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1 Introduction

Introduction

The Intel® Quark™ microcontroller D2000 is an ultra-low power Intel Architecture

(1A) SoC that integrates an Intel® Quark processor

core, Memory Subsystem with on-

die volatile and non-volatile storage, and 1/0 interfaces into a single low-cost system-

on-chip solution.

Figure 1 shows the system level block diagram of the SoC. Refer to the subsequent
chapters for detailed information on the individual functional blocks.

Figure 1. SoC Block Diagram
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1.1.3
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1.1.5
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Feature Overview

Clock Oscillators

e 32 MHz Clock (system clock) generated by on-die Hybrid Oscillator which
works in either:
o Silicon mode (external crystal not needed) (generates 4/8/16/32 MHz
clock output as configured) or
0 Crystal mode (external 32MHz crystal required).
e 32.768 kHz RTC Clock generated by on-die RTC Crystal oscillator (external
32.768kHz crystal required). SoC is designed to work without RTC clock, if
there is no use-case for RTC clock.

Quark Processor Core

32 MHz Clock Frequency

32-bit Address Bus

Pentium 586 ISA Compatible without x87 Floating Point Unit
Integrated Local APIC and 1/0 APIC

1 32-bit timer in Local APIC running with system/core clock

Memory Subsystem

32 KB of 64b wide on-die Flash

Supports Page Erase and Program cycles

Supports configurable wait states to allow Flash to run at various frequencies. At
32MHz, 2-wait-states are introduced for all accesses

4 configurable Protection regions for Flash access control

8 KB Code OTP with independent read-disable of the two 4KB regions

4 KB Data OTP (One-time-programmable) memory

8 KB of on-die SRAM with 64b interface with O-wait state in case of no arbitration
conflict

4 configurable Protection regions for SRAM access control

12C

One I2C Interface

Three 12C speeds supported : Standard Mode (100 Kbps), Fast Mode (400 Kbps)
and Fast Mode Plus (1 Mbps)

7-bit and 10-bit Addressing Modes Supported

Supports Master or Slave operation

FIFO mode support (16B TX and RX FIFQO’s)

Supports HW DMA with configurable FIFO thresholds

UART

Two 16550 compliant UART interfaces

Supports baud rates from 300 to 2M with less than 2% frequency error
Support for hardware and software flow control

FIFO mode support (16B TX and RX FIFO’s)
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1.1.7

1.1.8

1.1.9

1.1.10

Introduction

e Supports HW DMA with configurable FIFO thresholds

e Supports 9-bit serial operation mode

e Supports RS485

e Support for DTR/DCD/DSR/RI Modem Control Pins through GPIO pins controlled
by Software

SPI

e One SPI Master Interfaces with support for SPI clock frequencies up to 16 MHz

¢ One SPI Slave Interface with support for SPI clock frequencies up to 3.2 MHz

e  Support for 4-bit up to 32-bit Frame Size

e Up to four Slave Select pins per Master interface

e FIFO mode support (Independent 32B TX and RX FIFO’s)

e  Supports HW DMA with configurable FIFO thresholds

DMA Controller

Provides 2 Unidirectional Channels
Provides support for 16 HW Handshake Interfaces
o tx and rx channels of I12C controller, SPI Slave controller, SPI Master
controller, two UART controllers use this interface
Supports Memory to Memory, Peripheral to Memory, Memory to Peripheral and
Peripheral to Peripheral transfers
Dedicated Hardware Handshaking interfaces with peripherals plus Software
Handshaking Support
Supports Single and Multi-Block Transfers

GPIO Controller

Provides 25 independently configurable GPIO

All GPIOs are interrupt capable supporting level sensitive and edge triggered
modes

Debounce logic for interrupt source

All 25 GPIOs are Always-on interrupt and wake capable

Timers

Two 32-bit Timers running at system clock (running in timer mode or PWM mode)
Supports an additional 32-bit Always-On Counter running with 32.768 kHz clock
Supports an additional 32-bit Always-On Periodic Timer running with 32.768 kHz
clock and with interrupt and wake capability

Pulse Width Modulation (PWM)

Two 32-bit Timers running at system clock can be configured to generate two
PWM outputs
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Watchdog Timer

Configurable Watchdog timer with support to trigger an interrupt and/or a system
reset upon timeout

Real Time Clock (RTC)

32-bit Counter running from 1Hz up to 32.768 kHz

Supports interrupt and wake event generation upon match of programmed value
Only requires 32.768 kHz clock to be running to generate interrupt and wake
events

Analog to Digital Convertor (ADC)

19 Analog Input channels

Selectable 6/8/10/12-bit resolution

Supports maximum of 2.28 Mega Samples Per Second (MSps) at 12-bit resolution
and 4 MSps at 6-bit resolution)

Differential Non-Linearity DNL of +/- 1.0 LSB

Integral Non-Linearity INL of +/- 2.0 LSB

SINAD of 68 dBFS

Offset Error of +/- 2 LSB (calibration enabled), +/- 64 LSB (calibration disabled)
Full-scale input range of O to AVDD.

Analog Comparators

Provides 19 Analog Comparators
Six high performance comparators
13 low power comparators
Configurable polarity

Interrupt and Wake Event capable

Interrupt Routing

Configurable Routing of SoC Interrupts with capability to route to the Interrupt
Controller of the Quark Processor.

SoC events can be routed as: Interrupts to the Quark Processor, debug break
events to the Quark Processor or SoC Warm Reset requests.

Intel® Quark™ microcontroller D2000
Datasheet
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1.1.16 Power Management

e SoC System States : RUN, Low Power Compute, HALT, Low Power Wait, Deep
Sleep (RTC or NORTC) state.

e Processor States : CO — C2

e Supports Coin-cell Battery source (2.0V to 3.6V range)

Scenario Max Current Draw

Active/RUN state: All SoC components including ADC, Comparators, < 30 mA
clock oscillators, peripheral enabled and core running at 32MHz

Idle/Sleep state: Most SoC components such as ADC, hybrid < 3.5 pPA
oscillator, RTC oscillator, peripherals are powered down or clock
gated. Core halted. Only 1 low power-comparator enabled for wake.

1.1.17 Package
40-pin Quad Flat No-Leads (QFN) package.

§

Intel® Quark™ microcontroller D2000
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2 Physical Interfaces

2.1 Pin States Through Reset

All functional 10s will come up in input mode after reset except JTAG TDO output
which is kept tristated.

All Digital 10 include a configurable pullup (49K ohm typ; 34K-74Kohm range) with
pull-up disabled by default, except for F_20, F_22, F_23 pins (TRST_N, TMS, TDI))
where pull-up is enabled by default.

The state of all 10s is retained whenever SoC goes into low power states.

2.2 External Interface Signals

The following table gives the definition of external interface signals of Intel® Quark™
microcontroller D2000. Not all interfaces are available simultaneously through
external pins of Intel® Quark™ microcontroller D2000. For pin multiplexing options,
refer to Chapter 3.

Table 1. List of User Mode External Interfaces

Interface Pin Name Type Description
Power VSS Ground QFN package ground plane
PVDD Supply 2.0-3.6 V unregulated battery

supply rail input (can lower to
1.8V if analog comparators are
not used). This rail is used only
by internal voltage regulator.
There is a mechanism to
disable internal voltage
regulator and feed
IOVDD/AVDD/DVDD by
platform directly. PVDD is to be
supplied even if Internal voltage
regulator is not enabled as
internal VR is used to generate
internal voltage reference for
comparators.

AVDD Supply 2.0-3.6V Analog Voltage Rail
Input powering both ADC and
Comparator - ADC supports
1.8V to 3.3V range, but
Comparator only supports 2V to
3.3V. AVDD can be an AC
isolated version of PVDD.

Intel® Quark™ microcontroller D2000
January 2016 Datasheet
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Interface

Pin Name

Type

Description

IOVDD

Supply

Analog (Driver) side Voltage
Rail Input for 10 ring (1.8V to
3.3V Nominal +/- 10%). All
digital 10 pads use IOVDD only.
IOVDD can be an AC isolated
version of PVDD but is not
required.

VSENSE

Analog input

Voltage Regulator Voltage
Sense Input - Feedback of Load
side of inductor.

GSENSE

Analog input

core power ground sense

LX

Supply

Core voltage regulator output

VREN

Analog input

Internal Voltage regulator
enable:

PVDD = enable
VSS/GND = disable

VREN cannot be dynamically
changed. VREN has to be
stable/static when PVDD
becomes stable.

DvDD

Supply

1.8 V (nominal) +/- 10%
regulated core power supply. In
Deep Sleep state, it can be
configured to go to 1.35V
(nominal) +/- 10% to reduce
sleep/leakage power.

DVDD_2

Supply

1.8 V (nominal) +/- 10%
regulated core power supply.
Connected to same source as
DVDD pin. In Deep Sleep state,
it can be configured to go to
1.35V (nominal) +/- 10% to
reduce sleep/leakage power.

Clocking

HYB_XTALI

Logic input

Crystal/oscillator input for
System Clock. If no external
XTAL is connected, keep these
pins as no-connect.

HYB_XTALO

Logic output

Crystal output for System clock.

If no external XTAL is
connected, keep these pins as
no-connect.

RTC_XTALI

Logic input

32.768 kHz Crystal/oscillator
input for RTC clock. If RTC
XTAL is not connected, this pin
has to be grounded (to 0).

Intel® Quark™ microcontroller D2000
Datasheet January 2016
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Interface

Pin Name

Type

Description

RTC_XTALO

Logic output

Crystal output for RTC clock. If
RTC XTAL is not connected,
this pin has to be grounded (to
0).

SYS_CLK_OUT

Logic Output

Divided (1:1, 1:2, 1:4) version of
32MHz system clock output

RTC_CLK_OUT

Logic Output

32.768 kHz RTC clock output

Reset

RST_N

Analog input

Active Low reset input with
Hysteresis. Tie to PVDD for
internal power-on reset.

<0.788V = reset
>1.112V = not reset

RST_N is connected to an
internal comparator which
compares RST_N voltage level
to an internal reference to
assert/deassert internal SOC
reset. There is an internal
mechanism to assert reset if
PVDD is power recycled (power
on reset) irrespective of RST_N
voltage level.

GPIO

GPIO[24:0]

Logic I/O

General purpose I/O

12C

12C_SCL

Logic I/0

Open drain clock

12C_SDA

Logic I/O

Open drain data

PWM

PWM1

Logic Output

PWM Output 1

PWMO

Logic Output

PWM Output 0

UART

UART_A_TXD

Logic output

UART A single-ended Transmit
data (RS232 or RS485). In
RS485 mode, differential driver
is outside SoC.

UART_A_RXD

Logic input

UART A single-ended Receive
data (RS232 or RS485). In
RS485 mode, differential
receiver is outside SoC.

UART_A RTS

Logic output

UART A Request to send
(RS232)

UART A CTS

Logic input

UART A Clear to send (RS232)

UART_A_DE

Logic Output

UART A Driver Enable (RS485
mode). Used to control the
differential driver of RS485 in
platform/board. Polarity is
configurable. This is multiplexed
onto UART_A_ RTS pin

January 2016
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Interface

Pin Name

Type

Description

depending on RS485 or RS232
mode of operation.

UART_A_RE

Logic Output

UART B Receiver Enable
(RS485 mode). Used to control
the differential receiver of
RS485 in platform/board.
Polarity is configurable. This is
multiplexed onto UART_B_CTS
pin depending on RS485 or
RS232 mode of operation.

UART_B_TXD

Logic output

UART B single-ended Transmit
data (RS232 or RS485). In
RS485 mode, differential driver
is outside SoC.

UART_B_RXD

Logic input

UART B single-ended Receive
data (RS232 or RS485). In
RS485 mode, differential
receiver is outside SoC.

UART_B_RTS

Logic output

UART B Request to send
(RS232)

UART B_CTS

Logic input

UART B Clear to send (RS232)

UART_B_DE

Logic Output

UART B Driver Enable (RS485
mode). Used to control the
differential driver of RS485 in
platform/board. This is
multiplexed onto UART_B_RTS
pin depending on RS485 or
RS232 mode of operation.

UART_B_RE

Logic Output

UART A Receiver Enable
(RS485 mode). Used to control
the differential receiver of
RS485 in platform/board. This
is multiplexed onto
UART_B_CTS pin depending
on RS485 or RS232 mode of
operation.

Slave SPI

SPI S _SCLK

Logic input

Slave SPI Clock

SPI_S_SDIN

Logic input

Slave SPI Receive data

SPI_S_SCS

Logic input

Slave SPI Slave Chip Select

SPI_S SDOUT

Logic output

Slave SPI Transmit data

Master SPI

SPI_M_SCLK

Logic output

Master SPI Clock

SPI_M_TXD

Logic output

Master SPI Transmit data

SPI_M_SS[3:0]

Logic output

Master SPI Slave Selects

SPI_M_RXD

Logic input

Master SPI Receive data

Intel® Quark™ microcontroller D2000
Datasheet January 2016
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Interface

Pin Name

Type

Description

Analog

Al[18:0]

Analog input

Comparator/ADC inputs.
Al[18:0] are connected to both
ADC and comparator inputs.
Al[5:0] are connected to 6 fast
response analog comparators.
Al[18:6] are connected to 13
slow response low power
comparators, Since fast
response comparators are
powered off in low power
states, any analog signal that
shall be capable of waking SoC
is to be connected to one of
Al[18:6].

AR

Analog input

Comparator Reference Voltage
Input (internal reference from
RAR also available).

JTAG

TRST_N

Logic input

TAP controller reset. A pull-up
is enabled by default.

TDI

Logic input

TAP data input. A pull-up is
enabled by default.

T™MS

Logic input

TAP mode select. A pull-up is
enabled by default.

TCK

Logic input

TAP clock

TDO

Logic output

TAP data output

Document Number: 333577-002EN
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Table 2.

GP10 Multiplexing

Physical Interfaces

Not all interfaces can be active at the same time. To provide flexibility, these shared
interfaces are multiplexed with GPIOs.

All 25 functional 10s come up as Function O at boot. JTAG is default enabled (as part
of Function 0) instead of GPIO[23:19]. FW is responsible for enabling proper

configuration later on.

Multiplexed Functions

FunctionO Functionl Function2
GPIO[3:0] ADC/COMP[3:0] SPI_M (4 10)
GPIO[5:4] ADC/COMP[5:4] RTC_CLK_OUT,

SYS_CLK_OUT
GPIO[7:6] ADC/COMP[7:6] 12C (2 10)
GPIO[11:8] ADC/COMP[11:8] SPI_S (4 10)
GPIO[15:12] ADC/COMP[15:12] UART_A (4 10)
GPIO[18:16] ADC/COMP[18:16] SPI_M (3 10)
JTAG (5 10) GPIO[23:19] UART_B (4 10), PWMO
GPIO[24] - PWM1

Intel® Quark™ microcontroller D2000
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3 Ballout and Package
Information

The Intel® Quark™ microcontroller D2000 comes in 6 mm x 6 mm Quad Flat No-Leads
(QFN) Package.

3.1 SoC Attributes

e Package parameters: 6 mm X 6 mm (QFN)
e Ball Count: 40

All Units: mm

Tolerances if not specified:
e X:%x0.1
e XX:+0.05

e Angles: = 1.0 degrees

Intel® Quark™ microcontroller D2000
January 2016 Datasheet
Document Number: 333577-002EN 27



- ®
l n tel > Ballout and Package Information

3.2 Package Diagrams

Figure 2. Package Diagram QFN 40 pin (0.5mm pitch)
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Figure 3. Mechanical Drawing of Package
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3.3 Pin Multiplexing
There are 15 dedicated pins + 1 QFN GND plane and 25 functional pins which can be
configured as GPIO (GPIO[24:0]) or other functions (I2C/UART/SPI/JTAG). There are
two major 10 modes: user mode and test mode. In user mode, each pin can be
individually configured in one of the 4 user modes (FUNC 0/1/2/3). By default, after
power-on-reset (RST_N) or cold reset, SoC comes up in user mode O function
(FUNCO0). SOC firmware/software is responsible for enabling the platform specific
configuration by programming the respective 10 pad control registers.
Out of 25 functional pins, 19 pins are double bonded to Analog input pads and digital
pads while 6 pins are digital only pads. All analog pads (AI[18:0]) are specified with
respect to AVDD and all digital pads are with respect to IOVDD. The analog inputs (Al)
are connected to ADC or Comparators inside the SoC. AlI[5:0] is connected to fast
response/high performance comparator / fast channel of ADC; and AlI[18:6] are
connected to slow response/low power comparator / slow channel of ADC. Any wake
capable analog inputs shall be connected only to any of AlI[18:6] and not to AI[5:0].
Table 3. Pin Multiplexing
Pin
Num Pin/Ball Volta Function Function Function
ber Name Type ge Function 3
VSS GND PWR oV GND GND GND GND
27 PVDD PWR PVDD PVDD PVDD PVDD PVDD
40 AVDD PWR PVDD AVDD AVDD AVDD AVDD
12 I0VDD PWR PVDD 10VDD I0VDD I0VDD I0VDD
28 VSENSE PWR DVDD VSENSE VSENSE VSENSE VSENSE
25 GSENSE PWR oV GSENSE GSENSE GSENSE GSENSE
26 LX PWR DVDD LX LX LX LX
29 VREN PWR PVDD VREN VREN VREN VREN
17 DVDD PWR DVDD DVDD DVDD DVDD DVDD
30 RST_N RST PVDD RST_N RST_N RST_N RST_N
22 RTC_XTALI CLK DVDD RTC_XTALI RTC_XTALI RTC_XTALI RTC_XTALI
23 RTC_XTALO CLK DVDD RTC_XTALO RTC_XTALO RTC_XTALO RTC_XTALO
19 HYB_XTALI CLK DVDD HYB_XTALI HYB_XTALI HYB_XTALI HYB_XTALI
20 HYB_XTALO | CLK DVDD HYB_XTALO | HYB_XTALO | HYB_XTALO | HYB_XTALO
1 AR PWR AVDD AR AR AR AR
10VDD/
31 F O GPIO AVDD GPIOO AlO SPI_M_SSO
10VDD/
32 F 1 GPIO AVDD GPI01 All SPI_M_SS1
10VDD/
33 F 2 GPIO AVDD GPIO2 Al2 SPI_M_SS2
10VDD/
34 F3 GPIO AVDD GPIO3 Al3 SPI_M_SS3

Intel® Quark™ microcontroller D2000
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intel.

Pin/Ball Volta Function Function Function
Name Type ge Function 3
10VDD/ RTC_CLK_O
35 F 4 GPIO AVDD GPIO4 Al4 uT
10vVDD/ SYS_CLK_O
36 F 5 GPIO AVDD GPIO5 Al5 uT
10VDD/
37 F 6 GPIO AVDD GPIO6 Al6 12C_SCL
10VDD/
38 F 7 GPIO AVDD GPIO7 Al7 12C_SDA
10vVDD/
39 F 8 GPIO AVDD GPIO8 Al8 SPI_S_SCLK
10VDD/
F 9 GPIO AVDD GPIO9 Al9 SPI_S_SDIN
10VDD/ SPI_S_SDOU
F_10 GPIO AVDD GPIO10 Al10 T
10VDD/
3 F 11 GPIO AVDD GPIO11 Alll SPI_S_SCS
10VDD/ UART_A_TX
4 F 12 GPIO AVDD GPIO12 Al12 D
10vVDD/ UART_A_RX
5 F 13 GPIO AVDD GPIO13 All13 D
UART_A_RT
10VDD/ S/UART_A_
6 F 14 GPIO AVDD GPIO14 All4 DE
UART_A CT
10VDD/ S/UART_A_
7 F_15 GPIO AVDD GPIO15 All15 RE
10VDD/
8 F_16 GPIO AVDD GPIO16 All6 SPI_M_SCLK
10VDD/
9 F 17 GPIO AVDD GPIO17 All7 SPI_M_TXD
10VDD/
F 18 GPIO AVDD GPIO18 Al18 SPI_M_RXD | -
F_19 GPIO 10VDD TDO GPIO19 PWMO -
UART_B_TX
F_20 GPIO I0VDD TRST_N GPI020 D -
UART_B_RX
F 21 GPIO I0VDD TCK GPIO21 D -
UART_B_RT
S/UART_B_
F 22 GPIO I0VDD TMS GPI022 DE -
UART_B_CT
S/UART_B_
F 23 GPIO 10VDD TDI GPIO23 RE -
F 24 GPIO I0VDD GPI1024 - PWM1 -
DVDD_2 PWR DvVDD 2 | DVDD_2 DVDD_2 DVDD_2 DVDD_2

January 2016
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All Digital 10 include configurable drive strength namely low-drive (12 mA) and high-
drive (16 mA) modes. By default, all digital 10s come up in low-drive mode.

All Digital 10 include a configurable pullup with pull-up disabled by default, except for
F_20, F_22, F_23 (TRST_N, TMS, TDI)) where pull-up is enabled by default.

UART_A/B_CTS (input) or UART_A/B_RE (output) is available based on UART mode of
operation (RS232 or RS485) configurable in respective UART controller. Similarly for
UART_A/B_RTS (output) or UART_A/B_DE (output). Default is RS232. FW can choose
to enable both input and output direction for CTS/RE pins and hardware will control
the output enable of these pins based on RS232 or RS485 mode of operation if these
pins are configured for UART function.

JTAG interface is default enabled (user mode 0) to assist in debug as well as
embedded flash programming.

There is a F_25 pad which is not bonded to any pin. This pad (mapped as pin 25 for
pinmux configuration in System Control Subsystem) shall be configured by FW in
input disabled mode (Input Enable = 0; User mode 3 which makes Output Enable
disabled).

DVDD_2 and DVDD are identical and are to be connected to the same source.
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3.4 Alphabetical Ball Listing
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