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MICROCHIP

[MpnobpeTeHne KoMmnaHnn
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ISSC Technologies Corp.

Novocell EgcolLogic Supertex ISSC Micrel
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Non-Volatile- Equalizer and High Voltage Bluetooth IP Power Mgmt

Memory IP Coaxial Mix signal Audio Linear
Transceiver Analog, LED and Timing
Products Drivers, Data HS Comms
Medical & ICs and Ethernet
Industrial Modules Wireless




@ [MpnobpeTeHne KoMmnaHnn
MICROCHIP

Atmel ‘ @Mlcmcmp

Atmel
Apr ‘16

8-, 32-bit MCU,

Touch, Automotive, Wireless,
SmartEnergy, Memory, Drivers &
Sensors, Security, Programmable

Logic, Analog, RadHard,




’ [lpeagocTaBnsAeT KOMMNMEKCHbIle
MICROCHIP peLleHu

RF
Transmit/Receive

High Voltage IR Motors

Precision .
1/0s Communications Drivers

Digital Pot Voltage
Reference

Power
Sensors —> Filters —_> Drivers

s Microcontrollers

Management

Non-volatile = Regulayors
Memory - Supervisory

Power —>

LED
Drivers

Serial SRAM

Transceivers Bus Digital Encryption

- RS232/485 Communication Peripherals (Keelog®ICs) . .
- CAN bus - CAN bus - PWM Speech Smoke Detector | Piezoelectric

- USB - USB -RTCC Co-Processing ICs Horn Drivers




S\ TeMbl

MICROCHIP

USB Power Del. Memory Products

VWHEESS

Micrel High Level Overview

LoRa Technology Embedded 1/O Controllers

Internet of Things 8-bit MCU Clock and Timing Products

Ethernet 16-bit MCU/DSC

USB Code Configurator Supertex

Sensor Hub / Motion Monitor 32-bit — PIC32/Harmony

Gesture High-Speed ADC

Analog Power Products Limited EOL Policy

Touch

Video over Coax Digitally Enhanced Analog Power
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MICROCHIP

OOHoBRNeHuA No
OecnpoBOAHbLIM TEXHOJIOMUAM

WIiFi, Bluetooth, Sub-GHz

Return to Topics
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Wireless Portfolio

MICROCHIP
Market Network
Technology Protocol Markets Driver Stack Freq.
Widespread
Emb(_ed(_jed JEES .1 Commercial Internet TCP/IP 2.4GHz
Wi-Fi b/g/n )
Industrial
Widespread BT v2.1,
Elilo/Ze/e2e — Commercial Smartphone BT Audio, 2.4GHz
Bluetooth 802.15.1 :
Industrial BTLE
MiWi, BT,
Embedded Proprietary or Vertical Cost ZigBee, Sub-1GHz &
Wireless IEEE 802.15.4 | HA, SEP, Sensors | Local Network RFA4CE, 2.4GHz
LoRa

&

2 Jr i

s Your wireless
' W connectivity
™  made simple.
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MICROCHIP

Wi-FiI Modules

802.11 Radio

Tx Power

SSL —— Lower

Power

+18dBm

support
- MRF24WGOMA/B m RN131 C/G MRF24WNOMA/B

»
»

b/g/n (2.4GHz Only)

+12dBm +18dBm +18dBm
4mA power save Al SlEEp 4uA sleep 5uA sleep
Power 15mA DOZE
Consumotion 95mA Rx 40mMA RX 40mA Rx 64mA Rx
P 240 max Tx 200 max Tx 246mA max Tx
120mA Tx
Antenna u.FL/ PCB RF pad Chip/u.FL u.FL/ PCB
TCP Stack On PIC MCU < Integrated - On PIC MCU
MCU Support 16/32 bit PIC MCU < Any 4/8/16/32 bit > 16/32-bit PIC MCU
FCC/IC/EN/KC/ FCCI/IC/EN FCCI/IC/EN ECC/IC
Certifications NC/Telec KC/NCC KC/NCC/Telec Others in proaress
Wi-Fi Alliance Wi-Fi Alliance Wi-Fi Alliance prog

o

s

e

i
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S\ RN1723-/RM100

MICROCHIP Low-Power WI-FI Module

e RN-style “stack on-board”
WD

e Ultra low power features: =
e Sleep (~ 4uA) / DOZE (Standby) (15mA)
e ~ 40% faster IP address acquisition than RN171

e SSL/TLS security runs on external MCU
e FW/Data updates via UART supports Linux and Mac
e Better (“faster”) SSID selection in crowded networks
e New Dynamic HMTL Web-Pages Support

e Footprint compatible w/ RN171 — not FW compatible
e Development Support: RN-1723-EK

40% Lower published pricing

13



S MRF24WNOMA-I/RM100 (E)

MICROCHIP

Key Features

« HTTP Server, Client, SNTP, DHCP, DNS, FTP,
TFTP, SMTP, SNMP, Telnet

SSL/TLS Server and Client  grsy < D\

IPv4 & IPv6 supported (

Multiple socket support
RTOS support c € FE:

Multiple demo examples

\ L4
INTEGRATE HARMORNZE

MPLAB® Harmony

Development Tool
 PICtail / PICtail Plus for
Microchip dev. board

compatibility
« Harmony Compatible
« Demo Code

- Compact size: 27 x 18 mm « PN: AC164153; $34.95
» 2.4GHz only module

» Security: WPS, WPA-PSK,WPA2-
PSK,WEP,TKIP

Complete Solution!

« Compatible with Harmony TCPIP
stack

« SPI Interface to Host MCU

» Optimized for Embedded Designs

14



N WPD Wi-Fi Roadmap

MICROCHIP
i

MRF24WNOMA MRF24WNOMB
Harmony Harmony

RN1810
Stk On

RN1811
Stk On

802.11 b/g/n

MRF24WGOMA
S0z 3hg Harmony/MLA

MRF24WGOMB
Harmony/MLA

RN171/131
TCP Stk On

RN1723
Low-Pwr

MRF24WBOMA
MLA

MRF24WBOMB
MLA

802.11 b

2
>
o
©)
=
i
=

802.11 b/g MRF24WGO0 RNG2C547

802.11b MRF24WB0

Developing

15



S\ RN1810 / RN1811

MICROCHIP

)

Coming

4 Key Features Soon!
_ e |EEE 802.11 b/g/n
| e TCP/IP stack on the Module
‘u‘AR_T/s'm A e HTTP Server, Client, SNTP, DHCP, DNS
3 e SSL/TLS Client
g e |Pv4 & IPV6 supported

e (€ ~»

Optimized Embedded Solution
e RN1810: UART MCU interface, simple WiFly ASCII commands
e RN1811: SPI MCU interface, up to 10Mbps
e Security

e WPS, WPA-PSK, WPA2-PSK, WEP, TKIP
e PICtail / PICtail Plus Development Board

e Standalone mode and USB Interface

e Demo code

17



R\ Bluetooth Audio
MICROCHIP Module Roadmap

-mic
Speaker 42N BM68
Ic i 2z

STEREO

E

Headset

. Available Developing

20




QN Bluetooth Data
MICROCHIP Module Roadmap

E BT3.0 + EDR

BT2.1
SPP
iAP2

@)
T

SPP+ BLE

11}
)
m

BT4.1 : 3M7 BM71/ BT4.2
Central/Peripheral RN487( RN4871 IR T E]

2015 2016

. Available Developing

23



AN Bluetooth 4.2

MICROCHIP

e Faster Data Sync

e INn4.2, BTLE up to 2.5x higher throughput with a huge packet
capacity increase — nearly 10x more versus previous versions.

A 10x

A 2.5Xx
Speed Capacity
Increase Increase

e Highly Secure

e Features FIPS-compliant encryption ensuring confidential data
stays that way.

e LE Security Mode 1 Level 3 & 4 (Highest LE Security level)

25
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MICROCHIP

BM70/71/RN4870
BTLE Modules

BM71

soon!

.....

e Complete solution
e Stack onboard
e Shielded with Antenna options

e UART command interface

e Bluetooth® 4.2 compliant
e Bluetooth SIG certified

e Footprint compatible w/
BM77/RN4677 Dual-Mode

e Downloadable GUI for
configuration (BMxXx)

e Certification testing
completed!

26



S Beacons

MICROCHIP

e The BM70 and BM71 BTLE Modules
support both iBeacon & Eddystone™

e Standard beacons are provisioned at a particular spot
(like a coat rack in a retail store)

e \When in proximity to a beacon it invokes an application
(such as a loyalty app) on your phone.

e The app can then communicate with the cloud and log
that you are in the particular retail store and send you
offers and incentive coupons.

e There is no two-way communication with the beacon!

iIBeacon

Eddystone™

34



S Beacons

MICROCHIP

®

e BeaconThings®is a Firmware configuration in  [eener
1S1870/I1S1871 based products. bt

e It enables two way communication between the
Smartphone and the Beacon enabled accessory.

e It works like a standard Beacon and can invoke an app when an enabled
Smartphone is near.

e It works like a peripheral and can exchange data with the Smartphone App.

e BeaconThings minimizes manual Intervention in App &
Accessory Communication / Updates

e Target Applications: Health & Fithess, Home Automation,
Industrial, etc.

35



. How Does BeaconThings®
MICROCHIP Help You?

Beacon << (< Beacon & Connect
y Detected ( (< << Advertisements

Application
Is Invoked

User is Authenticated

It's me Olivier!

Auto Retrieval of info

<Weiqht, Body Composition, etc.

[ Improved User Experience ]

36



. Embedded Wireless (EWS)
MICROCHIP Portfolio

MRF89XAMS8A
TRx

MRF89XAM9A
TRx

. PIC12F1840T39
A

PIC16F1824T39
A

Micrel
MRF49XA § MRF89XA ® MRF39RA . MRF39XA
Sub-G TRX
LRt R RX Devices

MRF39x AMx
TRx

PIC12F529T34A PICxxxxT39A
Tx TRXx

PIC12F529T39A
Tx

Today 2015 2H 2016 1H
* Legacy is not recommended for new design. I Legacy I ' Available I Developing

39



AN Micrel Additions to EWS

MICROCHIP

e Sub Ghz Transmitter and Receliver ICs
Transmitters Receiver

40



S Benefit of Micrel Wireless

MICROCHIP

Easy to use RF chips

Low power consumption
e 0.05-0.2 UuA sleep or shut down mode
e Auto-Polling mode to save power

Small form factor and low pin counts
e TX: 6-10 pins, Rx: 16 pins
e TX: smallest 2x2mm, Rx: 5x6mm

Extended temperature range
e Extended 105C, or 125C for certain device

Competitive Price

41



R\ What Is
MICROCHIP LoRa™Technology?

e Proprietary wireless technology developed
0y Semtech

e Long range and low power consumption

e At +14dbm output power, 868MHz:
e Up to 5km range in urban environment, up to 15km suburban
e >10 year battery life capability

e Robust communication

e Not susceptible to interference from Wi-Fi, Bluetooth,
GSM, LTE, etc

e Improved network capacity
e Connect more nodes, 100k to 300k nodes

44



AW LoRaWAN

MicrRoOCHIP Ideal for Internet of “Things”

Millions of nodes
16-20 km long-range coverage
10-year battery life
Low Infrastruoture cost
Small form faotor ((l ))
Fast time to market

U

GATEWAYS

Monitoring/ Control Smart Energy
Light Control Smart Agriculture Smart Home and Security




MICRDCHIP Sc ag

ports Private Networks
ble & Flexible Architecture Options

o Private Network

o Individually managed networks, total end-to-end ownership

o Public Network

o Telco operator managed networks, servicing subscriber nodes

0 Hybrid Network

o Enterprise deployment of Nodes & Gateways, for specific area coverage
o Provisioned to a commercial LoRaWAN server product

/End Users

((< )

A g
m T
g
— ey |
L vann Qg
.

<

~

Telco Operator

((( >))

Products with Microchip
&oRaWANT'VI Modem J

LoRaWAN™
Gateways

— ((< ) \

/

<3
o

) N e

\ Iy )
LoRaWAN /

Network Server
50



AN Public Network

MICROCHIP

|
i @ | User Data Connection :
= '

L |
|
|

| |

Parser

LoRaWAN <:
Slave

Radio driver
SPI

Con ))

LoRa Node

MCHP Modem

Purchase from LoRa service provider

52




QN LoRa™ Infrastructure
MICROCHIP Benefits

e Star topology with two-way communications

e Minimizes synchronization overhead, saves power consumption
from minimum synchronization and hops in mesh network

e Not constrained to single application (ie, Zighee)

e Easily connect millions of nodes to LoRa
concentrators

e Adaptive data rate feature on Network server

e Optimizes the network capacity, battery lifetime and creates a
fully scalable system

e Strong ecosystem established with partners

e Support local area network and nationwide
deployment

53



Introducing RN2483-I/RM
Microciier  EU LORaAWAN™ Modem

Key Features
RN LoRa Series e LoRaWANV1.0 Class-A “Golden Unit” Stack

AEFAICKION .  Dual-band 434 & 868MHz, external antenna

LoRaWAN

» Integrated filtering and matching circuits
« 1/O Expansion: 6x analog, 6x digital, UART, 12C
N Compact size: 27 x 18 x 3 mm

™E . European R&TTE Certifications

oy LoRa)
il

Complete Solution!
* Integrates LoRa™ Radio, PIC MCU
& LoRaWAN Stack .

Development Tools
PICtail for Microchip MCU kits

Mote for portable testing

* Pre-tested against all major - Both support USB Interface
LoRaWAN gateways & servers

« Simple ASCIl Command Set

* Optimized for Embedded Designs

* Quick Time-to-Market

* |IEEE globally unique address included

« Example Code available




R\ LoRa™ Modem
MICROCHIP RF Features

e [X Ooutput power:
e Upto+18dBm @ 915 MHz (FCC) - Adjustable
e +14 dBm @ 868 MHz (ETSI)
e +10dBm @ 433 MHz

e High sensitivity: down to -148 dBm

e 168 dB maximum link budget

e Tx current: 40 mA typ at +14 dBm

e RXx current: 14.2 mA typ

e Sleep mode/ low power down mode: 1 uA typ

e Excellent blocking immunity

e FSK and LoRa

e Programmable bit rate: 300bps — 5.5kbps (LoRa)

58



MICROCHIP

Internet of Things

Return to Topics



MICROCHIP
Ethernet

Return to Topics



' Ethernet Roadmap:
MIC§\CHIP PHYS

A
KSZ9031
Low Power
10/100 L
/1000 '
Mbps '
LAN8820
RGMII
KSZ8061
QuietWIRE,
Deep Sleep, SQI
KSZ8091
10/ 100 Low Power
Mb p S EEE, WolL
KSZ8081 LAN874xA
Low Power EEE, WoL ' Focus Product I

, , >
Functionality

82



W KSZ8061
MICROCHIP Next Gen 10/100 PHY

Crystal

e Quiet-Wire® programmable
EMI Filter
LinkMD® link quality indicator
Fast start-up and link

e Low-Fixed Latency

e EtherGREEN™ Low-Power ~

MII/RMII

KSZ8061

sonaubep
IETETNE
[ ) [ )

f Target Applications \ 150mW total
* Automotive * POS, Scanners ° U_Itra_Deep Sleep < 1uA
* Avionics, Train * Robotics e Signal detect wake-up
" Industrial  Medical e HP Auto-MDIX support with
Controls * Printers
kCameras, Sensors * UPS ) IEEE 802.3ab SpECS at 10/100

Mbps operation
e Extended Temp (105C)
Extended Temp Range (-40 to +105C) ° 64-pin or 48-pin QFN

83



W KSZ9031
MICROCHIP Next Gen GigE PHY

Crystal

e 802.3az EEE and WolL
e Cable Diagnostics

T Low Power
adl
e \oltage mode line driver

e Builtin switching and LDO
regulator
e Operates from single 1.2, 2.5 or 3.3 volt

) supply

_ e Variable I/O voltage support
* Industrial PC ¢ Industrial Networks e 1.8V, 2.5Vor3.3V

* VolP gateway * Security/Inspection
«SOHO/SMB  *MFP Printers e Programmable LEDs (4)

router *STB e HP Auto-MDIX support with IEEE
\ Y, 802.3ab specs at 10/100/2000
Mbps operation

e Power Down modes
e 64-pin or 48-pin QFN

GMIl/
RGMII/
MII/RMII

KSZ9031

sonaubep
IETETNE

Target Applications

Commercial (0 to +85C), Industrial (-40 to +85C)

84



’ Ethernet Technology
Mlcnco\cmp Differentiators

Energy Efficient Deterministic Reliability

. _ - EtherSynch® |IEEE 1588v2 / . Ouiet. ®

E:tr:a I(o;w pov;/“t:,i;\I(Ejtherne(ti I:)HY 802.1AS synchronization Quiet-WIRE® Enhanced EMC
. erGreen vanced Power : : : :

Management - Fixed / Low Latency - LinkMD®+ Diagnostics (SQI*)

Ultra Deep Sleep uA Standb ransmission - Network Fault Recovery

, P P y - AVB / Time Aware Traffic

- Highly Integrated, Reduced Scheduling

BOM, Small Packages

e Robust energy efficient Ethernet for time sensitive networks

* SQI — Signal Quality Indicator

85



R\ Quiet-WIRE® Enhanced
MICROCHIP EMC

e Reduced Radiated Emissions
e Interoperable 100BASE-TX PHY technology
e Enables use of low cost unshielded cable for most stringent applications

e Quiet-WIRE® Reduced Emissions
= Meets CSPR22 / 25 limits over low cost Unshielded Twister-Pair eg. CAN
Software programmable internal line filtering
= Boot strap option to enable / disable

80 1@Buv]

Example: 10-20dB ‘l -
reduction > 30MHz R N
i wmml W

0.1 1 10 100 1000 [pHz] 10000

With QW
Without QW

Example: IEC61967 RF Emissions
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R\ Quiet-WIRE® Enhanced
MICROCHIP EMC

e Enhanced Noise Immunity
e Interoperable 100BASE-TX PHY technology
e Enables use of low cost unshielded cable for most stringent applications

e Quiet-WIRE™ Enhanced Immunity
e Meets Automotive and Industrial limits, BCI, DPI, IEC61000-4 etc.

e Low cost UTP eg. ‘CAN’ or similar
e Extended cable reach, typically > 170m

TYPICAL PHY PERFCRMANCE

[dBI‘I‘I] — 25 % unay el

KSZ8061 QW PHY
Error Free

1-1,000MHz / 39dBm

Example: IEC62132 DPI Immunity 15 4
(DPI = Direct Power Injection) 10

1 10 100 MHz 1000

88



S EtherGREEN™

MICROCHIP

e Patented low power PHY Technology

e Advanced Power Management
e Energy Detect Power Down
e Flexible 1/0 Vvdd supply

e Ultra Deep Sleep Standby
e Signal Detect wake up l l

Less than TuA R "
Standby consumption \ =

/ (0 " Quiet-WIR £

PHY

Example: Remote Sensor

91



AN Ethernet Transceivers

MICROCHIP

Product cﬁzﬁg KSz8081 KSZ8091 LANS710A LANS720A LANS740A LANS8741A LAN8742A KSZ9031
R 10Base-T/ 100Base-TX 10/100/1000Base-T
Bandwidth
Interrupt Pin _ Yes+ Yes Yes Yes
Signal Detect
Interface MII/RMII RMII MII/RMII RMII MII/RGMII/GMII
Wake-on-LAN Yes Yes Yes Yes
EEE Yes Yes Yes Yes
vdd 10 1.8/2.5/3.3|1.8/2.5/3.3|1.8/2.5/3.3| 1.6-3.3 1.6-3.3 1.6-3.3 1.6-3.3 1.6-3.3 X cntlr
LinkMD Yes +
. Signal Quality X X Yes
Cable Dlag Indicator
Power 170mW | g55mw | 155mw | 256mw | 249mw | 260mw | 286mw 286mW 488 W Total
Consumption*® [ota) Total Total Total Total Total Total Total
+ UA standby
32/vQen | 24/VOFN | 24/VQFN
Packages Jo/VQEN | 3¥/VOFN | 32/VQFN | 32/VOFN | 24/QFN | 32/QFN | 32/QFN 24/QFN | 48/VQFN 64/VQFN
48/LQFP | 48/LQFP

Note: All products available in Commercial (0 to +85C) and Industrial (-40 to +85C) temperatures
* Includes Transformer
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R\ Ethernet Roadmap:
MIiCROCHIP Bridges & Controllers

LAN7800
USB3.0 to GbE
. WIN8.1/10

| -

LAN9252
10/100 2 & 3 Port
EtherCAT, FX

A
Bridges LAN9500 Uann o
USB2.0 to 10/100 :
10/100/1000

KSZ884x / 886x
1& 2-Port
10/100 Controller
KSZ8851/2 KSZ84xx

Contro I |€I’S 1& 2-Port 1 & 2-Port 1588v2
10/100 Controller 10/100 Controllers
LAN922x LAN9250
1-Port 10/100 Controller
10/100 Controller HBI,1588

. Pre-Production J

I Focus Product I

>

Functionality
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W L AN9250

MICROCHIP 10/100 Enet Controller
8/16 Bit Local Bus Interface e |EEE 1588-2008 Compliant
e Supports UDP/IPv6 and
GPIO layer 2
Optional errupt e Transparent clocks
255 e Smaller packet size
ooy, e Increased update rate
[ e IEEE 802.3u 100Base-FX Fiber
Interface
/ Target Applications \ e |EEE 802.3az EEE and WoL
Nolp goteway ower ardMioter e Cable Diagnostics
oM router - securly | Survellance e Optional EEPROM support via
*Financial Transactions *Mill/Aero |2C
\_ Yy e Integrated regulator enables

single 3.3V supply

Commercial (0to +70C) Industrial (-40 to +85C) and
Extended temp. (-40 to +105C) supported

97



Q

Ethernet Controller

MICROCHIP Selector
Product ENC28J60 ENC624)600 KSZ8441 KSZ8462 KSZ885x LAN9217 LAN9218 LAN9220 LAN9221 LAN9250
::hnedr\rl\‘l?(:th 10Base-T 10Base-T/ 100Base-TX
TX/RX RAM 8K 24K 12KB(RX) 6KB(TX) 16K 16K 16K 16K 16K
Buffer(Bytes)
SPI, . . SPI, . . . . SPI,
Interface SPI parallel 8/16-bit | 8/16-bit 8/16.bit 16-bit 32-bit 16-bit 16-bit 16-bit
IEEE 1588 Yes Yes Yes
Wake-on-LAN Yes Yes
EEE Yes Yes Yes (8852) Yes
# of Enet ports 1 1 1 2 lor2 1 1 1 1 1
LinkMD
Y Y Y Y

Cable Diag e e e e
Power 590mW 330mW 330mW 330mW 540mW 540mW 540mW 522mW
Consumption* Total Total Total Total Total Total Total Total

28/QFN

28/501C 2,
Packages 28/SITDIIP 64/TQFP 64/LQFP | 64/LQFP 48/LQFP 100/LQFP | 100/LQFP | 56/VQFN 56/VQFN 56/VQFN

28/5SOP 128/PQFP

208mil

* Includes Transformer

98



e\

MICROCHIP

Ethernet Bridge Product
Selector Guide

LANChec
V.

m LAN9730 | LAN9S500A m LAN9513 LAN9514 | LAN7500

Ethernet Bridge

USB Hub Ports

External PHY
interface

NetDetach™
Technology

Wake-on-LAN

PME Support

Integrated
Regulator

Package

Power Typical

Device Only (3.3V)

HSIC to 10/100

0

Ml

Yes

Yes

Yes

3.3Vto 1.2V

QFN56

235mW

USB2.0 to
10/100

0

MII

Yes

Yes

Yes
3.3Vto 1.2V

QFN56

228mW

USB2.0 to
10/100

2

Yes

3.3Vto 1.8V

QFN64

763mW

USB2.0 to
10/100

3

Yes

3.3Vto 1.8V

QFN64

857mW

USB2.0 to
10/100

4

Yes

3.3Vto 1.8V

QFN64

951mW

USB2.0 to
10/100/1000

0

Yes

Yes

Yes
None

QFN56

620mW
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e\

Ethernet Roadmap:

A KSZ947x
3 & 7 Port GbE
| 1588v2, AVB, RR
L
K SZ956x
3 & 7 Port GbE
10/100/1000 | 1588v2, AVB
Mbps
KSZ87xx
4-5 Port 10/100 ezl
GbE Ubplink 3-7 Port GbE
p L i
KSZ8463 K SZ856X
3 Port 1588v2 3-7 Port QuietWIRE
10/100 | 1588v2, AVB
4 _J

10/100
Mbps

KSZ88xx

2-5 Port 10/100

LAN9352/3/4/5
-3 Port, 1588v2, FX
HBI, SPI/SQI/MII/RMII

LAN9303
2-3 Port 10/100

. Pre-Production J

I Focus Product I

>

Functionality
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e\

3-Port Switch Selector

MICROCHIP

KSZ8863 KSZ8873 KSZ8463 LAN9303 LAN9353 LAN9354 LAN9355
Ethernet 10Base-T /
Bandwidth 10Base-T/ 100Base-TX /100Base-FX 100Base-TX 10Base-T/ 100Base-TX /100Base-FX
Interface MIl / RMII RMII Ml
Wake-on-LAN Yes Yes Yes Yes
EEE Yes Yes Yes Yes
Vdd 10 1.8/2.5/3.3 | 1.8/2.5/3.3 | 1.8/2.5/3.3 3.3 1.6-3.3 1.6-3.3 1.6-3.3
LinkMD
Cl':ble Diag Yes Yes Yes Yes Yes Yes
IEEE 1588 Yes Yes Yes Yes
Power 520mW 520mW 330mW 640mW 555mW 555mW 555mW
Consumption* Total Total Total Total Total Total Total

64/ QFN, 88/ QFN,

Packages 48/LQFP 64/LQFP 64/LQFP 56/QFN 64/ TQFP 56/ QFN, 80/ TQFP

* Includes Transformer
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S 4to 9-Port Switch Selector

MICROCHIP

KSZ8864 KSZ8895 KSZ8795 KSZ8794 KSZ8775 KSZ8765 KSZ8999

Ethernet 10Base-T/

Bandwidth 1053;%2/8122{3;’;9"TX 10Base-T/ 100Base-TX w/ GigE Uplink 100Base-TX
/100Base-FX

# of Enet Ports 4 5 5 4 5 5 9

MIl / RMII MIl / RMII | GMII / RGMII RGMII RGMII GMII, RGMII

Interface (x2) (x2) MIL/RMIE | MILZRMIL | MILZRMIE | Mt/ RMI Mil, SN

Wake-on-LAN Yes Yes Yes Yes

EEE Yes Yes Yes Yes

vdd 10 1.8/2.5/3.3 | 1.8/2.5/3.3 | 1.8/2.5/3.3 | 1.8/2.5/3.3 1.8/2.5/3.3 1.8/2.5/3.3 3.3

LmkMD, Yes Yes Yes Yes Yes Yes

Cable Diag

Power 253mW 435mW 560mW 430mW 460mWwW 560mW 1472mW

Consumption*® Total Total Total Total Total Total Total

Packages 64/QFN 112288//LL%|:) 80/ LQFP 64/QFN 80/LQFP 80/LQFP 208/ PQFP

* Includes Transformer
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AN What is EtherCAT®

MICROCHIP

e Industrial Ethernet
e Ethernet for Control and Automation Technology

e Advantages
e Uses standard Ethernet cabling

e Requires only low-cost slave controller
e No dedicated card or co-processor

e Flexible topologies w/ or w/o switches or hubs
e Switch/Hub req’d if not only EtherCAT devices on network

e Lower cost and easier to implement
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e\

MICROCHIP

LAN9252 Features

EtherCAT
Master

Microprocessor/
Microcontroller

EtherCAT
Slave

EtherCAT
Slave

_______ \
p) EtherCAT |

| Slave !

/ Target Applications \

* Motor Motion Control

* Process / Factory Automation
*Communication Modules

* Interface cards

* Sensors

* Hydraulic & Pneumatic Valve
systems

kOperator Interfaces )

Commercial (0to +85C) Industrial (-40 to +85C) and
Extended temp. (-40 to +105C) supported

2/3-port EtherCAT slave

e 3 Field Bus Memory mgmnt units
e 4 Sync managers

Interfaces to most 8/16/32-hit
embedded controllers
e SPI/SQI PIC32MZ

Dual integrated 10/100 PHY'’s
e Auto-MDIX

Low power mode
1.6V to 3.6V variable 1/O voltage

IEEE 802.3u 100Base-FX Fiber
Interface

Cable Diagnostics

Integrated 1.2V regulator enables
single 3.3V supply
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USB Products
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R\ USB Transceivers Value
MICROCHIP PrOpOSItIOn

e Broadest portfolio of USB transceivers
e High functionality in small package sizes
e Lowest standby current

e Unique integrated features:
e ESD and OVP
e USB switch for high quality audio switch

e Design savers:

e PHY Boost for signal integrity (programmable)

e VariSense for signal recognition (programmable)
e Flexible clocking support

e All major frequencies including ULPI Clock 60Mhz in, crystal
resonator, and multi-frequency
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S\ USB Hub Product Plans

MICROCHIP

In Production

« USB5537B-6080AKZE
+ USB5534B-6080JZX

+ USB5533B-6080JZX

* USB5532B-6080JZX
USB57XX

USB3.0- 4 Port Cntl Hub

FlexConnect, Bridging
A-B or C Connector

USBS55XX
USB3.0- 2/3/4/7 Port Hubs

BC1.2 support
ARSIl In Production
- USB5734/ML - Concept

+ USB5744/2G

_| Design
- Existing

USB251x/253x/460x
USB2 - 2/3/4/7 Port Hubs
BC1.2 support

Time
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R USB2 Controller HUB (UCH)
MICROCHIP “Smart Hub”

® What iS a Smart hUbr) @Mmocm USB84604 Controller Hub with FlexConnect
e Standard hub functionality
e Fully USB Compliant

e USB Logo m@

e But with additional features

o Key features
e USB Bridging functionality
e Enables “direct I/O bridging”
e SMBus, GPIO, UART, SPI

e Supports “Flex Connect”
e OTG “like” port reversal
e Port0 and Portl reverse

e Commercial, Industrial, and
Automotive support

uss am e
HEIC o Lor Pot SME From Master
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S FlexConnect Example #1

MICROCHIP

e A USB hub that can role swap
between Host and Device
e Head Unit starts as Host

e Cell phone becomes Host after
negotiation with Head Unit

DEVICE
[ Smart Hub

HOST qutz Porrtr3

1]

Dedicated Dedicated
Charger  Charger
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ﬁ'\ USB Controller Hub?

MICROCHIP

- More than just a USB Hub!

- 12C, UART, GPIO bridging
« Host has direct access to registers
« Added system control via the hub

: Host
Upstream
€ >
~~~~~~ Fan Controller

el
RS232 Bridging o
LCD Display

GPIOs

e

_ |

...also supports battery charging!
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MICROCHIP

USB3.0 HUB Product Line

Summary of our existing and proposed new USB57xx Family

SB5537B [ USB5534B | USB5537B | USB5534B

Features USB5734|USB5744 - o . -
# of Downstream Ports (U3/U2) 4 4 4/3 4 3 2

3ckao 56QFN 72QFN 64QFN 72QFN 64QFN
FlexConnect Supported
Custom Configuration - OTP, SPI, SMB ¢ ¢ ¢ ¢
BC1.2, Apple, RIM, China, DCP, CDP ¢ ¢ ¢ ¢
External Strapping Options (BC, PR, PD)* PDOnly | PDOnly | PDOnly | PDOnly
Protouch Confguration Utility PT1 PT1 PT1 PT1
SDK
Industrial Temp (-40°C to 85°C)
Design Process 130nm 130nm 130nm 130nm

* PD = Port Disable

New USB3.0 Smart Hub Products
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MICROCHIP

Motion Monitor and Sensor
Hub

Motion Solutions

Return to Topics



A Wide Range of Target
MICROCHIP Applications

This creates an opportunity to take this
technology into many different products

Physical Toys Stabilization/ Transportation Smart Farms
Therapy Positioning
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R\ Motion Application
mcrocwe  Development Not Trivial!

e Complex algorithms req’d to filter,
compensate, and fuse the raw
sensor data

e This requires specialized knowledge
e IS also resource intensive

e Most vendors focused on large
OEMSs

e Difficult to get support from some

e Harder to get samples, technical support,
distribution, etc.
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N What products do we
MICROCHIP have?

e Motion Co-Processors
e SSC7102-AB00 - Windows® 8.x
e SSC7150-AB0 — Embedded and IoT

e MM7150 - Motion Module
e For embedded and IoT applications
e Filters, compensates, and
combines the raw sensor data

e Outputs position and orientation data to
host MCU via I°C

e Pre-programmed with sensor
fusion algorithms

&

o}
X
Magnetometer/ %

eCompass “+

MicrocHIP IS
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AN MM7150 Motion Module

MICROCHIP

MM ® =L
"xo QQ"" e
B P, O e
Wi FNootzee w

US Ul “-\'Nﬁubﬁ-o

© ﬂ“ K |
“ » - e e
» @ N o P ﬁ C
Motion Coprocessor —— o 2O '_)
(SSC7150) : MICROCHIP :‘U y ¢——— 33V (range2.3v-3.6v)
o= SSCT150 ;2
PC™ CIK e ' «—— Gnd

e YIiiy 3""hU2
0—‘:’

I’C Data ——

3-Axis Gyroscope

3-Axis Accelerometer /
Bosch (BMG160)

3-Axis Magnetometer
Bosch (BMC150)

Wake I*C Interrupt
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N Easy to Develop

MICROCHIP

Power

Active
Blinking LED /

In Stock

@ microchip
CIRECT

MM7150
Motion
Module

MM7150 PICtail™ Plus Daughter Board

(Part Number: AC243007) (Part Number: DM240001)

* Plugs directly into Explorer16 board * Large installed base

« Outputs raw sensor data, compensated  Interface with various PIC® MCUs by swapping
sensor data, and positioning data Plug-In-Modules (PIMs)

« Standardized API for most MCUs with 12C® to + PIC MCU demo code provided
communicate with MM7150 Motion Module « C Reference Code provided (on Savo)

» MPLAB project with sample code to « Works with MPLAB® IDE, Programmer,
communicate with the PICtail Debugger, Compiler

* available now « available now
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S GestIC Technology Basics

MICROCHIP

e Utilizes Electrical Near Field (E-field) sensing for
advanced proximity sensing

e E-Field generated by electrical charges

e Field distortion by a user translated into 3D tracking
and gestures

e Very low power consumption since nearly no energy
Is transferred

undisturbed field

kgf\-i’.l|féL T Il%_

T
hand influences

. Demo |
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N Battery Efficiency

MICROCHIP

lowest POWET consumption

of any 3D sensing technology

°.<
=

up to 90% lower than

camera systems

o A o S o s
oW o ow

150uW to
max 100mw!*

i alwayS'On 3D sensing

...even for mobile devices

- GestIC®

o
—
-y
D
—_—
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MICROCHIP

N Key Features

ﬂ 0 to 15cm detection range
/- fast data sampling at 200Hz
a.

"\ 4_:} @ 32-bit signal processing unit

Q mouse-like resolution of 150dpi

70-130kHz range - no RF interference
.

R

1% no environmental influences

Em. | self wake-up at 150uW — Low Power!
R

a Colibri Gesture Suite on-chip
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On-Chip Colibri Suite

MICROCHIP Features
- Approach Detection Colibri Suite of GestIC features that
are pre-processed on MGC3130
C: Flick Gestures (8) Circle Gestures (4) @ —

— ) 11

Position Tracking |
(xyz),

@Single Touch

(5 positions on electrodes))

-
Requires MGC3130

OO

@

C

Single Airwheel
Symbol Gestures (TBD) —
= [ O
Requires MGC3130 B

-+ Electrode Signals
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) Topology

MICROCHIP

Application

Gesture Port EOIls {Host

1 Electrodes 3 Gesture output
« Ssense user action « to Application/Host

... or MGC3130
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GestlC Roadmap

MICROCHIP 2D Multi-Touch and 3D Gesture
2D Multi-Touch & 3D Gesture Controller
3D Gesture Controller MGC3430 (2015) )
3D: 5RX + TX
MEESIEl 2D: 48 RX/TX
3D Positioning and Gestures )
5RX, 1TX channels 32bit MCU @ 40 MHz
32bit MCU @ 22.5 MHz 128k Flash, 32k RAM
N f;ék géilhz’812k RAM | |2C, USB
L : \ 64L/48L QFN J
5 |
-
® 4 :
Eﬁ ' Aureavl.3

J In development

£ In production

MGC3030
Gestures Only
5RX, 1TX channels
[2C, SSOP28

New Gestures
| Gesture enhancements )

More cost efficient product

Lower cost of manufacturing
SSOP28L

For real-time positioning use MGC3130

Size/Channels
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MICROCHIP

MGC3030

It’s all
about gestures

Feature focused

Further
simplified
design in

One step
design in

I2C + EIO interface

e Gesture Port = mapping of gestures to EOIls
e Gesture Port enables gestures for ALL products.

Gesture

|01101001
10001001

utilizes GestIC design-in tool set
www.microchip.com/gesticgettingstarted

e AUREA SW suite (V1.2 or later)
e Reference designs / Electrode Design Guide
Interface Manual

e Reference Host codes
SSOP28L package

e Cost efficient
manufacturing
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S GestIC Development Kits

MICROCHIP

5” Reference Electrode
Backside view
(no components)

5” Reference Electrode
Frontside view

MGC3x30 Unit

~

1 physical 5” Reference Electrode and

Each Kit contains

design / gerber files for
6 additional Reference Electrodes

J

MGC3130 Hillstar Development Kit
PN: DM160218

MGC3030 Woodstar Development Kit

I2C to USB Bridge PN: DM160226
Connection to PC / Aurea GUI / MGC3x30 / o
System Paramterization ., Ney, =




MICROCHIP

Touch Solutions

TOUCH PADS [&] SCREENS
KEYS [no] SLIDERS

Return to Topics



S Product Portfolio Overview

MICROCHIP

1D 2D 3D

Proximity, X-Y Screens/Pads X-Y-Z Position
Keys and Sliders Position and Gestures 3D Gestures
MTCH1xx MTCH6xxXx MGC3xxXx

> 1-2 Keys, Proximity Single/Multi Touch 3D Position Sensing
@ Standalone Operation 2D gestures Gesture Recognition
=L 12C interface, Lowest Power GesturePort
= o
|
= CAPXXXX
h 3-14 Keys, Sliders

Proximity

I2C interface
@
a PIC® framework PIC® framework

Supports 8/16/32 bit Supports 8/16/32 bit
; Free download Royalty free License
E Complete Access Complete Access

Use Standard ADC Use Standard ADC
.= Easy Integration Path to Integration
[
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ﬁ\ Proximity/Keys/Slider

MICROCHIP

PIC® Microcontroller Solutions
Firmware Based Solution

CAP1xxx
From 3 to 14 Channels

Up to 11 LEDs drivers
Signal Guard, I12C/SPI

Flexibility to Customize

MTCH105
5 channels
Active
Guard

MTCH108
5 channels
Active
Guard

MTCH102
2 channels
Active
Guard

MTCH101

1 channel
Low Cost

Channels

1 2 4 6 8 16 >16
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’ MTCH1xx Turnkey
Mlcgcmp Controller

Easiest Capacitive Touch Controller for direct replacement of
mechanical buttons!

©

e Up to 8 capacitive touch sensing buttons
e Buttons and proximity with Guard Option
e One input — one output per button
e Digital or I°C interface to any MCU
e HW only configuration
e Digital outputs require no host software

e High noise performance and water resistant @

150



R\ MTCH10x Evaluation
MICROCHIP Boards

e MTCH101
e PN: DM160220;

e MTCH112
e PN: DM160221;

e MTCH108
e PN: DM160229;
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R\ CAP11/12xx Turnkey
MICROCHIP Touch Controller

e Up to 14 capacitive sensing channels
e Supports proximity
e Automatic recalibration

e Setup using Graphical User Interface
e Programmable sensitivity w/ individual thresholds for each button

e Available LED driver support
e Upto 1l LEDs in CAP11xx devices w/ easy setup via GUI

e |°C/SPI Interface to any MCU

e Small Packages
e 8-pin 2x3 DFN to 32-pin QFN
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AN CAP1xxx Evaluation Boards

MICROCHIP

'USB for GUI interface

proximity & keys

CAP1298 Evaluation Board CAP1188 Evaluation Kit
PN: DM160223 PN: DM160222
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e\ Graphical User Interface (GUI)

MICROCHIP

e Check the signal from each sensor
e Tune the threshold for each sensor
e Change sensitivity and gain

e Set up the LED drivers

e Change any parameter available in
the CAP controller

e Save the configuration to create the
host driver

| | @

LW L®mmm .
EEE RN

Qapaogdan

" -
< Rl ]
e CAPLOOK Evabantinn Boand = wch o res

[re— L. -
I &
o Bets Comn Ty teeimg =’
T m™YTe
T >
- § I8
| S————
Sty W barey
200 I - -
— ) s ' Vv

zssasssss |i| E

- —

S ot Comme -
-
< |
—— |

|
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N Proximity, Keys, and Sliders

MICROCHIP mTouch and RightTouch

PIC Microcontroller Solutions Firmware Framework

MTCH105 MTCH108
5 channel 8 channel
Active Guard Active Guard

\Digital 1/O Digital 1/0

MTCH112
2 channel

Active Guard
Digital 1/10

MTCH102
2 channel
Active Guard

Digital /10
\ &

CAP1114
14 channel
11 LED drivers
12C

CAP1188

8 channel

8 LED drivers
12C

CAP1166

6 channel

6 LED drivers
12C

CAP1128
8 channel

2 LED drivers
12C

CAP1126
6 channel

2 LED drivers
12C

CAP1133
3 channel

3 LED drivers
12C

Flexibility to Customize

CAP1105/6
5/6 channel
12C

MTCH101

1 channel
Low Cost
Digital 1/0

1 2 4 6 8 16 >16

Return to Topics




R\ Scalable Turnkey Touch

MICROCHIP Solutions
Touch Pao%crveevzz
666066 Touch
00“0 Pad/Screen Host
z“‘ Controller L MCU
I\/ITCH6102 "’ \ MTCH6102 J
FoS9 000 R

PV VY VY VNN

e MTCHG6102 for lowest power single touch and gestures
e Up to 15 channels (example 6 x 9)

e MTCHG6301 for multi-touch and gestures
e Supports 13 x 18 channels (approx. 4.3” size)
e Up to 10 simultaneous touches

e Works with PCB, FPC, glass & film sensors
e Built-in noise detection and filtering
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AN Touch Pad/Screen Tools

MICROCHIP

— for multi-touch and 2D gestures

- for low power single touch
and gestures

Return to Topics
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AW Projected Capacitive

MICROCHIP X-Y Touch Sensing, Screens and Touch Pads

Next Gen PCap

2016 1H
MTCH64xx =
48L, 64L QFN
Multi-Touch MTCH6303 48 Rx Channels
64 pin QFN/TQFP Multi-touch Gestures
‘_ Up to 28 Input Ch. Adv AFE w/high SNR
=3 \_Fast sampling, Adv DSP
MTCH6302 Multi-touch Gestures

Low Power

MTCHG65x Support

Multi-touch Gestures

MTCH6102

28 pin 4x4QFN | / High Voltage

Up to 15 Channels Drive Option

Features

MTCH6301
44 pin QFN/TQFP
Up to 13x18 Channels

Single Touch
Lowest Power
Single Touch Gestures

MTCH650/2
28 pin 4x4 uQFN

10 Finger Multitouch

Single Touch Gestures Voltage Boost/Drive

(18V)
<21 Tx Channels

@ 'nplanning
[ J In development

&9 In production
Approx 4.3” & under 8”, up to 10" w /2 MTCH652 10-12+_ - Sjze/Cha

-
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MICROCHIP

New Multi-Touch PCap

Large Sizes: Upto 10” (down to 4”)
Noise robust: 10v IEC61000-4-6)
B0OOSt: use MTCH652 for 18V TX drive
Fast: 5 Fingers @ 100hz*

Integrated Gestures: Tap, Swipe,
Pinch/Zoom, Scroll

Both usB and 12C

Flexible: Based off of
PIC32MX430F064H

** speed and performance are sensor depeng_@i



MICROCHIP

Video Over Coax

Ecqgologic

Return to Topics



Q

MICROCHIP

Ecqgologic Equalizer

e Equalization technology overcomes degradation of digital
sighals due to attenuation over an electrical conductor

e Compensation applies to conductor length limitations, data rate

restrictions or both

Transmission Line

Transmission
Line Driver

>_

XX |

0 60
-10- 50
3 |-20- 4
()
S |-301 x 30+
g -40- 20
< .50 10+
-604 0
| T IIIIIII| T TTTTm T TTTTI
1 10 100 1000
Frequency

—
—

Digita
Receiver

Equalizer

Equalizer Gain

0

/
2.

— &

[a} D Q@

= S8

8 v ©

| T IIIIIII| T IIIIIII| T T TTTI

1 10 100 1000
Frequency

Reconstructed Signal

+30
+20
+10

A

10

o
Aﬂpﬁure(dB

-204
-304

LENLELILLLLY B 11| B R R
1 10 100 1000

Frequency
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AN Enables Re-Use Coax

MICROCHIP

Ethernet ’ ‘ ’ ) Ethernet
HD-SDI - ) Coax ] > HD-SDI
Firewire EQCOLOGIC | | EQCOLOGIC Firewire
Machine Vision | Transceiver | Transceiver | Machine Vision

e Extends...
e Ethernet and HD-SDI out to nearly 500m
e Firewire up to 50m
e Machine Vision up to 100m

... All using existing Coax
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AN End Products

MICROCHIP

Firewire Over Coax for 50Q Coaxial Cable -
(Part # EQCO-FW5001)
75Q Firewire Over Coax Adapter

HD-SDI 1.5 Gb d 3.0 Gbps R t
(Part # EQCO-FW7501) {15 Ghos st 30 Ghs Repester

CoaXPress” CXP Evaluation Board - Receiver CoaXPress” CXP Evaluation Board - Transmitter
(Part # EVB-DBSUB1586) (Part # EVB-DBSUB1584)
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MICROCHIP

USB Port Power Controllers

Return to Topics



A USB Port Power
MICROCHIP Controllers?

e VBUS power switch + USB switch
e Emulates a wall charger signature
e Current sensor to monitor

9V Host
Supply
VBUS > VBUS Power
Switch
) ) Pass Through and ) R
DM < » Emulation Circuit ¢ > DM gy
PERIPHERAL SIDE HOST SIDE
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N What'’s the Challenge?

MICROCHIP

e Design a USB port to charge
EVERYTHING!
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W USB100X

MICROCHIP USB Port Power Controllers

e What is it?
e A USB charging port with wide compatibility
e Why are we better and why we win?

e Program new charging emulation profiles

e Dynamically allocation of power when
required

e Measure performance for best user
experience
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R\ USB Port Power controller

MICROCHIP Benefits (1 of 4)

e Active cable compatibility
e Lightning® connector compatibility is a must

e Apple® Lightning™ connector is an active cable often
misidentified as a device

e Up to 16W Charging

e One of the few solutions to allow 16W charging for new devices
including the iPhone® and iPad®

e Quicker charging (higher current) is possible

e Popular Device Compatibility

e Standard products prioritize Samsung and Apple® device
charging
e Optional programmable profiles for wider compatibility
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R\ USB Port Power controller

MICROCHIP Benefits (2 of 4)

e Device Recognition / Learning mode

e Determine the best charging current & preferred devices
e Device Recognition / use last profile

e Ability to update charging profiles to accommodate
new devices

e Protected 8 months into a 12 month cycle
e Automatic port shutdown after charging

e USB Power allocated based on system needs
e Current sensor and programmable current limit
e [2C / SMBus communication
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R USB Port Power controller

MICROCHIP Benefits (3 of 4)

e Dead Battery Charging
e No negotiation - supply min current (ie. 200mA)
e Gives device CPU time to wake-up, detect a connection.
e UCS discharges Vbus, begin normal negotiation

e Current Measurement Capability
e Allows discovery of best charging current

e Known device — Present latest charge profile
e Update a profile
e Power allocation
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R USB Port Power controller

MICROCHIP Benefits (4 of 4)

e Provide for Future Proofing Your Design

e Preloaded charger emulation profiles for maximum
compatibility coverage of peripheral devices

e Optional programmable charger emulation profile for
portable device support for fully host controlled charger
emulation

Note: Phone replacement cycles*
e Americans ~2 years
e 1/3 of Chinese ~1 year
e Average age of car 11.4 years**

* Recon Analytics 2011
** Polk Research Aug’13
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USB Port Power
Controllers

MICROCHIP
Host Free Programmable
Controller Controllers

* 2.5A Integrated Vbus
power switch
USB 2.0 Data switch

UCS1001
9-Built in charger
emulation profiles

[ Standard Versions ]

UCS1002
9-Built in charge emulation profiles
1 Programmable profile
2.5A Vbus power switch
USB 2.0 data switch
Highest current algorithm with SLA

UCS1003
9-Built in charge emulation profiles
1 Programmable profile
2.7A Vbus power switch
USB 2.0 Data switch
Highest current algorithm available
with SLA

[ Automotive Versions ]

UCS81002
9-Built in charge emulation profiles
1 Programmable profile
2.5A Vbus power switch
USB 2.0 data switch
Highest current algorithm with SLA

UCS81003
9-Built in charge emulation profiles
1 Programmable profile
2.7A Vbus power switch
USB 2.0 Data switch
Highest current algorithm available
with SLA
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AN Evaluation Boards

MICROCHIP

USB2422 High-Speed
USB 2.0 Single TT 2 Port
Hub w/ UCS1002 Battery
Charging

PN: EVB-USB2422

UCS1001

Evaluation Board
PN: ADMO00540

UCS1002 Evaluation Board
PN: ADM00497
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MICROCHIP
USB Power Delivery

CONNECTOR REVOL UTION

Return to Topics



N Key Features of USB-C

MICROCHIP

e Entirely new mechanical & electrical design: smaller!

e |ldentical USB-C connectors on both ends
e And symmetrical for single insertion success!

e Optional: Power Delivery 2.0 (protocol) using
Baseband PHY communication

e BC1l.2is succeeded by simpler resistor pull-up/pull-
down (Rp/Rd) relationship

e Four VBus pins/wires for low V-offset

e Versatile, allowing 3rd party protocols (Thunderbolt,
Display Port, MHL, more!)
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e\

Power Supply Options

MICROCHIP
Mode of Nominal Maximum Notes
Operation Voltage Current
USB2.0 SV 500mA USB2.0 Spec
USB3.0/3.1 5V 900mA USB3.x Spec
USB BC1.2 SV Up to 1.5A Legacy Charging
USB-C Current S5V 1.5A Supports higher
@ 1.5A power devices
USB-C Current 5V 3.0A Supports higher

@ 3.0A

USB PD

Configurable
up to 20V

Configurable
up to 5A

power devices

Directional control
and power level
management

186



AN USB-C Connector

MICROCHIP

Al A2 A3 A4 A5 A6 A7 A8 A9 A10 All
RX2-  RX2+

TX2- TX2+

Al2

B6 B5 B4 B3 B2

Bl

- Connections resolved by

(1) ;_'f-";‘ .m ) |_’_5§'1

Untwisted
cable

9 wires not
counting
shield/drains

Twisted cable

9 wires not
counting
shield/drains
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. UTC2000 USB Type-C™
Mlcnﬁo::mp Controller

e Transition:
e EXxisting USB Type-A = USB Type-C DFP
e EXxisting USB Type-B = USB Type-C UFP

e USB 2.0, USB 3.0, or
USB3.1 compliant

e Supports up to 3.0A
Charging profiles

e 3x3mm QFN-16 |
£\ MicrocHip ——

e Integrated ADC for Voltage |
monitoring on CC Pins -

e Minimal external components
e Works with Microchip’s USB Controller Hubs

)

J0123UU0) M3-3(1/\1. asn

C

188



S Typical UFP Applications

MICROCHIP

e Mobile Devices Are Typically UFP
e Smartphone and Tablets

e Default USB Type-C Charging Currents Do
Not Require Controller (on UFP)
e USB2.0 500mA and USB3.0 900mA

e UFP Responsible to Detect Higher Current
Levels Above Default
e 1.5A and/or 3A of Current
e Per USB Type-C Standard Specification
e Some Controller Required to Support
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AN Typical Discrete UFP
MICROCHIP Implementatl()n

e Supports all Standard USB Type-C Charging Profiles
e Requires Careful Design to Ensure Compliance

M —

USB3.0
Device/Hub
Upstream Port

. J

ux contro
——————————————I
1.31v 3.0A Capab
Re

1.5A Capable === C(C Control
Logic or

I
I
I
—— MCU I
I
I
I

USB Type-C Connector

4

L UTC2000 |
Low BOM Cost it el
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Q UTC2000 UFP w/ Full

MICROCHIP

Charging

)

Optional Protection
From OV.0OC

VBUS

usB

VMON

Switch

PLUG

=0 CSH

—CONNECTEDH—l

Mux/ Usk

f \

\

‘ |

- -~ System Pow er————p
: = Current [

| ’f Sense ‘

\

| )

USB
Device

ORIENTATION

®

—USB
—
~ * USB
©
('P
O
O
o
=
.
(D
(@]
—
o
-
<
¢

UTC2000
cc2 S (UFP Mode)

(

=LEGACY_IND#I>

—1.5A_INDH—D>

—3.0A_INDH#P>

BOM Cost Reduction !
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N Application Examples

MICROCHIP

e Notebook

e Monitor/Dock

e Devices (UFP only)
e USB Wall Charger —
e Industrial Charging Cart 8.
e Automotive — _N,
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S\ EVB-UTC2000

MICROCHIP

e NEW Evaluation Kit Available NOW

e DFP Board
e UFP Board
e USB Type-C Cable

DFP Board UFP Board

[ ==
(3]
{

A
% w4 ‘! ’ -
\\ MizrocHIP| B .
8 5 hamagitd & Il' T
i oRENTIr ' .
. - l f :(_ >

UTC2000 on backside

<= P|ug Into Host

UTC2000
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MICROCHIP
Embedded I/O Controllers

System Controller Hubs

Return to Topics



R\ System Controller Hub
MICROCHIP System Dlagram

Parallel Port
Fan 2 r“ Fan 3 r"-“ Power '@' [ ﬁ
' (O | swoy | g —
FGn'l Processor :. ................O..: : : - Serial
‘ E ,,,,,,, LSS > _ f""j POI’tS
r < v > Automatic 3 Thermal & -
bl esie0sesessdeedslolol Fan Control  ¥8 Voltage Monitor > @8 : 2: SCH3112
Graphics T =" 4. SCH3114
Controller MCH/ . Parallel Port » ~@: 6 SCH3116
N th B .d Illllllllj llllllllllllll e
5 1| e . G
B PS/2 KBD & MS _
......................... y o
g FDC -
USB, Audio, — Reset Gen,  FPEerrErRmRErErr {\
LAN, SATA, [@===b " Bridge WDT, Therm Trip B GPIO Pins (40) > @ —_ \\
| —@—

psiz -

Keyboard & Mouse

FWH/
Flash Bios
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R\ SCH311x Family of
mcrociie  EMbedded I/O Controllers

e Industry’s first Industrial-Temp Rated System Controller Hub

e Pin compatible 2-UART, 4-UART and 6-UART options
e Eliminates need for two SIO devices or SIO plus discrete UART chips

e Supports data rates to 1.5Mbps and RS-485 Auto Direction Control
Mode

e Small footprint for small form factor designs
e 128-pin VTQFP package: 14 x 14 x 1.0 (mm)
e Replaces need for 2-5 separate integrated circuits
e Highest thermal and voltage monitoring accuracy levels for
Integrated Embedded 1/O controller
e 1.5°C accuracy on thermal monitoring
e Reset generator 5V threshold: 4.45V, tolerance: +/- 150mV
e Reset generator 3.3/3.3 VTR threshold: 2.8V, tolerance: +/- 100mV
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N Target Applications

MICROCHIP

______________________________________________________________________________________

Pole Magnetic  Cash

| RSGC%IIIS:r SBSCZCr:NaCe!res riniers Displays Stripe  Drawers
Readers
g
e POSTerminal T .

End Users for
Embedded I/O

Controllers

E .
. o ®

Single Board Computer

R 5N BN N BN BN N SN O Em o

Industrial PC
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e\

MICROCHIP

Embedded I/O Products

e Xx86-based architectures that support an LPC-Bus interface

e |SA-based SIO controllers are available for legacy 1/0O support

Bus Interface

Operating
Voltage

Hardware
Monitoring

Additional

Features

Keyboard
Controller

LPC BUS ISA BUS
3.3V
(5V Tolerant) Vv
-~
I , } )\
Manual Fan Auto Fan
None Control Control
& ¢ h 4 h 4 ¢ ¢ ¢ v h 4 v
] 2 UARTs 4 UARTs 6 UARTs ]
GarEﬁDFl’orb’ é;tj?FLTSC CF|{C?03||( (T|Iqmr{(a;) GarrLl‘{?DIT’orb’ Res Gen Res Gen Res Gen Parallel IRQs Serial IRQs CITc?call ;I'Flgg)
WDT, I-Temp| |WDT, I-Temp| |WDT, I-Temp
Yes No Yes Yes Yes YjS Yes No Yes Yes
LPC47M102 SCH3114
LPCATM272 SI010N268 LPC475457 LPC47M192 SCH3112 SCH3116 I FDC37C669 FDC37TM707 FDC37B787
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MICROCHIP
8-bit MCU Update

Return to Topics



N Still the Largest...

MICROCHIP

8- to 32-bit Market Size (2013) : -
(in Millions of Dollars)* 8- to 32-bit Market Size (2014)

(In Millions of Dollars)*

= 8-Bit W 16-Bit ™ 32-Bit

Microchip re-gained #
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N N3meHeHUe napagaurmol

MICROCHIP

e HoBble PIC KOHTponnepbl MEHAKT “napagurmy

BCTpauBaeMbIX cuctem”

e HoBble MK paspabaTbiBaloTcs B BO3MOXHOCTbIO CUHTE3a
®OYHKUMOHANbHBIX QNEeMeHToB

e MIPS & MI'U cTaHOBATCH MeHee BaXXHbIMU

e Peanusauuna pyHKuumn 6e3 otBneveHun Appa

e Bsaumopencreue lNepndepnmn HezaBMCUMOM OT Apa C aHarIoroBou
nepudepunen

e [MOKMe B3aMMOCBA3N — KrtoyeBasi 0CODEHHOCTb

e Heckonbko oyHKUMM MOryT KomounHmnpoBsatbcs B ogHoMm MK

] q)OKyCMpyeMCFI Ha pelleHnn MHXEeHEepPHbLIX 3aAayd

e [loMHUTE — HeT “8-bit/16-bit/32-bit”, ecTb pelleHne 3agayn
e [lomMoraet yMeHbLWNTb LleHy, YMeHbLUUTb PUCKU
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S Application Building Blocks

MICROCHIP

NMpunoxeHue cocTonT N3 PYyHKUNN
[TpunoxeHne = OyHkuna 1 + OyHkuma 2 + GyHKUUA
X ...
910 COopka n3 lNepudchepunn
OyHKkuma X = Nepudpepua 1 + lNepudpepusa 2 +
[lepudpepunsa x ...
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AN Flexible Integration

MICROCHIP Function Enabling Building Blocks

Intelligent Analog
Sensor Interfacing & Signal Conditioning

8-bit PIC Microcontrollers

Waveform Control
PWM Drive & Waveform Generation

(Enhanced) Capture
Compare PWM

— ADC with Complementary IDLE & DOZE

T| min g & M easurem entS Computation Output Generator

Signal Measurement with Timing & Counter Control Complementary Peripheral Module
g g Comparators Waveform Generator Disable

Data Signal Peripheral Pin
DAC Select Crystal Free USB |
High Speed Numerically eXtreme Low Power CAN
Comparators Controlled Oscillator XLP Technology |

. . Operational Programmable Switch -
Safety & Monitoring o Angular Timer (E)USART |

Hardware Monitoring & Fault Detection —

Ramp Generator 10-bit PWM

Charge Time ETHERNET
Measurement . MAC l

Slope

-bi 2
Compensation 16-bit PWM RTCC 12C

Communications
Wired, Wireless & Encryption

Voltage Cyclical Signal

Reference Redundancy Check Measurement Timer LIN

Zero Cross " Hardware | , '

User Interface QISR fHardware B renp ngicator sPIm |
Capacitive Touch Sensing & LCD Control r— e p—
Vo LSS AT Timers Sub.GHZRF |

Low Power & System Flexibility
XLP Low Power Technology, Peripheral & Interconnects \

~
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@ ZEN: Pulse Amplitude Capture

MICROCHIP

sampling

threshold

_delay
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AN Chain Of Events

MICROCHIP

pulse adjustable delay Result

: oA Comp |$ delay |$ ADC >

DAC
adjustable Threshold l l l
< MCU Idle ——» Interrupt Interrupt Interrupt

Comp delay ADC
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AN CIP Chain Of Events

MICROCHIP

pulse adjustable delay Result

:V,\ oA Comp |$ HLT |$ ADC >

adjustable Threshold

DAC

|

< MCU Idle » Interrupt
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MICROCHIP

Peanusauuna oyHKUMN

16-bit PWM with dedicated 64MHz clock

6 steerable outputs or 3 steerable output pairs
Blanking Control for transient filtering
Independent rising/falling output control

Dead band with independent rise & fall control
Polarity Control / Auto Shutdown & Restart

High Efficiency closed-loop control with fast switching speeds
Cost effective integration with BOM reductions
OpAmp, Voltage Reference, reduced size of inductors,

capacitors, & resistors

Rail — Rail 50nS

PIC16F1/8X \

/ High Voltage

’—————————————————————~

Synchronous Buck Regulator controlled by
PIC16F178X microcontroller for maximum
efficiency

/]

S

response time 64 MHz _|_U—|_|_|_|_I_ \ itehi
[ Wosreromesage ]
fz\([;tjcgr:r;?/ .- : 1 of smaller inductor &
—> | + N gi}'\g;mmable : @ MOSFET : capactor
., Compara‘tor___.» Switch Mode > Driver : 1
Controller I 1 (T
Overvoltage 1 I 11 .
monitor with 1 - 1 11 % !
\ 711
PSMC auto- N I 1
shutdown I 1
+| - I
Comparator ivi 1 !
Voltage divider to prevent 1 |
\4—| FVR over-voltage of load I :
l— w
8b DAC with FVR ||| 8 bit | ¢ | Real time temperature
input @1.024V | DAC monitoring of LEDs for
equating to 4mV fail-safe operation Resistive
resolution Temperature
Sensor
10/12b ADC
System Health
Monitor: Output ({{— | +| <
voltage, OpAmp Rail — Rail OpAmp in Current sense and
temperature, & -« Gain operation allows feedback to sustain
current 3

D00

use of smaller current constant current
sense resistor for less

loss




c’\ Acronym & Peripherals Definitions

MICROCHIP Summary 1 of 6

Learn more about Core Independent Peripherals & Intelligent Analog at www.microchip.com/CIP

Intelligent Analog
Sensor Interfacing & Signal Conditioning

ADC - Analog to Digital Converter
General purpose 8-/10-/12-bit ADC
ADC? /| ADCC-Analog to Digital Converter with Computation
General purpose 10-/12-bit ADC with automated analog signal computation (ex. Oversampling, averaging, etc.)
Comp — Comparator
General purpose rail-to-rail comparator
DAC - Digital to Analog Converter
Programmable voltage reference with multiple internal & external connections
HC 1/0 — High Current 1/0O
Up to 50mA or 100mA current drive on select I/O pins
HSComp - High Speed Comparator
General purpose rail-to-rail comparator with <50ns response time
OPA — Operational Amplifier
General purpose OPAMP for internal and external signal source conditioning
PRG - Programmable Ramp Generator
Analog ramp generator (with slope compensation) for Current/\Voltage Mode power supplies
SlopeComp - Slope Compensation
Slope compensation for Peak Current Mode power supplies
VREF - Voltage Reference
Stable fixed voltage reference for use with integrated analog peripherals
ZCD - Zero Cross Detect
AC high voltage zero crossing detection for simplifying TRIAC Control, Synchronized Switching Control, & Timing
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Q ALl c Bbluncnutenem
MICROCHIP (A DCZ)

10-/12-bit ADC with Automated Analog Signal Analysis

AU c Bbluncnutenem ocTOouHCTBA
a  10-/12-bit AU obwero npumeHeHna ¢ noctobpaboTkon O YCKOpeHue onepauuin, KoTopble
AaHHbIX 00bIl4HO JenatTcsa NporpaMmMHO
o AsTomMartmsauus matematundeckon obpaboTkm pesynsrarta QO YeenuyeHue GbICTPOAENCTBUSA U
0 preﬂ,HeHl/le YMeHbLUEHNE pa3Mepa Koda
Q lecprBa;' Cb”ﬂpraU,Mﬂ a E:é(g-opKaﬂ 06p860TKa €MKOCTHbIX

o CpaBHeHue C Noporom
a [lepeguckpeTtnsayms
o BbluucneHnus pabotatot B Sleep

O  YMeHblUeHue notpebneHms
o He 3aBucut ot ggpa
o Pabortaet B SLEEP

[Mpnmepbl NPUMEHEHUSA
o [Hdatuukn
o  dunbrpauus, obpaboTka curHanos

ADC with : ' Calculation via
Computation - Computation

. Relatvs Tims M)

1
i Calculation via

; I Software

ADC

Example: Traditional ADC versus ADC with MATHPAK
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8\  Programmable Ramp Generator

MICROCHIP Analog Ramp Generator with Slope Compensation

Programmable Ramp Generator (PRG) [locTonHcTBa

O AHanorosbln hopmMmpoBaterb NMII006pasHoOro o [ubkocTtb agnsanHa NATI
(Hanpmi;eva ana mnynbcHbix VIcTodHmKoB MNuTtaHns O YMeHbLUEeHue CTOMMOCTH
SMPS

C y 0O He 3aBucut ot apa
03JaeT He3aBNCUMbIN CUTHaN KOPPEKLMM C
perynupyemMbiM HapacTaHuem u/unu cnaga 0 Pabora s SLEEP

MBKOCTb BHYTPUKOHTPOSINIEPHBIX COEaUHEHUI I_IpI/IMepr NnPUMEeHEeHUA
QO  WCTOYHUKM NUTaHUSA
o CseTognogHoe ocBeLlleHne

o  dopmMmupoBaHMEe TPEYroSibHOMo
curHana anga aHanorosoro LUM-
reHepaTopa C BbipaBHMBAHMEM MO

e

100m/ﬂn orve

PIC® Microcontroller

Stable
Powgrcshﬁpply ©uﬁ[§)m
PowerF

Instantaneous Current

Average

Current/Voltage
. J

—P[ Compensation ]—

216



MICROCHIP

R\ Zero Cross Detect

High Voltage AC Zero Crossing Detection

Zero Cross Detect (ZCD)

a

OnpepnensieT nepexof Yepe3 Honb BXOAHOro HanpsiKeHus

0 Ha BbiBoge nogaepxmMBaeTcsi NOCTOSIHHOE
HanpspkeHne

0 He TpebyeTcsa BHELIHNX 3aLLMTHBIX 3N1IEMEHTOB

OnpeaensaeT NonoXUTenbHbIA NN OTPULATENbHbLIN CUrHan
(oo pesuctopa)

dopmupyeT npepbiBaHne npu nepecedeHnn Hyna
YctaHaBnueaet donar

MoXxHO ucrnonb3oBaTb ANs onpegeneHna 4acTtoTbl
CEeTEBOIO HarpsA>XeHud

B3anmopgenctaue ¢ gpyron nepudepuen

120-240 VAC
Voltage Input

AC Input Zero
Crossing

JlocTOMHCTBA

Q

O000Od

TupucTtopHoe ynpasreHue
CuHXpOHM3auus ynpasneHnsa pene
YMEHbLLEHNE CTOMMOCTH
YMeHbLeHue pa3mepa M1
HesaBucnmas ot aapa nepudpepus
Pabota B SLEEP

[Mpnmepbl NpUMeHeHnd

Q
Q
a

CeTeBble UCTOYHUKM MUTAHNS
Timing Control
BbiTOBas TexHuka

Q YnpasneHuve Tupuctopamu
TupucTopHbie AuMmepbI

ZCD rup

217



S\  Acronym & Peripherals Definitions

MICHDCHIP Summary 2 of 6

Learn more about Core Independent Peripherals & Intelligent Analog at www.microchip.com/CIP

Waveform Generation

PWM Drive & Waveform Generation

CCP / ECCP - (Enhanced) Capture Compare PWM
1. CCP/ECCP: 10-bit PWM control with 16-bit capture & compare
2. ECCP: Addition of auto shut-down control

COG - Complementary Output Generator

Automated complementary output with control of key parameters such as: programmable rising/falling edge events, polarity, phase,
precision dead-band, blanking, & auto shut-down

CWG - Complementary Waveform Generator
Automated complementary output with control of key parameters such as: dead-band and auto shut-down
DSM - Data Signhal Modulator
1. Modulate a carrier signal with digital data to create custom carrier synchronized output waveforms
2. LED Dimming Engine Functionality via interconnection with 10-/16-bit PWM, DSM, & OpAmp
NCO - Numerically Controlled Oscillator & 16-/20-bit Timer/Counter
1. Precision linear frequency generator (@ 50% duty cycle) with 0.0001% step size of source input clock frequency
2. General purpose 16-/20-bit timer/counter
PSMC - Programmable Switch Mode Controller & 16b Timer/Count
1. 16-bit PWM with dedicated 64 MHz clock source and event triggering

2. Automated complementar%output with control of key parameters such as: programmable rising/falling edge events, polarity, phase,
precision dead-band, blanking, & auto shut-down

3. General purpose 16-bit timer/counter
PWM - Pulse Width Modulation
General purpose 10-bit PWM control
16b PWM - Stand-alone 16-bit PWM & 16-bit Timer/Counter
1. High resolution 16-bit PWM with edge and center aligned modes
2. General purpose 16-bit timer/counter
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S\  Acronym & Peripherals Definitions

MICROCHIP Summary 3 of 6

Learn more about Core Independent Peripherals & Intelligent Analog at www.microchip.com/CIP

Timing & Measurements

Signal Measurement with Timing & Counter Control

AngTMR — Angular Timer
Phase angle timer for measurement & control of rotational and periodic events (ex. Motor, AC Mains, TRIAC, etc.)
CTMU = Charge Time Measurement Unit
Time measurement unit that provides method for temperature sensing, time measurements (down to 1ns), and mTouch sensing
HLT — Hardware Limit Timer & 8-bit Timer/Counter
1. Hardware monitoring for missed periodic events and fault detection
2. General purpose 8-bit timer/counter with external reset capabilities
NCO - Numerically Controlled Oscillator & 16-/20-bit Timer/Counter

1. Precision linear frequency generator (@ 50% duty cycle) with 0.0001% step size of source input clock frequency
2. General purpose 16-/20-bit timer/counter

PSMC — Programmable Switch Mode Controller & 16b Timer/Count
1. 16-bit PWM with dedicated 64 MHz clock source and analog event triggering
2. Automated complementary output control of key parameters such as phase, dead-band, blanking, & auto shut-down states
3. General purpose 16-bit timer/counter
RTCC — Real Time Clock & Calendar
Maintains accurate clock & calendar timing with external 32.768 KHz crystal
SMT - 24-bit Signal Measurement Timer & 24-bit Timer/Counter
1. Accurate measurement of any digital signal including: period, duty cycle, time of flight; instantaneous vs. average measurements
2. General purpose 24-bit timer/counter
TEMP — Temperature Indicator
Provides relative temperature measurements utilizing the ADC
16TMR - 16-bit Timer
General purpose 16-bit timer/counter
16b PWM - Stand-alone 16-bit PWM & 16-bit Timer/Counter

1. High resolution 16-bit PWM with edge and center aligned modes
2. General purpose 16-bit timer/counter
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e\

MICROCHIP

Angular Timer

Automatically Converts Timed Based Events to Degrees

Angular Timer (AngTMR)

ABTOMaTMYECKN NpeaocTaBnsieT npeobpasoBaHme
dbasbl B yrnoBble BENUYUHBI ANA yNpaBneHus
BpaLlaloLLMMNCS UM NepUoanN4ecKkuMm cobbITUAMM

MoTopsbl, CeTeBble YCTPONCTBA, Tpuaku,...

NMpeobpasoBaHne BpeMeHN BXOAHOMO CUrHana B
YrrnoBble BEMNMNYNHBI

dopmupoBaHue npepbiBaHKs Mo yriny
[eTekTnpoBaHna nponycka nmnyrbsca
Ynpowaet pa3paboTky koga

[Mporpamma onepupyeT 3Ha4eHUAMM YrnoB
ABTOMaTM4yeckas noacTponka NsmMeHeHus

a

o

AC Source

a

a
a

Q

U:’.‘A

4acCTOoThl

[MpoLue BblYUCTIEHUS

180¢°

3600

JlocTOMHCTBA

Q

o000

Bbicokas TO4HOCTb

YBenuyeHue bbICTpoaencTaus
YMeHbLUeHne pa3mepa Koga
HesaBucnmas ot agpa nepudpepus
Pabota B SLEEP

[Mpnmepbl NpUMeHeHnd

Q

a
a

YnpaeneHvne gBuratensimm
(3aneKkTpn4ecKkNMn N BHyTPEHHETO
cropaHums)

BbiTOBas TexHuka
OcBeLlleHune

270°

993JN0S |euolleloy

220



S\  Acronym & Peripherals Definitions

MlCROCHlP Summary 4 of 6

Learn more about Core Independent Peripherals & Intelligent Analog at www.microchip.com/CIP

Logic & Math

Customizable Logic & Math Functions

CLC - Configurable Logic Cell
1. Integrated combinational & sequential logic
2. Custom interconnection & re-routing of digital peripherals
MULT - Hardware Multiplier
MULTIPLY function of two 8-bit values with 16-bit result
MathACC — Math Accelerator
1. MULTIPLY, ADD, ACCUMULATE functions of 8-bit/16-bit values with 35-bit result
2. Calculates a 16-bit PID function based on configurable Ky Ki, Kq constants with a 34-bit result

Safety & Monitoring

Hardware Monitoring & Fault Detection

CRC/SCAN = Cyclical Redundancy Check with Memory Scan
1. Automatically calculates CRC checksum of Program / DataEE memory for NVM integrity
2. General purpose 16-bit CRC for use with memory and communications data
HLT — Hardware Limit Timer & 8-bit Timer/Counter
1. Hardware monitoring for missed periodic events and fault detection of external hardware
2. General purpose 8-bit timer/counter with external reset capabilities
WWDT - Windowed Watch Dog Timer
System supervisory circuit that generates a reset when software timing anomalies are detected within a configurable critical window
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R\ Math Accelerator

MICROCHIP Hardware Accelerated Math Functions
Math Accelerator (MathACC) [locTonHcTBa
a MATH & PID cyHKummn O YCKOpeHue BblYMCITEHUN
o  dyHkunm MULTIPLY, ADD, ACCUMULATE O YMeHblUueHne pa3mepa Koga
o 8-bit/16-bit 3HayeHns ¢ 35-bit pesynsraTtom QO YckopeHue PID ynpaBneHus
o Yetblpe pexuma o [lepudepna Hesasucumasg ot Agpa

a  Multiply and Accumulate (MAC)
a Add and Multiply
a  Simple Multiplier
o 3HakoBoe n bes 3HakoBoe yMHOXeHWe
a [Mporpammunpyemsint PID KoHTponnep

a 16-bit PID dyHKUMKM Ha ocHoBe
KOHpUrypupyembix koadpdpuumneHTtoB Kp, Ki,
Kd ¢ 34-bit pesynsraTtom

[Mpnmepbl NpUMeHeHnd

O YnpaeneHwe gsuratensmu

o Uwndposas unsrpaums

Q YnpasrneHue Temneparypou n gp.

oV v+ (b-x - b <ly)

- Ky, d/.} )

1;) 7Y P
o l")a‘,i’#\»!g"di 2€9)
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R\ Math Accelerator (MathACC)

MICROCHIP 16-bit math in an 8-bit machine

O0630p

[1Ba OCHOBHbIX peXxuma:.

®* ACC+=(A+B)*C
®* Be3 3HakoBoOe cnoxeHne/yMmHoOXeHue 6e3 HakonneHus
®* 3HaKkoBoOe cnoXxeHne/yMHoOXeHue 6e3 HakonsieHus
®* Be3 3HaKoBOe CrnoXxeHue/yMHOXeHue C HaKonneHnem
¢ 3HakoBoOe crioXeHue/yMHOXeHue ¢ HaKonseHus

® Bbluncnenune PID (mode 101)
® PID =Kp + Ki/s + Kd*s

*YnpaBneHue pexnumamum yepe3 PIDXCONDbits.MODE
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R\ Math Accelerator

MICROCHIP Uundposon KUX counbTp

Finite Impulse Response (FIR) Filter:
y[n] = bo*X[n] + b1*x[n-1] + ... + bk*X[n-k] (ACC +=A * B)
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e\ 0630p CLC

MICROCHIP

e CLC 31O nepudpepusa c
KOH(pUrypupyembimm 6a3oBbIMU
JTIOrTM4YeCKUMUN arfieMeHTaMumn
e KombunHavumoHHaga noruka
e [purrepol i '
e 3alllenku =

BHeEeWWHNMMU CUTHaJ1aMU
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e\ [Tpumepbl

MICROCHIP

Mepuarowmmu ceetoanos
o Hacrtpauaetcs nepudpepus
a 1xTanmep n/unu WAM
a CLC
O CKBaXXHOCTb MEHSIETCS aBTOMaTUYECKM

nord1 CLC2

CLC1

01/«, Q J Q
wum 1 \ TMR 1 >
¢ D & «—Lp

N

K Qp- CLC1 D1
WnUMm 2 &/ 7
R1 D m

ry g4
norA CLC3 K <« »l
o — [ bl
TMR2 ¢ s
K Q-

01 ' Ch L) +f

02 Ch2 {3 tf

00 Ch1XORCh2 {3 tf
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e\ [Mpumepsbli

MICROCHIP

NopaBneHue apebesra
o Hacrtpauaetcs nepudpepus

o CLC
CLC1
Bxop Buixopn
> D af—3
TMR
>

debounced
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e\ [Mpumepsbli

MICROCHIP
KBagpatypHbin gekogep 1 + nogaBsneHue
apebesra CLC2
0 Hactpausaetcsa nepudepus C,(
a CLC k
cLc1
Bxop Brixoa CLC1
»——D af—» - 0
5 cLC1 5 Q2<\ g J o Q K«
Xxoa biXoa <I & >
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c’\ Acronym & Peripherals Definitions

MICROCHIP Summary 5 of 6

Learn more about Core Independent Peripherals & Intelligent Analog at www.microchip.com/CIP

Communications
General, Industrial, Lighting, & Automotive

ACT - Active Clock Tuning for Crystal Free USB
1. Auto-tuning of internal oscillator when connected to USB host (eliminates need for external crystal)
2. Tunes internal oscillator to match accuracy of external clock source
CAN — Controller Area Network
Industrial and Automotive centric communication bus
LIN — Local Interconnect Network
1. Industrial and Automotive centric communication bus
2. Support for LIN when using the EUSART
MAC - Ethernet Media Access Control
10Mb/s Ethernet MAC for direct PHY interface
EUSART / AUSART - Enhanced/Addressable Universal Asynchronous Receiver Transceiver
1. General purpose serial communications
2. Support for LIN when using the EUSART
I°C — Inter-Integrated Circuit
General purpose 2-wire serial communications
SPI — Serial Peripheral Interface
General purpose 4-wire serial communications
Keeloq® Sub-GHz RF — Encrypted RF Transmitter
PIC MCU integrated sub-GHZ RF transmitter with proprietary Keelog® data encryption
USB - Universal Serial Bus
Support for full-speed USB 2.0 device profiles
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@ Acronym & Peripherals Definitions

MICROCHIP Summary 6 of 6

Learn more about Core Independent Peripherals & Intelligent Analog at www.microchip.com/CIP

User Interface

Capacitive Touch Sensing & LCD Control

HCVD — Hardware Capacitive Voltage Divider Hardware GZ2
Simplifies implementation & reduces overhead of mTouch sensing applications
LCD - Liquid Crystal Display
Highly integrated segmented LCD controller
mTouch — Microchip Proprietary Capacitive Touch Technology
1. Capacitive sensing for touch buttons & Sliders
2. Capacitive sensing for system measurements & detection (ex. Water level, intrusion detection, etc.)

Low Power & System Flexibility

XLP Low Power Technology, Peripheral & Interconnects

DOZE - Power Saving Mode

Ability to run the CPU core slower than the system clock used by the internal peripherals
HEF — High Endurance Flash

128B Non-volatile data storage with High Endurance 100k R/W cycles
IDLE — Power Saving Mode

Ability to put the CPU core to sleep while the internal peripherals continue to operate from the system clock
PMD - Peripheral Module Disable

Peripheral power disable hardware module to minimize power consumption of unused peripherals
PPS — Peripheral Pin Select

I/0O pin remapping of digital peripherals for greater design flexibility and improved EMI board layout
XLP —eXtreme Low Power Technology 'g¥

Industry leading low power technology (LF variants only — unless otherwise noted)
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R\ ldle & Doze Modes

MICROCHIP Scalable Performance & Power Consumption
Idle Mode
o CPU ocTtaHaBnuBaeTt BbIMOMHEHNE UHCTPYKLINN
o [Mepudepusa npogomkaeTt paboTtaTb IDLE
0O YMeHbLUeHVe NOTpedneHns Npu NPOAOIMKEHUM yNpaBneHus : < :
cucTeMomn
Doze Mode
o PasnuyHaga TakToBas 4YacTtoTta ansg aapa v nepudepun
o MacwTtabupoBaHue NPoOM3BOAUTENBHOCTU 94pa U
nepudepum PL
o [JdocTtmxkeHue 6anaHca mexay Npon3BoaUTENBHOCTLIO U h
notpebneHnem aHeprum
[locTonHcTBa ] DOZE
o [MpoaneHue cpoka cnyxbbl batapen
O YMeHblleHue noTpebneHnst Ansa ceteBbiX YCTPOUCTB
[Tpumepbl NPUMEHEHNS % g
o [loTpebuTtenbckasa anekTpoHuKa
o  Hatymkum gbima n CO
o bartapenHble npnbopsbl \ :
o [lpubopsbl ¢ TpeboBaHNAMN MUHUMANbHOrO NOTpebneHns B :

XOYLEM pexnme
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R\ Peripheral Module Disable

MICROCHIP Eliminates Power Consumption of Unused Peripherals

Peripheral Module Disable [locTonHCcTBa
Pexum 1: o Hynesoe notpebneHne BbIKMHOYEHHOM
o WHgmeBmayanbHoe OTKNOYeHue nepudepnn nepudepum
o  OrTknoyaeT nepugepuo oT NaMaTm o Ontummsauus notpednexus
Pexum 2 0 YBenuyeHue cpoka paboTbl OT batapen
0  BblknoueHne TakTMpoBaHUS Beell nepudepun O YMeHblUeHWe NoTpebneHuns Ansi CeTeBbIX
YCTPOWCTB
PIC Microcontroller anMepb| NPUMEHEHUS

Memory Map Sy|Stelr<n o barapeniHbie npnbopsbl
Cloc o MpwuBopsbl ¢ TpeboBaHUAMM
‘ MUHUManbHOro NOTpebrneHns B XXayLLeM
Peripheral =5

pexunme
}Q--—» Peripheral

Peripheral g Peripheral

{
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N Peripheral Pin Select

MICROCHIP /0 Pin Remapping of Digital Signals
Peripheral Pin Select (PPS) [ocTonHcTBa
o  KoHdurypmposaHue nodoro umdpoBoro Moayns Ha ntobon 0  OnTMMmanbHOE UCMNOoSb30BaHME
MUH nepudpepun
MpenocTaBnsieT bonbLUe BO3MOXHOCTEN NO ONTUMM3AL M a Ynpowaet cmeHy MK
Mbkasi HacTporka OyHKLNI o OnTnmmusaumsa TpaccupoBKK

000D

MoakntodeHne ogHoun nepudepun K Heckonbkum /O

NepeknioueHne BoO Bpems paboThl Mpumepbl NPUMEHEHNS

o Cuctembl TpebytoLine BbICOKON
- NHTerpaumm
Voo | PIC Microcontroller |V 0 Mepexon ¢ ycrapesLmx MK
o [Npubopbl Tpebytouime onTumanbHOM
[_&--—--mmmm oo > | TpaccupoBku M1 1 MUHUMaNbHbIX
- pa3mMepoB
- j===mmmmmee M
1
L5 g
- -
L_je- Lol |
1
[ dmmmmmmmm M
1
1
& — oo >

238



8-bit PIC® Microcontrollers
MicrocHie General Purpose Family Highlights — Low Pin Count

<Click on product family for details>

: PIC18(L)FxxK22
Ful F%Tgé’uifi'gﬁ%d o 8KB.16KB/2568 EE/256B-5128 FI2
5V, ADC, ECCP, EUSART, SP/i2C @

: : ' PICIx(L)F176x
Partial Family Release to ‘ "m

o LT 7KB — 14KB / HEF / 512B — 1KB: ADC, 10b DAC, HSComp, OpAmps, ‘ ’
PRG, HLT, 16b PWM, ZCD, COG, PPS, DSM, 100mA I/O, EUSART, SPl/I

PIC16(L)F170x
3.5KB — 14KB / HEF / 512B — 1KB: ADC, 8b DAC, HSComp, OpAmps,

In Development

COG, ZCD, CLC, PPS, EUSART, SPI/I?C

Concept PIC16(L)F161x
(subject to change) 3.5KB — 14KB / HEF / 256B — 1KB: ADC, DAC, Comps, CCP, PWM, CWG, CLC, HLT, AngTMR, SMT, WWDT, IXLP
! 9 CRC/SCAN, ZCD, MathACC, PPS, 100mA /O, EUSART, SPI/I2C ‘o
525 L ————
PIC16(L)F183xx
3.5KB — 28KB / 256B EE / 256B — 2KB ol't"' ’

ADC, 5b DAC, Comparators, CCP, PWM, CWG, NCO , CLC, PPS, EUSART, 2x(SPI/I°C), IDLE/DOZE, PMD

' PIC1xF(HV)75x PIC16F527/570
1.75KB — 3.5KB / OEE / 64B — 128B 1.5KB -3KB / 64B EE / 68B-132B 0:4"'
ADC, 5/9bit DAC, COG, HSComp, CCP, OpAmps, SlopeComp, 50mA I/O ADC, Comparators, OpAmps

e T I P ————— —
PIC1xLF155x
3.5KB - 14KB / HEF / 256B — 512B ledwan@ ’“"’

Dual ADC, PWM, EUSART, SPI/I2C

—_—
PIC1x(L)F150x
1.75KB — 14KB / HEF / 64B — 512B ’l(".
ADC, 5b DAC, Comparators, PWM, CWG, NCO, CLC, EUSART, SPI/I2C

—
PIC10(L)Fxxx PIC1x(L)F157x

384B — 896B / OEE / 16B — 64B 0|4 " 1.75KB — 14KB / HEF / 128B — 1KB Oll "
Smallest form factor with CIPs

ADC, 5b DAC, Comparators, CWG, TEMP, 16b PWM, PPS, EUSART

6 Pin 8 Pin 14 Pin 18/20 Pin
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8-bit PIC® Microcontrollers
Microchip General Purpose Family Highlights — High Pin Count

<Click on product family for details>

PIC18(L)FxxJ94 (64/80/100pin)
32KB — 128KB / OEE / 4KB: 12b ADC, Comp, ECCP, CCP, RTCC,

CTMU, PPS, 4xEUSART, 2x(SPI/I>C), USB, LCD

8KB — 128KB / 256B — 1KB EE / 512B — 4KB ’l(".

PIC18(L)FxxK22 (28/40/64/80pin)
5V, ADC, ECCP, CCP, CTMU, RTCC, 2xEUSART, 2x(SPI/I2C )

PIC18(L)FxxK40 (28/40/64pin) 1
| 16KB-128KB/256B-1KBEE/1KB-4KB: ADC?, DAC, Comp, PWM, CCP, CWG, HLT, WWDT, CRC, Hardware @[>, 0|'¢"'
| ZCD, PPS, 5xEUSART, 3x(SPI/I2C), IDLE/DOZE, PMD

PICIX(L)F177x
7KB — 28KB / HEF / 512B — 2KB: ADC, 10b DAC, HSComp, OpAmps,  h{lly
PRG,HLT,16b PWM,ZCD,COG,PPS,DSM,100mA I/0,EUSART,SPI/I2C

PIC16(L)F178x
3.5KB — 28KB / 256B EE / 256B — 2KB XLP]
12b ADC, 5/8b DAC, HSComp, OpAmp, CCP, PSMC, EUSART, SPI/I2C

PIC16(L)F171x
7KB — 28KB / HEF / 512B — 1KB: ADC, 5/8b DAC, HSComp, OpAmps, 0:«"-
COG, NCO, CCP, PWM, ZCD, CLC, PPS, EUSART, SPI/I2C

. PIC16(L)F188xx

7KB-56KB/256BEE/512B-4KB: ADC?, DAC, PWM, CWG, NCO Hardwaro@ 'llla

HLT, WWDT, CRC, CLC, ZCD, PPS, EUSART, 2x(SPI/I2C), IDLE/DOZE, PMD
—

PICIXLF156x
14KB / HEF / 1KB Hardware Q). ol't"'

Dual ADC, PWM, EUSART, 2x(SPI/I2C)

PIC16F527/570
1.5KB — 3KB / 64B EE / 68B — 132B ‘l( "
ADC, Comparators, OpAmps

28 Pin 40 Pin 48/64 Pin 80/100 Pin
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8-bit PIC® Microcontrollers
Microchip General Purpose Families with Specialized Features

<Click on product family for details>

"~ PIC18FxxJ53 PIC18(L)FxxJ94

zZ 64KB — 128KB / 3.8KB: 12b ADC, 32KB — 128KB / HEF / 4KB: 12b ADC, PPS,
< Comp, ECCP, Comms, USB Multiple Comms, Crystal Free USB, LCD
@)
o
(a8
0p)
>
" PIC16(L)F145x
14KB / HEF /1KB Nu"
Comms, Crystal Free USB _
PIC18(L)FxxJ94
32KB — 128KB / OEE/ 4KB
12b ADC, PPS, Multiple Comms, USB, LCD
D '
o PIC18FxxK90
> 32KB-128KB/1KBEE/2KB-4KB: 'l"i'
12b ADC, Multiple Comms, LCD
U T
Q | PIC16(L)F191xx
I= | 7KB — 56KB / 2568 EE / 256B — 4KB: 12b ADC  I{ ¥
fe) | 352xLCD(x8), ChrgPump, Vbatt, RTCC
- PIC16(L)F193x/4x '
(@) 7KB — 28KB / 256B EE / 256B — 1KB: ADC, X ¥ PIC18FxxJ72
b} Comp, ECCP, CCP, EUSART, 2x(SPI/I’C) , LCD 128KB/3923B
0p] 12b ADC, Comp,
PIC16LF190x RTCC, Comms,
3.5KB -4KB/OEE/128B-512B U’( P CCP, LCD, AFE
ADC, EUSART, LCD

8 Pin 14 Pin 20 Pin 28 Pin 40 Pin | 48/64 Pin| 80 Pin 100 Pin
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8-bit PIC® Microcontrollers

Microchip General Purpose Families with Specialized Features

<Click on product family for details>

Intelligent
Analog

" PIC1xF(HV)75x
1.75KB -3.5KB/64B-128B:ADC, 5/9bit DAC,
COG, HSComp, OpAmps, SlopeComp,50mA

- — I

PIC16(L)F178x D
3.5KB-28KB/256B EE/256B-2KB lll "
12bADC,DAC,HSComp,0pAmp,PSMC

" PIC1X(L)F176x/7x
7KB -28KB / HEF /512B-2KB 0'4"'
ADC,10b DAC, HSComp, OpAmps, PRG, COG, 16b PWM, ZCD,100mA

" PIC16(L)F170x/1x
3.5KB — 28KB / HEF / 256B — 1KB:
ADC, 5/8b DAC, HSComp, OpAmps, COG, ZCD, NCO, PPS, CLC

Y PIC16F527/570

1.5KB -3KB/64BEE/68B-132B
ADC, Comparators, OpAmps

mTouch

PIC18(L)FxxK40
| 16KB -128KB/256B-1KBEE/1KB-4KB
. Large Memory, 5V, IDLE/DOZE

HardwareGZD 110y

PIC16(L)F188xx
| 7KB — 56KB/256BEE/512B — 2KB
Peripheral Rich, IDLE/DOZE

PIC16(L)F1512/3
3.5KB — 7KB / 128B — 2568
ADC,CCP,2xEUSART,2x(SPI/IC)

[

PIC1XLF155x

3.5KB — 14KB / HEF / 256B — 1KB
Dual ADC, PWM, EUSART, 2x(SPI/I?C)

4

8 Pin

14 Pin 20 Pin 28 Pin 40 Pin

48/64 Pin

80 Pin

100 Pin
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MICROCHIP

8-bit PIC MCU Peripheral Integration

Quick Reference

Front Side: Product peripheral integration summary

Back Side: Peripheral definition and explanations

@cm 8-bit PIC™ Microcontroller Peripheral Integration ———
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Download Microchip’s NEW 8-bit PIC® MCU Quick Reference at:
www.microchip.com/8bitQuickReference
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N PIC24 “GC” Family T}

MICROCHIP

e 16-bit Sigma-Delta ADC
e High dynamic range & high resolution
e More information (3uV) eliminates need

for amplifier
o 12-bit ADC
e Ultra-high speed data capture at 10 Msps
e High speed sensors, touch, communications Part Number:
e 10-bit DACs bM240015

e Analog control loops, stereo audio
e Stimulus or thresholds
e Operational Amplifiers
e Analog control loops, Microphone pre-amp, Signal conditioning
e 2.5 MHz Gain-Bandwidth, low power mode
e Internal Analog Connection Switch Matrix

e 472 Segment LCD Driver with Voltage Boost

Return to Topics
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R\ PIC24FJ128GB204

MicrocHip Data Protection for Low Power Applications

e Data Protection in Embedded Applications
e Secure Data Transfer & Storage
e Hardware crypto engine (Industry standard AES, DES, 3DES)

e Up to 256-bit AES
e Encryption & Decryption & Authentication

e Random Number Generator (RNG)
e Reach a Higher Level of Data Security
e Reduces Possibility for Hacking

e One-Time-Programmable (OTP) Key Storage
e 512 bits OTP Storage
e Stores up to 4 AES Keys or 8 DES Keys
e eXtreme Low Power Extends Battery Life

e 18 nA Sleep, 200 pJA/MHz Run

e Connection to USB or Wireless Protocols
e Integrated USB 2.0 Device, Host, OTG GB204 PIM (USB)

e Easy Connection to Certified Modules for GA204 PIM (no USB)
WiFi, ZigBee, Sub GHz, Bluetooth LE

1/7/383



AN PIC24FJ128GB204 Family

MICROCHIP Block Diagram

HW Crypto Engine: AES, DES, 3DES

512 bits OTP Key Storage

Random Number Generator

GB w/USB 2.0 (GA without)
Barrel Shifter
2C™ . 2

Address I SPIW/DMA/I2S - 3 I
U

17x17
JTAG & EMU Generation
l ART w/LIN -6 I
l Input Capture - 6 .

MEMORY BUS l Output Compare - 6 I

16-bit Timers -5
64-128 KB 8 KB 6 Channel Charge Time Measurement Unit (CTMU)
Flash RAM DMA 10712 DIt ADC, 12 Channels

00/200ksnH

PIC24F 16 MIPS
16x16

16-bit ALU Register

PERIPHERAL BUS
Peripheral Pin Select
PPS

Comparators - 3

28-pin: SSOP, SOIC, SPDIP, QFN

44-pin: TQFP, QFN




@ PIC24FJ256GB412 Family

MICROCHIP Block Diagram

PIC24F 16 MIPS Hardware Crypto Engine — AES, DES, 3DES
T e Key Storage: OTP & SRAM
: X arre
16-BitALU Random Number Generator
LCD Controller (up to 512 segments)
17x17 JTAG & Address
MPY EMU Generator

MEMORY BUS

USB 2.0

kC™ . 3
. SPIwith DMA/ I’S - 4 .
. UART with LIN -6 .
. Input Capture / Output Compare -6/6 .

MCCP (6-PWM/IC/OC/Timer) -3

.. SCCP (1-PWM/IC/OC/Timer) - 4 .l
64-pin: TQFP, QFN 16-bit Timers - 5

100-pin: TQFP Comparators — 3
121-pin: BGA

64 - 256KB

Flash 16 KB RAM

Peripheral Pin Select
(PPS

PERIPHERAL BUS

Charge Time Measurement Unit (CTMU)

Compared to “GB2”, the “GB4” adds: 10/12 bit ADC, 24 Channels (500/200ksps)

* Higher pin count 10 bit DAC, 1 Channel
* More memory ]

» Dual partition Flash with Live Update Capability
+ Segmented LCD Controller - 2
+ SRAM volatile Key Storage with Internal Write Lock — —
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MICROCHIP

PIC24FJ1024GA/GB10

Large Memories
1MB ECC Flash and 32KB RAM
Dual Partition Flash w/ Live Update

Permits execution from one
partition while writing to
another

Analog Features

24 Ch ADC @ 200ksps

3 Analog Comparators

Charge Time Measurement Unit

PIC24F 18 MIPS

16x16 Barrel

Applications:

Electric Meters, Voltage/Current
monitor, Process control, user I/F,
Data Logger/monitor

Gaming, Thermostats, HVAC control,
Finger print scanner

Wearable fitness, handheld devices

USB - 0TG

SPI w/DMA /¥S - 3
. UART w/LIN -6 l

Low Power Modes

Run: 190 uA/MHz @ 3V
Sleep: 3.2 UA @ 25C
Packaging

QFN (8x8mm)

126 - 1024KB
Flash

ECC Flash w/
Live Update

PPS

.. MCCP /SCCP -3/4 II

IC/oC-6/6

. 16-bit Timers -5 l

MEMORY BUS

Peripheral Pin Select

[
2
o
o |
<
o
w
x
-
o
w
o

10/12 bit ADC, 24 Channels{200/500ksps)
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AW dsPIC33EP512M710

MICROCHIP Dual Motor Control, Dual CAN, Dual ADC

e Key Features
e 12 motor control PWMs to run 2 motors independently
e Dual ADC - 49 channels — can be independently configured as
10bit (1.1Msps) or 12-bit (500Ksps)
e 4x Integrated Op-Amps — smaller designs w/ lower BOM cost

e PTG — programmable sequencer for scheduling complex
sequences of tasks

e 44,64 and 100 pin — TQFP, QFN and TFBGA

e Low-Voltage Motor Control Dev Bundle

e PN: DV330100

e Modular design supports dual motors and both
3V or 5V designs

1/7/389



N dsPIC33EV 5V Family

MICROCHIP

e 5V Operation for more noise immunity
e 7/OMIPS including DSP acceleration

e Advanced Peripherals and Integrated Analog
e 6 PWMs, Op-Amps and 12b ADC for Motor Control
e HW CTMU and SW CVD for Sensing Apps (incl. touch)

e Rich communication peripherals for Automotive
e Integrated CAN options
e First device with SENT module

e Increased Rel. and Safety
e 15t DSC w/ ECC Flash

e Deadman and Windowed WD Timers
e Up to 150C Q100 Grade O for Automotive

dsPIC33EV 5V CAN-LIN Starter Kit
(Part # DM330018)

1/7/3280



AN dsPIC33EP “GS” Series

MICROCHIP

e Next gen Digital Power with 70 MIPS (up from 40 MIPS)

e dsPIC33EP64GS506 - More memory and pins (up to 64 pins & 64KB
Flash)

e dsPIC33EP32GS203 - Cost Effective Digital Power (28 pins, 16-32KB)
e Much more competitive in terms for performance and price

e Flexible Power Conversion

e More nonlinear and adaptive
algorithms to help optimize
energy efficiency (70 MIPS)

e Target Application

e PFC in AC/DC supply, DC/DC
power supplies, HID control, UPS i e o

:

e Solar inverter, HID ballast,

dsPIC33 Core 70 MIPS

Context Sensitive W Regs

Barrel
Registers Shifter

Address
Generation

16-8it ALL

. UART - 2 l
SP1 - 2 .
PC™ . 2

c

Input Capture - 4
M ™
l Output Compare - 4 . 2

16-bit Timers - 5

PERIPHERAL BUS

Peripheral Pin Salect (PPS)

high-end Automotive/Industrial PPy
. . UQFN ( PCI502A qualityable)
LED lighting, Power over 45 PN () TOFP (1050w
S4-pin TQFP (10x10 mm)

Ethernet, and wireless charging
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N PIC32MZ EF Update

MICROCHIP

e PIC32MZEF is an expansion on the PIC32MZEC product line
with a Floating Point Unit (FPU) and a 12 bit ADC.

PIC32MZ EC PIC32MZ EF

330 DMIPS 330 DMIPS

512K-2MB / 512KB 512K-2MB /128-512KB
64-144 pins 64-144 pins

HS USB, CAN, Ether, HS USB, CAN, Ether,
Crypto, 10b ADC . Crypto, 12b ADC, FPU /
— —y

e 100% pin compatible with the PIC32MZEC Portfolio.

e Engineering samples are now in full validation.
» PIC32MZ EF E-temp A2 Rev
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S PIC32MZ EF Family Block

MICROCHIP

Advance Information
HIGH SPEED BUS MATRIX

3§ $

System Inst i
QYSS Cache | Cache | 2 MB Flash

Resources ' MIPSY
o MIPS Dual Panel 12-bit ADC

WDT microAptive™ .
32-bit CPU + Dsp + | Live Update 6 Modules

OV
jaulayly
uondAiouz

POR Reset
DP FPU Pre-fetch Comparator x2
BOR Reset

PLL Peripheral Bus (SYSCLK)

Xtal Osc
8 MHz Osc
32 KHz Osc

JTAG

-

Peripheral Pin Select (PPS)

ol
= 1o
w0

o
=
m
P
—_—
©

30 / NW\d
g1 Lyvn
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PIC32MZ EF

MICROCHIP

ADC, FPU Highlights

ADC Features:
e12-bit / Up to 48 Input Channels
¢18 MSPS through put

o5 converters 3.125 MSPS per converter and one
shared at 2.94 MSPS

eTypical AC Characteristics

eDifferential Non-linearity £1 LSB
eIntegral Non-linearity +3 LSB
eGain Error £8 LSB

ADC Benefits:

Single-ended and/or differential inputs
Can operate during Sleep mode
Supports touch sense applications
Two dedicated ADC modules can be combined in
turbo mode to provide double conversion rate
(clock sources for combined ADC modules must be
synchronous)
Six digital filters supporting two modes:

« Oversampling mode

* Averaging mode

Floating Point Unit (FPU)- Features:

O
O

Executes 1:1 Core:FPU clock ratio

Single and double precision IEEE 754 compliant
FPU

Dedicated 7-stage pipeline, operating in parallel
with core integer pipeline

Supports both MIPS32 and microMIPS instructions

Floatlng Point Unit (FPU)- Benefits:

O

Improves code density and performance on
applications that require complex
computations.

Most instructions execute with 1 cycle
throughput and 4 cycle latency.

FPMark Benchmarking Results

Workload MCU(No FPU)|PIC32MZ(W/FPU), (FP_L_I::;?OFPD
atan-1k 4432 1062.13 23.97
blacks-sml-n500v20 0.81 169 2.09
homer-sml-1k 18.07 119.95 23.24
fincar_alg-sml-50x50 102 845 828
Joops-all-tiny 349 2923 838
radix2-sml-2 50.98 363.31 713
+plpx-sml-c100n20 19.44 53.36 274
ray-64x48atds 0.03 053 17.67
nnet-datal 421 2956 7.02
Geometric mean of scores 4.04 3373 8.35

http://www.eembc.org/fpmark/
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PIC32MZ EF Family

200MHz / 330 DMIPS, Up to 2MB Flash / 512KB RAM
Core Flash Packages Analog Timing Communication Exét;gal Other
RAM 9 Modules Resources Modules Modules
Access
2 MB
512 KB
MIPS microAptivT™ 512KB 64L TQFP 6 Converters 4-512C Hardware Crypto
200 MHz 64L QFN 9x9mm | @ 4 Msps 9 Timers 4-6 SPI/12S sal Module
330 DMIPS 100L TQFP each 9 Input Capture PMP
1 MB 144L TQFP 24 - 48 Ch |9 output Compare | 1 HS USB + PHY EBI PPS
MMU, DSP, DP 256 KB 144L LQFP RTCC 110/100 EMAC
FPU, DMA 124L VTLA 2 Analog 0 or 2 ECAN 2.0b
Comparators
512 KB
128 KB
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N MPLAB Harmony Update

MICROCHIP

V1.07 — February 2016

e Top Bug Fixes

e PIC32MZ DA EA support

e GFXLiband MHGC

“Flashy” GFX Demos
WVGA LCCG support
External memory support

e Thumbnail view for screens

e Updates to static drivers

e RTOS support for FPU

e Updatesto TCP/IP SSL/TLS

e chipKIT BSPs (2) and demo applications
e Segger emWin Pro library archive

e Pin Diagram and Pin Table Export

e Configuration Import/Export/Move/Copy
e BT SPP demo Display support

S HARMONY

Integrated Software Framework
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MICROCHIP
MPLAB® Code Configurator
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S MPLAB® Code Configurator

MICROCHIP

R rEVn wh .l V:G!.jv.'h Scrochp
@Mu:nocuw ¢ e g

‘L:‘A.)l!!l Data Shaots

PRODUCTS APPLICATIONS DESIGN SUPPORT TRAINING SAMPLE A BUY ABOUTUS  Coniact s  myMcrochs Logm

MPLAB® Code MPLAB’ Code Conﬁgurator (MC*)
Configurator (MC®) .u.n‘. )
Conﬂgum remet
2y 20 Ue dey merd platior

MPLAB*® Code Configurator Plugin
Is avallable now in the MPLAB" X IDE

MPLAB' Code Configurator Features

3
© Leeniage ey and Jrashealimes wielace s = i a |

. MOMFW\« Mukoml 3 dy
Deveraied coee n 0e devgowd Ar effoeet =
mmmmr-'yu sreza

ot maye & seiaige

- Innovative new easy to use plug-in tool for MPLAB® X IDE

- Generates seamless, easy to understand drivers and intilizers that are inserted
into your project

- Easy migration between similar products and peripherals

http://www.microchip.com/mcc
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S MPLAB® Code Configurator

MICROCHIP

Projects || Fites m. @ MALAB® Code Confgurater m s vil=lla] |: mcc P anager @
POJeCtRESOUNCEE | i e pei— [ ey o s A M
L System (G Code () ©) |schemmecss | [ Pnsenager>> | 23fER288523
' Interrupt Marager 1 Ire Defadt - @)% . - 40 - P
ﬁ GOLO::GP10 x s - MOV ITEE )4_: NE
7 ADCEADC x | | Enae usarT (¥ Baudrate: 9500 » Ermoe: 0,1602575€ a4 Rco
1 | FUSAR 5 . #18 = faa
- ‘ TEUSARY As ) | | Enable Trarssut Transmisson: (& 8 bt oot L - o I 0 fA)
( THRO=Temer x 1| |5 ) : ~ - #10 = 20 vas
- VR-FVR Enabie Contincus Redeve Recephon: @ ant bt VS Q & VDO
] THR2:Tamer « |1 @] | Auto8SaudDesection Clock Polanty: @ Nonnverted « Irverted /00 I 7 IO RE
A = E0O | & PIC 3 2 RE
o HCPizfnhanced PWM x Enabde Addhess Detect Enalde Wabe wp LEDOY [ 0 25 REO
LEGOZ 5] 10 24 RAS
z Enable USART Internupts iV Aedrect STDIO to USART LEDOS = B 0
5 I3 45 MM IT 1810202122
| Eneble Transmit Interrupt [/ Trarmmit Suffer Soe: 8w Dytes TN NERE N
g 13;";:#\:‘01’!
| Enable Recetve Interrupt |4 Receive Buffer Sue:’ [Baas! Byies ‘EREBBLIZEE
~w
Package TQPPS4 » | Reyerse An Order | Vertical @ Monzontsl
19 20 231 22 23 24 31 0 8 9 10 1%
Modue Function
GPI0 10
_ADC. __}_Chend
EUSART TR
EUSART 0T
T™MRO TOCKI
[Se< ) PIA
ECCP1 ":ﬁ‘ oo
ECCP1 PIC
£0CP P

« Easy to use GUI that dynamically generates code for peripherals, device
configurations and 1/Os.
» Integrated into MPLAB® X (IDE) to provide a very powerful and extremely easy to

use development platform.
« Simplifies the device initialization and helps drastically reduce time to market
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MICROCHIP
MCP37231-200

High-Speed ADC
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S MCP37231 High-Speed A/D

MICROCHIP

e Lowest power 16-bit ADC at 200Msps
e <500mW compared to >1W of other suppliers

e Among highest accuracy
e ~74dB SNR, ~90dB SFDR
e On-chip decimation filters; additional 2-3 dB improvement

e High speed mux with fractional delay recovery

e Integrated Digital Down-converter (option)
e Enables mixing down of sampled input frequency

e CW beam forming for sonar or ultrasound applications (8-ch
mode)

e Improves system complexity and power usage
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N Typical Applications

MICROCHIP

e Communications
e Test equipment
e Base stations
e Broadband wireless
e Antenna array systems

e Aerospace
o Military
e Industrial
e Test equipment

e Medical
e Scanners
e Low-integration ultrasound
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S MCP37xxx Evaluation Tool

MICROCHIP

e MCP37xxx Evaluation Tool

e MCP37xxx-200 Evaluation Board (ADMO0O0505)
e MCP37xxx Data Capture Card (ADMO00506)
e PC Graphical User Interface
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Analog Power Products
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N Power Analog Portfolio

MICROCHIP

Flexible

* Intelligent

MCU Attach

Automotive Expertise

- Lower Power Consumption

>

- « Small Packages
Micrel | - High V/I (Power) Regulators
~« High Integration Power Module

/' Classic
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R\ Microchip Power
MICROCHIP Conversion Portfolio

Input Voltage (V)

600V

120V

D
o
<

IN
o
<

Linear and
Swiching Regs

Future Expansion Will Fill Gaps

Integrated Switching Reqgs, Controllers

and Modules
IC28511, MIC45208

MAQ5282
MIC5283

PIC
Integrated DEPA or (MCU + PWM or
Reas || penimod CONTROLLERS) dsPIC
+ External MOSFETs +
MCP16301/H ' MOSFET
MCP16311/2 + MCP87xxx - HIGH Drivers

MCP1703A
MCP1754/5

SPEED MOSFETs

<1W <10W <50W <150W  300W<
Power (Watts)
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W L DO Product Line

MICROCHIP Summary
e Micrel LDO strength e Classic APID LDO
e Upto 120V LDO strength
regulators e Known for its family of
e Cost effective high low power LDOs
current LDOs e Broad range of
e Known for its 1A, 2A, automotive qualified
3A and 5A LDOs LDOs
e Multi-channel LDOs e Excellent high
e Ripple Blockers performance products

RIPPLE BLOCKER"
A MICRAEREL PRODVOY
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MICROCHIP

LDO Portfolio

Type | M InPut o ma ~ 150 mA ~ 200 mA ~ 300 mA ~ 500 mA
Voltage m m m m ~ 400 mA m ~1.0A | ~1.5A | ~3.0A | >3.0A
Single Single Dual Single Dual Single Dual m Single Dual
MIC536x |MIC5310 MIC5504 MIC5524 |MIC5355|MIC37120|MIC69151|MIC69301|MIC68400
35V [MICS2531 \ics301 [mics3ax| MIC2367 [MICS38X) )y e ang [MICS3IX| MICS325 1) o519 | MIcs356|MIC37122| MIC69153 | MIC69302| MIC69502
Standard MIC5252 MIC5249 MIC35152
MIC5353 MI3710x
Type TC1070 | MIC525x . MIC5318 . MIC3715x| MIC3730x | MIC3750x
6.0V | 12054 | Tc1186 |MIC5294] ™ 300mA MCP1824S S MTg;f%S mgiiggg MCP1727 |MIC47300|MIC49500
TC2185 TC1107 MCP1827
7.0/8.0V | MIC5232 MIC29311
Low Iq MCP1810 .
(<2um) ; MIC5231 | MCP1711 MCPLI03 500mA |MIC47050
High PSRR MIC5281 MIC5309 B
(280dE) ; ViCha700| MIC5308 MIC94310 e 500mA |MIC94325 MIC47100
Small MIC536x
Package - ViCpaany |MICS38x| MICS36X MIC550x |MIC5399| ~ 500mA | MIC5524
MIC5205
MIC5231 MIC5219 MIC2931x| MIC2951x
Med Input| 12V -22V | 2227 | MIC5225 MCP1702 MCP1755 MIICe 200 MIC3910x | MIC3815x|  “02 | O 200
MCP1754
MIC528x | MIC528x ** MIC2950x
High Input| >2av | MIC5233| MIC295x MIC2954 MIC2920x| MIC5239 MIC294xA| MIC2915x | MIC2930x| ¥ 20
MCP1790| MCP1804
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@ Switching Regular Product

MICROCHIP Line Summ alry
e Micrel switching e Classic APID

regulator strength switching regulator

e Higher voltage and strength
current capability e Built-in Intelligence

e Higher switching e Optimized, High-
frequency allows small efficiency power
iInductor designs conversion

e Multi-phase and Multi- e Low power, low
channel switching startup voltage

regulators regulators
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’ High Efficiency and High
M.cg\cmp Power Density Switchers

e Support up to 12A in Small Power

Package
e Lower System Cost L
e Easy Design o
1”X1” size on single side PCB

e Excellent Thermal Performance
e High Efficiency

: |raa
” s

.
B

o I
a0

12V to 1V,12A at 600KHz P48
Room Temp, No Airflow 0.41in2 size on
MIC24056 raise only 27°C at 12A double side PCB
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Fully Integrated Power
Mlcnco:mp Modules

MIC28304
> .
o
N~
8
o
- 12x12 x 3 c
L Lower BOM cost! £ I -
(q\]
—
f MIC45205 \ f MIC45208 \ f MIC45212 \ < >
> + 12 mm
&
T B g
o
> 8x8x3 10x10x 4 12x12x 4 5
_ VAN VAN Y,
\ 4
3A 6A 10A 14A
Excellent MET, SREL AL "=
EMI .
Superior Performance! £ » —— |
$ W WP
Thermal f . A A
Performance! S Te TR e T e Te

Freowery MH:|
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S MIC45116 20V. 6A Power Module

MICROCHIP
Features: Applications:
Ease of use Integrated Power Module o Telecom

e Integrated Controller, MOSFETs and
Power Inductor

Reduces external component count
Fixed 600kHz Switching Frequency
> 93% Efficiency capable

0.8V to .85xVin Output Voltage Range
-40°C to +125°C Junction Temp
HyperLight Load Mode - MIC45116-1
Hyper Speed Mode — MIC45116-2
Packaging

e QFN (8x8mm)

Evaluation Board

e MIC45116-1YMP EV

e MIC45116-2YMP EV

VIN

Networking Switches & Routers
DC — DC Power Distribution
High Power Density Applications!
FPGASs, Processors, Industrial

PVDD

10k

AA

t 5VDD

PG

PVIN

Cin

—

vy MIC45116

EN

VOUT

FB

SW

ILIM

No External
Inductor!
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e\

MIC45404

MicrocHIP 19V/5A Ultra-Low Profile DC to DC Power Module

Features:

e Wide Input Supply Voltage: 4.5V-19V %

e Output Current: Up to 5A

e Pin-Selectable Output Voltages: 0.7V-3.3V
e Supports Pre-Biased Start-up *

e 82% Peak Efficiency at 12Vin, 0.9Vout %

e Internal Soft Start

e Thermal Shutdown

e -40C to 125C Junction Temperature *

Packaging

e 54L QFN (6x10mm)

Application

S.

e FPGAs, Low-Voltage ASIC Power
e Telecom
e Network Switchers and Routers
e Server Storage
e DC Power Distribution
e Solid State Drives

VDDA

L
vV i Vo
45V10 19V Vooa  GND ouT ——a
ma OUTSNS ] 1
rl—GND
= COMP AA/»—{ }j é
VJDA_I_ —
Frequency MIC45404 Vooa =
Selection . ‘\_FREQ VOSET1 _J_I._
— Output
. = Voltage
VDDA ;
Current Limit:r_w:\‘_I —I—VDDa Selection
Selection_L Litd VOSETO e s
= PG EN/DLY 1
Power-Good

Enable »

MIC45404 12V 5A DC-to-DC Converter
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S MIC24046 19V, 5A Switching Reg.

MICROCHIP

Features:

Ease of use Switching Regulator

e Integrated Controller, MOSFETs and
Feedback Resistors

Pin Programmable: V1, Fsws loyr Limit
9 programmable V7 settings

3 Switching Frequency Options

3 Current Limit Options

Reduces external component count
-40°C to +125°C Junction Temp

Packaging
e QFN- 20 (3x3mm)

Evaluation Board
e MIC24046YFL EV

Applications:
e Telecom
e Networking Switches & Routers
e DC - DC Power Distribution
High Power Density Applications!

e FPGASs, Processors, Industrial

. L H T

45V TO 19V

=

i
T

VODA-:-
FREQUENCY
SELECTION ’:*

vV

CURRENT OO/

LIMIT oo
SELECTION -
<7

PGOOD #—
ENABLE g———]

VINLDO VDDA

VIN

PGND

vDDP

{FREQ

ILIM

PG
EN/DLY

MIC24046

AGND BST

LX
OQUTSNS

COMP

VOSET1

VOSETO

—

-9-VDDA
L]
ol OUTPUT
6 VOLTAGE
-t—VDDA SELECTION

-0
®
A4
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N Hybrid Controllers

MICROCHIP

e UNIQOUE: Analog Performance with
Digital Flexibility!

e Excellent Transient Performance
e Responds quickly to step-changes in current

e Digital Interface
e Offering COMMUNICATION and CONFIGURABILITY!

e Wide Input Voltage Operating Range

e Integration =» Small & Standalone

e Analog PWM Controller, MCU, Synchronous MOSFET
Driver, and bias LDO
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' Simplified Block Diagram
Mlcncot\:nlp MCP19119

@Mu:nocmp MCP19118

MCP19118 Digitally Enhanced Power Converter

8-bit MCU Analog Control and Power Stage Vin qu?ronbg
opology
R e R s S
sy Il s s o s |
I
I
|
I
E 11
| !ﬁ; ’ Vour
' —
| T~
|
E |
|
|
|
_______________
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@ MCP19118/9 and the Digitally

microchie  ENhanced Power Analog Pg ! II|o
— MCP19110/1 | "MCP19118/9

Integrated PIC™ MCU Yes Yes
Power Topologies Boost, SEPIC,
Supported Cuk, Sync Flyback SPILS LS SPILE [ElULS
Input Operating Voltage 4.5 — 42V 4.5 - 32V 4.5-40V
Output Voltage 1V — 200V~ 0.6V —90%*V,, 0.6V —90%*V,,
Compensation Network External Internal Internal
32kHz — 2MHz,
Switching Freq Quasi-Resonant  100kHz — 1.6MHz LUl rds
1.6MHz
Mode
Flash Memory 4kW 4kW AkW
Communication 5 12C, PMBus™ 12C, PMBus™
12C . :
Interface Compliant Compliant
GPIO Available Yes (10/ 12) Yes (10/ 14) Yes (10/ 14)

* With resistive divider network for voltage feedback signals
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@ MCP1501 High-Precision Voltage Reference

MICROCHIP

Features: Applications:
e Initial accuracy: 0.08% * e Data acquisition systems
e Temperature coefficient: 10ppm/C typical and e Medical equipment

50 ppm/C max e Industrial Controls
e Lineregulation: 50ppm/V e Sensor Conditioning
e Load regulation: 40-70ppm/mA e Portable instrumentation
e Output noise: <20uVp-p * e Precision Reference for standalone ADC
e Shutdown operating current: 205nA
e Source/sink: 20mA oV MCP1501-25
e 8voltage options:1.024V, 1.25V, 1.8V, 2.048V, O— o FEEDBACK 8

2.5V, 3V, 3.3V, 4.096V % oo o888
° -40C to +125C Junction Temp 2.2 yF—— o

SHOM GND| 6

Packaging T 22pF

e 8L (2x2mm) WDFN, 6L SOT-23, 8L SOIC

GND GND| 5

l ) Virer ¢

MCP3201 E E— 10 pF
IN-
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Q

PAC1921 High-Side Power/Current Sensor

MICROCHIP
Features: Applications:
e Configurable Measurement Type Output: e Networking
Power, Current, or Bus Voltage * e Power Supplies
e Configurable Voltage Output(3V, 2V, e Servers
1.5V, 1V) e Industrial Automation
e Power Measurements provided to e Power Distribution

microcontroller with ADC inputs X

Second Order Delta-Sigma ADC with
11bit or 14 bit resolution s

e Selectable current gain: 1X-128X
e 2 Wire digital, 12C compatible

e Busrange 0V-32V 4«

e Power Supply: 3V-5.5V
Packaging

10L VDFN (3x3mm)

Evaluation Board

ADMO00592

. Rsense
Vus = 0V to 32v TOw ISENSE ——s |

L

J0Vio 55V

PAC1921

SM_CLK SM_CLK

SM_DATA SM_DATA

MCU

READ/INT GPIO

ADDR_SE| ouT




R\ MCP14A0153/4/5
MicrocHir  Single Low Side Mosfet Driver

Features:

High Peak Output Current: 1.5A
Wide Input Supply Voltage: 4.5V-18V

Low Shoot-Through/Cross Conduction
Current %

High Capacitive Load Drive Capability
- 1000pF in 11.5ns *
Low Voltage Threshold Input(0.8V-2V) %

Latch-up Protected: Withstands 500mA
reverse current

Packaging

8L MSOP/SOIC, 8L TDFN (2x3mm)

Applications:

e Switch Mode Power Supplies
e Pulse Transformer Drive

e Line Drivers

e Level Translator

e Motor and Solenoid Drive
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\ MCP39F521
@ Single-Phase Power Monitoring IC

MICROCHIP

with

2C

Features:
e Power Monitoring Accuracy of 0.1% x
Error Across 4000:1 Dynamic Range
e Dedicated Zero Crossing Detection (ZCD) pin %
e Built-in Calculations %
- Active, Reactive, Apparent Power
- True Root Mean Square(RMS) Current, RMS
Voltage
e Low-Drift Internal Voltage Reference 10ppm/C
e |2C Interface, up to 400kHz
e -40Cto 125C Junction Temperature

Packaging
e 28L QFN (5x5mm)

e Demo Board ADM00686

nterface

Applications:

1-® Power

Home Automation Power Monitoring
Industrial Lighting Power Monitoring

Real-Time Input Power Measurement of
AC/DC Supplies

Intelligent Power Distribution Units
DC Power Distribution
Solid State Drives

I
[
[
[
[
f
[
[
I
[
I
I
I
[
I

/ & PFC Converter
¥ ¥ Capacitars

Fter J Bridge I pc/c

MCP39F521 Isolation

+

Vi
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@ MCP39F511N
Single-Phase Power Monitoring IC

MICROCHI with Neutral Monitoring
Features: Applications:
e Power Monitoring of Two Loads *x e Home Automation Power Monitoring
e Capable of 0.5% error across 4000:1 dynamic e Industrial Lighting Power Monitoring
range e Real-Time Input Power Measurement of
e Built-In Calculations: % AC/DC Supplies
- Active, Reactive, Apparent Power e Intelligent Power Distribution Units
- True RMS Current, RMS Voltage e DC Power Distribution
- Line Frequency, Power Factor e Solid State Drives

e Dedicated Zero Crossing Detection (ZCD) Pin *

MCP3aF521 solation
e Demo Board ADM00706

. : 1-0 Power
e Dedicated PWM Output Pin e
e Low-Drift Internal Voltage Reference: 10 ppm/°C : !
typical | |
o\ I+
e 28-lead (5x5mm) QFN package . j I converter AL
|
e Extended Temperature Range -40°C to +125°C | XY Capacitor : '
l |
l |
' |
: |
l |
' |
: |
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MICROCHIP

Digitally-Enhanced Power
Analog Controllers

Return to Topics



N Hybrid Controllers

MICROCHIP

e UNIQOUE: Analog Performance with
Digital Flexibility!

e Excellent Transient Performance
e Responds quickly to step-changes in current

e Digital Interface
e Offering COMMUNICATION and CONFIGURABILITY!

e Wide Input Voltage Operating Range

e Integration =» Small & Standalone

e Analog PWM Controller, MCU, Synchronous MOSFET
Driver, and bias LDO
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' Digitally-Enhanced and
Mlcnﬁo::mp PWM Controllers

Digitally-Enhanced Synchronous, Asynchronous
Power Analog Step-Down PWM PWM Controllers
Controllers Controllers

MCP1630/V

MCP19110/1 MCP19035 M'élg_h dSpetec:) ’|
32V Enhanced Power 30V Standalone incl. adaptabie
Analog Controller w/ LDO and Integrated
Synchronous Driver MOSFET Driver MCP1631/V

Step-Down Topologies HV version incl.
LDO for 16V

Operation
MCP19118/9

40V Enhanced Power

Analog Controller w/ MCP1632
Synchronous Driver 300kHz/600kHz
Step-Down Topologies Controller

MCP1650/1/2/3
MCP19114/5 750kHz

42V Enhanced Power
Analog Controller w/
Synchronous Driver
Step-Up Topologies

Controller

<< BACK
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. Whatis Digitally-Enhanced

MICROCHIP Power Analog?

Fully _ Fully
oigral - Analog
Control Control

144%
PWM Generator MOSFET MOSFET
Peripheral Driver Driver
Vs
Amp
(Coefficients & Veg
Operating Set point) : Compensator Comp

Controller

“Digital” Control

“Analog” Control
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. Whatis Digitally-Enhanced

MICROCHIP Power Analc)g?

Fully _ Fully
Digital Hybrid Control Analog
’ (Analog + Digital)
Control Control

c\ MICROCHIP AN l

lrs

— BNRRIRN \OSFET To
Comp. Drivers MOSFETs

_ Error V|:B
Supervisory 4 Amp - Vrer

Microcontroller

Internau
LDO

“Digital” Control “Analog” Control

Compensator
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R\ Analog Performance with
MICROCHIP Digital Flexibility

e Excellent Transient Performance
e Responds quickly to step-changes in current

e Digital Interface

e Offering COMMUNICATION and
CONFIGURABILITY!

e Wide Input Voltage Operating Range

e Integration = Small & Standalone

e Analog PWM Controller, PIC™ MCU, Synchronous
MOSFET Drivers, and bias LDO, Low-Side Controller
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N Typical Applications

MICROCHIP

e Power Supplies, Point-of-Load
e Power Supply Modules
e USB Power

e Battery Chargers

e LED Drivers
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R\ Embedded Power
MICROCHIP conversion

- Embedded Power Conversion

+ Vin =12V

. Vgur = 1.2V, @ ~25A

.- Target Market: Networking/Server

/. Core Value: )

- Configurability over I2°C™/PMBus™ communication interface

- Supports late-stage design changes, manufacturability, and
adjustments due to field-reliability data

- Adjustable, on-the-fly, compensation supports component

\_ aging. y
Ofﬂ I ne ] V=12V M C P 19 111 Programmable Vout, lout,
AC/DCJ P rog ramm able > Adjustable Compensation,
DC/DC and Protection Thresholds
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S\ Power Module

MICROCHIP

- Fully-Integrated Power Module IC
« V|y = 5-24Vpc
« Vour = 0.8 =5V
.- Target Market: Drop-in Power Conversion

. Core Value: A
- Optimized Inventory Management, Single-stock item
L programmed per end-customer specification. )

/

\
_ Configurable
MCP19111 Magnetics > Output

12C™ PMBus™ Programmable &

Communication < DC/DC Controller MOSFETs ’ '

\_ Power Module /
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M|cn®ocmp USB Power Port

e USB Power - I\/ICP19111 + UCS1002

12Vdc

+ Vin=12Vpe e
Target Market:
- Automotive, USB-Charging

(Core Value;

- UCS1002 offers USB Charger Emulation, including a
programmable Emulation profile for solution ‘future-proofing’

- MCP19111 generates USB-compliant 5V supply, and its
fully-programmable MCU can store additional Charger
Emulation Profiles which are communicated to the UCS1002

\ via SMBus interface /
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N Battery Charging

MICROCHIP
Typical Operating Range
° Battery Charging A Y
Chemlstry NiMH Vour 3 - 20V
Chem NiMH, Li-lon

Target Market: Radio-Controlled Vehicles

(. Core Value: )

.- Standardized Battery-Charger architecture that’s scalable to support
wide portfolio of battery configurations and charging profiles.

L Includes battery detection and adjustable protection features. y

[OfﬂineT ¢ e Protecon Thiesholc
AC/DCJ M C P 19 111 Battery Detection
il Battery Charger yu s %\.\

or
\_WallWart_ = 24vdc \ In Cradle __/




MICROCHIP

e\

LED Lighting

e LED Lighting

« V= 12VDC (from Battery)
Target Market Automotive, Headlamp (Fog-light)

~

-

\_

f Core Value:
- LED loads are complex, requiring advanced power conversion functions,
including PWM Dimming and LED Binning capability.
- Standardized architecture, used across multiple end-customers
. Rapid support of changing standards and technologies (LEDS)
R s ~\
Vehicle v=12v MCP19111
12V LED Binning - :
Battery LED Dimming - LED Drlver
J Headlamp /




‘ Design Analyzer
Mlcnﬁo::mp MCP19110/1

e Excel-based Design Guide!

e Define application inputs to define passive
component (L’s & C’s) and refine the
compensation

MICROCHIP
| | | |
100 180
MCP191 1|1 DESIGN ANAllLYzlER Use Default EVAL Board Components w0 T~ 14
N 1 C i
Input Parameters for Design i ® . \ o
Parameter Designator | Value | Units Notes loug “ i 7y
Step Load o | o
Input Voltage Vin 12 \ 45<Vy<30 3 NEl T \ c
z O T 0o Z
Output Voltage Vaour 18 v 06<Vour=36 |0|.| —————— ——— 3 V g
-20 -36
Output Current lout 30 A 0<loyr=30 ;
Switching Frequency Fs 300 | kHz | 100 <Fs <1200 R R Rl T i
Input Voltage Ripple Ve 100 m\ IOL -60 108
Minimum Input Voltage Vin 12 Vo |45 <V s Vin -80 144
Step Load ParamEterS Time 00 10 100 1000 10000 100000 10000&)80
High Output Current lon i) A FREQUENCY (H2)
Low Cutput Current lor 25 A Use Recommended Components and
Qutput Voltage Overshoot 100 | mv Compensation
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* Power Supply Evaluation
M|cn®ocmp M 881 9 111

r ™
€ MPLAB X IDE v1.10 - mcp19111 HTC : default o e S

o G U I aV al | ab | e to S | m p I |fy ile Edit View Navigate Source Refactor Run Debug Team Tools Window ﬂ(elp |
. ™ ¥ i default wli | o PCi 0x0| flzdec : Wiox0 : bank
programmlng for a 8 |§Mcp1911xcmpmgi_n ‘ » a =
standard power supply i

applications Prametr | rtecion] ConpemtonFrmereFeares [PoBus™]

e GUI resides in MPLABX
(plugin)

e Supports PICKIT3 and

Output Voltage

Set Coarse Value | 1536 v mV

Set Fine Value 1536 v mV

s mcpl9111_HTC - Dashboard [S:iFiles fyp,-g]‘ects @;;Cla

Multi-Phase Configuration
Device Configuration stand alone ... «

SM Error Signal Input Gain

Switching Frequency

Genera ted Frequency 140 v kHz
ICE3 Program/ Debug M e
Max Duty-Cycle 54 v %

& Dead Time Delay
High Side 36ns v

e Standard Firmware for ste (318~
Power Supply application

[} Output Q) Tasks

I\ —
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N Unigue Strengths

MICROCHIP

e Supports “special” application, load,
and operating behavior requirements

e Multiple power conversion topologies
Including boost, flyback, synchronous
flyback, SIPC and Cuk-based topologies
supported

e Supports both fixed-frequency and
quasi-resonant mode switch to improve
EMI performance

e On-board MCU may be used as a general
purpose controller after initial setup of
Analog Power Controller

MCP19114 Evaluation Board
PN: ADM00578 US$49.99

-,

Return to Topics




MICROCHIP
Other Analog Products

Zero-Drift and Instr. Amps
Thermal Management

Return to Topics



Q\ MCP9600 Integrated

MICROCHIP Thermocouple Interface IC
Features: Applications:
Highly Integrated! e Boilers, Water Heaters, Ovens,

e Precision Instrumentation Amp Freezers, Automotive, Petro-chemical

e Precision Temp Sensor
e Precision High Resolution ADC

e Integrated Cold-Junction
Compensation

e Math Engine Supports common
thermocouple types: K, J, T, N, S, E,
B&R

(Check your thermocouple sales)

Packaging
e MQFN-20 (5x5)

Evaluation Board
e ADMO00665
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N Zero-Drift Amplifiers

MICROCHIP

e Applications that require ultra-high precision

e Ultra-low initial and low offset drift provides better common mode and
power supply rejection

e Microchip correction methods
e Auto-Zero - Nulling amps
e Chopper-Stabilized - Auxiliary amps w/ chopped inputs/outputs

e Target Applications

e Precision Portable and Medical Instrumentation, Sensor Conditioning
and Temperature Measurement

e Zero-drift family

e MCP6VOX (1.3MHz) and MCP6V2x (2MHz) provide industry leading
performance

e MCP6V1xX - Lowest cost and lowest power 80kHz GBWP
e MCP6V3x — 300kHz GBWP in SC70 and SOT23
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S Instrumentation Amplifiers

MICROCHIP

e Specialized version of an op amp but w/o a feedback

loop
e Closed loop makes them better for differential gain and common
mode rejection applications

e Extraction of small signals in presence of large voltage or noise

e Target Applications

e Products that interface to real-world sensors like: Temperature,
Pressure, Bio-Sensors, Strain Gauges and Photodiodes

e Microchip solutions
e MCPG6N11 utilize mCal and provide low operating voltage and
small packaging
e MCPG6N16 are Zero-Drift and provide better performance and
enhanced EMI rejection
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e\

Low Voltage Boost

MIiCROCHIP Regulators
MCP1623/4 MCP16251/2 | MCP1640/B/C/D MCP1643 MCP1642B/D
PWM or PWM or
Mode PWM/PEM PWM/PFM PWM/PEM PWM PWM
Start-up Voltage (V) 0.65 0.82 0.65 0.65 0.65
Input Voltage (V) 0.35-55 0.35-55 0.35-55 0.35-55 0.35-55
Peak Switch Current (mA) 425 650 850 1600 1800
Quiescent Current (uA) 19 4 19 - 400
Switching Frequency (kHz) 370-630 425 - 575 425 - 575 850 - 1150 850 -1150
Input to Output Input to Output Input to Output
True Load Bypass or Bypass or True Load Bypass or
Shutdown . .
Disconnect True Load True Load Disconnect True Load
Disconnect Disconnect Disconnect
Packages* SOT23-6* SOT23-6* SOT23-6* MSOP-8 MSOP-8
g 2x3 TDFN-8** 2x3 DFN-8** 2x3 DFN-8 2x3 DFN-8
Lowest . . )
. ) LED Driver
Key Attributes Lowest Cost Quiescent I—]!lghest sl C_llj_rrent
Current Performance Vier = 120 Capability

* ** Packages are pin-to-pin compatible
For Higher output voltages, consider MCP1661/2
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MICROCHIP

Temperature Sensors

[ Logic Output ]

TC6501/2/3/4

TC620/1/2/3/4

MCP9501/2/3/4

MCP9509/10

[Voltage Output ]

TC1046

TC1047/47A

MCP9700/1/A

[ SMBus/I2C™ ]

[ Serial Output ]

spl |

M

Remote Monitors
with Alerts

Ambient Monitors
with Alerts

|

EMC1412/3/4

2-4ch, Alert/Therm

EMC1422/3/4
2-4ch, Alert/Shdn

EMC1182/3/4
2-4ch, 1.8V Comm

EMC1186/7/8
2-4 ch, 1.8V Comm

EMC1428
8 ch, Alert/Shdn

TC74

TCN75A

MCP9800/1/2/3

MCP9804
MCP9805

MCP9808

MCP9843
MCP9844

EMC1001

With EEPROM ]

MCP98243
w/EEPROM for SPD

MCP98244
w/EEPROM for SPD

[ Multi-Temp Polling ]

EMC1043/53/63
3 channel

EMC1046/7
6/7 channel

—



MICROCHIP

Memory Products

Return to Topics



N SQI Flash Family

MICROCHIP

e 4-bit multiplexed I/O

e Industry standard serial protocol w/ backward
compatibility to SPI Flash

e Operating frequency up to 104 MHz
e > 400 Mb/sec sustained Read

e Voltage offerings in 3.0V and 1.8V

e Densities from 4 Mbit to 64 Mbit

e Software Block Protection capability
e One Time Programmable Security ID

e 8-SOIC, 8-Contact WSON, 16-SOIC, 24-
TFBGA, KGD & WLCSP package options
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N Migration to SQI

MICROCHIP
Board Layout/
Current Part Recommended Upgrade Footprint Change | Firmware Change
S5T25V016B-75-41-S2AF SST26VFO16B-1041/SM No Yes
| (8-lead SOIC) (8-lead SOW)'
SST25V016B-75-41-QAF SST26VF016B-1041/MF No Yes
(WSON) (WDFN)2
SST26VFO16B-1041/SN
Any SST25V016B (8-lead SOIC)? Yes Yes
SST25V032B-75-41-S2AF SST26VF032B-1041/SM No Yes
| (8-lead SOIC) (8-lead SOW)'
SS5T25V032B-75-41-QAE SS8T26VF032B-1041/MF No Yes
(WSON) (WDFN)?
SST26VF032B-1041/TD
Any SST26VF032B (TBGA)? Yes Yes

1. SOIC and SOIJ are different designators for the same package.

2. WS0ON and WDFN are different designators for the same package.

3. 8-lead SOIC is a new 150 mil SOIC package available for SST26VFO16B/016BA
4. TBGA is a new package available for SST26VF032B/032BA

e Default state of SQI Flash on POR is standard SPI Mode

e Full details in migration document; search for ‘20005354A’ on
Microchip.com

-,
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MICROCHIP

Military and Aerospace

Return to Topics



N Current Capabilities

MICROCHIP

e Wide range of products qualified for
Automotive — need low-temp testing

e MMT — Already producing military
grade packaging for other suppliers
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N Quality Capabilities

MICROCHIP

e Zero defect

e Advanced Product/Process = === —
Quality Planning (APQP) = E ==

FAILURE MECHANISM BASED

—====| STRESS TEST QUALIFICATION
FOR

INTEGRATED CIRCUITS

e AECO0-Q100 stress testing

e Need only extend to -55C
e Product Part Approval = — w j,\g

Process (PPAP) e
e 8D Reporting

e Product change notifications

> 20 years supporting automotive market!
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N High-Temp Products

MICROCHIP

=
PIC® MCUs » Memory Analog‘i’ ”‘"

'40 tO +150 C ?‘32‘%%

e 8-bit PIC MCUs e Serial Memory
o PIC1xF6xX o 25LCxxx Serial EEPROMs
e Several PIC18F and all e Low-Power Analog
PIC18FxxK80 (w/ CAN)

e MCP9700 temp sensor
e 16-bit PIC MCU/DSCs e MCP64xx Op Amps

e PIC24HJ and dsPIC33FJ
products
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e\ Automotive Qualified

MICROCHIP

e Micros e Mixed Signal
e 8-bit and 16-bit PIC® MCUs e SAR/ Delta-Sig ADCs
and DSCs e Energy Measurement ICs
e Thermal Management e DACs
e Temp Sensors e Digipots
e Power Management e Interface
e Switching/LDO Regulators e Touch Controllers
and PWMs e CAN/LIN Transceivers

e Charge Pumps DC/DC Conv
e Supervisors

e IrDA encoders
e Port Expanders

e Power MOSFET Drivers e UART to USB Bridge
e Linear e Memory
e Op Amps

e Serial EEPROM, SRAM and
e Comparators Flash

e Parallel Flash
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N High-Speed ADC

MICROCHIP

e Lowest power 16-bit ADC at 200Msps
e <500mW compared to >1W of other suppliers

e Among highest accuracy
e ~74dB SNR, ~90dB SFDR

e Current Status

e Initial low-temp testing results
look promising
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MICROCHIP

Micrel Hicc);h Level Product
verview

January 2016
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N Analog Power Portfolio

MICROCHIP

Flexible

* Intelligent

MCU Attach

Automotive Expertise

- Lower Power Consumption

>

- « Small Packages
Micrel | - High V/I (Power) Regulators
~« High Integration Power Module

/' Classic
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R\ Microchip Power
MICROCHIP Conversion Portfolio

Input Voltage (V)

600V

120V

D
o
<

IN
o
<

Linear and
Swiching Regs

Future Expansion Will Fill Gaps

Int. Switching Regs, Controllers and Modules
MIC28511, MIC45208

MAQ5282
MIC5283

PIC
Integrated DEPA or (MCU + PWM or
Reas || penimod CONTROLLERS) dsPIC
+ External MOSFETs +
MCP16301/H ' MOSFET
MCP16311/2 + MCP87xxx - HIGH Drivers

MCP1703A
MCP1754/5

SPEED MOSFETs

<1W <10W <50W <150W  300W<
Power (Watts)
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Fully Integrated Power
Mlcnco:mp Modules

MIC28304
> .
o
N~
8
o
- 12x12 x 3 c
L Lower BOM cost! £ I -
(q\]
—
f MIC45205 \ f MIC45208 \ f MIC45212 \ < >
> + 12 mm
&
T B g
o
> 8x8x3 10x10x 4 12x12x 4 5
_ VAN VAN Y,
\ 4
3A 6A 10A 14A
Excellent MET, SREL AL "=
EMI .
Superior Performance! £ » —— |
$ W WP
Thermal f . A A
Performance! S Te TR e T e Te

Freowery MH:|
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S MIC24046 19V, 5A Switching Reg.

MICROCHIP

Features:

Ease of use Switching Regulator

e Integrated Controller, MOSFETs and
Feedback Resistors

Pin Programmable: V1, Fsws loyr Limit
9 programmable V7 settings

3 Switching Frequency Options

3 Current Limit Options

Reduces external component count
-40°C to +125°C Junction Temp

Packaging
e QFN- 20 (3x3mm)

Evaluation Board
e MIC24046YFL EV

Applications:
e Telecom
e Networking Switches & Routers
e DC - DC Power Distribution
High Power Density Applications!

e FPGASs, Processors, Industrial

. L H T

45V TO 19V

=

i
T

VODA-:-
FREQUENCY
SELECTION ’:*

vV

CURRENT OO/

LIMIT oo
SELECTION -
<7

PGOOD #—
ENABLE g———]

VINLDO VDDA

VIN

PGND

vDDP

{FREQ

ILIM

PG
EN/DLY

MIC24046

AGND BST

LX
OQUTSNS

COMP

VOSET1

VOSETO

—

-9-VDDA
L]
ol OUTPUT
6 VOLTAGE
-t—VDDA SELECTION

-0
®
A4

353



S MIC45116 20V. 6A Power Module

MICROCHIP
Features: Applications:
Ease of use Integrated Power Module o Telecom

e Integrated Controller, MOSFETs and
Power Inductor

Reduces external component count
Fixed 600kHz Switching Frequency
> 93% Efficiency capable

0.8V to .85xVin Output Voltage Range
-40°C to +125°C Junction Temp
HyperLight Load Mode - MIC45116-1
Hyper Speed Mode — MIC45116-2
Packaging

e QFN (8x8mm)

Evaluation Board

e MIC45116-1YMP EV

e MIC45116-2YMP EV

VIN

Networking Switches & Routers
DC — DC Power Distribution
High Power Density Applications!
FPGASs, Processors, Industrial

PVDD

10k

AA

t 5VDD

PG

PVIN

Cin

—

vy MIC45116

EN

VOUT

FB

SW

ILIM

No External
Inductor!
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e\

MIC45404

MicrocHIP 19V/5A Ultra-Low Profile DC to DC Power Module

Features:

e Wide Input Supply Voltage: 4.5V-19V %

e Output Current: Up to 5A

e Pin-Selectable Output Voltages: 0.7V-3.3V
e Supports Pre-Biased Start-up *

e 82% Peak Efficiency at 12Vin, 0.9Vout %

e Internal Soft Start

e Thermal Shutdown

e -40C to 125C Junction Temperature *

Packaging

e 54L QFN (6x10mm)

Application

S.

e FPGAs, Low-Voltage ASIC Power
e Telecom
e Network Switchers and Routers
e Server Storage
e DC Power Distribution
e Solid State Drives

VDDA

L
vV i Vo
45V10 19V Vooa  GND ouT ——a
ma OUTSNS ] 1
rl—GND
= COMP AA/»—{ }j é
VJDA_I_ —
Frequency MIC45404 Vooa =
Selection . ‘\_FREQ VOSET1 _J_I._
— Output
. = Voltage
VDDA ;
Current Limit:r_w:\‘_I —I—VDDa Selection
Selection_L Litd VOSETO e s
= PG EN/DLY 1
Power-Good

Enable »

MIC45404 12V 5A DC-to-DC Converter
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R\ Micrel Ethernet Fit with
MICROCHIP MICFOChIp

Switches GigE and 10/100BT
2 to 9 Ports Controllers

10/100BT PHYs GigE PHYs

Vicrel Value-Ad
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S\ Ethernet PHYs

MICROCHIP

e 10/100Base-Tx PHY
e Established customer base on both sides — allow
customers to choose
e For new designs consider:

e KSZ9031 for GiIgE PHY opportunities

e KSZ8081/91 is lowest power consumption for high-
volume, cost sensitive opportunities

o KSZ8061 with Quiet-WIRE for stringent industrial &
automotive applications

RMII/MII or
MCU (g Buffer RGMIl/GMII - |
MPU (System) || MAC PHY m'
Asic | Stack RAM "
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e\ Controllers & Bridges

MICROCHIP

e Microchip is leader; Micrel has no USB-to
Ethernet bridge products

e For new designs consider:

e KSZ8851 — SPI Interface
e ENC28J60/ENC624J600 still lowest cost of entry w/ SPI!
e KSZ8852 — 2-Port 8/16-bit Host Interface

o KSZ84xx/LAN925x — 1588v2 for low power
consumption industrial Ethernet opportunities

PIC® MCU
SPI/Parallel

PClor USB

any other MCU/MPU
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S\ Ethernet Switches

MICROCHIP

e Micrel is recognized leader in Ethernet
switches

e Higher 2 to 9 port count devices

e For new designs consider:

o KSZ8863 is lowest cost 3-port managed switch

e LAN9352/3/4/5 for IEEE 1588v2 3-port switch
opportunities in industrial Ethernet designs

o KSZ87xx for GIgE switch designs

-
-
By
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AN Ethernet in General

MICROCHIP

e Microchip now
Ethernet portfo

e No plans to EO

orovides a broader
10 for our customers

_ any Ethernet products

as aresult of the acquisition
e Customers NEED NOT panic!

e Only supporting
products

existing customers for VolP
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S Clock & Timing Portfolio

MICROCHIP
Frequency
Control
\ g

XTAL Oscillato:
FUSION™

MEMS OscillatorDSc
PureSilicon™ :

Clock

Generation

Ultra-Low lJitter

FLEX™ 9“319‘

Low Power
PicoPLL™

w

puo!

Clock
Distribution

Zero Delay & PCle PV
Buffers

Clock Conditioning
& Distribution
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AN Benefits of MEMS

MICROCHIP

=5 7 ‘
Quartz Crystal Oscillator in < MEMS Oscillator in

Metal+Ceramic Package Plastic Package

Performance: Stability & Jitter Higher Reliability

Full AEC-Q100, JEDEC qualification
1.2 FIT rates vs. 20 FIT for crystal
50 000G shock and 70G vibration

Up to 10ppm frequency stability
Temperature grades up to -55 to 125°C
Less than 0.5 ps phase noise jitter

Cost Effective Faster Time to Market

Semiconductor supply chain, without
mechanical handling steps of crystal

On CMOS pricing trend, scaling with chip
geometry

2-4 weeks production lead time
Engineering samples programmable in
1 sec with full production performance
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e\ TimeFlash Programming Kit

MICROCHIP

Program on the fly based on
customer needs




ClockWorks® Configurator

MICROCHIP

D Microchip Tachngiagy e = ¥ - > | e || O e
« (<4 www.microchip.com i
B! Appe (7 lvported Bom IE
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A5\ MicrocHIP
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AN Micrel Wireless Products

MICROCHIP

e Sub G Transmitter and Recelver ICs
Transmitters Receiver
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MICROCHIP

Micrel Trainings

Micrel-Related Information

Wireless
RF Remotes Presentation H9F
Networking
Micrel to SMSC Ethernet Controller Cross Reference ™07

Mixed Signal Products

Timing and Communications

Timing and Communications Products Sales Training - Oct 2015 '#o7
Timing and Communications Product Overview - Sep 2015 Ho7
Sales_FAE-training_Module 1_Micrel_TCG_ Introduction #27

Analog Power

Microchip_Micrel LDO Product Table - October 2015 #et
Analog Power Update after Micrel - October 2015 H°
MIC45116 Power Modules Overview - October 2015 1o
MIC24046 High Performance Switching Regulator Overview H27

Micrel-Microchip Complementary Product Training_Channel Overview o7

@ MICROCHIP

MICRE=L

Innovation Through Technology
www.micrel.com

General

Analog Power Update after Micrel - October 2015

MIC24046 High Performance Switching Regulator
Overview HOT

Distribution FAQ - Micrel o7

Micrel-Microchip Complementary Product
Training_Channel Overview "7

Micrel - Linear_Power_Interactive_Product_Selector

MOY
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https://microchip.gosavo.com/CustomPage/View.aspx?id=37266047

MICROCHIP

Power and Linear Solutions

Focus Areas
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N Linear Regulators

MICROCHIP

e Micrel LDO strength e MCHP LDO strength

e Upto 120V LDO e Known for low power
e Cost effective high LDOs
current LDOs e Broad range of
e Known for 1A, 2A, 3A automotive gqualified
and 5A LDOs LDOs
e Multi-channel LDOs e Excellent high

e Ripple Blockers performance products

RIPPLE BLOCKER"
A MICREL FRODVGY
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N Switching Regulator

MICROCHIP
e Micrel switching e Classic MCHP

regulator strength switching regulator

e High voltage and strength
current capability e Built-in Intelligence

e High switching e Optimized, High-
frequency allows small efficiency power
iInductor designs conversion

e Multi-phase and Multi- e Low power, low
channel switching startup voltage

regulators regulators
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N Switching Controller

MICROCHIP

e Micrel switching e Classic MCHP PWM
controller strength controller strength
e Up to 75V capable e PIC MCU attached
e Broad selections for e Broad range of
buck conversion reference design and

application specific
demo systems in
lighting, battery
charging and power
management

e Automotive qualified

e Digital enhanced
solutions
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AN USB and Load Switch

MICROCHIP

e Micrel load switch

and USB
protection/switch

Strength

e Expand Microchip
offerings in power
system design

e Complete USB system
with port protection

e Classic MCHP USB
charging Strength
e Highly integrated USB

charger solutions

e Automotive qualified

USB charger products

Need to Turbo Charge

Your System? ”\

b
: Y i’\ :

B . "-. §
\ BATTERY N 2
= \‘f ‘

Introducing the Industry’s Leading
USB Power Delivery Solution
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AN MOSFET Drivers

MICROCHIP
e Micrel MOSFET e Class MCHP
driver strength MOSFET driver
e Up to 50V single low- strength

side drivers

e Up to 32V dual low-
side drivers

e Quad low-side drivers
e High-side driver

e Up to 600V half and
full-bridge drivers

e Small packages

e Broad range low-side
driver from 0.5A to
12A

e Strong PIC MCU and
dsPIC DSC solutions
and market presence
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AN Motor Drivers

MICROCHIP

e Micrel motor driver e MCHP motor driver

strength strength

e Expand from the e Fully integrated
MOSFET driver family solutions

e Up to 600V high e MCU attached drivers
voltage capability e Automotive qualified

e Strong reference solutions
designs e Relationship with

e Opportunities in automotive and
emerging markets iIndustrial leading

OEMSs
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MICROCHIP

Higher

Voltage/Current/Power

e Micrel strength

Micrel offers
competitive regulator
and module products
(including inductors)
today

Integrates control,
drive and sensing

Highest power density
solution in the market

Package solutions

e Microchip strength

e Unique digitally
enhanced PWM
controller family and
high performance low
FOM MOSFET for
similar applications

e Broad portfolio of
intelligent analog
products for future
expansion
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R\ Lighting & Displays

MICROCHIP Products
e Micrel LED driver e Microchip LED
strength driver strength
e Offers broad range low e Strong position in
to mid range LED offline LED drivers
Backlight e Intelligent,
e Automotive qualified programmable LED
LED driver driver for industrial and
e Simple low voltage automotive
linear LED driver applications
e Application specific e Complete solution
drivers - display and from digital control and

flash drivers simple boost IC
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AN Additional Product Lines

MICROCHIP

e Linear — Comparators, OP-Amps,
Voltage Reference
e Combine with classic MSLD portfolio
e 36V comparator with various Vref options

e Shunt architecture vs series architecture
(Microchip voltage references)

e Fan Control/Temp Sensors

e Combine with classic MSLD fan controller and
temperature sensors

e MIC280 — Dual sensor with LM75 compatibility
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AN Additional Product Lines

MICROCHIP

e Driver Array

e High voltage (50V+) and current (0.5A) driver
array from logic-level signal to power load

e PMIC

e Application specific power management
product family is new addition to APID

e HOt Swap
e New product family under APID

e Supervisor
e Combine with classic APID portfolio
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AN Additional Product Lines

MICROCHIP

e Battery Charger
e Combine with classic APID battery chargers

e DDR Terminators
e New product line under APID

e Interesting areas for Microchip sales team to
explore: industrial computing, appliance,
printers, etc.

e Support up to DDR4

e |/O Expanders
e Combine with classic APID I/O expanders
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AN Useful Tools!

MICROCHIP

Linear and Power Interactive Product Selector #  Analog Product Treelink
POWER MANAGEMENT LINEAR RF WIRELESS _
Linear Power : ] Analog Cross Reference
Regulators Switching ] -{ Comparators ] -{ Receivers
o Adegry {Spragust
[ Regulatl:r% ~{ Supervisors ] -{ Op Amps ] Transmitters E;- 5":"' —_— ==
Power ~ Battery / “Z: -
Modules }- Chargers I -[ References Transcaivers = L
DDR/SCSI ' [ -
PMICs }- Terminatire ] Timers Encoders o o
o 2l
MOSFET System AUTOMOTIVE Low Noise . e
Drivers Management AEC-Q100 Amplifiers Arabog D
Driver Arrays }- m" ] o= :.,,\
Power C MICREL
. - . ain L
A3\ Mcrocke MICAEL = = = o

Analog Cross Reference

PRI IASA NOWT ¥ Wiskemme Lottet i il Eamplorons  Was Dimr's Lostot 5 Lnpbervns . o N

Online Simulation and Solution Finder

G
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N Limited EOL Policy!

MICROCHIP

“...simple redesign can take
half an engineering man-
year...”

"...a complex redesign takes
much more, maybe 5X the

VP of Engineering ”
effort...

Microchip supports customers with products
through their life cycle... not ours!

Return to Topics ‘ 3
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S Clock & Timing Portfolio

MICROCHIP

Frequency Clock Clock
Control Generation Distribution

XTAL Oscillators Ultra-Low litter Performance Buffers
FUSION™ FLEX™ PrecisionEdge™

MEMS Oscillatorosc XTAL Clocks Zero Delay & PCle
PureSilicon™ gC FUSION™ Buffers

MEMS Clocksosc - Clock Conditioning

XO & VCXO ICs . SRR
Crystal-less DSC ’ & Distribution

Low Power
PicoPLL™

383



AN MEMS Products

MICROCHIP

Crystal-less™
Clock Generators
DSC2xxx/DSC400/DSC5xx

up to 4 Outputs Diff and
LVCMOS up to 460MHz

PureSilicon™
Low lJitter Oscillators
DSC11xx

PureSilicon™

Low Power Oscillators
DSC10xx

LVCMOS, up to 150MHz

Diff or LVCMOS up to

1.8V to 3.3V 460MHz

v

Standard package, drop-in replacement to
crystal oscillators

Smallest differential oscillator on the market
(2.5x2.0mm)

* Highly integrated
clock gen with no
external crystal
Multiple outputs at
different frequencies
Save broad space
and BOM cost

-55 to 125°C
AEC-Q100 capable, PPAP document ready for
selected parts
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AN Benefits of MEMS

MICROCHIP

=5 7 ‘
Quartz Crystal Oscillator in < MEMS Oscillator in

Metal+Ceramic Package Plastic Package

Performance: Stability & Jitter Higher Reliability

Full AEC-Q100, JEDEC qualification
1.2 FIT rates vs. 20 FIT for crystal
50 000G shock and 70G vibration

Up to 10ppm frequency stability
Temperature grades up to -55 to 125°C
Less than 0.5 ps phase noise jitter

Cost Effective Faster Time to Market

Semiconductor supply chain, without
mechanical handling steps of crystal

On CMOS pricing trend, scaling with chip
geometry

2-4 weeks production lead time
Engineering samples programmable in
1 sec with full production performance
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MICROCHIP

Better Frequency Stability

Frequency Stability (PPM)

50

30

20

10

-10

— Cuartz 1

s Cuartz 2

——Cuartz 3

=== Discera

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 Q0 100

Temperature ( C)
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N Best in Class Reliability

MICROCHIP
Discera MEMS t | t
. Quartz | Improvemen R e
Oscillators Oscillators | over Quartz
MECHANICAL 50,000G 100G 500 x MIL-STD-883; Method 2002
SHOCK
VIBRATION 70G 15G 4.6 x MIL-STD-883; Method 2007
FIT
(Failure in 1.2 29 24 x Confidence level = 90%
Time)
MTBF 1822MHr 90MHr 24 x Confidence level = 90%
DPPM <10 100 10 x Over Production Lifetime
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MEMS Oscillators

MICROCHIP

e DSCI10XX/DSC100X Low Power CMOS Oscillator

As low as 3-mA Supply Current
Drop in Compatibility to quartz based products
Accurate stability down to 10ppm

e DSC11X1/2/3/4 Low-Jitter Precision Oscillators

As low as 0.3psec RMS Jitter
CMOS/LVPECL/LVDS/HCSL outputs

Drop in Compatibility to quartz based products
2.5x2.0mm package (Only a few quartz suppliers offer)
Accurate stability down to 10ppm

e DSC300X Ultra-miniature Precision Oscillators

Industries smallest oscillator

1.6mmx1.2mm CMOS output Best in Class Reliability
(Shock and Vibration)

Wide Temp Range
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MEMS Oscillators

MICROCHIP

e Pin to Pin Drop-in for Quartz

Output Freqs Stability |Temp Range Package
Key Feat

(MHz) (PPM)  |(C) (mm) ey reature
DSC1001 1.0-150 1.7-3.6 10-50 4074105 CMOS 25x2.0t05.0x7.0  LoPrLoad
- Low Power
DSC1003 1.0-150 1.7-3.6 10-50 4074105 CMOS 25x2.0t05.0x7.0 2>PF Load
e Low Power
DSC1004 1.0-150 1.7-3.6 10-50 4074105 CMOS 25x2.0t05.0x7.0 20PF Load
- Low Power
DSC1018 1.0-150 1.65-1.95 10-50 407485 CMOS 25x2.0105.0x7.0 Ultra Low Power (3mA)
DSC1025 1.0-150 2.3-3.7 10-50 407485 CMOS 25%2.0t05.0x7.0 Ultra Low Power (3mA)
DSC1028 1.0-150 2.63.0 10-50 407485 CMOS 2.5x2.0105.0x7.0 Ultra Low Power (3mA)
DSC3001 1.0-150 1.7-36 2550 -40~105 CMOS 1.6x12 Ultra Miniature Package
DSC1101/DSC1121 2.3-170 22536 10-50 5574125 CMOS 25x2.0t05.0x7.0 Low Jitter (0.5ps RMS)
DSC1102/DSC1122 2.3-425 2.253.6 10-50 5574125 LVPECL 25%x2.0t05.0x7.0 Low Jitter (0.5ps RMS)
DSC1103/DSC1123 2.3-425 22536 10-50 -55%4125 LVDS 25x2.0t05.0x7.0 Low Jitter (0.5ps RMS)
DSC1104/D5C1124 2.3-425 22536 10-50 5574125 HCSL 25%x2.0t05.0x7.0 Low Jitter (0.5ps RMS)
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e\ TimeFlash Programming Kit

MICROCHIP

Program on the fly based on
customer needs




ClockWorks® Configurator

MICROCHIP
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R\ Crystal-less™ Clock
MICROCHIP Generation

e Fewer components

e Less board space

e Improved reliability

e Reduced cost

e Complete timing solutions in a single package

MEMS iniide)

Timing
Solution

Tomorrow
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Crystal-less™ Clock

Frequency
standard
DsSC231 Custom, } Embedded, 6-TDFN
Production Factory NIA packry customizable for any Consumer,
DSC2xxx | Configurable equency Networking 14-QFN
DSC591-03 Server, 14-QFN
Production BMC family | 50.000 Fixed frequency, selectable drive Enterprise
DSC592-03 Nelwmks 6-TDFN
Production | DSC556-03 14-QFN
Industry Standard, widely used is
) multiple applications. MNetworking
Production | DSC357-03 | poje family | 100,000 556-03 is lowest price point and Embedded Ler Pl
) supports gen.1 only Consumer
Production DSCH57-04 All other parts support gen2 and gen3 20-QFN
Production | DSC557-05 20-QFN
Sampling DSCo71-04 This industry standard is applicable in LT
XAUI family | 100/125/156.25 10G Ethemet applications, routers, | Networking
Evaluation | DSC571-05 server cards, ... 20-QFN
Sampling DSC531-03 - fic applicati - 14-QFN
. £ SpeCITIc appil 10Ns mainty
SAS family 100/150 ~lorage st Storage
Evaluation DSC532-03 in expansion cards and SSD 20-QFN
: Space & BOM saving solution;
Evaluation | DSC520-03 | VideoolP 24/25/27 e Consumer 6-TDFN
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S Clock & Timing Portfolio

MICROCHIP

Frequency
Control

XTAL Oscillato:
FUSION™

MEMS Oscillators
PureSilicon™

XO & VCXO ICs

Clock
Generation

-

Ultra-Low lJitter

FLEX™ 9“319‘

FUSION'

MEMS Clocks
Crystal-less™

Low Power
PicoPLL™

Clock
Distribution

Performance Buffers
PrecisionEdge™

Zero Delay & PCle
Buffers

Clock Conditioning
& Distribution
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MICROCHIP

Ultra-Low Jitter Clocks

e Highly integrated and flexible multi-output

SM802 SM803/813

Output Logic LVDS, LVPECL, HCSL, LVCMOS
Number of outputs 8 12
Vddo banks 2 4
Jitter (fs) 12kHz-20MHz 200 160/120

Frequency Any frequency programmable to Any frequency programmable to
850MHz 850MHz
Package 16 to 44 pin QFN 48 and 84 pin QFN

| VDD Power Rail Regulation | | ’{3-‘;:'

W; X0 | ) +) {:—

— ! }4 Synth —

[~=1

REFIN- -{#] >3

SEL J <]

Fs ]
OEA OEB

a1
a2

Q3

Qa4

1VDDO A

VvDDO B

—as
Q6

=-a7

Qs

HF A

S — —{ =l

=1

.L’,,,

VDD Power Rail Regulation | —==

.1.;__'\

+VDDO A
— e}
'H = Q1A

-H— T Q2A
VvDDO B

I I
.. Q1B
YFH ST

=l a8

=T aze

|
—=TVDDO C

*L« o aip

+ @20

— O

T
—— VDDO D

OEA OEB OEC OED
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S\ BOM Cost Reduction

MICROCHIP

Complicated, messy discrete clock tree: ...replaced with Microchip’s integrated

6 X 125MHz

12 components ... solution: 2 devices!
Quad GE PHY

X0
6 X 125MHz
Quad GE PHY Quad GE PHY
m_l ‘ S e Clock
F Quad GE PHY

xtal Em uadce Y]
Fanout [ CLed Y |
= Clock Buffer
Generator 1:2 —‘
] 100MHz 4 100MHz
LuuviFz § 100MHz —
) ASIE Et'\r;'e;rget Processor ASIC e Processor
196N 47
125MHz
50MH | FPGA
Clock " USB
(@) —
- SEMH a8MHZ | o0 25MHz 48MHz
¢ Y
’ Backplane ’ Backplane ‘
v’ Simplified customer design
v Lowered system BOM cost
High density GbE switch y )
v' Accelerated time-to-market
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MICROCHIP

Ultra-Low Jitter Clocks w/

Integrated XTAL

e Integrated crystal and multiple outputs for a

complete clock tree in a single package

MX55/57 MX68 MX85
Output Logic LVDS, LVPECL, HCSL, LVCMOS
Jitter (fs) 180fs 47 200
Outputs 1 1 Upto5
Frequency Programmable to 156.25/125/100/50 Programmable to

850MHz MHz 850MHz
Size(mm) 5x3.2 5x7 5x7
SX7

—OEA

\V,., NOISE
REDUCTION

X0

1M MR 3 M
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N Typical Applications

MICROCHIP

e Security and Video Surveillance go L
e Rugged outside - © v
e Small package with integration .

e Enterprise Storage

e RAID Controller Card
e Enterprise or consumer SSD

e Automotive
e Automotive Diagnostics
e Infotainment and Connectivity

e Smart Actuators for transmission and
engine controls
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S Clock & Data Distribution

MICROCHIP

Frequency Clock Clock
Control Generation Distribution

XTAL Oscillators Ultra-Low lJitter Performance Buffers g
FUSION™ FLEX™ PrecisionEdge™

MEMS Oscillators XTAL Clocks Zero Delay & PCIcP¥ |
PureSilicon™ FUSION™ Buffers

MEMS Clocks Clock Conditioning

XO & VCXO ICs Crystal-less™ & Distribution P\ -

Low Power

PicoPLL™
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Clock & Data Distribution

MICROCHIP Products
mm : I\> | mm > 1, 2, 4,0r6 channel buffers
L 1/. > Single-ended €-> Differential
~ — (ol ol &
(ol ol > | Ol > 24 6,10..22 outputs
. LELE
1 o[1]o0 > 2,4 o0r8inputs
ol 0
" 7
(ol tiof . - [(oTdo > 2x2 & 4x4
FUEK (AW - WEweR
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@ Clock & Data Distribution Products (cont’d)
MICROCHIP

> +by23,4,5,6,8 &16

oldold Len 2 ES D I

Z m > PE & EQ for 36in FR4

> 5ps/step & 10ps/step delay
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S Complete PCle Solutions

MICROCHIP

1-Output 2-Output 8-Output

B ‘ PL602041 PL60208X
PL602-2X PL60203X

PCle CLK
Generators

* 6-SOT/8-SOP * 16-QFN * 24-QFN * 44-QFN
* 2.5V~3.3V e 2.5V~3.3V ¢ 2.5V~3.3V * 2.5V~3.3V
e 25/100/125/200MHz  * 25/100/125/200MHz * 25/100/125/200MHz * 25/100/125/200MHz

= :

x W Replaces PL60704X PL60708X

- - ICS557-03, IDT5V41065 ,

(O IDT5V41235

m . .

33 hericor, Onsemb and * 24-QFN, 2.5V ~ 3.3V * 44-QFN, 2.5V ~ 3.3V

oS P P « 25/100/125/200MH « 25/100/125/200MH
G * Programmable SST * Programmable SST

c
Ao
;‘I’ g DSC1124
E d * 6-pin DFN, 2.5x2.0mm °* 16-TSSOp, 14-QFN e 20QFN
g Y « 2.5V~3.3V « 2.5V~3.3V « 2.5V~3.3V
(@) 8 e 100-460MHz e 100-460MHz * 100-460MHz
" ‘ Second source
Vo SY75572 IDT557-06 I:>
CE IDTSV41067A
a S * 16-QFN e TSSOP20 e 5x5-QFN32
o e 3.3V 3.3V e 3.3V
e 200fs Phase lJitter ¢ 200fs Phase lJitter e 200fs Phase lJitter
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AN LED Drivers

MICROCHIP

[ General Purpose ][ Backlighting ][ Sequential Linear ][Linear Regulators]

(@)
=
N

HV9801A

HV9803

CL8800

HV9803B HV9911 CL25

CL8801

HV9805 HV9912 CL220

CL320

[ Automotive ]
HV9861A HV9961

CL325

AT9917

AT9933

HV9910B HV9963

AT9919 CL330

HV9910C HV9967B

AT9932 CL520

HV9918

HV9980

CL525

HV9919B HV9982

CL6

HV9921/2/3

HV9989

HV9925

HV9930

HV9931

O

—

I \‘
A
A

LED Driver
Demo & Eval Boards
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AN HV9805 Features

MICROCHIP

e PFC Boost converter (15t stage)
e rated for 25W(120VAC), 50W(230VAC)

e N0 auxiliary winding required for Voo supply,
simple inductor

e Linear post-regulator (29 stage)
e control constant LED string current (£4%)
e low headroom voltage design, high efficiency
e protects LED load from bus overvoltage
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A Active PFC: Boost with
MICROCHIP Headroom Control

lo

oO—— — NVV\_,_D|1 —
85/ EMI y}
130VAC  [Filter .

N e = ¥

ActivePFC
_Control - ® PrOS:
e - No 100/120Hz flicker (1)
regulator | Rs _ » Short circuit protection
= (headroom R g
R control) 1 4' . (Lacr)S\/atEﬁ/ﬁICIency
S =
I~ e Low cost
cons:

* High LED string voltage
» Lack of design flexibility
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c’\ MOSFETs — Application Circuits
MICROCHIP

DN3535N8 for Data Acquisition

The DN3535N8 are used
as current limiters to
protect the low voltage
measurement circuitry

An external source
resistor is used to set the
current limit value

Key Features:

High voltage: 350V
Low Rds(on): 10 Q
Small package: SOT-89
Depletion mode

Low capacitance

411



@ MOSFETs — Application Circuits
MICROCHIP

Voltage Limiter for Farm Equipment

Conventional protection is to clamp
the high voltage transients using

Transient Requirements for Farm Equipment large suppressors
Transients are capable of up to 106V / 35A for
hundreds of ms With 35Amps, PC board traces can
be damaged unless made very
wide Key Features:
The DN3525N8 offers an High voltage: 250V
elegant solution. It is used to Small package: SOT-89
block the transients instead of Depletion mode
clamping them. No add’l supply req’t

The 250V FET can easily
handle the 106V transient.
During normal operation

The 6 Rds(on) will only drop
1.1V under full load.
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ﬁ’\ MOSFETs — Application Circuits
MICROCHIP

SMPS Start-Up Circuit

DN3145N8 used in a start-up circuit for a
small power supply in a down hole application

Key Features:

450V rating

Small SOT-89 package
Only need 5 to 10mA
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MICROCHIP

Specialty ICs

Inductorless Off-Line Regulator ICs

Adusiable Loag Package | Application
Device A" Regulation “ag PP Demoboards
ouT Options
(V) (%/mA)
8-Lead SOIC
3 0 =
SR086 80 - 285 9.0-50 3.3 100 0.025 wl Heat Slug ’ SRO86DB1
8-Lead SOIC
SR087 80 - 285 8.0-50 50 100 0.017 wi Heat Slug | SR087DB1
SR10 80 - 285 6.0-28 6.0, 12, 24 60 - 8-Lead SOIC AN-HES ‘ SRI10DB1
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S\ SR0O86

MICROCHIP

Features: 2 V

. Efficient operation without magnetics %mégmim TN ..
. No high voltage capacitors gi el & ner |
- Adjustable main output voltage (9.0 to 50V) Wy | SR:“,.,R:

- Additional 3.3V internal regulator 3

- Up to 100mA combined output current

- Single BOM for 120VAC/230VAC

- Built-in soft start

- Less than 200mW standby power

- Operating Temperature Range: -40°C to +125°C
- Package Options: SOIC-8 w/Heat Slug
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