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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Obsolete

16-Bit

4MHz
UART/USART
Brown-out Detect/Reset, LCD, POR, PWM, WDT
27

16KB (8K x 16)
EEPROM

1IKx 8

2.3V ~ 3.6V
Internal

-40°C ~ 85°C
Surface Mount
80-BQFP
80-MQFP (14x20)
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MAXQ3100

Mixed-Signal Microcontroller with Analog
Comparators, LCD, and RTC

ABSOLUTE MAXIMUM RATINGS

Voltage Range on DVpp Relative to DGND........... -0.5V to +6.0V
Voltage Range on Any Pin Relative to DGND

Operating Temperature Range ...........ccccocoevvenn. -40°C to +85°C
Junction TemMperature ..........ccoocvveiiiiiiiiiie e +150°C

(BV Tolerant) .......ccccoeeviieeiiiiiin

Continuous Output Current

-0.5V to (DVpp + 0.5V)

Soldering Temperature

(Any Single 1/O Pin)....ocoiiiiiiie e 25mA
(All'l/O Pins Combined) .........cooooiiiiiiiiiiiiiiiiieeei 25mA

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS
(DVpD = VRsT to 3.6V, f3okIN = 32.768kHz, Ta = -40°C to +85°C, unless otherwise noted.) (Note 1)

Storage Temperature Range

See IPC/JEDEC

J-STD-020 Specification

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Digital Supply Voltage DVbp VRST 3.3 3.6 \
Digital Power-Fail Reset VRST 2.34 2.5 2.71 \Y
Battery Supply Voltage VBAT 2.0 3.8 \
DDA /1 mode 1.9 2.6
Active C t IDD2 /2 mode 1.3 1.8
ctive Curren
(Note 2) IDD3 /4 mode 1.0 1.4 mA
IDD4 /8 mode 0.8 1.2
IDDs PMM1 mode 0.7 1.0
Brownout detector disabled 19 50
(Note 3), Ta = +25°C ’ ’
Brownout detector disabled
| 2.1 10.
STOP1 1 (Note 3), Ta = +60°C 0.0
Stop-Mode Current Brownout detector disabled a3 50 HA
(Note 3), Ta = +85°C ’ ’
IsTOP2 Brownout detector enabled (Note 3) 16.3 63.0
Brownout detector enabled, RTC enabled
IsTOP3 (Note 3) 16.4 64.0
ANALOG VOLTAGE COMPARATOR
Comparator Input-Voltage Range VINPUT GND DVpD
Internal Voltage Reference VREF 1.15 1.25 1.35 \
Input Offset Voltage Vos (Note 4) -10 +10 mV
Input Common-Mode Voltage VCMR (Note 4) 1 DVpD Vv
Common-Mode Rejection Ratio CMMR (Note 4) 55 dB
DC Input-Leakage Current Ta = +25°C, CMPx pin in tri-state mode -50 +50 nA
Comparator Setup Time tcmp_SETUP | fsys = 4.194MHz, AV = 20mV (Note 4) 0.8 1.6 ys
Response Time (CMPx Change fsys = 4.194MH2, transition CMPx from 140 + 600 +
. tcmp_ResP | DGND to DVpp in ~2ns, tsys = 1/fsys (2 x (2 x ns
to CMO Valid)
(Note 4) tsys)  tsys)
Current Consumed B Per enabled comparator, CMONXx = 1,
y IDD_CMP brownout detector enabled, CMPx pins in 18.0 39.0 A
Comparator .
tri-state mode
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Mixed-Signal Microcontroller with Analog
Comparators, LCD, and RTC

ELECTRICAL CHARACTERISTICS (continued)
(DVpD = VRsT to 3.6V, f3okIN = 32.768kHz, Ta = -40°C to +85°C, unless otherwise noted.) (Note 1)

PARAMETER | symBoL | CONDITIONS | MN  TYP  MAX | UNITS

DIGITAL I/O

Input High Voltage (Port O, 1, 3, 0.8 x

RESET) ViH1 DVpD 55 v

Input High Voltage (Port 2) ViHe g'ng Evgg v

Input Low Voltage ViL 8'\/2D; \

o} [ - DVpD -

utput High Voltage (All Ports) VoH ISOURCE = 3mA 0.4 DVpbp V

Output Low Voltage (All Ports, _

RESED) VoL ISINK = 4mA 0.4 Y

Input Pullup Current lpuLup | DVDD = 3.6V, input mode with weak pullup |, 120 250 | uA
enabled

Input Leakage (All Ports) IL Input mode with weak pullup disabled -50 +50 nA

TEMPERATURE SENSOR
10-bit resolution, fsys = 4.194MHz 125

T C o Ti T 11-bit resolution, fgys = 4.194MHz 25

emperature Conversion Time CONV o it resolution, fsys = 4.194MHz 50 ms

13-bit resolution, fgys = 4.194MHz 100

Temperature Sensor Accuracy +2 °C

RTC

Battery Supply Current, Battery- Measured on VBAT pin, VBAT = 3.6V,

Backed Mode 'BAT | Dvpp = OV, RTC enabled 176 31 HA
Measured on VBaT pin, VBAT = 3.6V,

Battery Supply Leakage Current IBATL DVop = 3.6V, RTC enabled 4 200 nA

Trimming Resolution One 32.768kHz clock per 10s (Note 4) 3.05 ppm

LCD

LCD Supply Voltage VLcD 2.4 DVpp Vv

LCD Bias Voltage 1 Vicpt | (Note 4) X;*LDCJDf \Z iJ) v

. VapJ + 1/3
LCD Bias Voltage 2 VLcD2 (Note 4) (VLD - VADY) V
. 0.4 x

LCD Adjustment Voltage VaDJ (Note 4) 0 Vico \
Measured on DVpp pin; LCFG = 0xF7,

LCD Digital Operating Current ILcD LCRA = 0x1B20, LCDx = OxFF; LCD pins 0.1 PA
are unconnected

LCD Bias Resistor RLcD 40 kQ

LCD Adjust Resistor RLADJ LRA3:LRAO = 1111 80 kQ

MAXIM
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MAXQ3100

Mixed-Signal Microcontroller with Analog
Comparators, LCD, and RTC

ELECTRICAL CHARACTERISTICS (continued)
(DVpD = VRsT to 3.6V, f3okIN = 32.768kHz, Ta = -40°C to +85°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Segment is driven at Vicp; ViLcp = 3V, VLeD - N
ISEGxx = -3UA, guaranteed by design 0.06 LCD
Segment is driven at Vi .cp1; VLcpt = 2V, VLcD1 - N
ISEGxx = -3uA, guaranteed by design 0.04 LCD1
LCD Segment Voltage VSEGxx Vv
Segment is driven at Vi cp; Vicpe = 1V, VicD2 - v
ISEGxx = -3UA, guaranteed by design 0.02 LCD2

Segment is driven at Vapy; Vapy = 0V,

V, A
ISEGxx = +3pA, guaranteed by design ADJ 0
CLOCK SOURCES
External Crystal Frequency f3oKIN 32.768 kHz
Internal Clock Frequency foLk faokIN = 32.768kHz, DVpp = 3.6V 4.110 4,194  4.278 MHz
System Clock Frequency fsys fsys = fcLk / system clock divisor fggé/ foLk

JTAG-COMPATIBLE PROGRAMMING
TCK Frequency frck JTAG programming (Note 4) 0 fsys /8| MHz
MEMORY CHARACTERISTICS

) Theta-JA = +25°C 200,000

EEPROM Write/Erase Cycles Cycles
Theta-JA = +85°C 50,000

EEPROM Data Retention Theta-JA = +85°C 50 Years

Note 1: Specifications to -40°C are guaranteed by design and are not production tested.

Note 2: Measured on the DVpp pin with DVpp = 3.6V, VBAT = 3.8V, fa2kIN = 32.768kHz, executing from EEPROM.

Note 3: Measured on the DVpp pin with DVpp = 3.6V, VBAT = 3.8V, faokIN = 32.768kHz, all 1/O pins disconnected, and not in reset.
Note 4: Specification guaranteed by design but not production tested.
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Mixed-Signal Microcontroller with Analog
Comparators, LCD, and RTC

Pin Description

PIN NAME FUNCTION
1, 11, 52, .
58, 75 DGND Digital Ground
6 5% 59, DVbp Digital Supply Voltage (+3.3V)
General-Purpose, Digital, /0, Type D Port; External Edge-Selectable Interrupt. These port
pins function as bidirectional I/O pins only. All port pins default to input mode with weak
pullups enabled after a reset. All port pins can be configured as external interrupt inputs. All
alternate functions must be enabled from software.
SPECIAL/ALTERNATE FUNCTION
PIN NAME
NAME FUNCTION
P0.0-P0.7; 77 P0.0 INTO TXDO Serial Port 0 Transmit
5.5 77-80 INTO-INT7; - -
=0, [/ TXDO, RXDO., 78 P0O.1 INTH RXDO Serial Port 0 Receive
TOG, TO, T1, EX 79 P0.2 INT2 TOG Timer 0 Gate Input
80 P0.3 INT3 T0 Timer O Input
2 P0.4 INT4 T1 Timer 1 Input/Output
3 P0.5 INTS T1EX Timer 1 External Capture/Reload Input
4 P0.6 INT6 — —
5 P0.7 INT7 — —
7-10 COMO-COMS3 Dedicated LCD Common-Voltage Outputs
12-43 SEG1-SEG31 Dedicated LCD Drive Outputs
General-Purpose, Digital, /0, Type C Port; LCD Segment-Driver Output. These port pins
function as bidirectional I/O pins and LCD segment-driver outputs. All alternate functions
must be enabled from software.
SPECIAL/ALTERNATE FUNCTION
PIN NAME
NAME FUNCTION
44 P2.0 SEG32 LCD Segment 32
44-51 P2.0-P2.7; 45 P21 SEG33 LCD Segment 33
SEG32-SEG39 : egmen
46 p2.2 SEG34 LCD Segment 34
47 p2.3 SEG35 LCD Segment 35
48 P2.4 SEG36 LCD Segment 36
49 P2.5 SEG37 LCD Segment 37
50 P2.6 SEG38 LCD Segment 38
51 p2.7 SEG39 LCD Segment 39
54 VLeD LCD Bias-Control Voltage. Highest LCD drive voltage used in all bias modes. This pin
c must be connected to an external supply when using the LCD display controller.
LCD Bias, Voltage 1. Next highest LCD drive voltage, used in 1/2 and 1/3 LCD bias modes.
55 VicD1 An internal resistor-divider sets the voltage at this pin. External resistors and capacitors

can be used to change LCD voltage or drive capability at this pin. This pin must be shunted

externally to VL .cp2 when using 1/2 bias mode.

MAXIM
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Mixed-Signal Microcontroller with Analog
Comparators, LCD, and RTC

Functional Diagram

AN TIMER 0-TYPE
T N~V 16-BIT TIMER/COUNTER
ANALOG COMPARATOR \I_l// )
8kW EEPROM N TIMER 1-TYPE
f (PROGRAM) N/ 16-BIT TIMER/COUNTER
.25V
REFERENCE 512 SRAM AN TIMER 2-TYPE
NV 16-BIT TIMER/COUNTER
¥
ANALOG COMPARATOR /AN ZKW UTILITY ROM
) | | ( L \ SERIAL USART
N AXI/V
160-SEGMENT LCD /‘— MAXQ3100
DRIVER N /N N N SERIAL USART WITH
N/ INFRARED PWM
MAXQ20 RISC CORE N N/ Ao
(16 x 16-BIT ACCUMULATORS)
REAL-TIME CLOCK /N
B WATCHDOG TIMER
< DIGITAL TEMPERATURE
SENSOR
EXTERNAL 32.768KHz o POWER REDUCTION/ -
CRYSTAL o CLOCK GENERATION
™S
POR JTAG 1Dl
33— \1/1:{>TD0
TCK

Detailed Description

The following is an introduction to the primary features
of the microcontroller. More detailed descriptions of the
device features can be found in the data sheets, errata
sheets, and user’s guides described later in the
Additional Documentation section.

MAXQ Core Architecture

The MAXQ3100 is a high-performance, CMOS, 16-bit
RISC microcontroller with EEPROM and an integrated
160-segment LCD controller. It is structured on a highly
advanced, accumulator-based, 16-bit RISC architec-
ture. Fetch and execution operations are completed in
one cycle without pipelining, because the instruction

MAXIM

contains both the op code and data. The result is a
streamlined 4.194 million instructions-per-second
(MIPS) microcontroller.

The highly efficient core is supported by a 16-level
hardware stack, enabling fast subroutine calling and
task switching. Data can be quickly and efficiently
manipulated with three internal data pointers. Multiple
data pointers allow more than one function to access
data memory without having to save and restore data
pointers each time. The data pointers can automatically
increment or decrement following an operation, elimi-
nating the need for software intervention. As a result,
the application speed is greatly increased.
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MAXQ3100

Mixed-Signal Microcontroller with Analog
Comparators, LCD, and RTC

Instruction Set

The instruction set is composed of fixed-length, 16-bit
instructions that operate on registers and memory loca-
tions. The instruction set is highly orthogonal, allowing
arithmetic and logical operations to use any register
along with the accumulator. Special-function registers
control the peripherals and are subdivided into register
modules. The family architecture is modular, so that
new devices and modules can reuse code developed
for existing products.

The architecture is transport-triggered. This means that
writes or reads from certain register locations can also
cause side effects to occur. These side effects form the
basis for the higher-level op codes defined by the
assembler, such as ADDC, OR, JUMP, etc. The op
codes are actually implemented as MOVE instructions
between certain system register locations, while the
assembler handles the encoding, which need not be a
concern to the programmer.

The 16-bit instruction word is designed for efficient exe-
cution. Bit 15 indicates the format for the source field of
the instruction. Bits O to 7 of the instruction represent the
source for the transfer. Depending on the value of the
format field, this can either be an immediate value or a
source register. If this field represents a register, the
lower four bits contain the module specifier and the
upper four bits contain the register index in that module.

Bits 8 to 14 represent the destination for the transfer. This
value always represents a destination register, with the
lower four bits containing the module specifier and the
upper three bits containing the register subindex within
that module.

Anytime that it is necessary to directly select one of the
upper 24 index locations in a destination module, the
prefix register PFX is needed to supply the extra desti-
nation bits. This prefix register write is inserted auto-
matically by the assembler and requires only one
additional execution cycle.

Memory Organization
The device incorporates several memory areas:

e 2kWords utility ROM

e 8kWords of EEPROM for program storage

e 512 words of SRAM for storage of temporary
variables

e 16-level, 16-bit-wide stack memory for storage of
program return addresses and general-purpose use

The memory is arranged by default in a Harvard archi-
tecture, with separate address spaces for program and

data memory. The configuration of program and data
space depends on the current execution location.

e When executing code from EEPROM memory, the
SRAM and utility ROM are accessible in data space.

¢ When executing code from SRAM, the EEPROM and
utility ROM are accessible in data space.

e When executing code from the utility ROM, the
EEPROM memory and SRAM are accessible in data
space.

Refer to the MAXQ Family User’'s Guide: MAXQ3100
Supplement for more details.

In all cases, whichever memory segment is currently
being executed from cannot be accessed in data space.
To allow the use of lookup tables and similar constructs
in the memory, the utility ROM contains a set of lookup
and block copy routines (refer to the user’'s guide sup-
plement for more details).

The incorporation of EEPROM allows the device to be
reprogrammed, eliminating the expense of throwing
away one-time programmable devices during develop-
ment and field upgrades. Program memory can be
password protected with a 16-word key, denying
access to program memory by unauthorized individuals.

Stack Memory
A 16-bit-wide internal stack provides storage for pro-
gram return addresses and general-purpose use. The
stack is used automatically by the processor when the
CALL, RET, and RETI instructions are executed and
interrupts serviced. The stack can also be used explic-
itly to store and retrieve data by using the PUSH, POP,
and POPI instructions.

On reset, the stack pointer, SP, initializes to the top of
the stack (OFh). The CALL, PUSH, and interrupt-vector-
ing operations increment SP, then store a value at the
stack location pointed to by SP. The RET, RETI, POP,
and POPI operations retrieve the value at the stack
location pointed to by SP, and then decrement SP.

Utility ROM
The utility ROM is a 2kWord block of internal ROM
memory that defaults to a starting address of 8000h.
The utility ROM consists of subroutines that can be
called from application software. These include:
¢ |n-system programming (bootloader) over the JTAG-
compatible debug port

* |n-circuit debug routines

e User-callable routines for in-application flash pro-
gramming and code space table lookup

MAXIMN




Mixed-Signal Microcontroller with Analog
Comparators, LCD, and RTC

PROGRAM DATA SPACE DATA SPACE
SPACE (BYTE MODE) (WORD MODE)
ATFFh
512 x 16
DATA SRAM
AO0Oh
87FFN 8FFFh 87FFN
okx16 Ix8 okx 16
UTILITY ROM UTILITY ROM UTILITY ROM
80000 8000h 8000
1FFFh
s—
& 8k x 16
2 ———> | PROGRAM EEPROM
D
— 03FFh 01FFh
o 1kx8 512 16
o DATA SRAM DATA SRAM
0000 0000 0000

Figure 1. Memory Map When Executing from EEPROM

MAXIM 9
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Mixed-Signal Microcontroller with Analog
Comparators, LCD, and RTC

Table 1. System Register Map

MODULE NAME (BASE SPECIFIER)
REGISTER
INDEX AP A PFX P SP DPC DP
(8h) (9h) (Bh) (Ch) (Dh) (Eh) (Fh)
Oh AP A[0] PFX IP — — —
1h APC A[1] — — SP — —
2h — Al2] — — v — —
3h — A[3] — — — Offs DP[0]
4h PSF Al4] — — — DPC —
5h IC Al5] — — — GR —
6h IMR Al6] — — LC[o] GRL —
7h — A[7] — — LC[1] BP DP[1]
8h sc Al8] — — — GRS —
9h — A9] — — — GRH —
Ah — A[10] — — — GRXL —
Bh IR A[11] — — — BPJoffs] —
Ch — A[12] — — — — —
Dh — A[13] — — — — —
Eh CKCN A[14] — — — — —
Fh WDCN A[15] — — — — —

Note: Names that appear in italics indicate that all bits of a register are read-only. Names that appear in bold indicate that a register
is 16 bits wide. Registers in module AP are bit addressable.

MAXIM 1
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MAXQ3100

Mixed-Signal Microcontroller with Analog
Comparators, LCD, and RTC

Table 2. System Register Bit Functions

REGISTER BIT
REGISTER
15 [ 14| 13 ] 12 [ 11 [10] 9 | 8 7 6 5 4 3 | 2 [ 1 ] o

AP — | - = [ = AP (4 bits)

APC ctR [ s | — [ — | — [moD2|MmoD1 |MODO
PSF z s — |apPri]gPro| ov | ¢ E

Ic — | — Jceps| — | — | — | ns | IGE
IMR ms | — | — [ — [ ma | — [ M1 | Mo

sC 7w | — [ — | — | — | = [pm | —

IR s | — | — [ = [ mw | — ] 1 110
CKCN — | — | — |stor| swB |PMME| CD1 | cDo
WDCN POR | EwpI | wp1 | wpo | woIF | wirr | EwT [ RwT
A[0..15] Aln] (16 bits)

PFX PFX (16 bits)

IP IP (16 bits)

=== =T-T-T=-T- [T =-T-1  asm

v IV (16 bits)

Lc[o] LC[0] (16 bits)

LC[1] LC[1] (16 bits)

Offs Offs (8 bits)

DPC — | -] =1 =-1=1=1=1=1=1—=1 — [wss2]wsst]wsso [sprst [sDPso

GR GR (16 bits)

GRL | | | | | | | | GR7 | GR6 [ GR5 | GR4 | GR3 [ GR2 | GR.1 | GRO

BP BP (16 bits)

GRS | GR7|GR6|GR5[GR4|GR3|GR2|GR1|GRO|GR15][GR14[GR13[GR12[GR.11|GR.10| GRO | GR8
GRH GR.15 | GR.14 | GR.13 | GR.12| GR.11 | GR.10 | GR9 | GRS
GRXL | Gr7|GR7|GR7|GR7|GR7]GR7|GR7|GR7]| GR7 [ GR6 | GR5 | GR4 [ GR3 | GR2 | GR1 | GRO
BP[offs] BP[offs] (16 bits)

DP[0] DP[0] (16 bits)

DP[1] DP[1] (16 bits)

12 MAXIMN




Comparators, LCD, and RTC

Table 3. System Register Reset Values

Mixed-Signal Microcontroller with Analog

MAXQ3100

REGISTER BIT

10

11

12

13

14

15

0

0
0

0
0

REGISTER
AP
APC
PSF
IC
IMR
sC

IIR
CKCN
WDCN

A[0..15]

PFX

IP
SP

v
LC[O]

LC[1]

Offs
DPC
GR

GRL

BP
GRS
GRH

GRXL

BP[offs]

DPI0]

DP[1]

Note: Bits marked with an “s” have special behavior upon reset. Refer to the user’s guide supplement for this device for more

details.

13
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Comparators, LCD, and RTC

Mixed-Signal Microcontroller with Analog

MAXQ3100
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Mixed-Signal Microcontroller with Analog
Comparators, LCD, and RTC

Table 6. Peripheral Register Bit Reset Values

MAXQ3100

REGISTER BIT
REGISTER

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
POO 1 1 1 1 1 1 1 1
SCONO 0 0 0 0 0 0 0 0
SBUFO 0 0 0 0 0 0 0 0
TOCN 0 0 0 0 0 0 0 0
TOL 0 0 0 0 0 0 0 0
T1CN 0 0 0 0 0 0 0 0
T1MD 0 0 0 0 0 0 0 0
EIFO 0 0 0 0 0 0 0 0
PIO S S S S S S S S
SMDO 0 0 0 0 0 0 0 0
PRO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TOH 0 0 0 0 0 0 0 0
T1L 0 0 0 0 0 0 0 0
T1H 0 0 0 0 0 0 0 0
T1CL 0 0 0 0 0 0 0 0
T1CH 0 0 0 0 0 0 0 0
PDO 0 0 0 0 0 0 0 0
EIEO 0 0 0 0 0 0 0 0
EIESO 0 0 0 0 0 0 0 0
PO1 0 0 0 0 1 1 1 1
SCON1 0 0 0 0 0 0 0 0
SBUF1 0 0 0 0 0 0 0 0
T2CNB 0 0 0 0 0 0 0 0
T2H 0 0 0 0 0 0 0 0
T2RH 0 0 0 0 0 0 0 0
T2CH 0 0 0 0 0 0 0 0
EIF1 0 0 0 0 0 0 0 0
PI1 0 0 0 0 S S S s
SMD1 0 0 0 0 0 0 0 0
PR1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T2CNA 0 0 0 0 0 0 0 0
T2CFG 0 0 0 0 0 0 0 0
T2V 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T2C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
IRCN 0 0 0 0 0 0 0 0
PD1 0 0 0 0 0 0 0 0
T2R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EIE1 0 0 0 0 0 0 0 0
EIES1 0 0 0 0 0 0 0 0
PO2 1 1 1 1 1 1 1 1
LCFG 0 0 0 0 0 0 0 0

Note: Bits marked with an “s” have special behavior upon reset. Refer to the user’s guide supplement for this device for more details.
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Mixed-Signal Microcontroller with Analog
Comparators, LCD, and RTC

Table 6. Peripheral Register Bit Reset Values (continued)

REGISTER BIT
15 14 13 12 11 10 9 8

REGISTER

LCRA 0 0 0 0 0 0 0 0

LCDO

LCD1

LCD2

LCD3

LCD4

P12

LCD5

LCD6

LCD7

LCD8

LCD9

LCD10

LCD11

PD2

LCD12

LCD13

LCD14

LCD15

LCD16

LCD17

LCD18

LCD19

PO3
RTRM

RCNT 0 0 0 0 0 0 0 0
CCNO
CCN1

TEMPR s s S s s s S s
TPCFG
PI3

RTSS
RTSH s S S
RTSL s S S S S s S s

RSSA 0 0 0 0 0 0 0
RASH
RASL 0 0 0 0 0 0 0 0

O|O|O|O|ln|n|n |O|C|n [O|C|O|O|O|O|O|O|Oo|o|o|o|o|o|o|o|o|lo|o|o|o|jn |Oolo|o|o|o|o| N
eclleol ol ol N NCHICEIZE o} [N ol o} o} fol B Hol Nol Fol ol Fol Fol Nol Nol Fol fol Nol Hol Nol Fol ol Fol [N Nol fol ol Jol Nol (N N -]
ollol o} Nol NN N ICNIZN (o} [N (o] (o} o} N7} EH ol ol fo) o] Nol fo) o] fol fo) o] Fol fo) o] Fol fol fol [l f ol fol H ol ol N ol (el )|
eollol ol Naol N RN N ICNIZN (o} [N o] (o} I} N ) EH Hol Nol Fo) ol Fol Fol Nol Nol Fol fol Nol Hol Nol Hol ol fol [N Nol fol ol o] Nl (el iF -
ellol ol Nol N RN N ICEIZN o} [N ol (o} ET NN EH Hol Nol Fol ol Fol Fol Nol Nol Hol fol Nol ol Nol Hol ol Fol [N Nol fol ol Jol Hol (ol N )
ecllol ol Nol N RN EICEIVE o} [N ol o} lo} NN I Hol Nol fol Nol fol Fol Nol Nol Nol fol Nol Hol Nol Fol ol Fol I N Nol fol Jol fol ol [oR § V)
eolleol ol Neol N RN N ICNIZN (o} [N o] (o} o} N/} IEH Hol Nol fo) ol Nol fol Nol No) Nol fol Nol f ol ol Hol H ol fol [ N No] fo) o] o] Nol (el 1
[Nl lol el N RN N ICEIZE o} [N ol (o} [N NN EH Hol Nol Fol ol Fol Fol Nol Nol Fol fol Nol Hol Nol HFol ol Fol I N Nol fol ol o] Hol (o} X =)

PWCN
PD3

Note: Bits marked with an “s” have special behavior upon reset. Refer to the user’s guide supplement for this device for more details.
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Mixed-Signal Microcontroller with Analog
Comparators, LCD, and RTC

Real-Time Clock

A binary real-time clock keeps the time of day in
absolute seconds with 1/256-second resolution. The
32-bit second counter can count up to approximately
136 years and be translated to calendar format by the
application software. A time-of-day alarm and indepen-
dent subsecond alarm can cause an interrupt or wake
the device from stop mode.

The independent subsecond alarm runs from the same
RTC, and allows the application to perform periodic
interrupts up to 8 seconds with a granularity of approxi-
mately 3.9ms. This creates an additional timer that can
be used to measure long periods without performance
degradations. Traditionally, long time periods have
been measured using multiple interrupts from shorter
programmable timers. Each timer interrupt required
servicing, with each accompanying interruption slowing
system operation. By using the RTC subsecond timer
as a long-period timer, only one interrupt is needed,
eliminating the performance hit associated with using a
shorter timer.

Higher accuracy can be obtained by using the user-
accessible digital RTC trim function. This feature allows
the designer to fine tune the RTC timing to compensate
for crystal inaccuracies and any unintended board-
level effects that could cause crystal-frequency drift.
The user can enable a 1Hz or 512Hz square-wave out-
put on P3.4. Frequency measurements of these signals
can show if there is any deviation from the expected
frequency, and writes to the RTC trim register can com-
pensate in increments of 1 to 127 steps, with each step
approximately 3.05ppm (30.5us).

If the VBAT pin is not directly tied to the DVDD pin, then
there may be a short increase in Ipp while the device is
switching between VBAT and DVpp as the RTC power
source. IDD can temporarily increase up to 300pA while
DVppD is rising and in the range 1.05 x VBAT < DVDD <
[(1.05 x VBAT) + 200mV]. A similar effect may be
observed while VBAT is falling and in the range [(0.95 x
DVDD) - 200mV] < VBAT < 0.95 x DVDD.

Programmable Timers

The MAXQ3100 incorporates one instance each of the
timer O, timer 1, and timer 2 peripherals. These timers
can be used in counter/timer/capture/compare/PWM
functions, allowing precise control of internal and exter-
nal events. Timer 2 supports optional single-shot, exter-
nal gating, and polarity control options as well as
carrier generation support for infrared transmit/receive
functions using serial port O.

MAXIM

Timer O
The timer O peripheral includes the following:

e 8-bit autoreload timer/counter
e 13-bit or 16-bit timer/counter
e Dual 8-bit timer/counter

e External pulse counter

Timer 1
The timer 1 peripheral includes the following:

e 16-bit autoreload timer/counter
* 16-bit capture

® 16-bit counter

e Clock generation output

Timer 2
The timer 2 peripheral includes the following:

e 16-bit autoreload timer/counter

® 16-bit capture

* 16-bit counter

e 8-bit capture and 8-bit timer

* 8-bit counter and 8-bit timer

® Infrared carrier generation support

Watchdog Timer

An internal watchdog timer greatly increases system
reliability. The timer resets the processor if software
execution is disturbed. The watchdog timer is a free-
running counter designed to be periodically reset by
the application software. If software is operating cor-
rectly, the counter is periodically reset and never
reaches its maximum count. However, if software oper-
ation is interrupted, the timer does not reset, triggering
a system reset and optionally a watchdog timer inter-
rupt. This protects the system against electrical noise
or electrostatic discharge (ESD) upsets that could
cause uncontrolled processor operation. The internal
watchdog timer is an upgrade to older designs with
external watchdog devices, reducing system cost and
simultaneously increasing reliability.

The watchdog timer is controlled through bits in the
WDCN register. Its timeout period can be set to one of
four programmable intervals ranging from 212 to 221
system clocks in its default mode, allowing flexibility to
support different types of applications. The interrupt
occurs 512 system clocks before the reset, allowing the
system to execute an interrupt and place the system in
a known, safe state before the device performs a total
system reset. At 4.194MHz, watchdog timeout periods
can be programmed from 976ps to 128s, depending on
the system clock mode.
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In-Circuit Debug

Embedded debugging capability is available through
the debug port TAP. Embedded debug hardware and
embedded ROM firmware provide in-circuit debugging
capability to the user application, eliminating the need
for an expensive in-circuit emulator. Figure 4 shows a
block diagram of the in-circuit debugger. The in-circuit
debug features include:

e Hardware debug engine

e Set of registers able to set breakpoints on register,
code, or data accesses

e Set of debug service routines stored in the utility
ROM

The embedded hardware debug engine is an indepen-
dent hardware block in the microcontroller. The debug
engine can monitor internal activities and interact with
selected internal registers while the CPU is executing
user code. Collectively, the hardware and software fea-
tures allow two basic modes of in-circuit debugging:

e Background mode allows the host to configure and set
up the in-circuit debugger while the CPU continues to
execute the application software at full speed. Debug
mode can be invoked from background mode.

e Debug mode allows the debug engine to take control
of the CPU, providing read/write access to internal reg-
isters and memory, and single-step trace operation.

Serial Peripherals

The MAXQ3100 incorporates two 8051-style universal
synchronous/asynchronous receiver/transmitters. The
USARTs allow the device to conveniently communicate
with other RS-232 interface-enabled devices, as well as
PCs and serial modems when paired with an external
RS-232 line driver/receiver. The dual independent
USARTs can communicate simultaneously at different
baud rates with two separate peripherals. The USART
can detect framing errors and indicate the condition
through a user-accessible software bit.

DEBUG
NAXI SERVICE
ROUTINES
MAXQ3100 (UTILITY ROM)
CPU
4
DEBUG
ENGINE
- TAP -
™S CONTROLLER CONTROL
TCK > BREAKPOINT >
DI > <> ADDRESS [—»>
TDO == DATA 1=

Figure 4. In-Circuit Debugger

The time base of the serial ports is derived from either a
division of the system clock or the dedicated baud
clock generator. The following table summarizes the
operating characteristics as well as the maximum baud
rate of each mode.

Serial port O contains additional functionality to support
low-speed infrared transmission in combination with the
PWM function of timer 2. When enabled in this mode,
the serial port automatically outputs a waveform gener-
ated by combining the normal serial port output wave-
form with the PWM carrier waveform output by timer 2,
using a logical OR or logical NOR function. The output
of serial port 0 in this mode can be used to drive an
infrared LED to communicate using a fixed-frequency
carrier modulated signal. Depending on the drive
strength required, the output may require a buffer when
used for this purpose.

MODE TYPE START BITS DATA BITS STOP BIT MAX BAUD RATE AT 4.194MHz
Mode 0 Synchronous — 8 — 1.05Mbps
Mode 1 Asynchronous 1 8 1 131kbps
Mode 2 Asynchronous 1 8+ 1 1 131kbps
Mode 3 Asynchronous 1 8+ 1 1 131kbps
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Analog Comparators

The MAXQ3100 incorporates a pair of 1-bit analog-to-
digital comparators. The comparator inputs can be
connected to a wide range of peripherals, including
chemical, motion, or proximity detectors; voltage-sup-
ply monitoring; or any other appropriate analog input.
The comparator measures the analog inputs against
the internal +1.25V reference. The polarity of the inter-
nal comparator-output signal can be selected to indi-
cate a value above or below the internal reference. The
comparators can be configured to generate an optional
interrupt in addition to setting an internal flag when the
input is out of range. A combination of the two com-
parators along with appropriate biasing of an input
allows the two comparators to be used as a window
comparator. When not in use, the pins associated with
the comparator are usable as general-purpose 1/0. A
useful feature of the comparators is that they can be
used to wake the device from stop mode, allowing the
device to monitor external voltages while in an ultra-
low-power mode and only wake when necessary.

Temperature Sensor

The internal temperature sensor has a user-selectable
resolution of 10 (0.5°C), 11 (0.25°C), 12 (0.125°C), or
13 (0.0625°C) bits. Higher resolutions require longer
conversion times.

Setting the START bit initiates the temperature conver-
sion, and the temperature sensor hardware clears the
bit when the conversion is complete. This bit can be

polled by software, or, optionally, the temperature con-
version complete interrupt can be used to alert the sys-
tem that the results are ready to be read from the
temperature results register (TEMPR).

Applications Information

Grounds and Bypassing
Careful PC-board layout significantly minimizes
crosstalk among the comparator inputs and other digital
signals. Keep digital and analog lines separate, and use
ground traces as shields between them where possible.
Bypass DVpD with a capacitor as low as 1uF and keep
bypass capacitor leads short for best noise rejection.

This device incorporates both analog and digital com-
ponents, straddling both the analog and digital ground
planes. For increased accuracy, an LC filter can be
used to isolate pin 59. This pin powers the analog cir-
cuitry, and the additional filtering reduces the noise
entering the analog block.

Device Applications
The low-power, high-performance RISC architecture of
the MAXQ3100 makes it an excellent fit for many appli-
cations that require analog measurements combined
with the intelligence of a full-featured microcontroller.
Simple voltage-dividers can be used to scale any input
into a value in the range of the +1.25V reference. The
dual comparators allow the device to function as a sim-
ple limit comparator or window comparator in a wide
range of analog applications.

CMON ¢

INTERNAL
1.25V
REFERENCE

CMPx =

CMPOL
+ ) Q
w SET
CMM

CMO
CMF

INTERRUPT
CMM — REQUEST

Figure 5. Analog Comparator Functional Diagram
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Additional Documentation
Designers must have four documents to fully use all the
features of this device. This data sheet contains pin
descriptions, feature overviews, and electrical specifi-
cations. Errata sheets contain deviations from pub-
lished specifications. The user’s guides offer detailed
information about programming, device features, and
operation. The following documents can be down-
loaded from www.maxim-ic.com/microcontrollers.

e The MAXQ3100 data sheet, which contains electri-
cal/timing specifications and pin descriptions, avail-
able at www.maxim-ic.com/MAXQ3100.

e The MAXQ3100 errata sheet, available at
WWW.maxim-ic.com/errata.

e The MAXQ Family User’s Guide, which contains
detailed information on core features and operation,
including programming, avaliable at www.maxim-
ic.com/MAXQUG.

e The MAXQ Family User’s Guide: MAXQ3100
Supplement, which contains detailed information on
features specific to the MAXQ3100, available at
www.maxim-ic.com/MAXQ3100UG.

26

Development and Technical Support
A variety of highly versatile, affordably priced develop-
ment tools for this microcontroller are available from
Maxim/Dallas Semiconductor and third-party suppliers,
including:
e Compilers
* In-circuit emulators
e Integrated development environments (IDEs)

e JTAG-to-serial converters for programming and
debugging

A partial list of development tool vendors can be found

on our website at www.maxim-ic.com/microcontrollers.

Technical support is available through email at

maxg.support@dalsemi.com.
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Typical Application Circuits

Typical Application Circuit #1 LCD display, and also interfaces simultaneously with
an RS-232 and RS-485 networks. /O pins that are not
dedicated to special functions are available to control
other system functions.

Typical Application Circuit #1 shows a general-purpose
implementation using a MAXQ3100 that reads two sen-
sor inputs, displays result and status information on an

3.3V i DVpp
+ MAXI
MAXQ3100 TXDO -
RS-232
Tx/Rx
DIRECT INPUT -<
FROM USER- RXDO [
DEFINED SENSOR
CMPO
L4 - TXD1 >
RS-485
. Tx/Rx
RXD1 |

SCALED VReF
COMPARATOR - TS
INPUT : '

CMP1

Rq %
R
LCD MODULE
BACKUP BATTERY SEG[39:0] 7L N

- o comz0] A

NOTE THAT UP TO 160 LCD SEGMENTS
CAN BE DRIVEN IF OTHER MUXED PIN
FUNCTIONS ARE NOT USED.

\

12C FRAM < P23

OR EEPROM P22
GENERAL-
PURPOSE 1/0

Ol 00
JTAG DOWNLOAD/ >
oeale |9 — o ~—
connector | O TCK INT7 |—————— 5 6——— BuUTTON 1
O | TMS
I
INT6 | O O—@ BUTTON?2
e 3KIN
jj B 32KOUT
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Pin Configuration

o o
s EEE 2.
e S SECf .. .poofiEe
E £ e3 888 2 e e o
(2] [=] [=] [&] [e] [e] [x] [=] [s] [=] [2] [2] [] [] [] [8]
peno [1] O 4] P30/TODI
POAINTAT! [2] 63] P1.3/NT11/RXD1
PO.S/INTS/TIEX [3] 62] P1.2/NT10/TXD1
PO.6/INTE [ 4] 61] P1.1/INTP/T2A
PO.7/NT7 [5] 60] P1.0/INTE/T2B
Dvop [6] 59] DVoD
como [7] 58] DGND
comt [8] 57] Vios
com2 E E Vicoe
com3  [10) 55] Vicor
DGND [11] 54] Vico
seco [12 MAXIM 53] DVoo
SEGT [13] MAXQ3100 52] DaND
sEG2 [14 51] P2.7/sEG39
SEG3 [15] 50] P2.6/SEG38
SEG4  [16] 49] P25/5EGS7
SEGS [17] 48] P2.4/5EG36
SEG6 [18) 47] P2.3/5EG35
SEG7 [19] 46] P2.2/sEG34
SEGS  [20) 45] P2.1/5EG33
sEGo [21] 44] P2.0/SEG32
SEG10 [22] 43] SEG31
SEGTT [23] 42] SEG30
SEGT2 [24] 41] SEG29
l&] l&] 5] =] [2] 8] 5] 8] [8] 3] [8] 8] 5] 8] 8] [S]
2 xT e e r =2 29 5942 I 8 88 8
I B T - = B = S - = S - =
BB 8 6 8 3 8 8 8 8 8 83 8 8 3
MQFP
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