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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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade

Details

Product Status Obsolete

Core Processor CPU32

Core Size 32-Bit Single-Core

Speed 20.97MHz

Connectivity EBI/EMI, SCI, SPI, UART/USART

Peripherals WDT

Number of I/O 48

Program Memory Size -

Program Memory Type ROMless

EEPROM Size -

RAM Size 2K x 8

Voltage - Supply (Vcc/Vdd) 4.5V ~ 5.5V

Data Converters -

Oscillator Type External

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Through Hole

Package / Case 132-BPGA

Supplier Device Package 132-PGS (34.55x34.55)
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TS68332
Figure�3.��CERQUAD�Terminal�Designation

TOP VIEW
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The�total�thermal�resistance�of�a�package�(� JA)�can�be�separated�into�two�components,
� JC�and�� CA,�representing�the�barrier�to�heat�flow�from�the�semiconductor�junction�to�the
package�(case),�surface�(� JC)�and�from�the�case�to�the�outside�ambient�(� CA).�These
terms�are�related�by�the�equation:

� JA�=�� JC�+�� CA (4)

� JC�is�device�related�and�cannot�be�influenced�by�the�user.�However,�� CA�is�user�depen-
dent�and�can�be�minimized�by�such�thermal�management�techniques�as�heat�sinks,
ambient�air�cooling�and�thermal�convection.�Thus,�good�thermal�management�on�the
part�of�the�user�can�significantly�reduce�� CA�so�that � JA�approximately�equals � JC.�Substi-
tution�of � JC�for�� JA�in�equation�(1)�will�result�in�a�lower�semiconductor�junction
temperature.

Mechanical�and�
Environment

The�microcircuits�shall�meet�all�mechanical�environmental�requirements�of�either�MIL-
STD-883�for�class�B�devices�or�screened�according�to�Atmel-Grenoble�standards
devices.

Marking The�document�where�are�defined�the�marking�are�identified�in�the�related�reference�doc-
uments.�Each�microcircuit�are�legible�and�permanently�marked�with�the�following
information�as�minimum:

• Atmel�logo

• Manufacturer’s�part�number

• Class�B�identification

• Date-code�of�inspection�lot

• ESD�identifier�if�available

• Country�of�manufacturing

Quality�Conformance�Inspection

DESC/MIL-STD-883 Is�in�accordance�with�MIL-M-38535�and�method�5005�of�MIL-STD-883.�Group�A�and�B
inspections�are�performed�on�each�production�lot.�Group�C�and�D�inspection�are�per-
formed�on�a�periodical�basis.

Electrical�
Characteristics

General�Requirements All�static�and�dynamic�electrical�characteristics�specified�and�the�relevant�measurement
conditions�are�given�below.�For�inspection�purpose,�refer�to�relevant�specification:

• DSCC

(last�issue�on�request�to�our�marketing�services)

Table�4:�Static�electrical�characteristics�for�all�electrical�variants.

Table�6:�Dynamic�electrical�characteristics�for�6832-16�(16.78�MHz).

For�static�characteristics,�test�methods�refer�to�IEC�748-2�method�number,�where
existing.

For�dynamic�characteristics,�test�methods�refer�to�clause�5.4�hereafter�of�this
specification.
10 TS68332
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TS68332
Static�Characteristics�

Table�4.��DC�Characteristics.�VDD�and�VDDSYN�=�5.0VDC�±�10%�for�16.78�MHz�and�5.0VDC�±�5%�for�20.97�MHz;�VSS�=�0VDC;
TC�=�-55°C�to�+125°C�or�-40°C�to�+85°C

Number� Symbol Parameter

16.78�MHz 20.97�MHz

UnitMin Max Min Max

1 VIH Input�High�Voltage 0.7�(VDD) VDD+0.3 0.7(VDD) VDD+0.3 V

2 VIL Input�Low�Voltage VSS�-�0.3 0.2(VDD) VSS�-�0.3 0.2(VDD) V

3 VHYS Input�Hysteresis(1) 0.5 - 0.5 - V

4 IIN Input�Leakage�Current(2)

VIN�=�VDD�or�VSS� Input-only�pins -�2.5 2.5 -�2.5 2.5 µA

5 IOZ High�Impedance�(off-state)�
Leakage�Current�(2)

VIN�=�VDD�or�VSS�L All�input/output
and�output�pins

-�2.5 2.5 -�2.5 2.5 µA

6 VOH CMOS�Output�High�Voltage(2)(3)

IOH�=�-10.0�µA� Group�1,�2,�4
input/output�and

all�output�pins�and
all�output�pins

VDD�-�0.2 - VDD�-�0.2 - V

7 VOL CMOS�Output�High�Voltage(2)

IOH�=�-10.0�µA� Group�1,�2,�4
input/output�and

all�output�pins

- 0.2 - 0.2 V

8 VOH Output�High�Voltage(2)(3)

IOH�=�-0.8�mA� Group�1,�2,�4
input/output�and

all�output�pins

VDD�-�0.8 - VDD�-�0.8 - V

9 VOL Output�Low�Voltage(2)

IOL�=�1.6�mA

IOL�=�5.3�mA

IOL�=�12�mA

Group�1�I/O�pins
CLKOUT,

FREEZE/QUOT,
IPIPE

Group�2,�4�I/O
pins,�CSBOOT,

BG/CS
Group�3

-

-

-

0.4

0.4

0.4

-

-

-

0.4

0.4

0.4

V

V

V

10 VIHTSC Three�State�Control�Input�High�Voltage 1.6(VDD) 9.1 1.6(VDD) 9.1 V

11 IMSP Data�Bus�Mode�Select�Pull-up�
Current(5)

VIN�=�VIL�

VIN�=�VIH

DATA�[15:0]
DATA�[15:0]

-
-15

-120
-

-
-�15

-120
-

µA
µA

12
IDD

IDD

SIDD

SIDD

VDD�supply�current(5)

RUN(6)

RUN,�TPU�emulation�mode

LPSTOP,�32.768�kHz�crystal,�VCO�off�(STSIM�=�0)
LPSTOP�(external�clock�input�frequency�=�maximum�
fsys)

-
-

-
-

124
134

350
5

-
-

-
-

140
150

350
5

mA
mA

µA
mA
11
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TS68332
Test�Conditions�Specific�
to�the�Device

Time�Definitions The�times�specified�in�Table�6�as�dynamic�characteristics�are�defined�in�Figure�4�to�Fig-
ure�15�below,�by�a�reference�number�given�the�column�“NUM”�of�the�tables�together�with
the�relevant�figure�number.

Figure�4.��Clkout�Output�Timing�Diagram

Note: Timing�shown�with�respect�to�20%�and�70%�VDD.

Figure�5.��External�Input�Timing�Diagram

Note: Timing�shown�with�respect�to�20%�and�70%�VDD.�Pulse�width�shown�with�respect�to�50%�
VDD.

Figure�6.��ECLK�Output�Timing�Diagram

Note: Timing�Shown�With�Respect�To�20%�And�7%�VDD.
17
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Figure�9.��Fast�Termination�Read�Cycle�Timing�Diagram
20 TS68332
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TS68332
Twelve�Programmable�Chip-
select�Circuits

Twelve�chip�select�signals�are�available�(CSBOOT)�and�CS10�tro�CSO).�These�signals
use�the�CSBOOT�pin,�bus�arbitration�pins�BR,�BG,�and�BGACK,�function�code�pins
FC2-FC0,�and�address�pins�A23-A19.�The�(CSBOOT)�pin�is�dedicated�to�a�single�func-
tion�because�it�must�function�after�a�reset�with�no�initialization,�the�other�chip�select
circuits�share�functions�on�their�output�pins.�All�12�chip�select�circuits�are�independently
programmable�from�the�same�list�of�selectable�features.�Each�chip�select�circuit�has�an
individual�base�register�and�option�register�which�contain�the�programmable�character-
istics�of�that�chip�select.�Using�these�address�lines�as�chip�select�signals�does�not
restrict�the�large�linear�address�space�of�the�MCU�since�the�chip�select�logic�always
uses�the�internal�address�lines.

Variable�Block�Sizes The�block�size�starting�from�the�specified�base�address�can�be�programmed�as�2K,�8K,
16K,�64K,�128K,�256K,�512Kbytes�or�1-Mbyte.

Both�8-bit�and�16-bit�Ports�
Supported

Eight-bit�ports�are�accessible�on�both�odd�and�even�addresses�when�connected�to�data
bus�bits�15-8.�Sixteen-bit�ports�can�be�accessed�as�odd�bytes,�even�bytes,�or�words.

Read�Only,�Write�Only,�or�
Read/write�Capability

Chip�selects�can�be�asserted�synchronized�with�read,�write,�or�both�read�and�write.

Address�Strobe�and�Data�Strobe�
Timing�Option

Chip-select�signals�can�be�synchronized�with�either�address�strobe�or�data�strobe,�so
that�control�signals�such�as�output�enable�or�write�enable�can�be�easily�generated.

Internal�DSACK�Generation�
with�Wait�States

The�port�programmed�in�the�pin�assignment�register�can�be�referenced�for�generating
DSACK�and�the�proper�number�of�wait�states�for�a�particular�device�programmed�by�the
user.

Address�Space�Checking Supervisor,�user,�and�CPU�space�accesses�can�be�optionally�checked.

Interrupt�Priority�Level�
Checking

In�the�IACK�cycle,�the�acknowledged�interrupt�level�can�be�compared�with�the�user-
specified�level�programmed�in�the�option�field.�If�autovector�option�is�selected,�AVEC�is
internally�asserted.

Discrete�Output Port�C�pins�A22-A19�and�FC2-FC0�can�be�programmed�for�discrete�output,�with�data
stored�in�the�pin�data�register�(CSPDR).

68000-type�Peripheral�Support 68000-type�peripherals�that�require�an�E�clock�for�synchronization�can�be�supported.
Chip�select�is�asserted,�synchronized�with�the�E�clock�on�pin�A23,�providing�correct�data
bus�timing�for�the�MCU.
41
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TS68332
Figure�23.��QSM�Block�Diagram

QSPI�Features Standard�SPI�features�are�listed�below,�followed�by�a�list�of�the�additional�features
offered�on�the�QSPI:

• full�duplex,�three-wire�synchronous�transfers,

• half-duplex,�two-wire�synchronous�transfers,

• master�or�slave�operation,

• programmable�master�bit�rates,�

• programmable�clock�polarity�and�phase,

• end-of-transmission�interrupt�flag,

• master-master�mode�fault�flag,

• easily�interfaces�to�simple�expansion�parts�(A/D�converters,�EEPROMs,�display�
drivers,�etc.).

QSPI�Enhanced�Features A�programmable�queue�allows�the�QSPI�to�perform�up�to�16�serial�transfers�without
CPU�intervention.�Each�transfer�corresponds�to�a�queue�entry�containing�all�the�infor-
mation�needed�by�the�QSPI�to�independently�complete�one�serial�transfer.�This�unique
feature�greatly�reduces�CPU/QSPI�interaction,�resulting�in�increased�CPU�and�system
throughput.

Once�the�CPU�has�set�up�the�queue�of�QSPI�commands�and�enables�the�QSPI,�the
QSPI�operates�independently�of�the�CPU.�The�QSPI�executes�all�of�the�commands�in�its
queue,�sets�a�flag�indicating�that�it�has�finished,�and�then�either�interrupts�the�CPU�or
waits�for�CPU�intervention.

Programmable�Peripheral�Chip�Selects:�Four�peripheral�chip-select�pins�allow�the�QSPI
to�access�up�to�16�independent�peripherals�by�decoding�the�four�peripheral�chip-select
signals.�Up�to�four�independent�peripherals�can�be�selected�by�direct�connection�to�a
chip-select�pin.�The�peripheral�chip�selects�simplify�interfacing�to�two�or�more�serial
peripherals�by�providing�dedicated�peripheral�chip-select�signals�and�thus�alleviating�the
need�for�CPU�intervention.
43
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Wraparound�Transfer�Mode:�Wraparound�transfer�mode�allows�for�automatic,�continu-
ous�re-execution�of�the�preprogrammed�queue�entries.�Newly�transferred�data�replaces
previously�transferred�data.�Wraparound�simplifies�interfacing�with�A/D�converters�by
automatically�providing�the�CPU�with�the�latest�conversions�in�the�QSPI�RAM.�Conse-
quently,�serial�peripherals�appear�as�memory-mapped�parallel�devices�to�the�CPU.

Programmable�Transfer�Length:�The�number�of�bits�in�a�serial�transfer�is�programmable
from�8�to�16�bits,�inclusive.�For�example,�10-bits�could�be�used�for�communicating�with
an�external�10-bits�A/D�convertor.�Likewise,�a�vacuum�fluorescent�display�driver�might
require�a�12-bits�serial�transfer.�The�programmable�length�simplifies�interfacing�to�serial
peripherals�that�require�different�data�lengths.

Programmable�Transfer�Delay:�An�inter-transfer�delay�may�be�programmed�from
approximately�1�to�500�µs�(using�a�16.78�MHz�system�clock).�For�example,�an�A/D�con-
vertor�may�require�time�between�transfers�to�complete�a�new�conversion.�The�default
delay�is�1�µs.�The�programmable�length�of�delay�simplifies�interfacing�to�serial�peripher-
als�that�require�delay�time�between�data�transfers.

Programmable�Queue�Pointer:�The�QSPI�has�a�pointer�that�points�to�the�queue�location
containing�the�data�for�the�next�serial�transfer.�The�CPU�can�switch�from�one�task�to
another�in�the�QSPI�by�writing�to�the�queue�pointer,�changing�the�location�in�the�queue
that�is�to�be�transferred�next.�Otherwise,�the�pointer�increments�after�each�serial�trans-
fer.�By�segmenting�the�queue,�multiple-task�support�can�be�provided�by�the�QSPI.

Continuous�Transfer�Mode:�The�continuous�transfer�mode�allows�the�user�to�exchange
an�uninterrupted�bit�stream�with�a�peripheral.�A�minimum�of�8-bits�and�a�maximum�of
256-bits�may�be�transferred�in�a�single�burst�without�CPU�intervention.�Longer�transfers
are�possible;�however,�minimal�CPU�intervention�is�required�to�prevent�loss�of�data.�A
1microsecond�pause�(using�a�16.78�MHz�system�clock)�is�inserted�between�each�entry
transfer.

QSPI�RAM:�The�QSPI�uses�an�80-byte�block�of�dual-access�static�RAM�that�can�be
accessed�by�both�the�QSPI�and�the�CPU.�Because�of�sharing,�the�length�of�time�taken
by�the�CPU�to�access�the�QSPI�RAM,�when�the�QSPI�is�enabled,�may�be�longer�than
when�the�QSPI�is�disabled.�From�one�to�four�CPU�wait�states�may�be�inserted�by�the
QSPI�in�the�process�of�reading�or�writing.

The�RAM�is�divided�into�three�segments:�receive�data,�transmit�data,�and�command
control.�Receive�data�is�information�received�from�a�serial�device�external�to�the�MCU.
Transmit�data�is�information�stored�by�the�CPU�for�transmission�to�an�external�periph-
eral�chip.�Command�control�contains�all�the�information�needed�by�the�QSPI�to�perform
the�transfer.�Figure�24�illustrates�the�organization�of�the�RAM.
44 TS68332
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• 13-bits�Programmable�Baud�Rate�Modulus�Counter

• Even/odd�Parity�Generation�And�Detection

QSM-enhanced�SCI�Receiver�Features

• Two�Idle-line�Detect�Modes

• Receiver�Active�Flag

13-bit�Programmable�Baud�Rate�Modulus�Counter: �A�baud�rate�modulus�counter�has
been�added�to�provide�the�user�with�more�flexibility�in�choosing�the�crystal�frequency�for
the�system�clock.�The�modulus�counter�allows�the�SCI�baud�rate�generator�to�produce
standard�transmission�frequencies�for�a�wide�range�of�system�clocks.�The�user�is�no
longer�constrained�to�select�crystal�frequenc ies�based�on�the�desired�serial�baud�rate.
This�counter�baud�rates�from�64�baud�to�524�baud�with�a�16.78�MHz�system�clock.

Even/odd�Parity�Generation�and�Detection: �The�user�now�has�the�choice�either�of�seven
or�eight�data�bits�plus�one�parity�bit,�or�of�eight�or�nine�data�bits�with�no�parity�bit.�Even
or�odd�parity�is�available.�The�transmitter� automatically�generates�the�parity�bit�for�a
transmitted�byte.�The�receiver�detects�when�a�parity�error�has�occurred�on�a�received
byte�and�sets�a�parity�error�flag.

Two�Idle-line�Detect�Modes:� Standard�Atmel-Grenoble�SCI�systems�detect�an�idle�line
when�10�or�11�consecutive�bit-times�are�all�ones.�Used�with�the�receiver�wake�up�mode,
the�receiver�can�be�awakened�prematurely�if�the�message�preceding�the�start�of�the�idle
line�contained�ones�in�advance�of�its�stop�bi t.�The�new�(second)�idle-line�detect�mode
only�starts�counting�idle�time�after�a�valid�stop�bit�is�received,�which�ensures�correct�idle-
line�detection.

Receiver�Active�Flag�(RAF): �Receiver�Active�Flag�(RAF)�indicates�the�status�of�the
receiver.�It�is�set�when�a�possible�start�bit�is�detected�and�is�cleared�when�an�idle�line�is
detected.�RAF�is�also�cleared�if�the�start�bit�is�determined�to�be�line�noise.�This�flag�can
be�used�to�prevent�collisions�in�systems�with�multiple�masters.

For�further�information�refer�to�the�System�Integration�Module�Manual.

Standby�RAM�(with�TPU�
emulation)

The�TS68332�contains�2-Kbytes�of�standby�RAM.�This�section�describes�the�operation
and�control�of�the�RAM�module.

Overview The�Ram�module�contains�2048�bytes�of�fully�static�RAM,�powered�by�V DD�in�normal
operation.�The�entire�array�may�be�used�as�standby�RAM�if�power�is�supplied�to�the
VSTBY�pin.�Switching�between�V DD�and�V STBY�occurs�automatically.

The�RAM�may�be�used�as�general-purpose�memory�for�the�MCU,�providing�fast,�two-
clock�accesses�to�the�CPU.�Typically,�the�RAM�is�used�for�program�control�stacks�and
frequently�modified�data�variables.�The�CPU�may�read�or�write�byte,�word,�or�long-word
data.

The�RAM�may�also�be�used�as�microcode�control�memory�for�the�Time�Processor�Unit
(TPU).�The�TPU�must�be�placed�in�emulation�mode�to�use�the�RAM�in�this�manner
which�allows�users�to�develop�their�own�microcode�primitives.

RAM�Array�Addressing The�RAM�array�can�be�placed�anywhere�in�the�address�map�of�the�array�base�address
(RAMBAR),�provided�that�it�is�on�a�2-Kbytes�boundary�and�does�not�overlap�the�three
RAM�module�control�registers�used�for�control�and�testing.�RAMBAR�can�be�written�only
once�after�reset.�This�prevents�the�RAM�array�being�accidentally�remapped�by�software.
TS68332
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Atmel�Asia,�Ltd.
Room�1219
Chinachem�Golden�Plaza
77�Mody�Road�Tsimhatsui
East�Kowloon
Hong�Kong
TEL�(852)�2721-9778
FAX�(852)�2722-1369

Japan
Atmel�Japan�K.K.
9F,�Tonetsu�Shinkawa�Bldg.
1-24-8�Shinkawa
Chuo-ku,�Tokyo�104-0033
Japan
TEL�(81)�3-3523-3551
FAX�(81)�3-3523-7581

Memory
Atmel�Corporate
2325�Orchard�Parkway
San�Jose,�CA�95131
TEL�1(408)�436-4270
FAX�1(408)�436-4314

Microcontrollers
Atmel�Corporate
2325�Orchard�Parkway
San�Jose,�CA�95131
TEL�1(408)�436-4270
FAX�1(408)�436-4314

Atmel�Nantes
La�Chantrerie
BP�70602
44306�Nantes�Cedex�3,�France
TEL�(33)�2-40-18-18-18
FAX�(33)�2-40-18-19-60

ASIC/ASSP/Smart�Cards
Atmel�Rousset
Zone�Industrielle
13106�Rousset�Cedex,�France
TEL�(33)�4-42-53-60-00
FAX�(33)�4-42-53-60-01

Atmel�Colorado�Springs
1150�East�Cheyenne�Mtn.�Blvd.
Colorado�Springs,�CO�80906
TEL�1(719)�576-3300
FAX�1(719)�540-1759

Atmel�Smart�Card�ICs
Scottish�Enterprise�Technology�Park
Maxwell�Building
East�Kilbride�G75�0QR,�Scotland�
TEL�(44)�1355-803-000
FAX�(44)�1355-242-743

RF/Automotive
Atmel�Heilbronn
Theresienstrasse�2
Postfach�3535
74025�Heilbronn,�Germany
TEL�(49)�71-31-67-0
FAX�(49)�71-31-67-2340

Atmel�Colorado�Springs
1150�East�Cheyenne�Mtn.�Blvd.
Colorado�Springs,�CO�80906
TEL�1(719)�576-3300
FAX�1(719)�540-1759

Biometrics/Imaging/Hi-Rel�MPU/
High�Speed�Converters/RF�Datacom

Atmel�Grenoble
Avenue�de�Rochepleine
BP�123
38521�Saint-Egreve�Cedex,�France
TEL�(33)�4-76-58-30-00
FAX�(33)�4-76-58-34-80

e-mail
literature@atmel.com

Web�Site
http://www.atmel.com
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