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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"

Active

ARM® Cortex®-M0+

32-Bit Single-Core

48MHz

12C, LINbus SBC, SPI, UART/USART
Brown-out Detect/Reset, DMA, POR, PWM, WDT
32

64KB (64K x 8)

FLASH

2Kx 8

8K x 8

oV ~ 3.8V

A/D 13x12b; D/A 1x10b

Internal

-40°C ~ 105°C (TC)

Surface Mount, Wettable Flank
48-VFQFN Exposed Pad

48-VQFN (7x7)
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10.

ATSAMHAXGXXA

Automotive Quality Grade

Automotive Quality Grade

The SAMHAO/1 has been developed and manufactured according to the most stringent requirements of
the international standard ISO-TS 16949. This data sheet contains limit values extracted from the results
of extensive characterization (temperature and voltage). The quality and reliability of the SAMHAOQ/1 have
been verified during regular product qualification as per AEC-Q100.

As indicated in the ordering information paragraph, the product is available in only one temperature
grade. Refer to the table below.

Table 10-1. Temperature Grade Identification for Automotive Products

-40°C to +105°C T¢ B Full automotive temperature
range.

-40°C to +115°C T¢ Z Full automotive temperature
range.

Related Links

Product Identification System
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ATSAMHAXGXXA

DSU - Device Service Unit

15.13.22 Component Identification 3

Name: CID3
Offset: O0x1FFC
Reset: 0x000000B1
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
PREAMBLEB3[7:0]
Access R R R R R R R
Reset 1 0 1 1 0 0 0 1
Bits 7:0 —- PREAMBLEB3[7:0] Preamble Byte 3
These bits will always return 0x000000B1 when read.
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ATSAMHAXGXXA
GCLK - Generic Clock Controller

GCLK Reset Value after a User Reset
Generator ID

0x05 0x00000005 if the generator is not used by the RTC and not a source of a 'locked'
generic clock
No change if the generator is used by the RTC or used by a GCLK with a WRTLOCK as
one

0x06 0x00000006 if the generator is not used by the RTC and not a source of a 'locked'
generic clock
No change if the generator is used by the RTC or used by a GCLK with a WRTLOCK as
one

0x07 0x00000007 if the generator is not used by the RTC and not a source of a 'locked'
generic clock
No change if the generator is used by the RTC or used by a GCLK with a WRTLOCK as
one

0x08 0x00000008 if the generator is not used by the RTC and not a source of a 'locked'
generic clock
No change if the generator is used by the RTC or used by a GCLK with a WRTLOCK as

one
Value Name Description

0x0 GCLKGENO Generic clock generator 0
0x1 GCLKGEN1 Generic clock generator 1
0x2 GCLKGEN2 Generic clock generator 2
0x3 GCLKGEN3 Generic clock generator 3
0x4 GCLKGEN4 Generic clock generator 4
0x5 GCLKGENS Generic clock generator 5
0x6 GCLKGENG6 Generic clock generator 6
0x7 GCLKGEN7 Generic clock generator 7
0x8 GCLKGENS8 Generic clock generator 8

0x9-O0xF  Reserved
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ATSAMHAXGXXA
SYSCTRL - System Controller

Bit 2 - OSC32KRDY OSC32K Ready Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will set the OSC32K Ready Interrupt Enable bit, which enables the OSC32K
Ready interrupt.

Value Description

0 The OSC32K Ready interrupt is disabled.
1 The OSC32K Ready interrupt is enabled, and an interrupt request will be generated when
the OSC32K Ready Interrupt flag is set.

Bit 1 - XOSC32KRDY XOSC32K Ready Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will set the XOSC32K Ready Interrupt Enable bit, which enables the XOSC32K
Ready interrupt.

Value Description
0 The XOSC32K Ready interrupt is disabled.
1 The XOSC32K Ready interrupt is enabled, and an interrupt request will be generated when

the XOSC32K Ready Interrupt flag is set.

Bit 0 — XOSCRDY XOSC Ready Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will set the XOSC Ready Interrupt Enable bit, which enables the XOSC Ready
interrupt.

Value Description

0 The XOSC Ready interrupt is disabled.
1 The XOSC Ready interrupt is enabled, and an interrupt request will be generated when the
XOSC Ready Interrupt flag is set.
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ATSAMHAXGXXA
SYSCTRL - System Controller

19.8.3 Interrupt Flag Status and Clear

Name: INTFLAG
Offset: 0x08

Reset: 0x00000000
Property: -

Note: Depending on the fuse settings, various bits of the INTFLAG register can be set to one at startup.
Therefore the user should clear those bits before using the corresponding interrupts.

Bit 31 30 29 28 27 26 25 24
Access R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
DPLLLTO DPLLLCKF
Access R R R R R R R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
DPLLLCKR B33SRDY BOD33DET BOD33RDY DFLLRCS
Access R/W R R R R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DFLLLCKC DFLLLCKF DFLLOOB DFLLRDY OSC8MRDY | OSC32KRDY [XOSC32KRDY| XOSCRDY
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 17 — DPLLLTO DPLL Lock Timeout
This flag is cleared by writing a one to it.

This flag is set on a zero-to-one transition of the DPLL Lock Timeout bit in the Status register
(PCLKSR.DPLLLTO) and will generate an interrupt request if INTENSET.DPLLLTO is one.

Writing a zero to this bit has no effect.

Writing a one to this bit clears the DPLL Lock Timeout interrupt flag.
Bit 16 — DPLLLCKF DPLL Lock Fall

This flag is cleared by writing a one to it.

This flag is set on a zero-to-one transition of the DPLL Lock Fall bit in the Status register
(PCLKSR.DPLLLCKF) and will generate an interrupt request if INTENSET.DPLLLCKEF is one.

Writing a zero to this bit has no effect.

Writing a one to this bit clears the DPLL Lock Fall interrupt flag.

Bit 15 - DPLLLCKR DPLL Lock Rise
This flag is cleared by writing a one to it.
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ATSAMHAXGXXA
RTC - Real-Time Counter

R

0x0 COUNT32 Mode 0: 32-bit Counter
0x1 COUNT16 Mode 1: 16-bit Counter
0x2 CLOCK Mode 2: Clock/Calendar
0x3 Reserved

Bit 1 — ENABLE Enable

Due to synchronization, there is delay from writing CTRL.ENABLE until the peripheral is enabled/
disabled. The value written to CTRL.ENABLE will read back immediately, and the Synchronization Busy
bit in the Status register (STATUS.SYNCBUSY) will be set. STATUS.SYNCBUSY will be cleared when
the operation is complete.

This bit is not enable-protected.

Value Description

0 The peripheral is disabled or being disabled.
1 The peripheral is enabled or being enabled.

Bit 0 —- SWRST Software Reset
Writing a zero to this bit has no effect.

Writing a one to this bit resets all registers in the RTC, except DBGCTRL, to their initial state, and the
RTC will be disabled.

Writing a one to CTRL.SWRST will always take precedence, meaning that all other writes in the same
write-operation will be discarded.

Due to synchronization, there is a delay from writing CTRL.SWRST until the reset is complete.
CTRL.SWRST and STATUS.SYNCBUSY will both be cleared when the reset is complete.

This bit is not enable-protected.

Value Description

0 There is no reset operation ongoing.
1 The reset operation is ongoing.
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ATSAMHAXGXXA
RTC - Real-Time Counter

21.8.11

Bit

Access
Reset

Interrupt Enable Set - MODEO

Name: INTENSET
Offset: 0x07
Reset: 0x00

Property: Write-Protected

7 6 5 4 3 2 1 0
OVF SYNCRDY CMPO
R/wW R/wW R/wW

0 0 0

Bit 7 — OVF Overflow Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will set the Overflow Interrupt Enable bit and enable the Overflow interrupt.

Value Description

0 The overflow interrupt is disabled.
1 The overflow interrupt is enabled.

Bit 6 — SYNCRDY Synchronization Ready Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will set the Synchronization Ready Interrupt Enable bit and enable the
Synchronization Ready interrupt.

Value Description

0 The synchronization ready interrupt is disabled.
1 The synchronization ready interrupt is enabled.

Bit 0 — CMP0 Compare 0 Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will set the Compare 0 Interrupt Enable bit and enable the Compare 0 interrupt.

Value Description

0 The compare 0 interrupt is disabled.
1 The compare 0 interrupt is enabled.
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22.5.4

22.5.5

22.5.6

22.5.7

22.5.8

22.5.9

22.6

22.6.1

ATSAMHAXGXXA
DMAC - Direct Memory Access Controller

An AHB clock (CLK_DMAC_AHB) is required to clock the DMAC. This clock must be configured and
enabled in the power manager before using the DMAC, and the default state of CLK_DMAC_AHB can be
found in Peripheral Clock Masking.

This bus clock (CLK_DMAC_APB) is always synchronous to the module clock (CLK_DMAC_AHB), but
can be divided by a prescaler and may run even when the module clock is turned off.

Related Links
Peripheral Clock Masking

DMA
Not applicable.

Interrupts

The interrupt request line is connected to the interrupt controller. Using the DMAC interrupt requires the
interrupt controller to be configured first.

Related Links

Nested Vector Interrupt Controller

Events
The events are connected to the event system.

Related Links
EVSYS — Event System

Debug Operation
When the CPU is halted in debug mode the DMAC will halt normal operation. The DMAC can be forced
to continue operation during debugging. Refer to DBGCTRL for details.

Register Access Protection
All registers with write-access can be write-protected optionally by the Peripheral Access Controller
(PAC), except for the following registers:

* Interrupt Pending register (INTPEND)
*  Channel ID register (CHID)
*  Channel Interrupt Flag Status and Clear register (CHINTFLAG)

Optional write-protection by the Peripheral Access Controller (PAC) is denoted by the "PAC Write-
Protection" property in each individual register description.

PAC write-protection does not apply to accesses through an external debugger.
Related Links
PAC - Peripheral Access Controller

Analog Connections
Not applicable.

Functional Description

Principle of Operation
The DMAC consists of a DMA module and a CRC module.
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ATSAMHAXGXXA
DMAC - Direct Memory Access Controller

22.8.21 Channel Interrupt Enable Set

Name: CHINTENSET
Offset: 0x4D
Reset: 0x00

Property: PAC Write-Protection

This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Channel Interrupt Enable Clear (CHINTENCLR) register.
This register affects the DMA channel that is selected in the Channel ID register (CHID.ID).

Bit 7 6 5 4 3 2 1 0
| | | | susp | TCMPL | TERR
Access R/W R/W R/W
Reset 0 0 0

Bit 2 — SUSP Channel Suspend Interrupt Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will set the Channel Suspend Interrupt Enable bit, which enables the Channel
Suspend interrupt.

Value Description

0 The Channel Suspend interrupt is disabled.
1 The Channel Suspend interrupt is enabled.

Bit 1 — TCMPL Channel Transfer Complete Interrupt Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will set the Channel Transfer Complete Interrupt Enable bit, which enables the
Channel Transfer Complete interrupt.

Value Description

0 The Channel Transfer Complete interrupt is disabled.
1 The Channel Transfer Complete interrupt is enabled.

Bit 0 — TERR Channel Transfer Error Interrupt Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will set the Channel Transfer Error Interrupt Enable bit, which enables the Channel
Transfer Error interrupt.

Value Description

0 The Channel Transfer Error interrupt is disabled.
1 The Channel Transfer Error interrupt is enabled.
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ATSAMHAXGXXA

EIC — External Interrupt Controller

23.8.7

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Interrupt Enable Set

Name: INTENSET
Offset: 0x0C
Reset: 0x00000000
Property: Write-Protected
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
EXTINTX EXTINTx
R/W R/W
0 0
15 14 13 12 11 10 9 8
EXTINTx EXTINTx EXTINTx EXTINTx EXTINTx EXTINTx EXTINTx EXTINTx
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
EXTINTx EXTINTx EXTINTx EXTINTx EXTINTx EXTINTx EXTINTx EXTINTx
RW R/W RIW R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Bits 17,16,15,14,13,12,11,10,9,8,7,6,5,4,3,2,1,0 —- EXTINTx External Interrupt x Enable [x=17..0]
Writing a zero to this bit has no effect.

Writing a one to this bit will set the External Interrupt x Enable bit, which enables the external interrupt.

Value Description

0
1

The external interrupt x is disabled.
The external interrupt x is enabled.
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ATSAMHAXGXXA
NVMCTRL - Nonvolatile Memory Controller

Some registers require synchronization when read and/or written. Synchronization is denoted by the
"Read-Synchronized" and/or "Write-Synchronized" property in each individual register description.

Some registers are enable-protected, meaning they can only be written when the module is disabled.
Enable-protection is denoted by the "Enable-Protected" property in each individual register description.

© 2017 Microchip Technology Inc. Datasheet DS20005841A-page 389



24.8.1

ATSAMHAXGXXA
NVMCTRL - Nonvolatile Memory Controller

Bit

Access

Reset

Bit

Access

Reset

Control A

Name: CTRLA
Offset: 0x00
Reset: 0x0000

Property: PAC Write-Protection

15 14 13 12 11 10 9 8
CMDEX[7:0]

RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

CMD[6:0]
RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0

Bits 15:8 — CMDEX[7:0] Command Execution

When this bit group is written to the key value 0xA5, the command written to CMD will be executed. If a
value different from the key value is tried, the write will not be performed and the Programming Error bit in
the Status register (STATUS.PROGE) will be set. PROGE is also set if a previously written command is
not completed yet.

The key value must be written at the same time as CMD. If a command is issued through the APB bus on
the same cycle as an AHB bus access, the AHB bus access will be given priority. The command will then
be executed when the NVM block and the AHB bus are idle.

INTFLAG.READY must be '1' when the command is issued.
Bit 0 of the CMDEX bit group will read back as '1' until the command is issued.
Note: The NVM Address bit field in the Address register (ADDR.ADDR) uses 16-bit addressing.

Bits 6:0 — CMD[6:0] Command
These bits define the command to be executed when the CMDEX key is written.

CMD[6:0] | Group Description
Configuration

0x00-0x01 | - Reserved

0x02 ER Erase Row - Erases the row addressed by the ADDR register in the
NVM main array.

0x03 - Reserved

0x04 WP Write Page - Writes the contents of the page buffer to the page

addressed by the ADDR register.

0x05 EAR Erase Auxiliary Row - Erases the auxiliary row addressed by the
ADDR register. This command can be given only when the security
bit is not set and only to the User Configuration Row.
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ATSAMHAXGXXA
SERCOM SPI - SERCOM Serial Peripheral Interface

Bit 0 — DRE Data Register Empty
This flag is cleared by writing new data to DATA.

This flag is set when DATA is empty and ready for new data to transmit.
Writing '0' to this bit has no effect.
Writing '1' to this bit has no effect.
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ATSAMHAXGXXA

TC — Timer/Counter

Value Description

0 The timer/counter is counting up (incrementing).
1 The timer/counter is counting down (decrementing).
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ATSAMHAXGXXA

TCC - Timer/Counter for Control Applications

Bit 0 — STOP Stop
This bit is set when the TCC is disabled either on a STOP command or on an UPDATE condition when

One-Shot operation mode is enabled (CTRLBSET.ONESHOT=1).

This bit is clear on the next incoming counter increment or decrement.

Value Description

0 Counter is running.
1 Counter is stopped.
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34.6.7

34.6.8

34.6.9

ATSAMHAXGXXA

AC - Analog Comparators

Figure 34-5. VDDANA Scaler

SCALERXx.
VALUE
6

COMPCTRLx.MUXNEG

COMPx

Input Hysteresis

Application software can selectively enable/disable hysteresis for the comparison. Applying hysteresis will
help prevent constant toggling of the output, which can be caused by noise when the input signals are
close to each other.

Hysteresis is enabled for each comparator individually by the Hysteresis Enable bit in the Comparator x
Control register (COMPCTRLx.HYSTEN). Hysteresis is available only in continuous mode
(COMPCTRLx.SINGLE=0).

Propagation Delay vs. Power Consumption

It is possible to trade off comparison speed for power efficiency to get the shortest possible propagation
delay or the lowest power consumption. The speed setting is configured for each comparator individually
by the Speed bit group in the Comparator x Control register (COMPCTRLx.SPEED). The Speed bits
select the amount of bias current provided to the comparator, and as such will also affect the start-up
time.

Filtering

The output of the comparators can be filtered digitally to reduce noise. The filtering is determined by the
Filter Length bits in the Comparator Control x register (COMPCTRLx.FLEN), and is independent for each
comparator. Filtering is selectable from none, 3-bit majority (N=3) or 5-bit majority (N=5) functions. Any
change in the comparator output is considered valid only if N/2+1 out of the last N samples agree. The
filter sampling rate is the GCLK_AC frequency.

Note that filtering creates an additional delay of N-1 sampling cycles from when a comparison is started
until the comparator output is validated. For continuous mode, the first valid output will occur when the

required number of filter samples is taken. Subsequent outputs will be generated every cycle based on

the current sample plus the previous N-1 samples, as shown in Figure 34-6. For single-shot mode, the

comparison completes after the Nth filter sample, as shown in Figure 34-7.
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34.8.1

ATSAMHAXGXXA

AC - Analog Comparators

Bit

Access

Reset

Control A

Name: CTRLA
Offset: 0x00
Reset: 0x00

Property: PAC Write-Protection, Write-Synchronized

7 6 5 4 3 2 1 0
LPMUX RUNSTDBY ENABLE SWRST
R/wW RwW R/wW R/wW
0 0 0 0

Bit 7 — LPMUX Low-Power Mux
This bit is not synchronized

Value Description

0 The analog input muxes have low resistance, but consume more power at lower voltages
(e.g., are driven by the voltage doubler).
1 The analog input muxes have high resistance, but consume less power at lower voltages

(e.g., the voltage doubler is disabled).

Bit 2 — RUNSTDBY Run in Standby
This bit controls the behavior of the comparators during standby sleep mode.

This bit is not synchronized

Value Description

0 The comparator pair is disabled during sleep.
1 The comparator pair continues to operate during sleep.

Bit 1 - ENABLE Enable

Due to synchronization, there is a delay from the time when the register is updated until the peripheral is
enabled/disabled. The value written to CTRL.ENABLE will read back immediately after being written.
STATUS.SYNCBUSY is set. STATUS.SYNCBUSY is cleared when the peripheral is enabled/disabled

Value Description

0 The AC is disabled.
1 The AC is enabled. Each comparator must also be enabled individually by the Enable bit in
the Comparator Control register (COMPCTRLn.ENABLE).

Bit 0 — SWRST Software Reset
Writing a '0' to this bit has no effect.
Writing a '1' to this bit resets all registers in the AC to their initial state, and the AC will be disabled.

Writing a '1' to CTRLA.SWRST will always take precedence, meaning that all other writes in the same
write-operation will be discarded.

Due to synchronization, there is a delay from writing CTRLA.SWRST until the reset is complete.
CTRLA.SWRST and STATUS.SYNCBUSY will both be cleared when the reset is complete.
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ATSAMHAXGXXA

Electrical Characteristics

Table 37-24. BOD33 Characteristics

symool_|in_Typ—| Her. | Unt

Step size, between

adjacent values in - 34 - mV

BOD33.LEVEL

Hysteresis ON Hysteresis ON VhysT 35 - 170 mV
Time with Vppana < V1H

Detection time necessary to generate a tpeT - 0.9M - s
reset signal

Startup time tsTARTUP = 2.2 = uSs

1. These values are based on simulation. These values are not covered by test limits in production or

characterization.

Table 37-25. BOD33 Power Consumption

T R T

IDLE2, Mode CONT 25°C
—40 to +105°C
BOD33
STDBY, Mode SAMPL 25°C
—40 to +105°C

37.11.4 Analog-to-Digital (ADC) Characteristics
Table 37-26. Operating Conditions

3.3V
3.3V

- 51
WA

3.3V | 0.132 @ 0.38

3.3V

- 1.5

i

Resolution
ADC Clock frequency feck_apc 30
Single shot 5
Sample rate(!)
Free running 5
Sampling time(") 0.5
Conversion time(") 1x Gain 6
Voltage reference range VREE 1.0
Internal 1V reference(® VRrerinT 1V -

Internal ratiometric

reference 0(2) VreriINT Veco -

Internal ratiometric 2.0V < VrerinT Veco
reference 0(2) error VDDANA<3.63V Voltage Error

Vppana/1.48

bits
2100 kHz
300 ksps
350 ksps
- cycles
- cycles
Vbpana—
0.6 v
- V
- V
1 %
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38.5.1

38.5.2

38.5.3

ATSAMHAXGXXA

Schematic Checklist

External Clock Source

Figure 38-5. External Clock Source Example Schematic

External
Clock

XOUT/GPIO
—NC/GPI

Table 38-4. External Clock Source Connections

Signal Name |Recommended Pin Connection

XIN XIN is used as input for an external clock signal Input for inverting oscillator pin

XOUT/GPIO  Can be left unconnected or used as normal GPIO

Crystal Oscillator
Figure 38-6. Crystal Oscillator Example Schematic

The crystal should be located as close to the device as possible. Long signal lines may cause a load too
high to operate the crystal, and cause crosstalk to other parts of the system.

Table 38-5. Crystal Oscillator Checklist

Signal Name |Recommended Pin Connection

XIN Load capacitor 15pF(1)() External crystal between 0.4 to 30MHz
XOuT Load capacitor 15pF()(2)

1. These values are given only as typical examples.
2. Decoupling capacitor should be placed close to the device for each supply pin pair in the signal
group.

External Real Time Oscillator

The low frequency crystal oscillator is optimized for use with a 32.768kHz watch crystal. When selecting
crystals, load capacitance and crystal’s Equivalent Series Resistance (ESR) must be taken into
consideration. Both values are specified by the crystal vendor.

The SAMHAO/1 oscillator is optimized for very low power consumption, so pay close attention when
selecting crystals. See the table below for maximum ESR recommendations on 9pF and 12.5pF crystals.

The low-frequency crystal oscillator provides an internal load capacitance of typical values available in
Table , 32kHz Crystal Oscillator Characteristics. This internal load capacitance and PCB capacitance can
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41.

4111

41.2

41.3

ATSAMHAXGXXA

Conventions

Conventions

Numerical Notation
Table 41-1. Numerical Notation

165 Decimal number

0b0101 Binary number (example 0b0101 = 5 decimal)

'0101' Binary numbers are given without prefix if
unambiguous

0x3B24 Hexadecimal number

X Represents an unknown or don't care value

A Represents a high-impedance (floating) state for

either a signal or a bus

Memory Size and Type
Table 41-2. Memory Size and Bit Rate

KB (kbyte) kilobyte (210 = 1024)

MB (Mbyte) megabyte (220 = 1024*1024)

GB (Gbyte) gigabyte (230 = 1024*1024*1024)
b bit (binary '0' or '1")

B byte (8 bits)

1kbit/s 1,000 bit/s rate (not 1,024 bit/s)
1Mbit/s 1,000,000 bit/s rate

1Gbit/s 1,000,000,000 bit/s rate

word 32 bit

half-word 16 bit

Frequency and Time
Table 41-3. Frequency and Time

kHz 1 kHz = 103 Hz = 1,000 Hz
KHz 1 KHz = 1,024 Hz, 32 KHz = 32,768 Hz
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