AMP — ACTIVITY MONITOR POLARITY REGISTER

AMP; SFR ADDR.=094H

BIT7 BIT 6 BIT 5 BIT 4

BIT 3 BIT 2 BIT1 BIT O

AMP7 AMP6 AMPS AMP4

AMP3 AMP2 AMP1 AMPO

Read/Write Access: Unrestricted.
Initialization: 00h on any type of reset

The bits inthe AMP register are used to select the polar-
ity of a valid state on the activity monitor input pins.
When an AMP bit is set to 1, a high state is selected as

valid on the corresponding AMI pin. When and AMP bit
=0, a low state is selected as valid.

8.6 AMF — ACTIVITY MONITOR FLAG REGISTER

AMF; SFR ADDR.=095H

BIT7 BIT 6 BIT5 BIT 4

BIT 3 BIT 2 BIT1 BITO

AMF7 AMF6 AMF5 AMF4

AMF3 AMF2 AMF1 AMFO

Read/Write Access: Unrestricted.
Initialization: 00h on any type of reset

An AMF bit will be set whenever a valid state is detected
onthe associated AMI.n pin. Avalid state is determined
by the programming of the Activity Monitor Polarity reg-
ister and the Activity Monitor Qualifier register, both
described above. If the associated AME bit is set, the
AMF bitis enabled as an interrupt source. An SEM inter-

8.7 LED CONTROL

Part 7 can also be used to control LED’s by turning them
onoroff. Toturnonan LED, the Port 7.X bit must be pro-
grammed to a logic 0 allowing current to sink into the
DS80CH11. To turn off an LED the Port 7.X but must be
programmed to a logic 1, preventing any current flow

rupt will be recognized if the EAM is also set, enabling
activity monitor interrupts. Upon receiving an activity
monitor interrupt, the system should read the AMF reg-
ister to determine the source of interrupt. An AMF bit
can be cleared by writing it to a O to clear the interrupt
source condition. Writing a 1 has no effect.

through the LED circuit. Each Port 7 pin is capable of
sinking 10mA of current. When using this port for LED
control it is recommended that no more than 40mA of
sink current be dissipated at a time into the DS80CH11.
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9.0 HOST INTERFACE PORTS

9.1 OVERVIEW

The SEM provides three interface ports to the host CPU
which are hardware—compatible with the interface to the
8042 keyboard controller IC as itis used in conventional
PC system designs. One of the interface ports is
intended to be assigned to the standard keyboard con-
troller function. The host thereby communicates to the
SEM as a slave microcontroller in receiving key scan

inputs as it does with the 8042 in these systems. The
other two ports can be assigned as communication
channels to the SEM to support power management
and/or other functions.

MICROCONTROLLER SYSTEM INTERFACE PORTS Figure 9-1
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DATA BUS

KBSTAT
A0 REGISTER STATUS REG. |
ENABLE
KBCS pecobe [ | |
KBDIN
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oW T ‘ DATA BUFFER
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L » OUTPUT
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L | REGISTER STATUS REG. |
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PM2CS—| DECODE | —— —- ‘
PMDIN2
\ INPUT
‘ DATA BUFFER
! PMDOUT2
—|:: OUTPUT |
_ DATA BUFFER
SMI2

9.2 REGISTER MAPPING

The KBCS line is used by the host system in selecting
the keyboard system interface port, while the PM1CS
line selects the identical power management#1 inter-
face port and the PM2CS line selects the power man-

agement#2 interface port. Each set of system interface
registers occupy three memory locations in the SEM,
andthe host. Table 9—1 summarizes access ofthe three
interface ports by the host system, and Table 9-2 sum-
marizes access to the port registers by the SEM.
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SYSTEM DATA TRANSFER SUMMARY Table 9-1

N REGISTER
KBCS | PM1CS | PM2CS | A0 | IOR | IOW | SELECTED OPERATION
0 0 0 X X X Undefined | Undefined
0 1 1 0 0 1 KBDOUT Read Keyboard Data Out
0 1 1 1 0 1 KBSTAT Read Keyboard Status
0 1 1 0 1 0 KBDIN Write Keyboard Data In; Set KC/D = 0
0 1 1 1 1 0 KBDIN Write Keyboard Command; Set KC/D =1
1 0 1 0 0 1 PMDOUT1 | Read Pwr. Mgr. #1 Data Out
1 0 1 1 0 1 PMSTAT1 Read Pwr. Mgr. #1 Status
1 0 1 0 1 0 PMDIN1 Write Pwr. Mgr. #1 Data In; Set PC/D1 =0
1 0 1 1 1 0 PMDIN1 Write Pwr. Mgr. #1 Command; Set PC/D1 =1
1 1 0 0 0 1 PMDOUT2 | Read Pwr. Mgr. #2 Data Out
1 1 0 1 0 1 PMSTAT2 Read Pwr. Mgr. #2 Status
1 1 0 0 1 0 PMDIN2 Write Pwr. Mgr. #2 Data In; Set PC/D2 =0
1 1 0 1 1 0 PMDIN2 Write Pwr. Mgr. #2 Command; Set PC/D2 =1
1 1 1 X X X None System interface port disabled

SEM SYSTEM I/F REGISTER ACCESS SUMMARY Table 9-2

SFR ADDR. REGISTER READ/WRITE ACCESS

OADH KBSTAT Read / Write (write on selected bits)
OAEH KBDIN Read Only
O0AFH KBDOUT Read / Write
0BDH PMSTAT1 Read / Write (write on selected bits)
OBEH PMDIN1 Read Only
OBFH PMDOUT1 Read / Write
OF5H PMSTAT2 Read / Write (write on selected bits)
OF6H PMDIN2 Read Only
OF7H PMDOUT2 Read / Write

9.3 KBDIN/PMDIN1/PMDIN2 — DATA REGISTERS

KBDIN; SFR ADDR.=0AEH

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BITO
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PMDIN1; SFR ADDR.=0BEH

BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
PMDINZ2; SFR ADDR.=0F6H
BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO

Read/Write Access: Read only.
Initialization: Undefined on any type of reset

Each input data register (KBDIN, PMDIN1 or PMDIN2)
is aread—only register to the SEM and a write—only reg-
ister to the host. The associated input buffer full flag
(KIBF, PIBF1 or PIBF2) will be set when the host CPU
writes to one of the input buffers. The SEM can enable
an “input buffer full” interrupt on any port by setting the
associated interrupt enable bit (EKB, EPB1 or EPB2).

Uponinterrupt, the SEM’s firmware should check to see
ifthe incoming byte is a command or data by reading the
command/data flag, i.e., KC/D, PC/D1 or PC/D2, in the
status register followed by a read of the input data regis-
ter. The contents of the input data registers are unaf-
fected by any type of reset.

9.4 KBSTAT / PMSTAT1/PMSTAT2 — STATUS REGISTERS

KBSTAT, SFR ADDR.=0ADH

BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BITO

KST7 KST6 KST5 KST4 KC/D KST2 KIBF KOBF
PMSTAT1; SFR ADDR.=0BDH

BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO

P1ST7 P1ST6 P1ST5 P1ST4 PC/D1 P1ST2 PIBF1 POBF1
PMSTAT2; SFR ADDR.=0F5H

BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BIT O

P2ST7 P2ST6 P2ST5 P2ST4 PC/D2 P2ST2 PIBF2 POBF2

Read/Write Access: Unrestricted.
Initialization: XXXXXXO00B on any type of reset

The operation of the bits in the status registers of both
ports are summarized below:
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KST7-KST4, KST2/P1ST7-4, P1ST2,
P2ST7-4, P2ST2-Keyboard / Power Mgr. #1
and #2 Status.

KST7-4, KST2, P1ST7-4, P1ST2, P2ST7-4, P2ST2
bits are RAM locations which can be used to communi-
cate user—defined status conditions to the host system.
They are read/write by the microcontroller and read—
only by the host CPU. The KST7-4 bits are traditionally
used by the keyboard control firmware for parity error,
receive timeout, transmit timeout, and inhibit switch sta-
tus. All of these bits are unaffected by any type of reset.

KC/D / PC/D1/PC/D2 — Keyboard / Power
Mgr.#1 and #2 Command / Data.

KC/D and PC/D1 and PC/D2 each specify whether the
associated input data register contains data or a com-
mand (0 = data, 1 = command). During a host write
operation, the associated C/D bit willbe settoa 1if AO =
1 or will be cleared to 0 if AO = 0. KC/D, PC/D1 and
PC/D2 are read—only status bits to both the SEM and
the host CPU. They cannot be written directly, they only
can be written as a result of the host write operation
described above. All of these bits are unaffected by any
type of reset.

KIBF / PIBF1/PIBF2 — Keyboard / Power Mgr.
#1 and #2 Input Buffer Full.

The KIBF, PIBF1 or PIBF2 flag is set to 1 whenever the
host system writes data into the associated input data

register. These flags also serve as interrupt pending
flags. A Keyboard Buffer Interrupt (KBI) will be gener-
ated if the Keyboard Buffer Interrupt Enable (EKB) bitis
set. Likewise, a Power Management #1 Buffer Interrupt
(PBI1) will be generated if the Power Management #1
Buffer Interrupt Enable (EPB1) is set and a power man-
agement #2 Buffer Interrupt (PBI2) will be generated if
the Power Management #2 Buffer Interrupt Enable
(EPB2)is set. All of these bits are automatically cleared
to O following a read of the associated input data regis-
ters. In addition, all bits are cleared to O following any
type of reset.

KOBF / POBF1/POBF2 — Keyboard / Power
Magr. #1 and #2 Output Buffer Full.

KOBF, POBF1 and POBF2 are read—only status bits
which are set to 1 when the associated output data
buffer register is written by the SEM. Each of these bits
are automatically cleared to 0 when the host system
reads the associated output data registers. When the
KOBF flag is set, an active high interrupt signal to the
host will be generated through the KBOBF pin and will
remain active until the output buffer is read by the host.
Similarly, when POBF1 flag is set, an active low interrupt
signal will be issued to the host via the SMI1 pin and
when POBF2 flag is set, an active low interrupt signal
will be issued to the host via the SMI2 pin. There are no
output buffer—related interrupts to the SEM. All of these
bits are cleared to 0 following any type of reset.

9.5 KBDOUT /PMDOUT1/PMDOUT2 — OUTPUT DATA REGISTERS

KBDOUT; SFR ADDR.=0AFH

BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BIT O
PMDOUT1,; SFR ADDR.=0BFH

BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BIT O
PMDOUT2; SFR ADDR.=0F7H

BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O

Read/Write Access: Unrestricted.
Initialization: Undefined on any type of reset

The output data registers can be read or written by the
SEM but are read only to the host When the SEM writes
to one of the output data registers, the associated output

buffer full flag will be set to alert the host that the output
data is available.

The contents of the output data registers are unaffected
by any type of reset.
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10.0 KEYBOARD SCANNING PORTS

10.1 OVERVIEW

Three 8-bit I/O ports are provided which can be used for
key matrix scan line outputs and inputs. Ports 8 and 9
are intended for scan line outputs, while port 4 is
intended for scan line inputs.

10.2 KEY SCAN OUTPUTS

Ports 8 and 9 together provide 16 open—drain lines
which are intended for use as key scan outputs. These
lines are logically accessed and operated as normal
pseudo-bi—directional I/O port pins. As a result, lines
which are not required for the key scan function can be
used as general purpose I/O for the control of other
functions.

10.3 KEY SCAN INPUTS

Port 4 is a parallel /0O port which is logically and electri-
cally tailored for keyboard matrix scan inputs. All of the
port 4 pins are Schmitt triggered inputs and are inter-
nally pulled high by a resistor. In addition, all pins are

10.4 KDE — KEY DETECT ENABLE REGISTER

KDE; SFR ADDR.=0A5H

capable of generating an interrupt on a low—going tran-
sition. As aresult, the SEM can initiate a keyboard scan
only when a key is pressed instead of doing it periodi-
cally. Thus, battery drain is minimized.

In order to use a Port 4 pin as a key scan input, its output
latch bitin the Port 4 SFR register must be first written to
a 1, which configures the pin as an input. Negative tran-
sition detection on each pin is enabled by setting the
matching KDEn enable bit in the Keyboard Detect
Enable Register to a 1. Then, when a negative transi-
tion occurs on an enabled input, the corresponding
interrupt flag bit will be set in the Keyboard Detect Flag
Register. If the Key Detect Interrupt Enable bit is set
(EKD; register EIE.5), a keyboard interrupt will then be
recognized by the SEM core. Upon interrupt, the sys-
tem should scan the keyboard matrix via other output
ports (typically ports 8 and 9) to identify the location of
the pressed key. The set keyboard interrupt flag bits
should be cleared by firmware to clear the interrupt
condition before exiting the interrupt service routine.

BIT7 BIT 6 BIT5 BIT 4

BIT 3 BIT 2 BIT1 BITO

KDE7 KDE6 KDES5 KDE4

KDE3 KDE2 KDE1 KDEO

Read/Write Access: Unrestricted.
Initialization: Undefined on any type of reset

KDE7-KDEO — Key Detect Enable Bits
When a KDEn enable bit is set, it enables negative—
edge transition detection on the corresponding line of

port 4. When a KDEn bit is cleared no transition detec-
tion is performed on the corresponding line.

10.5 KDF — KEYBOARD DETECT FLAG REGISTER

KDF; SFR ADDR.=0A6H

BIT7 BIT 6 BIT5 BIT 4

BIT 3 BIT 2 BIT1 BITO

KDF7 KDF6 KDF5 KDF4

KDF3 KDF2 KDF1 KDFO

Read/Write Access: Unrestricted read; all bits write only to 0.

Initialization: 00H on any type of reset

KDFn are flag bits for the keyboard activity detection. If
a port 4—pin has its KDEn bit set, the corresponding
KDFn is set when an negative edge is detected on that
pin. An SEM interrupt will be recognized if the KDEn bit
issetand the interrupts are enabled. Uponreceipt of the
interrupt, the system should read this register to deter-
mine on which scan line the key closure occurred. The

firmware can then scan the keyboard matrix using Ports
8 and 9 as outputs to identify the location of the
depressed key. In order to clear the interrupt condition,
the firmware should clear the interrupting KDF bit(s) by
writing O0OH to the KDF register prior to exiting the inter-
rupt service routine.
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11.0 PULSE WIDTH MODULATORS

11.1 FUNCTIONAL OVERVIEW

The SEM includes four independent timer channels
which can generate pulse—width modulated outputs. All
four pulse width modulator channels incorporate a clock
selector which generates an independent clock source

PWM BLOCK DIAGRAM Figure 11-1

for each channel. As aresult, anindependent clock fre-
guency can be selected for each pulse width modulator.
Each pulse width modulator is capable of generating a
waveform which has a programmable duty cycle of
n/256% where 0<n<255. Figure 11-1isablock diagram
illustrating the four—channel pulse width modulator
function.
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11.2 PRESCALER

This block creates and distributes four clock outputs
which are supplied to the clock selectors. The prescaler
takes the microcontroller machine clock and divides itto
produce reduced speed frequencies. The CPU
machine clock period (tycik) is the oscillator clock
period (tc k) multiplied times 4, 64, or 1024 as deter-
mined by the programming of the system clock divider
bits (CD1, CDO) in the PMR register. The prescaler pro-
vides four frequencies: tycik *1, tmcLk *4, tmeuk *16,
tmcLk *64. These frequencies are free running and are
not specifically enabled or selected. They are simulta-
neously available to the four PWM clock selectors as
described below.

11.3 PWM CLOCK GENERATORS

Within the PWM function there are four identical but
separate clock generators for each of the four indepen-
dent PWM channels. The clock generator function is
illustrated in Figure 11-2. All four clock generators
accept the four prescaler clock outputs and an external

pin as inputs. PWI.0 may be selected as the clock gen-
erator input for PWM channels 0 and 2, and PWI.1 may
be selected as the clock generator input for channels 1
and 3. If PWI.1 or PWI.0 are to be selected as the clock
input source, then associated port bit latch (P6.5 or
P6.4) must be programmed as an input (setto 1) in order
to enable the alternate function of these pins. If
selected, PWI.1 and PWI.0 will be sampled and syn-
chronized to internal microcontroller timing as with other
8051 compatible timer inputs.

Thus, for all clock generators there are five choices for
the input clock source, which is used to drive an 8-bit
auto—reloadable counter. This counter output provides
adivide by N+1 selectable frequency for the PWM chan-
nel, where N is the value programmed into the counter
register. When a value of 00H is programmed into the
counterthe input clock frequency will be passed through
as the clock output to the channel’'s pulse genera-
tor. Avalue of OFFH will result in the clock input being
divided by 256 and output to the pulse generator.
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PWM CHANNEL CLOCK GENERATOR (1 OF 4) Figure 11-2
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11.4 PWM PULSE GENERATORS

Figure 11-3illustrates the pulse generators for each of
the four PWM channels. Each pulse generator has an
8-bit free running timer which accepts a clock input from
the associated PWM clock generator. The timer value is
compared to zero and to a user selectable value. Each
time that the timer value reaches zero (once every 256
clocks), the zero comparator sets a flip—flop. When the
timer reaches the user—selected PWM match value, this
comparator clears the flip—flop. The user—selected
PWM value thereby determines the PWM duty cycle.

If the channel's associated output enable bit is set
(PWnOE), the output of this flip—flop is driven on the
associated port 6 pin. Note that when the output enable
bit is set, a full complementary push—pull driver is
enabled on the corresponding pin, replacing the
weak—p pull-up. When the PWnOE bit is set, the
associated general purpose port bit function is logically
disconnected from the pin.

The zero rollover condition will cause an “interrupt” flag
to be set for the associated channel. However, there is
no interrupt vector in the SEM which is dedicated to any
PWM channel's flag. As aresult, the flag is useful only
for polling purposes.

The PWM compare value can be read from or written to
the PWM n SFR with the PWnT/C bit for the pair of PWM
channel’s cleared to 0. The PWM channel timer value
can be accessed via the PWM n SFR register with the
PWnT/C bit setto 1. The PWM value will be transferred
from the SFR to the comparator after the next match
occurs. Thus a selection value can be changed once
per 256 clocks. This prevents software from creating
glitches on the PWM pin. The comparator match flag
indicates when a match occurs and consequently when
the new value has been updated. At this time, software
can change the duty cycle if desired for update on the
next cycle.

A PWM value of 00h will create a PWM output that is
always zero. This is deglitched to prevent a simulta-
neous set and reset. A PWM value of FFh will create a
waveform that is high for 255 of 256 clocks. A DC over-
ride bit is provided for each channel which forces a
constant “1” state on the PWM output.

All PWM functions described above are duplicated for
all four PWM channels. For each, there is a single value
SFR used to access the channel’s Timer value and a
PWM value registers, atimer/compare select bit, an out-
put enable bit, a DC override bit, and a rollover flag bit.
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PWM CHANNEL BLOCK DIAGRAM Figure 11-3
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11.5 PWM SPECIAL FUNCTION REGISTERS
A total of 12 SFR’s are used to control the four PWM
channels. The operation of these registers are summa-
rized below:
11.5.1 PWO01CS/PW23CS-PWM 0, 1/PWM 2, 3 Clock Select Registers
PWO01CS; SFR ADDR.=0D5H
BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
PW0S2 PWO0S1 PWO0S0 PWOEN PW1S2 PW1S1 PW1S0 PW1EN
PW23CS; SFR ADDR.=0E5H
BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
PW2S2 PW2S1 PW2S0 PW2EN PW3Ss2 PW3s1 PW3S0 PW3EN
Read/Write Access: Unrestricted.
Initialization: 00H on any type of reset
PWnS2-0 — PWM n Clock Select Bits. PWM n CLOCK
These three bits select one of four prescale frequencies PWnS2 PWnS1 PWnSO0 FREQ.
or an external pin as the input to the PWM n frequency 0 0 0 tmeLk® 1
generator, which is then used as the clock source for 0 0 1 tmeLk® 4
PWM channel n. The bit selections operate as follows: 0 1 0 tycLk* 16
0 1 1 tmeLk® 64
1 X X PWI.n pin*
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*Note: For channels 0 and 2, this selection assigns
PWI.0 as the input clock source. For channels 1 and 3,
this selection assigns PWI.1 as the input clock source.

PWnEN — PWM n Frequency Generator
Enable.

Enables the frequency generator for PWM n. When
PWnEN =1, the frequency generator operates from the

clock selected by PWnS2-0. When PWnEN = 0, no
clock is generated.

11.5.2 PWO1CON/PW23CON - PWM 0, 1/ PWM 2, 3 Control Register

PWO01CON; SFR ADDR.=0DDH

BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO

PWO PWO PWO PWO PW1 PwW1 PwW1 PwW1

F DC OE T/IC F DC OE T/IC
PW23CON; SFR ADDR.=0EDH

BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO

Pw2 PwW2 PwW2 PwW2 PW3 PW3 PW3 PW3

F DC OE TIC F DC OE TIC

Read/Write Access: Unrestricted.
Initialization: O0H on any type of reset

PWnF — PWM n Flag.

Indicates that the PWM n timer has rolled over to a zero
after a total of 256 counts. This bit must be cleared by
software to remove the flagged condition.

PWnDC — PWM n D. C. Override.
Setting this bit to a 1 forces the PWMn output to a 1
regardless of the PWM match value.

PWnOE — PWM n Output Enable.

When set to a 1, PWnOE enables the PWM channel’'s
output on the associated port pin. The port pin's normal
psuedo-bi—directional function is switched over to a full

complementary push—pull output drive. When cleared
to 0, the PWM function is disconnected, and the normal
port pin function is restored.

PWnNT/C — PWM n Timer / Compare Value
Select.

PWnT/C controls whether the read/write access of the
PWM channel’s value register results in access of the
timer or the compare values. When PWnT/C = 1, the
Timer values are accessed viathe PWM n SFR. When
PWnT/C =0, the Compare values are accessed via the
PWM n SFR.

11.5.3 PWnFG - PWM n Frequency Generator Registers

PWOFG; SFR ADDR.=0D6H

BIT7 BIT 6 BIT5 BIT 4

BIT 3 BIT 2 BIT1 BITO
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PW1FG; SFR ADDR.=0D7H

BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO
PW2FG; SFR ADDR.=0E6H

BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO
PW3FG; SFR ADDR.=0E7H

BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BITO

Read/Write Access: Unrestricted.
Initialization: 00H on any type of reset

The PWM channel n operating frequency is derived
from the frequency selected by PWnS2-0 (described
above) divided by the value of (PWnFG) + 1. Thus if
(PWnFG) = 0, divisor is 1, (PWnFG) = 1, divisor = 2,
(PWnFG) = 2, divisor = 3, etc. This value is the reload

11.5.4 PWMn — PWM n Value Registers

PWMO; SFR ADDR.=0DEH

value for the frequency generator’s 8-bit auto—reload-
able timer. The timer’s sole purpose is to generate the
clocking frequency for PWM n and is not otherwise
accessible. The PWM frequency will be correct after
one reload has occurred.

BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BIT O
PWM1; SFR ADDR.=0DFH

BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BITO
PWM2; SFR ADDR.=0EEH

BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BITO
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PWM3; SFR ADDR.=0EFH

BIT7 BIT 6 BIT5 BIT 4

BIT 3 BIT 2 BIT 1 BITO

Read/Write Access: Unrestricted.
Initialization: 00H on any type of reset

Used to access the PWM n timer and the PWM n
compare values that selects the PWM duty cycle. This
register provides read/write access to both. The selec-
tion of the active function is controlled by the PWnT/C
bit. When PWnT/C =0, then PWM n register accesses
the PWM compare value. Writing a new value to PWM n
will then select a new duty cycle. The new value will be

loaded from the register into the PWM comparator when
the timer reaches the previous PWM compare value.
When PWnT/C =1, the register accesses the PWM n
timer value. This allows software to monitor the prog-
ress through the duty cycle or to use PWM channel n as
an 8-bit timer.
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12.0 MICROCONTROLLER POWER
MANAGEMENT

12.1 POWER-DOWN / POWER-UP
OPERATION

The SEM incorporates a complete on—chip power moni-
toring and control function which performs the following
tasks:

* Power Fail Reset generation

* Power Fail Warning interrupt

12.1.1 Microcontroller Power Fail Reset

The SEM incorporates a precision band-gap voltage
reference and internal monitoring circuit to determine if
VCC is out of tolerance. The power fail reset feature
operates completely without the need for external com-
ponents.

During a power up or power down condition, the SEM'’s
CPU and its I/O circuitry are held in a reset state for the
entire time that VCC is below the VRST threshold. In
addition, the VRST pin is held low so that the rest of the
system can be held in a reset state during this time.

When VCC rises above the VRST level during a power
up condition, the internal monitor circuit manages a
restart of the SEM’s microcontroller as follows: First, the
crystal oscillator is enabled and a delay of 65536 CPU
clock cycles is executed in order to allow time for the
microcontroller clock oscillator to stabilize. Then, the
VRST pin is taken inactive and the microcontroller core
is released from the reset state and begins code execu-
tion at the reset vector location (0000h). Software can
then determine that a power—on reset has occurred by
reading the Power On Reset flag (WDCON.6) which will
be setto a 1. The software should clear the POR flag
afterreading it so that the next reset source can be prop-
erly determined.

12.2 LOW POWER OPERATING MODES
Along with the standard IDLE and power down (STOP)
modes of the standard 80C52, the SEM provides the

Slow Clock mode. This mode allows the processor to
continue functioning, yet save power compared with full
operation mode. The SEM also features several
enhancements to STOP mode that make it more useful.

12.2.1 Slow Clock Mode

The Slow Clock Mode offers a complete scheme of
reduced internal clock speeds that allow the CPU to
continue to run software but to use substantially less
power. During default operation, the SEM uses 4 clocks
per machine cycle. Thus the instruction cycle rate is
Clock/4. At 25 MHz crystal speed, the instruction cycle
speed is 6.25 MHz (25/4). In Slow Clock Mode, the
microcontroller continues to operate but uses an inter-
nally divided version 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).

The microcontroller firmware is the only mechanism that
can invoke the Slow Clock Mode. Table 12-1 illustrates
the instruction cycle rate in Slow Clock Mode for several
common crystal frequencies. Since power consump-
tion is a direct function of operating speed, Slow Clock
Mode (/64) eliminates most of the power consumption
while still allowing a reasonable speed of processing.
Slow Clock Mode (/1024) runs very slow and provides
the lowest power consumption without stopping the
CPU. This s illustrated in Table 12-2.

Note that Slow Clock Mode provides a lower power
condition than IDLE mode. This is because in IDLE, all
clocked functions such as timers run at a rate of crystal
divided by 4. Since wake—up from Slow Clock Mode is
as fastas or faster than from IDLE and Slow Clock Mode
allows the CPU to operate (even if doing NOPs), there is
little reason to use IDLE in new designs.
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SLOW CLOCK MODE INSTRUCTION CYCLE RATE Table 12-1

FULL SPEED SLOW CLOCK SLOW CLOCK
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 345.6 KHz 21.6 KHz
25 MHz 6.25 MHz 390.6 KHz 24.4 KHz
SLOW CLOCK MODE OPERATING CURRENT ESTIMATES Table 12-2
FULL SPEED SLOW CLOCK SLOW CLOCK
CRYSTAL SPEED (4 CLOCKS) (64 CLOCKS) (1024 CLOCKS)
1.8432 MHz 3.1mA 1.2 mA 1.0 mA
3.57 MHz 5.3 mA 1.6 mA 1.1 mA
11.0592 MHz 15.5 mA 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

12.2.1.1 Crystaless Slow Clock Mode

A major component of power consumption in Slow
Clock Mode is the crystal amplifier circuit. The SEM
allows the user the option to switch CPU operation to an
internal ring oscillator and turn off the crystal amplifier.
The CPU would then have a clock source of approxi-
mately 4 MHz, divided by either 4, 64, or 1024. The ring
oscillator as a time base is not precise and as a result
software 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 of little use when running at 4 clocks
perinstruction cycle, it makes a major contribution when
running in Slow Clock Mode.

12.2.1.2 Slow Clock Mode Operation

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

There are two ways of exiting Slow Clock Mode. Soft-
ware can remove the condition by reversing the proce-
dure that invoked Slow Clock Mode 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-
cerned with Slow Clock Mode functions. They are
Power Management Register (PMR; C4h), Status
(STATUS; C5h), and External Interrupt Flag (EXIF; 91h)

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

CD1 CDO Cycle rate

0 0 Reserved

0 1 4 clocks (default)
1 0 64 clocks

1 1 1024 clocks

The selection of instruction cycle rate will take effect
afteradelay 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 Slow Clock Mode. There
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are minor restrictions on accessing the clock selection
bits. The processor must be running in a 4 clock state to
select either 64 (Slow Clock Model) or 1024 (Slow
Clock Mode2) clocks. This means software cannot go
directly from divide-by—64 to divide-by—1024 or vise
versa. It must return to a 4 clock rate first.

12.2.1.4 Switchback

To return to a 4 clock rate from Slow Clock Mode, soft-
ware can simply selectthe CD1 & CDO clock control bits
to the 4 clocks per cycle state. However, the SEM pro-
vides several hardware alternatives for automatic
Switchback. If Switchback is enabled, then the SEM will
automatically return to a 4 clock per cycle speed when
aninterrupt occurs from an enabled, valid external inter-
rupt source. A Switchback will also occur when the
serial port detects the beginning of a serial start bit if the
serial receiver is enabled. Note the beginning of a start
bit does not generate an interrupt; this occurs on recep-
tion of a complete serial word. The automatic Switch-
back on detection of a start bit allows hardware to cor-
rect baud rates in time for a proper serial reception.

Switchback is enabled by setting the SWB bit (PMR.5)
toalinsoftware. For an external interrupt, Switchback
will occur only if the interrupt source could really gener-
atetheinterrupt. Forexample, ifINTO is enabled but has
a low priority setting, then Switchback will not occur on
INTO if the CPU is servicing a high priority interrupt. A
serial Switchback will occur only if the serial receiver
function is enabled (REN=1, SCONO0.4).

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 Slow Clock
Mode by not allowing a write to CD1 and CDO if a serial
start bit arrived and SWB = 1. Since the reception of a
serial start bit or an interrupt priority lockout is normally
undetectable by software in an 8051, the Status register
features several new flags that are useful. These are
described below.

12.2.1.5 Status

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

The SEM supports three levels of interrupt priority.
These levels are Power—fail, High, and Low. Bits

STATUS.7-5indicate the service status of each level. If
PIP (Power-fail Interrupt Priority; STATUS.7) is a 1,
then the processor is servicing this level. If either HIP
(High Interrupt Priority; STATUS.6) or LIP (Low Interrupt
Priority; 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 Slow Clock Mode (Switchback)
when a higher level is in service. Check the current
priority service level before entering Slow Clock Mode.
If the current service level locks out a desired Switch-
back source, then it would be advisable to wait until this
condition clears before entering Slow Clock Mode.

Alternately, software can prevent an undesired exit from
Slow Clock Mode by entering a low priority interrupt ser-
vice level before entering Slow Clock Mode. This will
prevent other low priority interrupts from causing a
Switchback.

Status also contains information about the state of the
serial port. 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 (SPTAQ; STATUS.1) indicates that the
serial portis still shifting out a serial transmission. While
one of these bits is set, hardware prohibits software
from entering Slow Clock Mode (CD1 & CDO are write
protected) since this would corrupt the corresponding
serial transmissions.

12.2.1.6 Crystal / Ring Operation

The SEM allows software to choose the clock source as
anindependent 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 external clock) source.
The ring may save power depending on the actual crys-
tal 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.

The XT/RG bit (EXIF.3) selects the crystal or ring as the
clock source. Setting XT/RG = 1 selects the crystal.
Setting 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
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amplifier 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 ring is 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 firstbe enabled. Setthe XTOFF bit
toa0. Atthis time, the crystal oscillation will begin. The
SEM then provides a warm-up delay to make certain
that the frequency is stable. Hardware will set the
XTUP bit (STATUS.4) to a 1 when the crystal is 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.

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.
Thering 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.
Thisis 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 Slow Clock Mode, then it
should be a dummy character of no importance with a
subsequent delay for crystal startup.

The flow chart in Figure 121 illustrates a typical deci-
sion set associated with Slow Clock Mode.
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Table 12-3 is a summary of the bits relating to Slow Clock Mode and its operation.

ENTERING / EXITING SLOW CLOCK MODE Figure 12-1

ENTER SLOW CLOCK MODE

ALLOW
HARDWARE TO CAUSE
A SWITCHBACK

?

SET SWB=1

EXITING SLOW CLOCK MODE

N

SOFTWARE DECIDES
TO EXIT

CD1,CD0=01FOR 4

CHECK AND CLEAR
IMPENDING ACTIVITY

INVOKE SLOW CLOCK MODE

CLOCK SPEED = 64 OR 1024
CD1, CD0=10 FOR 64

CD1, CD0=11 FOR 1024

OPERATE
WITHOUT CRYSTAL
?

XT/RG=0

DISABLE CRYSTAL?
(NO FAST SWITCH
TO XTAL)

XTOFF =1

v

DONE

DONE

LOWEST POWER OPERATING STATE

SWB=1 AND EXTERNAL

ACTIVITY OCCURS

HARDWARE AUTOMATICALLY
SWITCHES CD1, CDO

XTOFF =0

DONE

DONE
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SLOW CLOCK MODE CONTROL AND STATUS BIT SUMMARY Table 12-3

BIT NAME | LOCATION FUNCTION RESET WRITE ACCESS
XT/RG EXIF.3 Control. XT/RG=1, runs from crystal or X 0to 1 only when
external clock; XT/RG=0, runs from internal XTUP=1 and XTOFF=0
Ring Oscillator.
RGMD EXIF.2 Status. RGMD=1, CPU clock = ring; 0 None
RGMD=0, CPU clock = crystal.
CD1, CDO PMR.7, Control. CD1,0=01, 4 clocks; CS1,0=10, 0,1 Write CD1,0=10 or 11
PMR.6 Slow Clock Mode 1; CD1,0=11, only from CD1,0=01
Slow Clock Mode 2.
SWB 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.
SPTAO STATUS.1 | Status. Serial transmission on serial port 0. None
SPRAO STATUS.O | Status. Serial word reception on serial port 0. None
12.2.2 IDLE MODE serial port, watchdog) are not useful since they require

Setting the Isb of the Power Control register (PCON;
87h) invokes the IDLE mode. IDLE will leave internal
clocks, serial port and timers running. Power consump-
tion drops because the memory is not being accessed.
Since clocks are running, the IDLE power consumption
is a function of crystal frequency. It should be approxi-
mately 1/2 of the operational power at a given fre-
guency. The CPU can exit the IDLE state with any inter-
ruptor areset. IDLE is available for backward software
compatibility. The system can now reduce power con-
sumption to below IDLE levels by using Slow Clock
Mode / 64 or / 1024 and running NOPs .

12.2.3 STOP MODE AND 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
ICC of a standard STOP mode is approximately 1 uA
(but is specified in the Electrical Specifications). The
CPU will exit STOP mode from an external interrupt or a
reset condition. Internally generated interrupts (timer,

clocking activity.

The SEM provides two enhancements to the STOP
mode. The SEM incorporates a band—gap reference
which is used to determine Power—fail Interrupt and
Reset thresholds and to provide a reference for the on—
chip A/D converter. 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 reference
enabled, PFI and Power—fail reset are functional and
are 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 this
condition, ICC will be approximately 100 uA compared
with 1 uA with the band—gap off.

If auser does not require a Power—fail Reset or Interrupt
while in STOP mode, the band-gap can remain dis-
abled. In addition, the VRST output pin will be at a low
(active) level. In this manner, the SEM and the rest of
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the system under the control of the VRST pin is pre-
pared for a power down condition should it occur while
STOP with the band—gap disabled is in effect.

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, Slow Clock
Mode, or IDLE modes.

The second feature allows an additional power saving
optionwhile also making STOP easierto use. Thisisthe
ability to start instantly when exiting STOP mode. Itis
the internal 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
oscillator is as follows.

Using STOP mode turns off the crystal oscillator and all
internal 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
least4mS. Acommonrecommendationis 10msS. Inan
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 return to sleep in less
time than ittakes to start the crystal. If a user selects the
ring to provide the start-up clock and the processor
remains running, hardware will automatically switch to
the crystal 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 12—2 shows how the operation
would compare when using the ring, and when starting
up normally. The default state is to exit STOP mode
without using the ring oscillator.

The RGSL — Ring Select bit at 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.
For a 3.57 MHz crystal, this is 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 tim-
ing while this bit is set, since the operating frequency is
not precise.
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RING OSCILLATOR EXIT FROM STOP MODE Figure 12-2

STOP MODE WITHOUT RING STARTUP

4-10 ms
uC OPERATING |‘—’| uC OPERATING
OSCILLATION

! o

uC ENTERS INTERRUPT, CLOCK uC ENTERS
STOP MODE CLOCK STARTS STABLE STOP MODE

POWER —| |

STOP MODE WITH RING STARTUP
uC OPERATING

CRYSTAL
OSCILLATION uC OPERATING
OSCILLATION

T o

uC ENTERS INTERRUPT, uC ENTERS
STOP MODE RING STARTS STOP MODE

POWER —|

DIAGRAM ASSUMES THAT THE OPERATION FOLLOWING STOP
REQUIRES LESS THAN 18 mS TO COMPLETE.

POWER SAVED
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13.0 +5.0V ELECTRICAL SPECIFICATIONS
13.1 ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground —-0.3V to +6.0V
Operating Temperature 0°Cto 70°C

Storage Temperature -55°C to +125°C
Soldering Temperature 260°C for 10 seconds

* Thisisastressrating only and functional operation of the device atthese or any other conditions above those
indicated in the operation sections of this specification is notimplied. Exposure to absolute maximum rating
conditions for extended periods of time may affect reliability.

13.2 MICROCONTROLLER DC ELECTRICAL

CHARACTERISTICS (0°C to 70°C; Vc=5.0 £ 10%)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Supply Voltage Vee 4.5 5.0 55 \% 1
Power Fail Warning @ 25 MHz Vprw 4.25 \% 1
Minimum Operating Voltage VRsT 4.00 \% 1
@ 25 MHz
Supply Current Active Mode lcc 50 mA 2
@ 25 MHz
Supply Current Idle Mode lipLE 10 mA 3
@ 25 MHz
Supply Current Stop Mode IstoP 1 HA 4
Band—gap Disabled
Supply Current Stop Mode IspBG 100 HA 4
Band—gap Enabled
Input Low Level (All except Vi1 -0.3 +0.8 \Y 1
KSI.7-0, SDAX, and SCLXx pins)

Input Low Level (KSI.7-0 pins) VL2 -0.3 +0.6 \%

Input Low Level (SDAXx, SCLx Vi3 -0.3 +0.3 Ve Y 1
pins)

Input High Level (All except ViH1 2.0 Vcct0.3 \% 1
XTAL1, RST, SDAXx, and SCLx

pins)

Input High Level ViH2 35 Vcct0.3 \% 1
(XTAL1 and RST)

Input High Level Vi3 35 Vcc+0.3 \% 1

(SDAX, SCLx Pins)

Output Low Voltage: Ports 1.0,
Ports 1.1, Ports 3, 4, 6, 7, 8,

9and 10 @ I =1.6 mA VoL 0.15 0.45 v L
VRST, VPFW
Output Low Voltage: Ports 0 and VoL2 0.15 0.45 \% 1

2, ALE, PSEN @ Ig =3.2 mA
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Output Low Voltage: Ports 1.2 —
Ports 1.7, Port 5 @ Ig =8 mA

VoLs

0.15

0.8 \Y 1

Output High Voltage: Ports 1.0,
Ports 1.1, Ports 2, 3, 6 (PWM
disabled), 7, 10, ALE, PSEN
@ lop= —50 pA

VoH1

2.4

13.2 MICROCONTROLLER DC ELECTRICAL

CHARACTERISTICS (cont'd)

(0°C to 70°C; Ve=5.0 + 10%)

Output High Voltage: Ports 1.0,
Ports 1.1, Ports 2, 3, 4, 7, 10
transition mode, and Ports
6.0—Ports 6.3 pins with PWM
channel enabled

@ loy=-1.5mA

VoHz

2.4

Output High Voltage: Port 0, 2
(bus mode) @ loy = -8 MA
PSEN, ALE

VoHs

2.4

Input Low Current: Ports 1.0,
Ports 1.1, Ports 3, 6 (PWM
disabled), 7, 10 @ 0.45V

Transition Current from 1 to 0
Ports 1.0, Ports 1.1, Ports 2, 3, 6
(PWM disabled), 7, 10 @ 2V

-650 HA 8

Input Leakage: Port 0 pins (I/0
Mode), XTAL1

+10 HA 10

Input Leakage: Port 0 pins (Bus
Mode)

-300

+300 HA 9

RST Pull-down Resistance

RRrsT

50

250 KQ

Internal Port Resistors (KSI17-0)

Rp

20 KQ

NOTES

1. All voltages are referenced to ground.

2. Active current is measured with a 25 MHz clock source driving XTAL1, Vcc=RST=+6.0V. All other pins discon-

nected.

3. Idle mode current is measured with a 25 MHz clock source driving XTALL, Vcc=+6.0V, RST at ground, all other

pins disconnected.

4. 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.

5. This specification applies to Port 0 when external memory is accessed.

6. RST=V(c. This condition mimics operation of pins in I/O mode. Port 0 is tristated in reset and when at a logic

high state during 1/0 mode.
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7. 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. In addition, this specification applies to any of the Port 6.0-Port 6.3 pins when
the associated PWM channel is enabled.

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

approximately 2V.

9. 0.45<V|y<Vcc. Notahighimpedance input. This portis a weak address holding latch in Bus Mode. Peak current
occurs near the input transition point of the latch, approximately 2V.

10.0.45<V|N<Vee. RST=V¢c. This condition mimics operation of pins in /O mode.

13.3 MICROCONTROLLER AC ELECTRICAL

CHARACTERISTICS

13.3.1 EXTERNAL PROGRAM MEMORY

CHARACTERISTICS

(0°C to 70°C; Ve=5.0 + 10%)

25 MHz VARIABLE CLOCK
PARAMETER SYMBOL MIN MAX MIN MAX UNITS
Oscillator Frequency 1ltcLcL 0 25 0 25 MHz
ALE Pulse Width tLHLL 55 (BtcLcl/2)-5 ns
Port 0 Address Valid to ALE Low tavLL 15 (tcLcL/2)-5 ns
Address Hold after ALE Low tLLax 15 (tcLcL/2)-5 ns
ALE Low to Valid Instruction In tLLv 80 2.5tc L —20 ns
ALE Low to PSEN Low tLpL 15 (tcLcL/2)-5 ns
PSEN Pulse Width tpLPH 75 2tcLcL—5 ns
PSEN Low to Valid Instruction In teLiv 60 2tcLcL—20 ns
Input Instruction Hold after PSEN tpxix 0 0 ns
Input Instruction Float after PSEN tpxiz 35 tcLcL—5 ns
Port 0 Address to Valid tavivl 100 3tccL—20 ns
Instruction In
Port 2 Address to Valid tavive 115 3.5tcLcL—25 ns
Instruction In
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 (turn off times) over 25 ns may cause contention. This will not dam-
age the parts, but will cause an increase in operating current.
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13.3.2 MOVX USING STRETCH MEMORY CYCLES

(0°C to 70°C; Voe=5.0 + 10%)

VARIABLE CLOCK
PARAMETER SYMBOL MIN MAX UNITS STRETCH

Data Access ALE Pulse Width tLHLL2 1.5tc cL—5 ns tmcs=0
2tcrc—5 tmcs>0
Address Hold after ALE Low for tLLAx2 0.5tc c -5 ns tmcs=0
MOVX Write tCLCL_S tMCS>O
RD Pulse Width tRLRH 2tcicL-5 ns tmcs=0
tmcs—10 tmcs>0
WR Pulse Width twiLwH 2tcicL—-5 ns tmcs=0
tmes—10 tmcs>0
RD Low to Valid Data In tRLDV 2tcLc—20 ns tmcs=0
tmcs—20 tmcs>0

Data Hold after Read tRHDX 0 ns
Data Float after Read tRHDZ tcLcL—5 ns tmcs=0
2tcLcl-5 tmcs>0
ALE Low to Valid Data In tLLpv 2.5tc cL—20 ns tmcs=0
tmesHeLcl—40 tmcs>0
Port 0 Address to Valid Data In tavDv1 3tcLc—20 ns tmcs=0
tmes+1.5tc 1 —20 tmcs>0
Port 2 Address to Valid Data In tavDv2 3.5tc 1 —20 ns tmcs=0
tmest2te o —20 tmcs>0
ALE Low to RD or WR Low towL 0.5tc -5 0.5tcLcLt5 ns tmcs=0
tcLcl—5 tcLeLts tmcs>0
Port 0 Address to RD or WR Low tavwLl tcLcL—5 ns tmes=0
2tcicl-5 tmcs>0
Port 2 Address to RD or WR Low tavwL2 1.5tc c1-5 ns tmes=0
2.5tcLcL—-5 tmcs>0

Data Valid to WR Transition tovwx -5 ns
Data Hold after Write tWHQX tcLcL—5 ns tmcs=0
2tcic-5 tmcs>0

RD Low to Address Float tRLAZ -0.5tc cL-5 ns
RD or WR High to ALE High tWHLH 0 10 ns tmcs=0
tcLcl—> tcrelts tmcs>0

NOTE:

tmcs is a time period related to the Stretch memory cycle selection. The following table shows the value of tycg for

each Stretch selection.

M2 M1 MO MOVX CYCLES tmcs

0 0 0 2 machine cycles 0

0 0 1 3 machine cycles (default) dtcicL
0 1 0 4 machine cycles 8 tcLcL
0 1 1 5 machine cycles 12 tc oL
1 0 0 6 machine cycles 16 tc oL
1 0 1 7 machine cycles 20 tcLcL
1 1 0 8 machine cycles 24 tcLcL
1 1 1 9 machine cycles 28 tcLcL
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13.3.3 EXTERNAL CLOCK CHARACTERISTICS

(0°C to 70°C; Voe=5.0 + 10%)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Clock High Time tcHex 20 ns
Clock Low Time tcLex 20 ns
Clock Rise Time tcLcH 10 ns
Clock Fall Time tcHeL 10 ns
13.3.4 SERIAL PORT MODE 0 TIMING
CHARACTERISTICS (0°C to 70°C; Vcc=5.0 = 10%)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Serial Port Clock Cycle Time txLxL
SM2=0, 12 clocks per cycle 12tc oL ns
SM2=1, 4 clocks per cycle At oL ns
Output Data Setup to Clock Rising tQuxH
SM2=0, 12 clocks per cycle 10tc oL ns
SM2=1, 4 clocks per cycle 3tcLcL ns
Output Data Hold from Clock Rising txHoX
SM2=0, 12 clocks per cycle 2tcLcL ns
SM2=1, 4 clocks per cycle tcLeL ns
Input Data Hold after Clock Rising tXHDX
SM2=0, 12 clocks per cycle teLeL ns
SM2=1, 4 clocks per cycle teLeL ns
Clock Rising Edge to Input tXHDV
Data Valid
SM2=0, 12 clocks per cycle 1ltci oL ns
SM2=1, 4 clocks per cycle 3tcLeL 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 completeness, 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
Tri—state

NXS<TOT~-rIoO>"~
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13.3.5 POWER CYCLE TIMING CHARACTERISTICS

(0°C to 70°C; Voe=5.0 + 10%)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Cycle Start—-up Time tcsu 1.8 ms 1
Power—on Reset Delay tpoRr 65536 tcLeL 2

NOTES:

1. Start—uptime for crystals varies with load capacitance and manufacturer. Time shown is for an 11.0592 MHz crys-
tal manufactured by Fox.

2. Reset delay is a synchronous counter of crystal oscillations after crystal start-up. At 25 MHz, this time is

2.62 ms.

EXTERNAL PROGRAM MEMORY READ CYCLE Figure 13-1

le———— UHL ——]

ALE

tAVLL

—— t )y ————>

=T

/

tpLIv

tPLPH

la— fLLPL

pxiz

——
tpxix ’47

PORT 2

ADDRESS INSTRUCTION ADDRESS
AO0-A7 IN AO-A7
tavivi
I taviv2
ADDRESS A8-A15 OUT >< ADDRESS A8-A15 OUT
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EXTERNAL DATA MEMORY READ CYCLE Figure 13-2

ALE

PORT 0

PORT 2

ALE

PORT 0

fHL2 — > f¢—— f i pv —>

|

|<— twHLH

towe
fLaxt
l@— IRLRH
tavie la— RLDV —] [
& / {RHDZ
RLAZ la— >
— |_, tRHDX
tavwiLL
INSTRUCTION ADDRESS DATA IN ADDRESS
IN A0-A7 AO0-A7
tavDV1
tavDV2
ADDRESS A8-A15 OUT
-
tavwL2
EXTERNAL DATA MEMORY WRITE CYCLE Figure 13-3
—> I“‘ tWHLH
/ fLowe \
tLLAx2 — —
fwiwH
A
taviL \
v twHQX
INSTRUCTION 7 ADDRESS ADDRESS
IN \| T A0-A7 DATA OUT AO-AT
-
——I — toywx

PORT 2

—  tavwil —

ADDRESS A8-A15 OUT

A

< tawe —
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DATA MEMORY WRITE WITH STRETCH=1 Figure 13-4
Last Cycle of First Second Third Next
|‘_ Previous _+_ Machine _+_ Machine _.|<_ Machine _+_ Instruction _.I
Instruction Cycle Cycle Cycle Machine Cycle
jf——— MOVX Instruction Ll
|Cl|CZ|C3|C4|Cl|02|C3|C4|Cl|CZ|C3|C4|Cl|C2|C3|C4|C1|CZ|03|C4|

0|
(%2}
m
Z

PORT O:>_<AO—A7>_< D0O-D7 >_<AO—A7>_< D0-D7 >_<A0—A7>< D0-D7 >‘<A0—A7>_< D0-D7

MOVX Next Instr. MOVX
Instruction Address Data MOVX Data
Address MOVX Next Address
Instruction Instruction
Read l

PORT 2 x AB-Al5 X A8-A15 X A8-A15 >< AB-A15

DATA MEMORY WRITE WITH STRETCH=2 Figure 13-5

Last Cycle First Second Third Fourth Next
|‘_ of Previous _+_ Machine _+_ Machine _-|.<_ Machine | Machine | Instruction _>|
Instruction Cycle Cycle Cycle | Cycle | Machine
L
I

MOVX Instruction I Cycle

|ci|c2|ca|ca|ca|ca|cs|calca|ca|ca|ca|cr|ca|cs|ca |c1|ca|cs]|calc|ca|cs]cs|

[ 1]
]

MOVX Next Instr. MOVX
Instruction Address Data MOVX Data
Address  pmovx Next Address

Read

PORT 2 x AB-Al15 X A8-A15 X AB-A15 X AB-A15

FOUR CYCLE DATA MEMORY WRITE
STRETCH VALUE=2

l Instruction Instruction l
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EXTERNAL CLOCK DRIVE Figure 13-6

XTAL1

fcHeL

ferex

SERIAL PORT MODE 0 TIMING Figure 13—7

SERIAL PORT 0 (SYNCHRONOUS MODE)

[fe—— fcicL

feHex

teLeH

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

we LI ML M T T

== S I I I O I o

, ey QUXH o

WRITE TO SBUF |_| —> [ txHox
.
[
DATAR()D<8T : DO X D1 X D2 X D3 X D4 X D5 X D6 X D7 /
CLOCK '
! _’| IXLxL |<_ |—
l
TI [
WRITE TO SCON !
TO CLEARRI |_|'
DATAIN - (oo J oo X Koz J_ foa ) Noa) Nos) foe X )or)
CLgéE RECEIVE
RI tXHDV _’i ,_

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

.
ALE -
.
PSEN !
1
WRITE TO SBUF | . .
1 1 1 1
RXD
DATAOUT | A\ o X o X[ o X o7 7
™D '
X0 | | [ 1] [
I
1
WRITE TO SCON TO CLEARRI
RXD DATAIN (sl Kor)
TXD CLOCK [ [ [
R I

LINSNVHL

ENESEN]
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POWER CYCLE TIMING Figure 13-8

INTERRUPT
SERVICE ROUTINE

|<— tcsu

A

|<— tpor ——I

INTERNAL RESET

13.4 SYSTEM INTERFACE DC ELECTRICAL

CHARACTERISTICS

(
1

(0°C to 70°C; Voe=5.0 + 10%)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Power Supply Voltage HVCC 4.5 5.0 5.5 \% 1
Average HVCC Power HICC1 600 HA 2,3
Supply Current

Input Logic 1: ViH 2.8 Vce +0.3 \% 1,6
Input Logic O: ViL -0.3 0.6 \% 1,6
Input Leakage Current (Any I -1 +1 pA 6
Input)

Output Logic 1 Voltage Vou 2.4 \% 7
@ lopq =-1.0 mA

Output Logic 0 Voltage VoL 0.4 \% 7
@ lp.=+2.1 mA

NOTES:
All voltages referenced to ground.

Typical values are at 25°C and nominal supplies.

. Outputs are open.

. Measured with a load of 50 pF + 1 TTL gate.

1.
2.
3
4. Applies to the SDO-SD7 pins, when each are in a high impedance state.
5
6

. Applies to system interface inputs which are powered via the HVCC supply: A0, IOR, KBCS, IOW, PM1CS,

PM2CS and SD7-SDO0.

7. Applies to system interface outputs which are powered via the HVCC supply; KBOBF, SMI1, SMI2, and SD7 —

SDO.
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13.5 HOST I/F AC TIMING CHARACTERISTICS (0°C to 70°C; Vcc=5.0 + 10%)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Cycle Time teve 160 DC ns
Input Rise and Fall Time trs tg 15 ns
Chip Select, A0 Setup tcio 10 ns
Time Before IOR IOW
IOR, IOW Low Time tioL 50 ns
IOR, IOW High Time tioH 80 ns
Delay From IOR to Data tirRD 50 ns
Data Hold Time After IOR tiRDH 5 ns
Data Turn Off Time After [OR tirRDZ 25 ns
Data Setup Time to IOW twps 45 ns
Data Hold Time From IOW twWDH 0 ns
Chip Select, A0 Hold tiocH 20 ns
From IOR, IOW

BUS TIMING FOR WRITE CYCLE TO HOST I/F REGISTERS Figure 13-9

teve
KBCS,
PMICS \ \
PM2CS K
lr A
0 % X
K 7
fcio
4 tioL { tioH {
TOW A
fiocH
twps
— -—— twpH
SD7-SD0 >< ><
(INPUT) K P
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BUS TIMING FOR READ CYCLE FROM HOST I/F REGISTERS Figure 13-10

- teye >
KBCS —
PM1CS \
PM2CS N N
i A
0 X
~ 7
fcio
_ tioL { tioH {
TOR a
\ tiocH
K - _
RO
tirDH
SD7-SDO % N
(OUTPUT) &k p
YRDZ,

OUTPUT LOAD Figure 13-11

Vee = +5.0V
1.8KQ
DEVICE
UNDER =
TEST
50 pF
1KQ P
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13.6 2-WIRE AC TIMING CHARACTERISTICS

(0°C to 70°C; Vee=5.0 + 10%)

PARAMETER SYMBOL INPUT OUTPUT
START Condition Hold Time tSTAH > 14 te k (4) > 1.0 us@®
SCLx Low Time tscL > 16 terk (4) > 1.3 us@®
SCLx High Time tscH > 14 teik (4) > 0.6 ps@®
SCLx, SDAX Rise Time tsr <300 ns® - @
SCLx, SDAXx Fall Time tsr <300 ns® <300 ns
Data Setup Time tops > 100 ns > 250 ns(d)
Data Hold Time topH >0ns >8teLk —tsk (4)
Repeated START Setup Time trsTA > 14 teik (4) > 600 ns(d)
Repeated STOP Setup Time trsTO > 14 to k (4) > 600 ns(1)
Bus Free Time toge > 14 tcik (4) > 1.3 pstd)

NOTES:

1. At400Kbps. For other bit rates this value is multiplied by 400 / fo\y.

2. Determined by the external bus line capacitance and the external bus line pull-up resistor; this must be < 300 ns

@ 400Kbps.

3. Spikes on the SDAx and SCLx lines with a duration of less than 50 ns will be filtered out. Maximum capacitance
on either SDAx and SCLx = 400 pF.

4. Where tc g is the period of the XTAL oscillator and the instruction cycle rate is set to 4 clocks (default). The fre-
guency of the XTAL oscillator should be greater than 5 MHz for 400Kbps operation.

5. Both 2-Wire ports are identical and therefore only SDAx and SCLx are used here to simplify all notations.
SDAXx = SDA1 or SDA2 and SCLx = SCL1 or SCL2 (“x" =1 or 2).

2-WIRE SERIAL I/0 TIMING Figure 13-12

sk tsrR

SCLx

tscL

12[;5->>%\i K t2pH

tsp

tRsTA
- toBr

tops

tops
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13.7 A/D CONVERTER SPECIFICATIONS

13.7.1 ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Analog Supply Voltage AVCC VCC VCC +0.2 \%
AGND GKIODE\O/Z GND +0.2 \%
VREF+,
érl]\lallD(;g Inputs (Referred to VCC, \QIQI\IIEI;: GND-0.2 VCC +0.2 v
AIN.O
VREF+,
2?;?\'1%9) Inputs (Referred to AVCC, \QI?’\IIEI;: A—C?)'.\IZD AVCC+0.2 v
AIN.O

13.7.2 A/D ELECTRICAL
CHARACTERISTICS

(0°C to 70°C; Vcc=AVCC =5.0 =+ 10% AGND = GND = 0V)

pins

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Analog Supply Current Alcc 1.0 mA
Analog Power Down Mode Alccpp 100 MA
Current
Analog Input Voltage VaiN VRL VRH \%
Ladder Resistance RRer 11 19 27 KQ
Analog Input Capacitance CiN 10 15 pF
Sampling Time taDs 5 us 1
Conversion Time tapc 16 us 1,2
Stabilization Time taD 0 us 4
Transfer Characteristics: 8 10 Bits

Resolution

Differential non-linearity EpL +0.3 +0.75 LSB

Integral non—linearity EyL +0.2 +1.0 LSB

Offset Error Eos +0.25 +1.0 LSB

Gain Error Eg +0.25 +1.0 %
Crosstalk between A/D input Ect 60 dB

NOTES:
1. ACLK =1ps.

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

3. Relative accuracy is defined as the deviation of the code transition points from the ideal transfer point on a straight
line from the zero to the full scale of the device.

4. Stabilization time is defined as the time required for the A/D circuitry to stabilize after ADON is set to A logic “1”.
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128-PIN TQFP

NOTES:

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

2. DETAILS OF PIN 1 IDENTIFIER ARE OPTIONAL
BUT MUST BE LOCATED WITHIN THE ZONE
INDICATED.

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

w~

0° MIN.

GAUGE PLANE [0.25

PKG 128-PIN 1 |bx ¥
DIM MIN MAX
Afl SEATING PLANE | || | \_f
A - 1.60 0-7
DETAIL A
Al 0.05 -
DIMENSIONS ARE IN MILLIMETERS
A2 1.35 1.45
0.17 0.27
C 0.09 0.20
D 21.80 22.20
D1 20,00 BSC
E | 1580 | 1620
El 14.00 BSC
e 050 BSC
L | o4 | o7

56-G4011-000
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