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~ Power Optimization: Sleep

= Apollo3 sleep modes are very flexible.

= Entering Normal or Deep Sleep does not automatically change the clock source for timers, nor does it
stop or disable any peripherals or interrupt sources.

= Configure the peripherals and GPIO in the desired way and they will continue to operate in normal or
deep sleep. Keeping peripherals active will result in higher deep sleep current, so for lowest power deep
sleep, all peripherals not actively in use should be powered down.
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~ Power Optimization: Sleep

= It is straightforward to enter sleep modes:
= am_hal_sysctrl_sleep(AM_HAL_SYSCTRL_SLEEP DEEP);
= am_hal_sysctrl_sleep(AM_HAL_SYSCTRL_SLEEP_NORMAL);

= Any Apollo3 interrupt can be used as a wake trigger from normal or deep sleep.

=  Common wake interrupt sources used in deep sleep include:

= GPIO, Ctimer, Stimer, RTC Alarm, Comparator, ADC Window compare, I12C/SPI slave write, FIFO
threshold interrupts for any serial interface, etc.
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~ Power Optimization: Sleep

The Binary counter example project is a good example of using LFRC as Timer count source and going to
deep sleep with that timer running. The timer then generates a periodic wake interrupt.

Keeping timers running from either XT or LFRC add <100nA to deep sleep current (plus the current of the
clock source, which is ~¥300nA for XT and <100nA for LFRC).
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~ Power Optimization: Sleep

= All Apollo3 GPIO can be used as a wake source.

= To configure a GPIO as a wake source, enable the interrupt for that GPIO. Please see the
deepsleep_wake project for simple example of this.

= All GPIO have configurable interrupts, and any GPIO that has interrupt enabled will wake the MCU from
deep sleep upon GPIO interrupt.

= All Timers can be used as a wake source.
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~ Power Optimization: Tips

= The HFRC will be stopped automatically when entering deep sleep UNLESS there are peripherals or
timers running that need HFRC.

= For lowest power deep sleep, any timer or peripheral that is configured to use HFRC should be
stopped before entering Deep Sleep.
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~ Power Optimization: Tips

=  On Apollo3, peripherals such as UART, IOM (SPI/12C master), 10S (SPI/12C Slave), MSPI, ADC, and PDM all
have a peripheral power enable/disable bits.

= All of these peripherals start powered off. This power-gates the peripheral for minimum leakage in
deep sleep.

= Each of these peripherals must be power-enabled before they can be used. Upon setting the power
enable bit, the peripheral will start in default state and needs to be configured.

= When going to deep sleep, any of these peripherals that is not active should be powered down to
minimize deep sleep current.

= The AmbigSuite HAL includes power_control functions that automate this process by saving the config

setting before powering down the peripheral and write the saved settings to the peripheral when
powering it back on.
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~ Power Optimization: Tips

= To enable the MCU core to be put to sleep while peripherals are active, most Apollo3 peripherals have

FIFOs, and many also have DMA and command queue support.

= Peripherals with FIFOs:

IOM 12C/SPI Master: 32Bytes TX and 32Bytes RX

MSPI: 16-entery FIFO (32 Bits Wide)

|0S 12C/SPI Slave: 256 Byte LRAM (Direct access / FIFO)
BLE: Virtual FIFO in BLE subsystem SRAM (42K total RAM)
ADC: 16-deep FIFO

PDM: 32 Words

= Peripherals with DMA support:

IOM 12C/SPI Master, MSPI, ADC, BLE, PDM

= Peripherals with Command Queue support:

IOM 12C/SPI Master, MSPI
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~ Default Active State

=  MCU core active with 48MHz core clock
= All Flash and RAM start powered/enabled, but cache starts disabled

= All Pins start with GPIO buffers disabled (High-Z) except for the two SWD pins and the SWO pin (GP1041)

= GPIO20 and GPIO21 are configured as SWDIO and SWDCK with no internal pull-up/down (i.e.
floating) so these either need external pull-up/down as recommended in design guide or need to be
reconfigured by software. All other pins can be left unconnected.

= Note: all GPIO pins have ESD diodes that connect the GPIO pin to MCU VDD. Regardless of GPIO
configuration, voltage applied to GPIO pin should not exceed VDD.

= XT and RTC clock start enabled at initial power-up. However, the standard bsp init code in the SDK stops
both.

= Unlike nearly all other registers, the state of XT and RTC are not cleared by any reset other than
power-on reset (to allow RTC to operate through brownout or software resets without losing
time). Therefore, it is prudent to explicitly initialize these to desired state after reset regardless of
default power-on-reset state. (Low power init function disables XT and RTC)

= Peripherals (I2C/SPI, MSPI, UART, ADC, PDM) start powered-off (power-gated)
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~ Normal Sleep

=  When normal sleep mode is entered:
= Clock is gated from the CPU Core

= Flash remains powered in standby mode
= Shutting down the upper block of Flash will reduce normal sleep power consumption)

= Everything else that was active before the sleep command remains active. HFRC continues to run
but is gated from the core.
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~ Deep Sleep

=  When Deep sleep is entered, anything that is not being used will be powered down:

All GPIO retain state, and any GPIO can be configured to generate an interrupt which will wake the
MCU from deep sleep

Flash is shut down (so Flash power-down commands do not impact deep sleep power consumption)

SRAM transitions to a low-power retention state
= Deep Sleep retention setting determines how much of the SRAM is retained.

If cache is enabled, it is retained or not based on cache deep sleep retention configuration

Any clocks (HFRC, XT, and LFRC) not being used by peripherals or timers will be stopped. Conversely,
any clock that is being used will continue running.

Any peripheral that is powered on will stay on. For lowest power deep sleep, this is the most critical

item, to power down as many peripherals as possible.

= Note: this does not include RTC, CTimers, or STimer which are very low power as long as they are
using LFRC, XT, or low frequency external timer input as clock sources. These can be left running
in deep sleep. The XT and LFRC clocks are very low power.
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~ Example Power Consumption @ 3.3V

= Apollo3 does not support reducing the CPU clock, so optimal power consumption is achieved by going to
sleep whenever there is no active processing.

= Example application that wakes from Deep Sleep every 10ms to perform 100us of processing @ 48MHz:
= 2.7uA Deep Sleep

= 2.9uA Transition current for waking up 100 times/second from Deep Sleep
= Includes MCU wake-up energy consumption and active power consumption jumping to/from ISR
= 5.8uA Active Processing

= 11.4pA Total

= Best competing processors will consume >30uA just for the active processing and most are much higher
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~ Example Power Consumption @ 1.8V

= Apollo3 does not support reducing the CPU clock, so optimal power consumption is achieved by going to
sleep whenever there is no active processing.

= Example application that wakes from Deep Sleep every 10ms to perform 100us of processing @ 48MHz:
= 3.8uA Deep Sleep

= 3.6UA Transition current for waking up 100 times/second from Deep Sleep
= Includes MCU wake-up energy consumption and active power consumption jumping to/from ISR

= 8.9uA Active Processing
= 16.4pA Total

= Best competing processors will consume >30uA just for the active processing and most are much higher
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Wake-Up Power
Management

Interrupt
Controller Unit

Timers /
PWM
(x8)

Sys Timer /
RTC

ARM

Cortex M4 with FPU, Up to 96MHz

Programmable
Controllers
(x8)

Reset
Controller

~ Apollo 3 Blue System Block Diagram

1MB Flash
16KB Flash OTP

384kB RAM

Sensor
Peripherals

14b, 1.2MS/s,
15-Channel
ADC

BTLE 5
Controller

BTLE Radio

Low Leakage
Comparator

Power- Buck
On Reset | | Converters

LFRC HFRC

Complex
Pattern
Generators

Brown- Supply
Out Voltage
Detector Monitor
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~ Memory: Flash

Memory
= 1MB of Flash S50k RAM
= 2x 512KB Flash Instances 16K8 flash Cache

= Independent power control

Independent mass erase

16kB Flash OTP
Ew §|
. . = | §
= Flash Protection in 16KB Chunks gl
1]}
= Flash erase by 8KB Page et )
AF::TrZM ~DaB N AMB Fabric Rom
I P — -

nnnnnnnnnnnn

Flash &
oTpP
Control

16KE OTP

SSSSSSSSSS
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Memory

Memory: Cache
1MB Flash
« 16KB Cache ke
= 2-way set-associative or Direct Mapped
= 512/1024 entry, 128b line size 16kB Flash Cache
= Unified ICode and DCode cache — L
controller Configurable to cache [1]]1 L

Instruction, Data, or Both
= Caching is supported for the entire 1MB

internal Flash and the 64MB external M B
. :D K— Looir
Flash aperture (via MSPI) s | o] e |
» Intended to provide single cycle read -
access to Flash and reduce overall L | | =
accesses to the Flash to reduce power. - [
= Two regions can be designated as non- B L b o
cacheable = |
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- Memory: SRAM Memory

1MB Flash

384kB RAM

. 384KB SRAM > = 'r

=  DTCM Banks (first 64KB) guaranteed zero wait-
state unless there is contention for that specific

memory array with another requestor (CPU 1/D
Bus or DMA Bus).

= Main SRAM banks (64K-384KB range) are zero N
wait-state for sequential accesses or 1-wait state
for non-sequential accesses for I/D Bus accesses
unless there is contention for that specific
memory array

3B SRAM
B SRAM

16kB Flash Cache

|

16kB Flash OTP

BK B SRAM |
2AKE SRAM
I
M
32K SRAM
I

Y

il KB SRAM
‘ ‘ KB SRAM |
\T\;I—l \;g—‘l

=  DMA accesses to Main SRAM are always 0-wait
state unless there is contention for that specific
memory array

SRAMD

= Prefetching is used on the I/D Bus accesses to
Main SRAM to minimize/eliminate wait-state
bubbles. Prefetching can be enabled/disabled for
| and/or D Bus accesses

= Arbitration logic for each SRAM instance allows
one bus slave access to the SRAM on any given
cycle.

l,
1]
|
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~_Memory: Flash OTP — INFO Space Vemor

1MB Flash

u 16KB Of Secure FlaSh ”OTP” 384kB RAM

= 8 KBytes contain factory preset chip trim values. 16K Flash Cache

= 8 KBytes for customer use: 16k8 Hlash OTP

= Security
= Secure Bootloader Configuration

= Flash Protection

Instruction| ot
= Debug Lockout s o] verene |
Core

= Customer Options/Trims

EI503
= Enable SIMO-Buck <_ [j ) "
<

= Enable BLE e g
- Enable BLE Buck 0 | .
= 32MHz XTAL Trim ]
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~_Memory: Flash OTP — INFO Space Memorv

= Apollo3 EVBs ship with pre-configured customer INFOO

with these settings:

= SIMO-Buck, BLE, and BLE Buck enabled

= Secure Bootloader (SBL) set for non-secure mode

= SBL configured to use UART at 115Kbaud and TX=GP1022, RX=GP1023
(which are connected to onboard USB-to-UART)

= Apollo3 parts ship with non-initialized customer INFOO

=  SIMO-Buck, BLE, and BLE Buck are disabled
= SBL defaults to UART at 115Kbaud using GPIO
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~_Timing: Clock Generation

Timers /
PWM
(x8)

Sys Timer /
RTC

=  Multiple clock sources available for
peripherals

. All 3 sources can be divided down in most cases

= 32.768 kHz XTAL is most accurate, but
requires crystal

=  HFRC (High Freq. RC oscillator)

HFRC XTAL

= 48MHz or 96MHz c;;g’i;i::‘s" ; Autocal Logic

. Consumes most power -

. 2% accurate at 25C across voltage (1.8V to 3.6V) L,

. TBD accuracy across -40C to 85C osc > XTChain -

. Autoadjust function continuously calibrates HFRC to XTAL

to ensure < 1% error (<0.1% error at stable temp) L,

. LFRC (LOW Freq. RC OSCiIIator) LFRC Osc »1 LFRC Chain - Module Clocks

. Nominally 1.024 kHz

»  Low power but inaccurate (25%+ error) HFRC Ose ] HeRC Chain :c/m e
= Core and Flash only clocked via HFRC at v

48MHz or 96 MHz T oo

100 Hz CLKOUT

RTC
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~Timing: Counter/Timers - Ctimers Timing

Ti
Sys Timer / L)
RTC PWM
(x8)

= Supports multiple clock sources
= Asfastas 12MHz (HFRC/4)
- Asslow as 1Hz (LFRC/1024)
= 8 total Ctimer Pairs
= Upto 16, 16-bit timers B ; o
= Up to 8, 32-bit timers o _r> %)‘
= 4 compare modules per Ctimer e
= Standard Counter functionality: e I
= Interrupt after a specified delay cmfrs i CTS i
= Interrupt periodically with a specified period
= Generate an external pulse of a specified width, e : E':““”
after a configured delay T > TeRsouT
= Generate an external PWM signal with a s -

specified period and duty cycle
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~Timing: Counter/Timers - Ctimers

Timers /
PWM
(x8)

Sys Timer /
RTC

= Advanced Ctimer Features:

= Arbitrary pattern generation e W uerce U on
= Up to 128-bits in HW register

= Longer continuous pattern supported by updating when half of pattern
register has been output (i.e. interrupt generated every 64-bits for MCU

to service)
= Timer-synchronization features so pattern outputs from multiple timers

can be perfectly aligned
= Applications include stepper motor control, streaming serial data such as

PDM audio output, etc.

= Alternating PWM pulse output (can be used as double-buffered

PWM)
= Improved PWM “DAC” output for LED dimming, PWM audio output, etc.

= Timers can select the output of other Ctimers as their clock source
(in addition to LFRC, XT, and HFRC derived clock sources)
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~ Timing: Real Time Clock (RTC) Module Timing

(x8)

Ti:;i;;/
= Same RTC IP as AMx8x5 devices

= Clocked from XTAL or LFRC

= 100%™ of a second resolution (10ms)

= Automatic leap year calculation

= Programmable alarm interrupts

Every 100th sec., 10th sec., sec., min., hour, day, week, month, or year

= Continues to operate through all resets except POA power-on reset which
occurs at TBD voltage (~1.3V) so time is retained through all other resets
including brownout
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~Timing: System Timer (Stimer) Module

= 32bit System Timer
= Clocked from XTAL, LFRC, or HFRC/16
=  8x 32bit compare registers with interrupts

= Offsets from “NOW” are written to compare
registers and compare register value is determined
by HW

= Only reset by POA (Power On Analog - system cold
reset). Retains time across all POl and POR (system
warm reset) events except full power cycle.

= Contains three 32-bit NVRAM registers that are
only reset by POA

32-bit compare value
(x8)

Timers /
PWM
(x8)

Sys Timer /
RTC

32-bit system timer

(x4)

32-bit capture registers |||

rj Comp IRQ
- CLK
<« < h GPIO

——— > OVFIRQ
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~ Bluetooth Low Energy BLE 5

= Bluetooth 5 Compliant (QDID: 115953)

= Secure connection (AES-128 HW Encryption)
= Extended packet length support

= Up to eight simultaneous connections

= -93 dBm sensitivity
= -20to +4 dBm TX output power range

= Power amplifier controls enable higher
TX power with external PA

= Single ended output

= Integrated Balun and antenna matching network

© 2022 ambiq | Allrights reserved | Confidential and proprietary

uly

BTLE

BTLE 5

Controller

RC
32MHz

XTAL
32MHz

Pwr Mgt

BTLE Radio

Cmd
Queue

128kB ROM

42kB RAM

BLE 32b Controller

DMA

Bus
Interface

RF

Modem

Baseband

Security

Regs

INTs
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BTLE

~ Bluetooth Low Energy BLE 5

BTLE 5
Controller

= Dedicated 32bit processor for BLE

Controller —
128K ROM and 42K RAM
= BLE Controller Stack runs on BTLE BTLE Radio
controller

= HCl interface to main processor.
HCl interface has FIFO, DMA, and command queue

to minimize interruption of host processor Flﬂh
» Cordio-B50 BLE 5 Compliant Host Stack 2 || 32w il cuei
(QDID 91368) runS On ma|n CM4 128kB ROM DMA
processor BLE 32b Controller N
= Basic application including FreeRTOS, e
BLE Host Stack, plus basic BLE profile T R O T s
such as HRM requires approximately | i |

80K Flash and 35K SRAM
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Serial

- Serial Communication: GPIO Communication

50 GPIO on BGA, 37 GPIO on CSP #0 | ™| ser 1

|
12C / SPI '2C" 1S07816 SS:L’;
H Master Master
= Configurable b6l 5(',{1} o) [
= Tristate, Open Drain, or Push Pull
= Configurable drive strength or 2, 4, 8, or 12mA , %‘;?%
= Many pin function mapping options iy | Lo 1”
e d —
» Integrated pull up/down e | [V
Other Outputs —— 3| P ' - |.-"' PAD
» 3 power GPIOs (2 source, 1 sink) R ’ T
= Each can support up to a 50mA continuous load oro I o F— T
6 Wcbgiome: T2 S p Bl
— § Pad Muxes Rg;.“ft‘g inteace [0 PADRINPEN [0 D
Ju] xoOR

X ) GPIONINT «+——| INT «—‘
GFIOnINTD
‘ Analog Connection i
RADNFMCSEL = analog 1
[s]
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Serial Communication: GPIO

= Flexible Pin-Function mapping:

50-
Channel
GPIO

12C / SPI

Serial
Communication

PDM
Master
(x1
stereo)

I1SO7816
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CT CTimer
Pad Function Select Number (PADRFMCSEL) Sell::tlol Master Master

CEP Max

Pad o 1 2 3 4 5 3 T PG | Drive 0|1 |z 3 o 1 z (XG} (Xl}
= - - - K = - - - ~ | Streng | [~] [+ - = - -

[ sLacL stzok DNEIROUTNN  GRIo0D MRl x 12mdy |
1 SLEDAWIRS SLAACES UARTOT G001 MEFIS X 12mdy
2 UARTIRX SLMIZO UARTORX GPIOD2 MEPIE X T2mé
3 UAORTE FLnCE JUl MZPIT 125 ARELE X 12mé
4 UADCTS SLINT GRIOO4 UARTIRX CTi7 MEPIZ x 12md Ad Ad0UTZ BYOUT A4OUT A1QUTZ2 ABOUTZ ATOUTZ
5 RAOECL MOECK UADRTE GRIOOS CT8 X 12mdy A2 AZOUT A3OUTZ A4000T2 BEOUT ABOUTZ ATOUTZ
3 FA0EDAYIRE | MOMISD UADCTE GPIO0E CT10 1EEDAT X 12md = Bz2OUT B30UT2 B40UT2 AGDUT ABOUTZ ATOUTZ
T MOMOS1 GPICOT UARTOTX CTiS x 12mdy Ed B40UTZ A20OUT B40OUT BIOUTZ ABOUTZ ATOUTZ
B RISCL KHSCK GPIOOS SCOCLE UARTIT X T2md
E RISDANIR KRS0 GPIODS SCCI0 - UARTIRX x T2md
10 UARTITX MHADE] GRIOID POM_CLK UAIRTS - - x 1Zmdy
1 ADCIER CT31 GRION SLINT UAICTS UARTORX FORMLO&TA] x 12mdy EY EYOUTZ2 AGOUT B7OUT B30OUTZ ABOUTZ ATOUTZ
12 | ADCDOMSES CTO GRIOTE ELnCE POMCCLE UADCTS UARTIT X 12md a0 ADOUT B20UT2 AS0UT2 AGDUT ABOUTZ ATOUTZ
13 | ADCDOPZES cT2 GRIONS 125_BCLK UAORTS LARTIR X 12mdy B0 BOOUT EB10OUTZ BEOUTZ ATOUT ABOUTZ ATOUTZ
14 ADCOIR UARTITX GRIO4 FOM_CLE X 12mdy
15 ADCON UARTIRX GPIDI5 FOR_DATA W0 X T2md
15 ADCSED GFIG SCCRET CMFIND LARTEOT UAIRTS x 12md
17 CIMFRF1 GFIOIT SCCCLK UARTORX UAICTS x 1Zmdy
18 CRFIN CT4 GFIOTE UAORTE UARTIT SCCI0 X 12mé a1 A10UT  A20UT2 ASOUTZ BSOUT AGDUT2 ATOUTZ
12 CMPRFD CT6 GPIONS SCOCLE UARTIRX 125_EBCLK X 12md El BIOUT  A10UT BSOUTZ BYOUT AGDUT2 ATOUTZ
20 SWDCK GRIDZ0 UARTOTX UARTTTX 5 BCLE UAIRTS x dmdy
Bl SWDID - GRI0ZT UARTORY  UARTIRX SECRST UAICTS x 12mé
22 UARTOT cTi2 GPRID22 POM_CLE MEPID W0 X 12md a3 A30UT  BI1OUT BOOUTZ BEOUTZ ABOUTZ ATOUTZ
E UARTORX CTi4 GRID23 125 _WCLK | CHMPOUT MSPIZ ° X 12mdy B3 B30UT B10UT BTOUTZ ATOUT ABOUTZ ATOUTZ
24 UARTITX MSFIG GRID24 UADCTS CT21 S0 x 12mdy A5 ASOUTZ A10UT  BSOUT ADDOUTZ ABOUTZ ATOUTZ
25 UARTIRX cTi GPIOZS M2IDAWIRG  R2MISD ° = X 12mdy A0 A00OUTZ A00UT  ASOUT BYOUTZ ABOUTZ ATOUTZ
26 CT3 GPIO2E SCCRET [k UARTOT UAICTS X 12md EO BOOUTZ BOOUT  A10UT  ABOUT ABOUTZ ATOUTZ
21 UARTOR CT5 GRIOZT MZECL MEECK ° x 12md a1 A0UTZ A10UT  BEOUT  ATOUT AGOUTZ ATOUTE
28 125 _WCLK cT? GPIOZE - MZMOE UARTOT = X 12mé E1l B1OUTZ B1OUT  BSOUT  ATOUT ABOUTZ ATOUT2
29 ADCEEY CT9 GPIO23 UADCTE UAICTS UARTORY  POM_DATA | X 12md Az A20UTZ2 A200T  A40UT  BOOUT ABOUTZ ATOUTZ
30 - CTil GRIDE0 UARTOT UAIRTS 125 _DAT 12mdy = B20UTZ BzOUT B40UT BSOUTZ ABOUTZ ATOUTZ
3 ADCEES CTi3 GRIO3 UARTORX SCCCLE UAiRTS 12mdy A3 A30UTZ A30UT  ABOUT B40UTZ ABOUTZ ATOUTZ
32 ADCTES CTIS GPIOZ2 SCCI0 UAICTS 12md E3 B30UTZ B30UT ATOUT &A40UT2 ABOUTZ ATOUTZ
33 ADCSES GRIDES UADCTE cT23 w0 12mdy BS BS0UTZ ATOUT ASOUT BOOUTZ ABOUTZ ATOUTZ
34 ADCIES U&IRTS GRID54 CMFRF2 LAORTS UARTORX  POM_DATA 12mé
35 ADOCSET UARTIT GPIO3S 125 _DAT cTat UADRTS 12mé =] BEOUTZ A10UT  BEOUT B20UTZ2 ABOUTZ ATOUTZ
36 UARTIRX GPIO36™ UAICTS UADCTE POM_DATA T2mé
£ UADRTE GPIO3T™" SCCI0 UARTTX FOM_CLE cT23 12md 47 B30UTZ A10UT  ATOUT A30UTZ AGOUTZ ATOUTZ
38 UADCTE GPIO3E UARTIR: T2md
39 UARTOT UARTIT GPIOZ3 x 12md = = = = A6 B40OUTZ B20UT  ABOUT A20UT2 ABOUTZ ATOUTZ
40 UARTORY  UARTIRX GRID40 - - x 1Zmdy -1 -1 - -
4 125 _WCLK LARTOT UAGRTS x 12mé mand | matd | mza | msrid
12 UARTIT CTIE GPIO42 T2md 10| pao [razo| mso Ad A40UT — A00OUT A00UTZ B30UTZ2 ABOUTZ ATOUTZ
43 UARTIR CTis GRID4S 12mdy M0 | RLD | R12.1 | MERLT Ed B40UT BOOUT = AODOUT A3OUTZ ABOUTZ ATOUTZ

Dual/
Quad/
Octal-SPI
(x1)
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~ Serial Communication: I/O Masters (IOM)

= 6 total IOMs (I/O Masters) available
= Each can be configured for SPI1 or 12C

= |2C mode
= Supports 7 and 10-bit addressing
= Multi-master arbitration
= 100KHz, 400KHz, and 1MHz
= Integrated pull-up resistors

=  SPImode —
= 8 Chip Selects per IOM

3 and 4-wire modes

Up to 24 MHz

Supports all 4 standard SPI modes

Standard embedded address (command byte) operations

Also supports raw read/write operations

© 2022 ambiq | Allrights reserved | Confidential and proprietary

Serial
Communication

50-
UART
Channel (x2)
GPIO

12C / SPI
Master
SI
(x6) ( 1}

125

Slave

(x1)

Dual/ |
Quad/
Octal-SPI

(x1)

XN\ Ol

SPI Master Controller

1°C Master Controller

DMA

CMD Queue

FIFO

REGs

INTs

Bus Interface

—)

@ ambia



~ Serial Communication: I/O Masters

= Each IOM contains independent Read and
Write FIFOs of 32Bytes

= Each IOM has a DMA controller that supports
IOM to SRAM, and SRAM/Flash to IOM

transfers

= Each IOM supports command queues which

can schedule multiple transactions to occur
without CPU intervention.
Used in combination with DMA.

= CPU can go to sleep while IOM is performing

Serial
Communication

PDM 125
UART | Master
Channel x2) (x1 Slave
o) stereo) (x1)

12¢ |
12C / SPI ! |i1so7816| DU/

Quad/
Master Slave Master Octal-SPI

(x6) (x1) (x1) (x1)

—

direct reads/writes to/from FIFO or transferring

data by way of DMA
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Serial

- Serial Communication: MSPI o

- PDM 25
Ml:axs;_er Slave
One MSPI Master Module D soreo) | 00

. 12C / SPI 'EEII 1SO7816 QDS:;?
Supports Serial, Dual, Quad, and Octal modes waster | g | Master |00
(x1) (x1)

2 Chip Selects

Up to 24 MHz Clock
Supports all 4 standard SPI modes

DMA CMD Queue
XiP

MSPI Controller

—

oflwag/tr/z/t

REGs
Bus Interface <:>

Rx FIFO Tx FIFO INTs
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- Serial Communication: MSPI

= Unified 16-entry FIFO (32 bits wide) for reads and writes

=  DMA Support

Simple DMA model where software sets internal (SRAM or
flash) address and external device address, transfer direction,

and transfer size

MSPI DMA controller automatically handles sequencing of T3
instructions and address to serial flash device.

Software configures registers to specify device read/write
command bytes and address bytes (1 to 4).

= Command Queue

Software can construct a buffer of operations and MSPI w
execute the series of operations autonomously

Used in combination with DMA

Serial
Communication

PDM
UART | Master
(x1
stereo)

50-
Channel
GPIO

Dual/
Quad/
Octal-SPI
(x1)

12C / SPI 1S07816
Master Master
(x6) (x1)

Table 363: FLASH Register

-
=
w o
o0 M
-
&N

Lo ]

W

R

2111 (11| [1|1]1]1
0|9 |8|T7T|6|5(4(3|2(1]|0

-
oo
- o

wa
=
-e
m e
ma

READINSTR

WRITEINSTR RSVD

XIPACK
RSVD
XIPEN

XIPBIGENDIAN || & =

XKIPMIXED

KIPSENDI

KIPSENDA
XIFENTURN

—

oflwag/v/z/1

MSPI Controller

Rx FIFO Tx FIFO \ INTs

DMA, CMD Queue
XiP

REGs

—

Bus Interface
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- Serial Communication: MSPI

= MSPI supports Execute in Place (XIP) Operations

=  MSPI connected devices can be mapped into flash
cache's address space and appear as extension to the
internal flash. The flash/cache module will decode
the address region and forward operations to the
MSPI interface for completion.

= XIP and DMA/PIO operations can be interleaved.
MSPI controller will allow current operation to
complete before performing the XIP operation.

=  Exception: XIP mode may have to be disabled during
flash programming operations.

REGs

Serial
Communication
50- PDM
UART | Master
Channel (x1
GPIO
stereo)
12C / SPI 1so7816 | Pua/
Quad/
Master Master
(x6) (x1) Octal-SPI
CPU (x1)
N S
Flash/Cache| X|P [
Contraoller MSPI
L I
Internal External
Flash SPI Flash
Array Device
DMA CMD Queue
XiP
E‘ MSPI Controller
— §
)

Bus Interface I

Rx FIFO

T= FIFO

INTs

© 2022 ambiq | Allrights reserved | Confidential and proprietary
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~ Serial Communication: UART

2 UARTs

=  MCU can enter sleep mode during transfers

= 32Byte Transmit and 32Byte receive FIFOs reduce MCU active time

Configurable baud rate generator
=  Maximum rate of 921,600 bps

Highly programmable
= Data size, parity, and stop bit length

« Hardware flow control

12C / SPI
Master
(x6)

Transmit

APE AFB

Serial
Communication

PDM
Master
(x1
stereo)

Dual/
Quad/
Octal-SPI

1S07816
Master
(x1)

(x1)

| Transmit

FIFO o

Interface

—————= UART TX

Register

Slave

= Full-duplex and half-duplex modes

Loopback functionality for diagnostics and testing

Block

Receive |

Receive

FIFO N

Interrupt
Generation

© 2022 ambiq | Allrights reserved | Confidential and proprietary

Interface

- UART RX
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~ Serial Communication: I/O Slave seria

Communication
PDM
Master
(x1
u 1 IOS (I/O Slave) stereo)
= |2C or SPI mode 12C / SPI 1507816 D“ag
Master Master OQua/
(x6) (x1) c{t:ll—}SPl
12C mode:
= configurable 7 and 10-bit addressing .
= interface freq. up to 1.2 MHz B : s +H
SPI mode: ¥
= Supports all polarity/phase combinations ‘
= interface freq. up to TBD MHz

© 2022 ambiq | Allrights reserved | Confidential and proprietary
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~ Serial Communication: I/O Slave o

PDM

50- 125

. Channel U(;:;;I’ M(a;;er Slave

= |0S LRAM is 256 bytes oo | U] e | o
. . i2c/spi| "2/ |iso7s16| PuaY |

= Broken up into 3 sections: maser | o | Master | 201

(x1) (x1)

1. Directly addressable RAM up to 120 Bytes which can be
accessed by external IOM host while MCU is asleep

2. Status and Config Registers & FIFO. FIFO size up to 256 Bytes

3. Any LRAM not configured as direct access or FIFO is left as e el
RAM accessible by Apollo SW only Upto 120 Byt ——
Addressable
FIFOBASE™* 8 -1
l-«—— FIFOBASE * 8
0x78-TB IOINT Regs FIFO Area
0x7C | FIFO CountH
0x7D | FIFO Count L / 4—— FIFOMAX * 8
OxTE/TF FIFO Data
RAM Area

0xFF

© 2022 ambiq | All rights reserved | Confidential and proprietary @ambia



__ PDM Master Interface seria

Communication

PDM
. . . M(a;;er Slave
= Stereo or mono PDM input, with variable sereo) | )
PDM output clock rates (750-768kHz, acsn| 2 | omme| 2

Master SI Master Octal-SP|

1.5-1.536MHz, 3-3.072MHz | o

= Hardware performs 64x Decimation of
PDM bitstream input to 16bit PCM

= 32 Sample FIFO «— 125_BCLK

cLock -4— Internal Source Clock (PDM_CLK)
PDM_CLKO = GEMERATOR

= DMA can efficiently transfer audio _—[-'*:LKL

samples from FIFO to SRAM

- CONVERTER

PDM_IN ——m SAMPLER FIFO

P RIGHT PDM-TO-PCM
CONVERTER

MCLKR

© 2022 ambiq | All rights reserved | Confidential and proprietary @ambia



~12S Slave Interface

= |2S Slave interface is limited to direct

pass-through output of audio data

from PDM input (after PDM-to-PCM

conversion)

= Audio data from PDM input can be

simultaneously buffered in FIFO (for

use by MCU) and output on 12S

= |2S does not support audio input, or
output of arbitrary audio from MCU

core

© 2022 ambiq | Allrights reserve

Serial
Communication

PDM 125
UARTH Master
Channel x2) x1 Slave
GPIO (x1)
stereo)

12C / SPI 'ZC', 1so7816| 2ual/

Quad/
Master SI Master Octal-SP|
(x6)

e | %0 |

—

XNy ol

I’S Controller
REGs
Decimator
S G
Left PDM-PCM Right PDM-PCM INTs Interface
Conversion Conversion
FIFO

d | Confidential and proprietary
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Sensor
Peripherals

~ Sensor Peripherals: ADC

15-Channel

ADC

Low Leakage

= 14-bit SAR architecture (successive Comparsior
approximation register) e semso

= 10 Single-ended and 2 Differential
external inputs

= 3internal inputs: VSS, Temp Sensor, eI
and VDD/3 o || e

= On-chip bandgap or external o e |
reference voltage (2.0V or 1.5V) oc o | : @ || 16 s

= Single shot, repeating single shot, oD | L siore
scan, and repeating scan modes st | et o

-Bandgap Ref J - Cont:oller
= User-selectable clock source for i

variable sampling rates
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Sensor
Peripherals

14b, 1.2MS/s,
15-Channel
ADC

~ Sensor Peripherals: ADC

Low Leakage
Comparator

=  Multiple conversion triggers: External pins,
Ctimer, SW trigger

Temp Sensor

=  Window comparator for monitoring voltage

excursions into or out of selectable
thresholds

16-entry FIFO and DMA for storing
measurement results and maximizing MCU
sleep time

Multiple low power modes
= Selectively shut down portions of the ADC between
conversions

Sample rate up to 1.2Msps at 14bit and up
to 2.8Msps at 8bit

Built-in accumulate and scale module

= Automatically accumulate up to 128 samples (Per-slot
21bit accumulation register)

= Scaling capability for automated averaging

SWT—»
ADC_ TT———»

ADC_ETO———>|
ADC ETl— >

TRIGINT

Calibration

ADC_ET2————> Mode
ADC ETB::‘- . _
VCOMP — L/, Controller Window
ADC_I0——\ Comparator
ADC7I1,4>|
ADC 19 0o / sLoTo
19— y
ADC_DIFF0———— | 4 SLOT1
ADC_DIFF1 :7J YN/ 14b ADC slot2
Temp Sensor > AN SLOT3 16 deep
Battery \\ SLOT4 FIFO
Resistor  [» I RA SLOTS
Lderj SLOT6
Vs V SLOT7
ADC, REF.4J ‘
- J VREFINT Digital DMA
Bandgap Ref Controller
L _
HFRC Osc T

© 2022 ambiq | Allrights reserved | Confidential and proprietary
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Sensor

___Sensor Peripherals: Voltage Comparator

15-Channel
ADC

Low Leakage

= Interrupt and register access to

comparator output Temp Sensor

= |f V, rises above or falls below e o

Y

threshold: generates interrupt oo :/
CMPRFO .;\\ CMPOUT
= Programmable compare threshold: e Jf

. 4-bit DAC LVLSEL[3:0] —m| DAC /(

EL[1:0]

&

= 3 different external pins

OP58Y = 0x0 - Set Reference input to 0.58 Volts.

L4 ~ OPTTY = 0x1 - Set Reference input to 0.77 Yolts.
= Power consumption TBD (~2pA 7y 2 Setrorwea o057 ks
1P18V = Ox3 - Set Reference input to 1.16 Volts.

1P35VY = Ox4 - Set Reference input to 1.35 Volts.

P55V = 0x5 - Set Reference input to 1.55 Volts.

1PT4V = Dx6 - Set Reference input to 1.74 Volts.

1P93VY = 0x7 - Set Reference input to 1.93 Volts.

2P13V = 0x8 - Set Reference input to 213 Volts.

2P32V = 0x9 - Set Reference input to 2.32 Volts.

P51V = DxA - Set Reference input to 2.51 Volis.

2PT1V = 0xB - Set Reference input to 2.71 Volts.

2P0V = 0xC - Set Reference input o 2.90 \olts.

P09V = 0xD - Set Reference input to 3.09 \olts.

3P29V = OxE - Set Reference input to 3.29 Volts.

P48\ = DxF - Set Reference input to 3.48 Volts.
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Sensor

___Sensor Peripherals: Temperature Sensor

15-Channel
ADC

Low Leakage

Built-in sensor, accessible via ADC channel or Comparator | cme=

Temp Sensor

= + 3°C accuracy (if calibrated)

3.8mV/C sensor slope

3 calibration values needed

= Offset
= Voltage
=  Temp. during calibration

© 2022 ambiq | All rights reserved | Confidential and proprietary @ambia



~ Reset Controller

Power- Reset
On Reset Controller

Three levels of Reset
Brown- Supply

=  POR = POR Software Reset = HRESET = SYSRESETn oot || yoltage
= POl = POI Software Reset
= POA =Power-on Reset

= Most resets trigger POR reset, which is the shallowest Reset

= POI Software reset is slightly deeper reset that triggers INFO space settings
to be reloaded from Flash

= POA is the deepest reset, and is only triggered by voltage going below POA
voltage (~¥1.3V — see datasheet for the exact voltage)

INFO Settings | Peripherals
(Trims, (Except XT,
Options, and [LFRC, RTC, and| XT, LFRC, RTC,
Reset Level CPU GPIO Security) Stimer) and Stimer
IPOR (HRESET/SYSRESETn) Reset Reset Not Reset Reset Not Reset
IPOI Reset Reset Reset Reset Not Reset
IPower-on Reset (POA) Reset Reset Reset Reset Reset

© 2022 ambiq | All rights reserved | Confidential and proprietary @ambiu



~ Reset: Voltage Monitoring and nRST pin

Power- Reset
On Reset Controller

Brown- Supply
Out Voltage

= BOD Reset max threshold 1.755V

= Optional BODH 2.1V brownout sl -~
configurable for Reset or Interrupt T zaa":f%%

= External RSTn pin has built-in weak RSTN Pin
pull-up resistor

= RSTn pin is driven low when Poveran Deactr |_Fo%a_

| Brown-out Detector 1.8 VBODn

brownout is detected [ romnout betctor |L 218900

VDDCORE Brown-out Detector

VDDMEM Brown-out Detector |_>00mY BODf

VDDBLE Brown-out Detector |—2omY BODb
SYSRESETREQn
WDTRn
SYSRESET Sources
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~ Reset: Watchdog Timer

Power- Reset
On Reset Controller

= WDT (watchdog timer) e

« Clocked from LFRC with divider options ——)" petecsor | Mot
from 1/16Hz to 128Hz

=  Two configurable WDT 8-bit register ——— 1 1\

8-bit Reset Value

compare values: compare | | compare
= One compare for Interrupt — v v
= One compare for Reset woREs Control —
Watchdog Timer
RSTn K

| Power-on Detector I&
| Brown-out Detector 1.8 VBODn

2.1 VBODn
360mV BODc SYSRESETn

| Brown-out Detector

VDDCORE Brown-out Detector
VDDMEM Brown-out Detector | 200mV BODf
VDDBLE Brown-out Detector |>0omY BODb

SYSRESETREQn

SYSRESET Sources
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~ Reset: Power on Reset (POA)

= Some registers are only reset by System Power-Down

(POA) which occurs ~1.3V (see datasheet for the
exact voltage)

= During all other resets, including RSTn, BOD, WDT,
and POR and POI Software resets, the following are
retained:

All RTC registers retain state

RTC and STIMER counters continue operation from 32kHz XTAL or
from LFRC (if below BODL). If clock sources stop oscillating at very low
voltage, the RTC and STIMER will continue to maintain state.

Clock configuration registers retain state

© 2022 ambiq | Allrights reserved | Confidential and proprietary

Power-
On Reset

Reset
Controller

Brown-
Out
Detector

Supply
Voltage
Monitor
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~ AmbiqgSuite SDK

v examples

v | Apollo3-5DK-2018.08.13 ade_lpmoded_dma

. . . ambig_ble adc_lpmode2
Register files (CMSIS compatible) S
apollo3_eb binary_counter
HAL source code e o
examples deepsleep
Mindtree Ethermind BLE Stack postade ke
devices .
BSP source code for each EVB "B
v apollo iom_fram
. hal mindtree_amdtps
Extensive software examples e mo:
= Source code Z:::i"d
= Keil, IAR, and GCC project files . B
v [ tools mindtree_tipower_ctrl

Application Notes

APl documentation

© 2022 ambiq | Allrights reserved | Confidential and proprietary

apollo3_amota
apollo3_gpio

apollo3_scripts

mspi_iom_transfer
mspi_octal_sxample
mspi_prime

mspi_quad_example

bootloader_scripts prime
reset_states
bsp_generator
stimer

empinclude
keil_supplemental

utils

uart_ble_bridge
watchdog

while

@ ambia



~_Ambiq Suite: HAL

= HAL (hardware abstraction layer) makes using Apollo easier

= Abstraction provides simple functions and macros for enabling and using
peripherals

= HAL also provides macros that make constants easier to read and use
- AM_HAL_ADC_CLOCK_12MHZ instead of 001000000

= Several functions based on C macros that minimize number of executed
instructions
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~_Ambiq Suite: BSPs

= A BSP (board support package) contains additional functions and macros for use with
specific board hardware

= Each EVK board has its own BSP

= BSPs make prototyping with Ambiqg evaluation materials easier

= All Ambiq Suite code examples include use of BSP functions

© 2022 ambiq | All rights reserved | Confidential and proprietary @ambiu



~_Ambiq Debug Tools

= Ambig Micro MCUs are supported by industry standard tools

= Standard Cortex SWD debug interface.
= Support for Apollo MCU family included in Segger J-Link software

= Apollo family EVBs have onboard J-Link interface. Just connect USB.

= All example code provided in Ambig SDK come with Keil and IAR projects and GCC
Makefile

= Keil and IAR downloads with Apollo family support built-in provided by their respective
manufacturers

(&9
ARMKEIL ©IAR ﬁ@
Microcontroller Tools SYSTEMS
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~Apollo3 / Apollo3 Blue Features

MCU Core

Arm® Cortex®-M4 with FPU, Up to 96 MHz

16KB Wake-up Power

) Reset

Flash Interrupt Management
Controller
Meamaory Controller Unit
Timing
System Timers

Timer/RTC {x8)

LFRC HFRC XTAL

54

Stepper Motor

Apollo3 Blue
BLE 5 Radio
Rx: -93dBm, TX: +4dBm

[ ——— 9
! ]
Memory : Bluetooth® Low Energy : Sensor Peripherals
! ]
] 1 14-bit, 2.67 MS/s
: Bluetooth Low (] 15-Channal SAR
1ME Flash i Energy & Controller : ADC
! |
! ]
] Security (] Voltage Comparator
! |
384KB RAM : |
]
) Elustooth Low (] Temperature
] Energy Radio ) -
DMA I ' il
! |
Eeasntanioss !
Voltage Monitoring Serial Communication
. 50- PDM I’s
Programmable Power-on Buck
Channel Master Slave
Controllers (x8) Reset Converters
GPIO (%1 sterac) (%1}
5 4 i ST Dual/
Supply “C/SP1 /e 150781
Brown-Out @ ek ” uad/
oltage Maste lave aster
Detactor o A R Qclal-
lonitor (x6 1 (x1)
vioni (x6) [x1} v SPI(x1)
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Ultra-Low Supply Current

6 LA/MHz executing from flash or RAM at 3.3 V
1 yA deep sleep mode (Bluetooth Low Energy Off)
with RTC at 3.3 V (Bluetooth Low Energy in SD)

High-Performance Arm Cortex-M4 Processor

Up to 48 MHz nominal clock frequency with 96 MHz
performance TurboSPOT Mode

Floating Point Unit (FPU)

Memory Protection Unit (MPU)

Wake-up interrupt controller with 32 interrupts

Ultra-Low Power Memory

Up to 1MB of flash memory for code/data
Up to 384KB of low power RAM for code/data
16KB 2-way Associative/Direct-Mapped Cache

Ultra-Low Power Flexible Serial Peripherals

ISO7816 Secure interface

1x 2/4/8-bit SPI master interface (MSPI)

6x 12C/SPI masters for peripheral communication
1x 12C/SPI slave for host communications

2x UART modules with 32-location Tx and Rx FIFOs
PDM for mono and stereo audio microphones

1x 12S slave for PDM audio pass-through

Package Options

5 mm x 5 mm, 81-pin BGA with 50 GPIO
3.25 mm x 3.37 mm, 66-pin WLCSP with 37 GPIO
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Ultra-Low Supply Current

B Ap0”03 Blue Plus Features = 6 uWA/MHz executing from flash or RAM at 3.3V
= 1 pA deep sleep mode (Bluetooth Low Energy Off)

with RTC at 3.3 V (Bluetooth Low Energy in SD)

BLE 5 Radio

Rx: -93dBm, TX: +4dBm High-Performance Arm Cortex-M4 Processor

i' ----------- \ =  Up to 48 MHz nominal clock frequency with 96 MHz
MCU Core Memory Bluetooth™ Low Energy | Sensor Peripherals
! ' rformance TurboSPOT M
! ' o pe q a c‘e u ?OS OT Mode
! Buetcon Low || poos v = Floating Point Unit (FPU)
nergy ok . .
Arm® Cortex®-M4 with FPU, Up to 96 MHz 2MB Fifoh : Ccntr&ler : ADC = Memory Protection Unit (MPU)
! ! o = Wake-up interrupt controller with 32 interrupts
' Security " Low Leakage
[} ' Comparator
16KB Flash W.:kc-l];: i Power A Reset 763KB RAM : : Ultra-LOW Power Memory
In errup vianagemen
Cache Controller [} e Low emperature
Contoler | tna: || T Bl Eeoreac BB femperst »  Up to 2MB of flash memory for code/data
I . OeNsor
> i ! = Up to 768KB of low power RAM for code/data
(DS ! . .
=  16KB 2-way Associative/Direct-Mapped Cache
Timing Stepper Motor Voltage Serial Communication

Ultra-Low Power Flexible Serial Peripherals
System oM || s = ISO7816 Secure interface

Timers/ Programmable Power-on Buck 70-Channe UART
Timer/ Master Slave

Reset | Convertrs oo || v | e S = 1x 2/4/8-bit SPI master interface (MSPI)
= 6xI°C/SPI masters for peripheral communication
- M s s Jrasn] ° | ow = 1x12C/SPI slave for host commu.nications
LFRC HFRC XTAL Pattern Dl Voltage Master || Stave || ocorspr | 002 =  2x UART modules with 32-location Tx and Rx FIFOs
Generators Monter o0 oen fl gy 50D =  PDM for mono and stereo audio microphones
=  1x 1?Sslave for PDM audio pass-through
Package Options
= 53mmx4.3 mmx0.8 mm, 108-pin BGA with 74
GPIO
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~_Apollo3 Blue Plus Voice-on-SPOT™ Kit

Hardware Software
Ultra-Low Power Ambiq
=  Apollo3 Blue Plus = VoS SDK

= AmbiqgSuite SDK
High Performance Cortex-M4F Processor
= 48 MHz nominal clock frequency with
96 MHz TurboSPOT Mode

Integrated Bluetooth Low Energy
=  RF Sensitivity: -93dBm
=  TXPower: +4dBm max

Communication
= Amazon Mobile Accessory (AMA)
= Google Android TV Voice Service - ATVV over BLE
= Audio stream over RTT, AMU2S (SPI to USB)

Boards

= Digital MIC Click Boards — Vesper & Memsensing
=  Apollo3 mikroBUS Audio Shield

=  Apollo3 Blue Plus EVB
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