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Introduction to GreenPAK

N
[7¢d
. . . . . D
Renesas Electronics GreenPAK ICs are a family of Programmable Mixed-signal ICs that provide a small, S S
costfriendly, and personalized solution to common problems that system-level circuit designers face. & 3
GreenPAK provides a means of considerably reducing PCB size, BOM cost, and design time. 2
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Example of Size Reduction w/ GreenPAK

Due to the features and configurability of GreenPAK narrowing the scope of possible applications can be
difficult.

With the right motivation a designer can use a GreenPAK in almost any application within most industries.
This document is designed to bolster this motivation and know-how: we provide a “cookbook” to designers
to highlight where a GreenPAK can be used within their projects. We outline different techniques and
provide completed applications to help designers use GreenPAK on their own.
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paseq-as|ng ‘9

Juawabeue|y
lamod '/

Cookbook Structure

The majority of subsections within this document are organized into two categories: Techniques and
Applications. Techniques focus on a task accomplished using only one or a few macrocells. Application
sections describe how techniques can be meshed together to create real, valuable applications. Generally,
the easiest techniques and applications will be at the beginning of a chapter.

[o1ju09
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Each application has an associated GreenPAK Designer file that can be viewed and edited.

R11TB0003CE0000 Introduction to GreenPAK 2
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The GreenPAK Cookbook

Making Your Own Design With the Cookbook

The applications outlined in the Cookbook are simple realizations of real-world applications. However,

GreenPAK ICs have the macrocells and functionality to add far more value than the designs in this cookbook.

Renesas Electronics has helped designers create thousands of unique designs, where simple applications
both similar and different to the cookbook applications were expanded, combined, and personalized.

For example, the Application: Basic Sequencer can be combined with many of the applications within
Chapter 4: Safety Features to create a self-regulating, customized sequencing application.

Unique Solution

A

Overtemperature Detection

The resulting integrated solution is more complex yet still doesn't incorporate all available macrocells. With
the full GreenPAK family of ICs at your disposal, the number of permutations and modifications available
for the designs in this cookbook are endless. Whether you wish to completely reuse a design shown in this
cookbook, or you'd rather incorporate some of the techniques in this paper into your own design, feel free.
After all, it's your recipe.

R11TB0003CE0000 Making Your Own Design With the Cookbook 3

suonouny
B $120|g diseq’|

[o1ju09 Juawabeuepy [onuo) $]020)0.14 sainjea Buiuonipuoq 21607
paseq-asind '9 | uonesiunwwoy g hajes [enuanbag 7

10J0|\ '8

sainjea  bojeuy

|eubig ¢

1amod °/

pasueapy ‘g



L7
=g
The GreenPAK Cookbook 2=
» =
P
Table of Contents
Contents :
Introduction to GreenPAK 2 |&32
Cookbook Structure 2 & 3
Making Your Own Design With the Cookbook 3 =
Chapter 1 Basic Blocks & Functions 8
Technique: Learning More About a Macrocell 9 o
Overview: Digital Macrocells 9 S w
Technique: Configuring Standard Logic w/ LUT Macrocells 10 gfé’
Overview: Oscillators 10 =1
Overview: Analog Comparators 10 [«
Overview: 1/0s 11
Overview: Interconnections 11
Technique: Simulation and Emulation Using GreenPAK Designer 12 o~
Technique: GreenPAK Programming 13 = &
Technique: OE Pin 14 |22
Application: Parity Bit Generator 15
Application: 8-bit Multiplexer 16
Application: Demultiplexer 17 §
Technique: Changing 12C Address 18 3 g
Chapter 2 Sequential Logic 19 8 g
Technique: Optimizing CNT/DLY Accuracy 20 &8
Technique: Sequencing CNT/DLY Blocks 21 §
Application: System Reset 22
Application: Several Button Reset 23 o
Application: Basic Sequencer 24 o ny
Application: Cascaded Sequencer 25 = 8
Application: Voltage Monitoring Power Sequencer 26 =5
Application: Ship Mode Controller 27 2
Technique: Creating a Synchronous State Machine from an ASM 28
Application: N-Length Bitstream 29 =
Technique: Multiplexing a Bitstream 30 i
Application: 10 Year Counter 31 =§ EE’U
Application: Square Wave Generator 32 g e
Application: Two Event Button Press 33 -
Chapter 3 Signal Conditioning 34
Technique: Using a CNT/DLY Block as a Deglitch Filter 35
Technique: Edge Detector 36 o &
Application: Interrupt Controller 37 § =
Technique: Creating a Bi-directional Counter 38 S8
Application: Encoder 39
Application: Distance Sense 40
Application: Frequency Range Detector 41 o
Application: Frequency Divider 42 s -
Technique: Zero-Voltage Cross Detection 43 ?;!1 E,'
R11TBO003CE000 4 1EE




(=)
cE 2
The GreenPAK Cookbook 2 %
» =
Application: Analog Storage Element 44 e
Chapter 4 Safety Features 45
Technique: Reducing ACMP Power Consumption 46 :
Technique: Wake-Sleep Controller 47 E .‘é
Application: Window Comparator 48 o 8
Application: Over Temperature Protection 49 5
Application: Battery Charge Indicator 50
Application: Low Voltage Indicator for Infotainment 51
Application: Watchdog Timer 52 ‘g-’ o
Application: Voltage Level Detection 53 =y »
Application: Power Backup Management 54 S %
Application: N-pulse Presence Watchdog 55 |&
Technique: Using the Temperature Sensor Block 56
Application: Current Detection Through External Sense Resistor 57
Application: Monitor Four Levels for One Analog Signal With One MS ACMP 58 -
Application: Monitor Four Separate Analog Signals With One MS ACMP 59 g. g>
Chapter 5 Communication Protocols 60 |28
Technique: Changing Your Design with 12C 61
Technique: Creating an 12C command 62
Technique: Using the Serial to Parallel Interface (SPI) Block 63 §
Technique: Level Shifting 64 o 3
Technique: Sending a Preset Number of Pulses 65 = 3
Technique: Building a Shift Register 66 § 2.
Application: I2C GPIO Expansion 67 %
Application: Serial to Parallel (External Clock) 68 =
Application: Serial to Parallel (Internal Clock) 69 o
Application: Parallel to Serial 70 o=
Application: Bi-Directional Communication (Transmit First) 71 3 5
Application: Bi-Directional Communication (Receive First) 12 S 8
Application: 7-Segment Display Using ASM and 12C 713 2
Application: Communication MUX Using 12C 74
Application: I2C Level Shifter 75
Application: Connection Detect 76 gga ~
Application: Custom Pattern Generator 77 ;;.5; s
Technique: Sending Serial Protocols Using Duty Cycle Detection 78 3 5
Technique: Reading Serial Protocols with a Shift Register 79 =
Technique: Reading Serial Protocols with a Pipe Delay 80
Technique: Using the Digital-to-Analog Converter (DAC) 81
Technique: EPG 82 o
Application: I2C Master Read Command with ACK Check and Data Comparison 83 § =
Application: I2C Master Write Command with ACK Check 84 s 2
Application: I2C Programable Pattern Generator Using Shift Registers 85 B
Application: Long Length Pattern Using EPG 86
Application: Basic SPI Master 87 =
Chapter 6 Pulse-based Control 88 §_ :
Technique: Setting a Constant Duty Cycle 89 ‘_:!_, 3
R11TBO003CE000 5 |28
[1°]




L7
s 2
The GreenPAK Cookbook 2 %
» =
Technique: One Shot Implementation 90 o
Application: Constant Current LED Driver 91
Application: RGB LED Control via 12C 92 2y
Technique: Creating a Breathing LED Pattern 93 e §
Application: Breathing RGB LED 94 < §
Application: Breathing RGB LED Control with 12C 95 5
Technique: Using DCMP/PWM Macrocell in PWM Mode 96
Application;: PWM Selection 97
Application: P?WM Generator Using ACMP and DAC 98 g .
Application: PIWM Generator Using ADC 99 § o
Technique: Duty Cycle Detection 100 |S'%
Application: Frequency to Analog Voltage Converter 101 a
Application: Frequency to Duty Cycle Converter 102
Application: Linear Frequency Modulation 103
Application: Voltage-Controlled Oscillator 104 -
Chapter 7 Power Management 105 2 o
Technique: Output Discharge 106 § @
Application: Charge Pump 107 =
Application: Two-Stage Charge Pump 108
Application: Charge Pump with Output Regulation 109 e
Technique: Using the LDO Regulators 110 < §
Application: Flexible Power Island M g 3
Application: Boost (Step-up) Converter 112 8 2.
Application: Buck (Step-down) Converter 113 ? gr
Application: Back-to-Back Reverse Current Blocking 114 =
Technique: Remote Sense Functionality 115 -
Technique: LDO Explained 16 | =
Technique: Delay Macrocells 117 =53
Technique: Crash Sequence Block 118 s g
Technique: GPIOs Features 119 3
Technique: Protection Features 120
Technique: Power Sequencer Explained 121
Technique: SLG51002 HC LDOs Auto Bypass Mode Explained 122 S .
Technique: SLG51002, SLG51003 12C Control Code Selection 123 |8 T
Technique: SLG5100x Device Interrupt Request Block 124 S s
Application: Scenario of Two Independent Sequences Using the SLG51002 125 s -
Application: Powering Two Cameras with Sequencer and Two Scenarios for the SLG51000C 126
Application: SLG51002/3 12C Address Configuration without 127
Reprogramming 127 -
Chapter 8 Motor Control 128 [€ =
Application: H-Bridge Control 129 s 2
Technique: Using the HV OUT CTRL Blocks 130 h
Technique: Using the SLG47105 PWM Blocks in Regular Mode 131
Technique: Using the SLG47105 PWM Blocks in Preset Registers Mode 132 -
Application: Constant Voltage Brushed DC Motor Driver 133 B ©
Application: Constant Current Brushed DC Motor Driver 134 =_8H §
R11TBO003CE000 6 |28
[1°]



The GreenPAK Cookbook

Application: Constant Current Using the PWM Chopper
Application: Unidirectional DC Motor Control with Soft ON/OFF
Application:; Push-to-Start/Hold-to-Stop

Application: Bipolar Stepper Motor Driver

Chapter 9 Advanced Analog Features

Application; Adjustable Active Filter Using OpAmp
Application: Adjustable Inverting OpAmp

Application: Adjustable Non-Inverting Op Amp

Application: Instrumentation Amplifier

Application: Voltage Follower Using OpAmp

Application; Current Sink Using OpAmp and N-channel FET
Application: Auto-Trim

Application: Current Source Using OpAmp and P-channel FET
Application: Voltage Regulator Using OpAmp

Technique: Using Chopper ACMP with Digital Rheostats
Application; Sample and Hold Circuit

Application: Finding Maximum Point of Input Voltage
Technique: Using Power Controller in the SLG47011
Application: Waveform Generator Using Memory Table
Technique: ADC Calibration Procedure

Application: Signal Generator Using Memory Table
Application: Signal Modulation Using MathCore (PWM)
Application: Signal Modulation Using MathCore
Application: DC Power Measurement

Application: 4 Channel ADC Measurement with Data Buffer Table
Application: Analog to Parallel Converter

Technique: MathCore Usage

Application: Frequency Multiplier

Application: Arithmetic Operation f(x)=kx+b

Application; ADC with Memory Table in Storage Mode
Technique: Multichannel DCMP

Technique: Reading/Writing Data via SPI

Technique: Different Modes in PGA

Technique: Using Data Buffer

Application: ADC ON/OFF Function

Technique: ADC Delay Between Channels

R11TB0003CE0000

135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
195
156
157
158
1599
160
161
162
163
164
165
166
167
168
169
170

suonouny
B $120|g diseq’|

[o1ju09 Juawabeuepy [onuo) $]020)0.14 sainjea Buiuonipuoq 21607
paseq-asind '9 | uonesiunwwoy g hajes [enuanbag 7

10J0|\ '8

sainjea  bojeuy

|eubig ¢

1amod °/

pasueapy ‘g



The GreenPAK Cookbook

Chapter 1
Basic Blocks & Functions

This chapter introduces many of the basic building blocks found in the
GreenPAK that will be used throughout the Cookbook. It will also present a few
simple combinational logic designs that utilize look-up tables (LUTs).

R11TB0003CE0000 Chapter 1 Basic Blocks & Functions
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The GreenPAK Cookbook

Technique: Learning More About a Macrocell

This technique works with any version of GreenPAK Designer.

While using GreenPAK Designer you may wish to learn more about a specific
macrocell. This can be done by selecting the macrocell in the GreenPAK Designer, then
clicking the Information button at the bottom-left of the Properties window. Info Button

Overview: Digital Macrocells

Digital Macrocells are the basic functional components of
any GreenPAK. They include:

Common Digital Macrocells:

e Look-Up Table (LUT)

e D Flip-Flop (DFF) / Latch

e Counter / Delay (CNT/DLY)
Communication:

e |2C (many devices)

e SPI (select devices)

Less Common:

e Pattern Generator (PGEN)

e Pipe Delay

e Programmable delay (PDLY) o
e Filter / Edge Detector Digital Macrocells

Many of the components in GreenPAK Designer can be configured to be one of multiple types of
macrocells. This is indicated by the name of the digital macrocell: for example, 2-bit LUTO/DFF/LATCHO can
be, as the name implies, a LUT, DFF, or Latch. The selection of macrocell type is configured using the Type
option in the Properties window.

R11TB0003CE0000 9
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Technique: Configuring Standard Logic w/ LUT Macrocells

N

This technique works with any GreenPAK. e~ g .‘;‘”

- o5 2

Look-up tables are used in GreenPAK Designer to configure any 5
digital logic for a two, three or four input, single output logic
macrocell. The logic configuration is edited in the Properties

window. g w

| =%

Most logic implemented in GreenPAK designs is standardized S %

logic, such as MUX, AND, OR, etc... To expedite these common a

configurations, the Properties window has a Standard gates option
that automatically convert the logic table into a standard gate CTTT
configuration. If the Regular shape option is left unchecked the
LUT shape will change to the standardized gate symbol.

Overview: Oscillators

sainjeay
hajes “y

GreenPAK ICs contain at least two oscillators. Many GreenPAKs, such as the
SLG46826, have three oscillators. The most common, non-divided frequencies of
the oscillators within GreenPAK are:

000000000

e 2KHz low speed, low power oscillator
e 2MHz medium speed
e 25MHz high speed

$]020)0.14
uonedUNWWo? °g

000000

(e}

Each oscillator has several outputs, each with several pre-dividers to allow
flexibility in clocking. To save power Auto-power on allows you to turn off the
oscillator when the clock is not needed.

More information about oscillators can be found by using the Information button
when the component is selected.

o]

[013u09
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Oscillators

Overview: Analog Comparators

Juawabeue|y
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Almost every GreenPAK is equipped with two or more analog
comparators [ACMPs], each with two input sources; IN+ and IN-.
The input source to each is configured in the Properties window.

More information about analog comparators can be found by using
the Information button when the component is selected.

[o1ju09
10J0|\ '8
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Overview: 1/0s

N
I/0s within GreenPAK are very flexible. The I/0 E .‘-Z’,
capabilities vary from pin to pin and part to part, (=) ]
so0 a design should be mapped to the necessary =D, s
pin configuration before choosing a specific e ﬁ\_;?_' 5 h«/— v (1)
GreenPAK. LS IE_ o
Push-pul s @
Outputs can configure to be Push-pull or open- @& S
drain in either a NMOS or PMOS configuration. A -My«_)—%g \—f—:; S S
. .. —— e T s =
scaling factor, such as 2x, indicates that the output oo L _— a
strength is doubled. j:_i'&)—' ] _bkj%@;
Additionally, pull-up and pull-down resistor options Typical I/0 Structure -~
of 10k<2, 100k<S2, and TMS are available on output g ¢
pins. )

Multiple input options are available as well, such
as: Digital-In, Digital-In with Schmitt trigger, Low
Voltage Digital-In and Analog-In. Analog in is used
as an input to an ACMP.

Overview: Interconnections

$]020)0.14
uonedUNWWo? °g

Interconnection with GreenPAK Designer is easy. The
system will guide you on which connections you can
make. When you click on any connection point, the
system:

[013u09
paseq-as|ng ‘9

¢ Highlights all available connections in green

e (ives you a “rubber band” connection that you can
stretch to any of these green connection

e This results in a green wire to show you
interconnections you have made

Interconnections

Juawabeue|y
lamod '/
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Technique: Simulation and Emulation Using GreenPAK Designer

N
w
Emulation is available for all GreenPAK parts and Simulation is available on many GreenPAK ICs. ) .'g”
o 2
=,
EHe 0.0. F 3 90 % & |k ’ B2 [N m =B
New Open Save Print Unde Redo Set Wire | Erase Wire Setlabel Erase Label Rules Checker Debug Project Settings Project Info Properties | Components | NVYM Viewer
f, Rotate Left 47 Rotate Right E'Fl\pHorlzomal Flip Vertical TAJlgnHonzontal t Align Vertical @Ader * % Remove -
()
Toolbar S w
(=1
. . o . . . . = £
When developing a design, it is important to be able to quickly test the functionality. GreenPAK Designer § =
makes debugging effective and easy. e =
There are two ways to quickly check your design:
1. Simulation
2. Emulation g =
= £
[—I—
Simulation simulates the operation of the circuit in conditions 2=
depictive of reality without the need of a physical IC. It should be  Frmmames od
kept in mind that simulation can't provide for all the nuances of a Debugaing Conrols
(3]
real-world system. GrecnpAK Advanced | Chenge patorm o
Development Platform e - o
3 =
Emulation allows, with the presence of a demo board and the Device: Onbosrd 12 Reset g 2
. . . . = g s,
GreenPAK chip, to check the operation of your design directly Read & 8
in the hardware without permanently programming a part. This ke = Breacss §
allows you to quickly make changes to the project and use your Poberbee
emulation to check your guesswork. L Sathd Ear N S o
1. If the design is ready for debug select the Debug button (boxed | 2% & 8 w2/ 6] 22 26 25 28 0 =2 oc
. . . . X . Val3 |5 |29 |6 |13]15] 17|19 21123}25127.129 |31 o w
in red in the figure above) to go to the emulation/simulation = — = = @
. Int. VDD | | Ext. VDD | ON || OFF TP Map o o
selection o) e =3
menu. =
2. Next, select the platform with which you want to check your :
. PIN: Unsupported SLG46536Y (0x3), DB HW-FW: 1.3.1-2.7 o=
design. : =
3. After selecting a platform, go to the debug menu, where further |™="="= - 1 2~
actions will be suggested depending upon the platform you Matrix 0 % -EU
choose. I 1 (28
PIN 2
. . -
4. If you need to change the platform, you can do this at any time S -
. ¥ PIN 5 -}
by selecting Change platform. o
| 1/OPADs R
V| vDD (PIN 1)
v
b o™
v
v P s . S =
=
|Fiter... =3 :Q:
| sbowall | bide sl

GreenPAK Lite

GreenPAK Advanced
it Development Platform

GreenPAK Serial
Debugger

R11TB0003CE0000

Platform Selection Menu
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Debugging Menu

Technique: Simulation and Emulation Using GreenPAK Designer
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Technique: GreenPAK Programming

Debugging control is available for all GreenPAKSs.

M o= I

Mew Open Save Prin Undo Redo Set

;‘r\l_“’?-é%o’ N B  m =
rase Wire Debug

Set Label  Erase Label Rules Checker Comparisan Project Settings Properties | Schematic Library | Components | NVM Viewer

ES

Ei

Toolbar in GreenPAK Designer

When developing a design, it is important to be able to quickly test the functionality. GreenPAK Designer
makes debugging effective and easy.
Change platform
Select the type of hardware platform with the supported features.
Import configuration ,

. i i Debugging controls =]
Import user configuration of test points from other Debugging Controls
platforms.
Device
Allows a user to work with an external chip on a
specified device address. Device:  Onboard + || 12c Reset
12C Reset
Suppose 12C serial communication is established with
the device. In that case, it is possible to reset the device
to initial power-up conditions, including the configuration
of all macrocells and all connections provided by the
Connection Matrix. This is implemented by setting the 2]4]|6]810]12]14]16|18)|20|vn|22 |24 |26 |28|30] 32
register 12C reset bit to “1”, which causes the device to e
re-enable the Power-On Reset (POR) sequence, including Int. VDD | | Ext. VDD ON | | OFF TP Map
the reload of all register data from NVM. LEDs ON || LEDs OFF
Emulation
e Emulation of the current project will be loaded to the

chip (but not programmed) and will be ready for a test on the hardware board.
e Emulation (sync).In addition to Emulation, each change made in the project will be immediately loaded
onto the chip.

Test mode
Test mode is used for connecting or disconnecting the chip’s I/0 pads to TP controls configured by a user.
Also, a user can check a programmed chip using the test mode without emulation. To do this: turn on
the test mode and internal VDD button. The test mode can work without power on the chip. The user will
control the power manually.
Read
Read chip data using the hardware board.
Program
Program chip with the current project. For some chip models, a user can configure the programming
process by clicking the Programming options at the Program button. Available programming options:
e Program NVM (Program the chip’s NVM)
e Program EEPROM (Program the chip’s EEPROM)
Project Data
The table of NVM and EEPROM (available for specific chip revisions) bits.

7
GreenPAK Advanced Ehanogplatiom,

e Devel t Platf ) .
o Evelopment Hatlorm Import configuration

Read
Emulation ¥ Test Mode Program

Project Data

Start All Pause All Stop All

R11TB0003CE0000 Technique: GreenPAK Programming 13
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Technique: OE Pin

This technique can be used within any GreenPAK with OE pins.

91607
|enuanbag ‘7

Typically, GreenPAK I/0 are configured as an input or output. Output enable (OE) pins are select pins
within most GreenPAK that allow the pin to dynamically change between a Digital input and Digital output.
When the OE GPIO is set as a permanent input the OE pin is set to ground and if the GPIO is set as a
permanent output the OE pin is set to VDD. Setting the GPIO as a “Digital input/output” allows for this
selection to be made in the matrix.

Buiuonipuo?
eubig "¢

sainjeay
hajes “y

Setting a GPIO as a digital input/output allows for two-way communication. It also allows for the GPIO to
be set to Hi-Z in addition to a logical high and low.

$]020)0.14
uonedUNWWo? °g

If the GPIO is used for two-way communication, it's important to implement a timing circuit for OE selection.
In the example circuit below the OE pins of CLK_IO and Data_I|0 are switched from low to high after CNT2
sees 8 clocks, consequently setting the OE pins as outputs to transmit the internal signals. After another 8
clocks the OE pins are reset low, setting them as inputs again to receive an external signal.

[013u09
paseq-as|ng ‘9
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Application: Parity Bit Generator

H
Parity Bit Generators are used to check the integrity of a signal; [ Co—
it is the simplest implementation of a Cyclic Redundancy Check | ™' t—=—
(CRC). Parity Bits are used prior to committing data to an MCU 2| "™ &

. . . , Z| IN3 CO—
or other control unit to ensure the incoming data hasn't been ——
corrupted. N5 CO—

. ;LD_
Ingredients s0A C>—]
obb —

SLG46826

(PIN 1 (vDD1)
PIN 2
PIN 3
PIN 4
PIN5
PIN 6
PIN7
PIN 8
PIN9

e Any GreenPAK
¢ No other components are needed

GreenPAK Diagram

) ? Nt ? O
— ENABLE

O

IN6 &

Design Steps

PIN 10
\_

PIN 2(?
PIN 19
PIN 18
PIN 17

PIN16 |
PIN15 |

(vop2) PIN 14

PIN13 |

PIN 12

(GND) PIN 11
J

Q
0
L]
L]
Lo]
o
O
o

GND

1. Connect input pins using XOR gates using Technique: Configuring Standard Logic w/ LUT Macrocells.

XOR gates are used to calculate the running sum of 1's.
2. Add logic for the ENABLE signal.

R11TB0003CE0000 Application: Parity Bit Generator

[IN8:IN6]
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Application: 8-bit Multiplexer

VDD

o SLG46826 ~

I—HL(PIN 1 (voo1) PIN 29—(:] N2 | m

. . . 1S) — @

A Multiplexer, or MUX, is used to select an output from multiple | ™ Co—PiN2 PIN19 I —C N1 | £ ==

. : . : S g S =

input signals. This is used in applications where several g| MO PN PIN 18 [——C_J N0 e 3

. . | dt b t . | | B § INs C_O—PIN4 PIN 17— SELO n__:
communlcatlon ines need to be sent across a single line. By 2] o > s o 16 ——
using a GreenPAK as a MUX the latency time in transmission N7 Co— Pin e PIN 18| () seL2

can be in nanoseconds, comparable to discrete logic IC’s. {pnz wooeNtal—f
scL CO)—PIN8 pIN13} Lo e

=

i SDA(_>——PIN9 PIN 12| % 7}

Ingredients ot CO—pmt @y gS

GND = -

e Any GreenPAK
¢ No other components are needed

GreenPAK Diagram

$]020}0id sainjea]
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Design Steps

[o1ju09
10J0|\ '8

1. Connect input pins to 4 LUT's configured as multiplexers using Technique: Configuring Standard Logic
w/ LUT Macrocells. INx should connect to A or B, SELO should connect to S on all 4 mux's.

2. Add second and third stage cascading multiplexer blocks to create the more significant SEL bits.

3. Add an output pin connected to the last-stage multiplexer.

R11TB0003CE0000 Application: 8-bit Multiplexer 16
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Application: Demultiplexer

VDD

o1 SLG46826 N
0.1uF Ve ~N H
H PIN 1 (voD1) PIN 20} ¥
A demultiplexer is used to select which of several channels is INPUT CO—]PIN2 PIN 19 - e
. . . - . . . | = D
sent an input signal. A demux is used in applications where it SELT L PIN3 PIN18 -
. . . SsEL0 CO——{PIN4 PIN17 | o
is ne_eded to send severgl different types of data across one line lows oI 16 — outs
and is commonly found in communication systems. 1re PIN 15| ou2
4PIN7 (vbD2) PIN 14 c2 o
scL CO>—PIN8 PIN 13 —="2"F — ouT1 S w
SDA(C_)>——PIN9 PIN12}—{ » ouTo % g,
{piN10 (GND) PIN 11 =
: \ / s B
Ingredients G—NlD 5=

e Any GreenPAK
e No other components are needed
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GreenPAK Diagram
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QUTO
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Design Steps

1. Configure input pins for a signal input (IN), two select lines (SELx) and four output pins (OUTx).
2. Configure the LUTs to each pass the signal from IN upon a specific logic input on the select lines. For
example, 3-L3 will be HIGH when SELO, SEL1 and IN are HIGH.

[o1ju09
10J0|\ '8
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Technique: Changing 12C Address

This technique describes the 12C address selection options for the SLG46855 device. The I12C Serial
Communication Macrocell allows flexible configuration of its slave address (Control Code), providing two
distinct methods for address selection:

1. Register-Based Address Selection (Default)

By default, the 4-bit I2C Control Code is sourced directly from an internal configuration register. This
method is typically used when the 12C slave device will operate with a fixed, predefined address set during
programming.

Advantages:

1.1. Fixed and predictable address.

1.2. Suitable for systems with a single 12C slave or where address conflicts are unlikely.

1.3. Simpler hardware setup—no additional pins required for address selection.

2. External Pin-Based Address Selection BB e 0.
Alternatively, each bit of the 12C Control Code can
be sourced from external GPIO pins (PIN 2, PIN 5,
PIN 9, and PIN 10). When external addressing is en- =
abled, the binary value of the address is determined <= ==
by the voltage levels on these pins at runtime:

e PIN 2 Least Significant Bit (LSB)

e PIN 10 Most Significant Bit (MISB)
Advantages:

2.1. Provides flexibility to change the 12C address
without reprogramming the device.

2.2. Enables easy integration of multiple identical
devices on the same 12C bus by assigning unique
addresses via hardware configuration (e.g., pull-up/pull-down resistors).

2.3. Useful in modular or configurable systems where address conflicts might occur.

Note: This feature is specific to the SLG46855. Not all Renesas GreenPAK or AnalogPAK devices support
external 12C address configuration. Always consult the product Datasheet to verify whether this feature is
available for the specific chip you are using.

R11TB0003CE0000 Technique: Changing 12C Address 18
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Chapter 2
Sequential Logic
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This chapter presents applications that involve sequential logic. Some
sequential logic applications are counters, system reset circuits, power
sequencers, and state machines
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Technique: Optimizing CNT/DLY Accuracy

This technique works with any GreenPAK. The accuracy of the oscillator and CNT/DLY blocks vary from
part-to-part.

GreenPAK ICs, like all chips with internal oscillators, have inherent variation in timing. This is attributed
to factors like manufacturing, temperature and, in the case of GreenPAK, user design practices. By using
simple design principles the accuracy of counters and delays within a GreenPAK design can be improved.

The relationship between the oscillators and CNT/DLY blocks should be considered. The oscillators are
global oscillators; they are used for any number of CNT/DLY blocks and aren't initially synchronized to the
start/stop of a delay or counter. Consequently, when a counter or delay is enabled it will only begin to
increment on the next clock edge. This is depicted in figure below, where an enable signal for a delay is
activated mid-clock-cycle and doesn’t begin to decrement until the next rising edge.

CLK

DLY_IN

-

< X >< [X-1] >< [x-2] DLY DATA

Behavior of Rising Enable for Delay

This is factored into the typical delay time calculation for the CNT/DLY blocks:

Delay,, . (typical)= ((Counter_Data+1)+t)/clock,

where t is between 0 and 1

Thus, as the value of “Counter_Data” increases, the influence of “t” on the delay time will be
proportionately less. Additionally, the absolute value of the delay time is kept the same, despite using a
larger “Counter_Data” value, if a faster “clock” value is used. In the Properties window of the selected
CNT/DLY block both the Counter Data value and the Clock Source can be modified.
Additionally, the timing characteristics within the datasheet of the respective GreenPAK should be

referenced to ensure factors such as Power-ON time, frequency settling time and percent deviation across
temperature are considered.

R11TB0003CE0000 Technique: Optimizing CNT/DLY Accuracy 20
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Technique: Sequencing CNT/DLY Blocks

This technique will work with any GreenPAK.

CLKIGAq -\T1/pLy; SRS p ==’z CNT2/DLY2 paRl P

Delay blocks can be chained together to sequence
signals. By chaining the output of one delay block to the
input of another a sequential set of delays is made.

Sequential Rising Edge Delays

The CNT/DLY blocks in the sequential set should be set to “Delay” in the Mode setting within the
Properties window. Typically, the Edge select setting should be the same for all sequenced components.
The figure below shows the effect of the two sequential CNT/DLY blocks set to rising edge, 8ms delays of
the Power-On-Reset (POR) signal.

+20 ms
J

[P] CNT2/OLYZ -> OUT

i J
(T ' ;

[F] CNTLDLY1 -> OUT
i :|
Low

[P] POR

Sequential Delay Simulation

One can also chain together CNT blocks for a longer counted time. When Chaining CNT blocks together,
the CLK of the CNT should be driven by the output of the previous counter. This is done in the properties by
selecting a CNT block and in the Properties window, choosing the Clock connection to be sourced from the
previous CNTx/DLYx.

[ ] L CLK Y CLK
et W CNT1/DLY1 ek sct @ CNT2/DLY2 gl

Sequential Counters

R11TB0003CE0000 Technique: Sequencing CNT/DLY Blocks 21
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Application: System Reset

VDD

L SLG46826 N
H}L(PIN 1 (vooy) PIN 20} m
. - @
System Reset ICs are used to provide a reset to a FAULTT (O~ PIN 2 PIN1O =
: : i S €
microprocessor during faults, manual resets, brown-outs and 2™ PIN18 & 3
nwb (__)—PIN4 PIN17 | =3
more. Jpins PIN 16 | -
1PIN6 PIN15| \opo uP

4PIN7 (voD2) PIN 14 o S%C
Ingredients scL CO—|Ps Pn1al IO g .,
SDA(__ )>——PIN9 PIN 12 | NRESET =3 U)
PIN 10 (GND) PIN 11)—-|_ g cg
e Any GreenPAK oD =5

[{=}

e No other components are needed

GreenPAK Diagram
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Design Steps

1. Configure an I/0 as an input for each input signal.

2. Add LUT logic to create a HIGH signal when any of the lines are active. The logic is dependent on
whether each signal is active-high or active-low.

3. Configure a CNT/DLY block to “One shot” mode, with Edge select configured to “Rising.” Set the
Counter data to create the desired length of pulse. For an active-low pulse change the Output polarity
to “Inverted (nOUT).”

4. Connect the CNT/DLY block’s output to an output pin.

[o1ju09
10J0|\ '8
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Application: Several Button Reset

VDD

et SLG46826
H (PIN 1 oo PIN 20}
Pressing and holding several buttons to initiate a hard BUTTON1 L PIN2 PIN19T
. . . . . BUTTON2 (_O——PIN 3 PIN 18 |-
reset is a common interface in many devices. Implementing | P17}
this application in a separate IC ensures the reset will be {pis PIN 16
acknowledged and acted upon, even if the rest of the system e PNTS ooz | UP
. . . . 4PIN7 (vbp2) PIN 14 2
is experiencing one or more software, firmware, or hardware . g onial T | SOC
ISSUES. soACD>——PIN9 PIN 12 nRESET
-\PIN 10 (GND) PIN 1'L

GND

Ingredients

e Any GreenPAK
e No other components are needed

GreenPAK Diagram

SN oo [ co J voo: | vox

‘ (o] (e} (e]

BUTTON1 4s Rising 100ms Rising
— Edge Delay

BUTTON2 . m . .
R

Edge 1-shot nReset

o

o

(o}

00000000

Design Steps

1. Configure an I/0 as an input for each button.

2. Add LUT logic to create a HIGH signal when both buttons are active. The logic is dependent on whether
each signal is active-high or active-low.

3. Configure a CNT/DLY block to “Delay” mode, with Edge select configured to “Rising”. Set the Counter
data to create the desired length of button hold time. For an active-low pulse change the Output polarity
to “Non-inverted (OUT).”

4. Configure a second CNT/DLY block to “One shot” mode, with Edge select configured to “Rising.” Set the
Counter data to create the desired length of pulse. For an active-low pulse change the Qutput polarity to
“Inverted (nOUT).”

5. Connect the CNT/DLY block’s output to an output pin

R11TB0003CE0000 Application: Several Button Reset 23
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Application: Basic Sequencer

5V SYSTEM 3.3V SYSTEM N
5V Buck/Boost w
. - o
Sequencers are used when a designer needs to Ny Lo 8=
. . . . . PIN 1 (voD1) PIN 20 1 1
sequentially activate different portions of a system. “Fisin T om N ° 3
This is critical for applications that require several en 1o o = 2
power rails. 1piNs PIN16 |
-4PIN6 PIN15 | VDD2
4PINT7 (vo02) PIN 14 o ()
scLC)—PINS PIN13| T O g w
SbAC_)>——PIN9 PIN12} % QZ:
H{PiN10 (6ND) PIN 11 = ﬁg
Ingredients a

e Any GreenPAK
e No other components are needed

sainjeay
hajes “y

GreenPAK Diagram

ouT1 our2 ouT3 ouT4

@ ~
o o
[ X ®0 e0

CH1_DLY *0

$]020)0.14
uonedUNWWo? °g

CNT1/DLY1 mad

CH2_DLY

CNT2/DLY2 S

CH3_DLY
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CNT3/DLY3 mad

00000000
000000H0O0

CH4_DLY

CNT4/DLY4 pumd

Juawabeue|y
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Design Steps

1. Use LUTs to configure the desired start-up condition.

2. Use a latch or DFF to maintain the start-up signal so it can be read by DLY blocks.
3. Chain the Delays using Technique: Sequencing CNT/DLY Blocks.

4. Connect each delay channel to the desired output pins.

[o1ju09
10J0|\ '8
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Application: Cascaded Sequencer

Sequencers are used when a designer needs to
sequentially activate different portions of a system. It
is typical to have a cascaded sequence, such that a rail
does not turn off until all the rails below it have turned
off.

Ingredients

e Any GreenPAK
e No other components are needed

GreenPAK Diagram

VDD
C1
0.1uF

|_|

EN1
EN2 C_+—
EN3 C__+—
EN4
EN5 C__—
EN6 C__—
scL C o —
SDA C_)—

" J LEVEL_CONTROL
—JON

——__] OFF

) SEL_IN_SCHEME
VDD2

Cc2
T oF

SL.G46826
(PIN 1 o9 PIN 20)
PIN 2 PIN 19
PIN 3 PIN 18
PIN 4 PIN 17
PIN 5 PIN 16
PIN 6 PIN 15 |
PIN 7 (vooz) PIN 14
PIN 8 PIN 13|
PIN 9 PIN 12
(PIN 10 (oN0) PIN 11)

Design Steps

1. Configure input structure. Here you can select between level and latching control with PIN17.
2. Multiplex inputs to DLYs within a Multi-function block to achieve a cascaded effect.

3. Connect the DLY outputs to push pull output pins.

R11TB0003CE0000

Application: Cascaded Sequencer

25
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Application: Voltage Monitoring Power Sequencer

VDD

. SLG46537
Sequengers are 'used vyhen a deS|gner needs to . Cl_m_
sequentially activate different portions of a system. It is 2T Loz pin1s |

4PIN3 PIN18 |

typical to have a cascaded sequence, such that a rail does

. . . ouT_1vg_A {__—{PIN4 PIN 17— OUT_1v8_B
not turn off until all the rails below it have turned off. ~i e pins PIN16 L ouT sv 4
™8 fpin g PINIS—{"outsvs S
R2 4PINT PIN14F—outavse =Rs
sv
L ouT_3vaa R&

Ingredients S U e
33 e 10 (GND) PIN 11 GND
R4
¢ Any GreenPAK with 3 ACMPs o o
e Six resistors
GreenPAK Diagram
™

. - =
T\
B T delay DLY4 T dolary DLY4
o CNTG/DLYG g * ouT_1vaa

——
= = FSM0 *

Design Steps

1. Configure input pins for the EN and voltage ' /

monitoring. o _— [] o
2. Configure output pins to sequence system.
3. Power on ACMPs, connecting POR to PWR UP and

configure the IN- source of each with the desired
voltage threshold levels.

4. Configure DLYs with the desired delay times.

5. Configure LUTs with the proper logic functions.

R11TB0003CE0000 Application: Voltage Monitoring Power Sequencer 26
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Application: Ship Mode Controller

An ultra-low power button monitor can save battery I_T;_T_
life while a product is not yet with the end user. This et st wode ]
enables a better first experience by the user. Enable Stip Mode [—
Ingredients st

SDA (. —

e Any GreenPAK
e External PMOS load switch

GreenPAK Diagram

[eXeNoXoXoNoX NolXeol

Exit Ship Mode 100ms Debounce

Y
) ®
[o} 2 : CNT]./D'LY]. ® ®

Enable Ship Mode ¢
[ W
.

o

Design Steps

1. Configure PIN2 as an input with TMS pullup.
2. Set desired Button delay time in CNT1/DLY1.
3. Modify LUT contents for correct polarity in and out of ship mode.

R11TB0003CE0000 Application: Ship Mode Controller

SLG46826

PIN 1 (vDD1) PIN 20

PIN 2 PIN 19

PIN 3 PIN 18-
{PIN4 PIN 17 [
{PINS PIN 16 -
{PINE PIN 15
4PINT vooz) PIN 14

PIN 8 PIN 13|

PIN 9 PIN 12
+{PIN 10 (GND) PIN 11

1

GND

Enable

Enable

uP
or
SOoC
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Technique: Creating a Synchronous State Machine from an ASM

N
Synchronous state machines (SSM) transitios on the edge of an incoming clock if the transition conditionis | — &
met. The generic approach to convert a GreenPAK Asynchronous State Machine (ASM) macrocell into a SSM | <€, §
uses a clock signal with a pulse width greater than the ASM transition time. ;.
State 0
Q
S w
S e
=3
a

2-bit LUT3 -> OUT,

sainjeay
hajes “y

2-bit LUT3 -> OUT -0 > OUT

2-bit LUT3 -> OUT,

$]020)0.14
uonedUNWWo? °g

Consider the SSM in the 3-bit counter example above. CNT2 and 2-bit LUT1 are used to generate the clock.
The ASM uses 8 states connected in series. 2-hit LUTO and 2-bit LUT3 are used to prevent a logic high signal
on two near state transitions. The value of the ASM output for every state is shown below.

RAM

nnection Matrix Output RAM
State
name

[013u09
paseq-as|ng ‘9

= | OUT?

Col
2
=2
(=]
(1]

= | OUTS
= | OUT4
o | OUT3
o | OUT2

State 0

State 1

=]
[=]
[=]
[=]
[=]
[=]

State2 | 0 Q 1] 1] 0 0
State3 | 0 Q Q Q 0 0
1

Stated | 0 Q Q Q 0

Juawabeue|y
lamod '/

State5 | 0O Q Q Q 0

state& | O o o 0 0

state7 | O Q Q 0 0

The ASM changes from the reset state (State 0) to the next state (State 1) when PIN6 goes high. The
following transitions through the states occur as CNT2 toggles first high, then low, and so on.

[o1ju09
10J0|\ '8

For more a detailed information about the process of creating an SSM with the ASM see AN-1126 ASM to
Synchronous Conversion.

R11TB0003CE0000  Technique: Creating a Synchronous State Machine from an ASM 28
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Application: N-Length Bitstream

VDD

SLG46537 N
(PIN 1 von) PIN 20} 1o
i i i ; ; ct — @
A bitstream is a sequence of bits transmitted continuously owr T {pina PIN 19k 3 §
over a communications path. The GreenPAK can create a N O—] PN 3 PN 18k !
repeating string of up to 64 bits. dpiNa PN 171 =
{PINS5 PIN16}
{PING PIN15} o
Ingredients 1™ e s 5
g scL{_>—PIN8 PIN 13— ) DATA g{ fé’
] SDAC_O—]PIN 9 PIN 12| —{_CLK g E-'_s
e Any GreenPAK with an ASM 1pin10 (onD) PIN 11 <
\_ )_l

GND

sainjeay
hajes “y

GreenPAK Diagram
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CETERTD o0 Dnioy > CLT0)

CETEID

e ‘ °
Byes
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Design Steps

Configure a generator and 8-bit Multiplexer using Application: 8-bit Multiplexer.

Configure CNT1 to determine the length of the bitstream.

Configure the ASM using Technique: Creating a Synchronous State Machine from an ASM.
Connect the outputs of the 8-bit multiplexer and generator to the desired output PINs.

The length of the bitstream (counter data of CNT1) can be changed using I12C.

The DATA stored in the ASM output RAM can be changed using 12C.

[o1ju09
10J0|\ '8
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R11TB0003CE0000 Application: N-Length Bitstream 29

sainjea  bojeuy
paaueApy ‘6




The GreenPAK Cookbook

Technique: Multiplexing a Bitstream

This technique can be used in any GreenPAK.

GreenPAKs are often used to transfer a data pattern. If the data is transferred from the GreenPAK or the data
is transmitted along several lines from the SoC, they must be amalgamated for transmission on one line.
Below is an example of the GreenPAK multiplexing a bitstream originating from the ASM output RAM.

Generator

N CIT0/0LY0/ B

(e}e]

The generator circuit is shown above. The generator implements the operation of the CLK line for the
synchronous data transmission, enabled by the EN signal. The generator also implements the multiplexer
operation algorithm for the correct combination of the transmitted data on one line.

P

[n3 |

S e e - - ==
=

(=]

o]

ole

=]

8-bit Multiplexer

-

o

ofo

ASM nRESET
Byte0

ASM QUTPUT

Sla|ale|al=|ale|olE
T Al ™l Wl ol ST e B
5,

1

o -

a|lala|la|lalala

The 8-bit multiplexer circuit is shown above. All LUTs are configured collectively as an 8-bit multiplexer (see
AN-1003) the MUX truth table is also shown above. The multiplexer outputs the combination of bits from the
ASM block outputs according to the algorithm of the generator and the data is transmitted on one line to
DATA. The DATA output will always be the same as the MSB of the ASM output RAM. when EN is LOW. The
ASM output RAM can be changed via I12C. logic can also be implemented to change the state of the ASM

in order to change the data bits. If the ASM isn't available, the inputs can be pulled high or low for the data
values.

R11TB0003CE0000 Technique: Multiplexing a Bitstream 30
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Application: 10 Year Counter

N
VDD (¢
: i SLG46826 -
Ultra-long counters can be used to determine the lifetime — — S =
: g L ) 2, =
of a product without requiring a large tax on the power WP | 0T o s S © 3
or N Iretime Indiactor E'
budget. soc {PiIN3 PIN18[ D] =
Enable PIN 4 PIN17 | R1
Reset PIN 5 PIN 16 |
GND
- PIN6 PIN15 | VDD2 § w
|ngred|ents {priN7 (vob2) PIN 14 % o = 23
scL CO—{PIN8 pIN13} Lo g' =
sbA(C_)>——PIN9 PIN12} =) 2
b Any GreenPAK PN 10 (eND) PIN 11)—-|_ <
e No other components are needed o6
me
GreenPAK Diagram 2 @
S
<

Enable

every 9.2 hrs every 97 days Every ~10years

. T T
\ Do 7 CNTlfDLYl L~ CNTZ_IDLYZ 3 - CNBfm‘B *

O
O
Q
O
]
O
O
]

$]020)0.14
uonedUNWWo? °g
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Design Steps

1. Chain the Counters using Technique: Sequencing CNT/DLY Blocks.
2. Connect input pins and output pin.
3. Set timing in CNT properties.
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Application: Square Wave Generator

N
e SLG46826 .
. . .. (- \ — @
Square waves are essential for clocking digital systems. They St PIN 10007) PIN20f—{ O Square Wave | o .3
. . . . . u - u v - @
can easily be implemented in GreenPAK with the oscillator PIN2 PIN19F—{_ Square Wavez | &° 5
. . EN >—PIN 3 PIN 18 '
blocks or a delayed logic for a customized frequency. 2
-1 PIN 4 PIN17[
4 PIN 5 PIN 16
. {PiNE PIN 15t \onp o
Ingredients {pN7 coovetal— S w
scLCO>—PINg piN13f L0 g g
e Any GreenPAK SOAC D——PIN O PIN 12}- §_ =
< PIN 10 (GND)PIN 11
e No other components needed \ J <
GND
GreenPAK Diagram
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Square Wave
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A
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>
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O
O
O
O
O
O

MF1 (3-bit LUT7, DFF/LATCH10, 8-bit CNT1/DLY1)
0SC0/5 = 418.8 Hz
Square Wave?2
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Design Steps

1. Configure the EN input and the square wave outputs.

2. Use an internal oscillator to generate a square wave on PIN20. The ‘CLK" predivider and ‘OUT0" second
divider can be altered to customize the frequency.

3. Use a both edge delay and a LUT to generate a square wave on PIN19. This configuration allows the user
to divide down the frequency of the square wave by a finer adjustment.

[o1ju09
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Division Coef ficient = Counter Data + 2
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Application: Two Event Button Press

T sLG46537 o
Using a single button to generate several events is a common C1L'T=m 1(voD) PIN 20} E -'é
solution to save on external control components. Using one “ L JpiN2 PIN 19} & §
button and predetermined time intervals you can organize 1PIN3 PIN 18} e
control of an LED flashlight. Input ”_——PIN 4 PIN 17
1qPIN 5 PIN 16
Output] iy 6 PIN 15} g o
) LEDI¥*  dpin7 PIN 14} 2 o
Ingredients Rz Jpins PN 13} g5
GND 1PIN9 PIN 12| é =
e Any GreenPAK P 10 (GNDJPIN"’—_L
e (OneLED <

e (One resistor

sainjeay
hajes “y

GreenPAK Diagram

3sect Output

CNT1/DLY1/ R B,
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M1
00

8sect

CNTO/DLYO;
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00

[013u09
paseq-as|ng ‘9

Juawabeue|y
lamod '/

Design Steps

1. Configure GPIO pins as an input for button and an output for LED control.

2. Add CNTO/DLY0, CNT1/DLY1, and a DFF to remember the last state.

3. Configure the CNT/DLY blocks to “Delay” mode, with Edge select configured to “Rising.”
4. Configure the CNT0/DLYO output as “nOUT.”

[o1ju09
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Chapter 3
Signal Conditioning
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This chapter presents applications that interpret an external signal and
condition it to be useful for an operation within a system. Some applications
that involve this are frequency division/multiplication, filters, and sensor
controllers.
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Technique: Using a CNT/DLY Block as a Deglitch Filter

This technique can be used in any GreenPAK

Deglitch / debounce filters are used to
eliminate glitches - spurious signal transitions.
Glitches occur in situations like a button being
pressed/released or when a voltage is very

Anzlog Vok
el 125 ms Both Edge Delay

P CIvT1/0LY1 SR

70 ms Rising Edge Delay

]

close to a threshold of a hysteresis-less PIN. =t . ; .
There are 3 possible edge-triggered options S —— '

to configure a deglitch delay: rising, falling or o f— « g
both. In this case delay block will filter pulses .

shorter then delay value with corresponding
polarity: active high for rising edge, active low

for falling edge, both High and Low for both
edge delay. Example Deglitch Delay Options

See diagram below:

Rising edge
delay

\ 3
A
Falling edge \ \ \ \

\ |

Both edge

t delgy \ \
Edge Delay Behavior

R11TB0003CE0000 Technique: Using a CNT/DLY Block as a Deglitch Filter
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Technique: Edge Detector

This technique can be used in any GreenPAK. :
g £

Edge detectors are important components in digital electronics. It is a simple circuit with one input and & 3

one output. Edge detectors create a short pulse when a defined edge (rising, falling, or both) is detected. =

It's useful for implementing a reset function, watchdog timer, or other edge-dependent applications. There

are several ways to implement an edge detector (see figure below). To read a detailed description on how

to build edge detectors and see more examples see AN-1046 Various Edge Detector Circuits. § e
S
25
e

sainjeay
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Edge Detector Implementation

$]020)0.14
uonedUNWWo? °g

Option 1 uses the built-in edge detector feature in EDGE DET, P DLY, and CNT/DLY blocks. These blocks
have the benefit of producing a longer duration pulse compared to Option 2 (figure below).
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Different Edge Detectors Timings

[o1ju09
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Option 2 uses the small delay caused by signal propagation through a buffer. This delayed signal is
compared by a 2-bit XOR to the original input, whose propagation time is exceptionally small. The short
delay through the buffer causes a difference between the XOR's inputs, which generates a short pulse on
its output. Because of the internal structure of the LUTs their inputs have different propagation delay time.
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Application: Interrupt Controller

N

VDD w

. . . SLG46826 -

The GreenPAK can be configured to monitor multiple . L;,Nﬂm — ) o n ==

. . . . 11F o @

different interruptible signals and aggregate that T foz PIN s} =

information for the host processor to act on. The 1™ A . =
) . Interrupt | PIN 4 PIN 17
microprocessor or SOC can read the output of each DFF via T o s o 16

. P Temp Out
12C to determine the source of the fault. or lews PIN 18 | —~o0> () Dighal Sensor

SOC <4PIN7 (voD2) PIN 14 c2 § w

SCL [e—{PIN 8 PIN 13 —= 2 pushBution 2

SDA PIN9 PIN12| g' ‘gl

Ingredients lewto e =

& =

e Any GreenPAK
¢ No other components are needed

sainjeay
hajes “y

GreenPAK Diagram

Analog In

s

o]

DFF 3

Temp In

o B

[e]
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B -
-

b o, )

. Y DFF 4

wIrT Intermupt

[
0

Digital_Sensor_1

e PIN 15 E
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PushButton 28ms Debounce

T
o hocco/s
PIN 13 ° =l CNT1/DLY1 gumd .

Temp Out

:

©

B
Pl CFr5 |
B
| DFF6
B
O
'.Q’:'.'H\
]
O
2]
5
o
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Design Steps

Configure PINs 16, 17, and 18 as “Analog Input/Output.”
Configure levels of ACMPs to proper threshold.

Wire DFFs to OR gate and set PIN4 as output.

Configure DLY1 to desired debounce time.

[o1ju09
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Technique: Creating a Bi-directional Counter

This technique can be used within any GreenPAK that includes an SPI interface. Alternatives to this
technique can be accomplished using other GreenPAKs with an FSM block and storing the counter
information using an 12C read command, parallel output, or other method.

A Counter is a basic digital circuit used for counting input events (pulses, edges), often constructed using
a cascade of digital flip-flops. In GreenPAK some CNT/DLY blocks are more robust, and can be used as a
finite state machine (FSM) that is not only capable of incrementing but can decrement or hold the current
value, dictated by interconnects in the GreenPAK matrix. This technique exemplifies this behaviour by
using two FSM blocks in GreenPAK to monitor a pulse input (Clock) and output the corresponding 16-bit
sequence via the SPI macrocell.

[15:8]

70
EXI.CLKOS CNT3/DLY3/ = o [RETCKOR CNT2/DLY2/
5 SIS sl . o S & . FSMD .
.

=

4 g L

16-bit FSM with SP1 Qutput

The 16-bit FSM with an output to the SPI block counts input clock pulses in a constructed 16-bit register
(FSMO0, FSM1). At any time a user can read the value via SPI, reset the 16-bit register, or change the count
direction.

The 16-bit counter is implemented using two counters (FSM0 and FSM1 blocks) with additional logic. Bits
[15:8] are stored in FSMO, [7:0] in FSM1. Both FSMs are connected to the SPI block, which can output
serial data via SPI. The count direction is controlled by an Up/Down pin, directly connected to the FSM
blocks” UP matrix output. If this pin is HIGH, the system counts UP, if this pin is LOW, the system counts
DOWN. Gen Reset pin is used to reset both counter values (active HIGH).

The Clock input pin is applied simultaneously at the CLK input of FSM1 and FSMO0. FSM1 counts each
clock, whereas FSMO counts only when FSM1 counter value is 255 and Up/Down signal is HIGH or when
FSM1 counter value is 0 and Up/Down signal is LOW. This functionality is achieved using the KEEP input
of the FSMO0. When this signal is HIGH the counter value of the FSMO is not changing despite the clock
signal. KEEP is connected to FSM1 output through an inverter. In turn, FSM1’s output is only HIGH when
counter value is 0 and Up/Down signal is LOW, or when counter value is 255 and Up/Down signal is HIGH.

R11TB0003CE0000 Technique: Creating a Bi-directional Counter 38
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Application: Encoder

o1 P SLG46826

N
0.1uF "
_ _ H (PIN 1 vo01) PIN 20} - &
=
Encoders are used to convert rotary or linear motion to a imput A C— Pin 2 N 19k 8.
digital signal. Th|s design is optimized for mouse wheels and 1o PN 18 | E’
volume control in headsets. nput B C—— PIN 4 PN 17 L =
Up C_}—PINS PIN 16 |
{PIN6 PIN15| \\0ns o
S w
4qPIN7 (vbD2) PIN 14 c2 g_ b
scL_ >——PINS PIN13} L owF g'{ Jé’
spAC_>—PIN9 PIN 12} g 5-'_>
Ingredients Down C_J—PIN 10 (eND) PIN 11 <
\ )_l

GND

e Any GreenPAK
e No other components are needed
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GreenPAK Diagram

10ms One Shot 30ms One Shot

A Ncr /i Y A 517 ¥
5l CNT5/DLY5 | DFFo =il CNT2/DLY2
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30ms One Shot

b e /510 Y
orr IR ciouv B

10ms One Shot
o s
A /e )
CNT3/DLY3 g
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Design Steps

1. Configure pins as digital inputs. o
2. Configure two pins as output to designate direction of encoder. §’ =
3. Set CNT3/DLY3 and CNT5/DLY5 to the “One shot” mode with the desired filter time. s 2
4. Configure DFFs to detect direction (Up or Down). -
5. Set CNT1/DLY1 and CNT2/DLYZ to the “One shot” mode with the desired output pulse width.

R11TB0003CE0000 Application: Encoder 39
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Application: Distance Sense N
1 N
SLG46537 n
. . . (" \ - o
Ultrasonic ranging modules provide a non-contact PIN 1 o0 PIN 20| S =
. . . - PIN 2 PIN19 | - @
measurgment fuqctlon. This design is a controller for an o S =PI -
ultrasonic rangefinder based on the HC-SR04. PIN4 PN 17 |02 R 2
PIN § PIN 16 LEDs 2 R
4PIN6 PIN 15%
4PIN7 PIN 14% Q o
. scL C )>——PINS PIN 13 ﬁﬁ—ﬁf»—« =
Ingredients =l I = 2o
{pIN10 (GND) PIN1’L—-|_ g n=_:
* Any GreenPAK ob a
e LED for each distance measurement
e Resistor for each distance measurement
o
. = £
GreenPAK Diagram iy
<
o
g
Generator 0.58 -SU g
R - R oo g 5.
. : 40cm w 8
s s
_ 60cm .c-,
el CNT4/DLY4
- . o
80cm — g ‘.V’D
g > Em 3%
) " =8
100cm fi 4
60ms 10us -
M TR - _
- o6 o EN LED g ~
e S I
=
Design Steps
1. Configure GPIO input for Echo and output for Trig. o 2
2. Add LUT logic and CNT/DLYO to create a generator with ENABLE signal. = s
. R = —p
3. Add Pipe Delay and CNT/DLY?2 to create a generator for detect distance. ==
4. Configure CNT/DLY blocks as a rising edge delay to measure varied distances.
5. Add and configure DFFs to latch distance data.
6. Connect each DFF output to the desired output pins and configure as open drain. § ©
&z
TS
-
R11TB0003CE0000 Application: Distance Sense 40 g' 8
[1°]
(7]




The GreenPAK Cookbook

suonouny
B $120|g diseq’|

Application: Frequency Range Detector

Yoo SLG46826

(PIN 1 (vDD1) PIN 2(?
Many devices have a specific frequency range in which they G T PIN 2 PIN 19

operate and require the input clock to stay within this range. ok Co— PN s PIN 18
This application is used to detect if the input clock frequency FLac C — PN g PIN 17
is within the desired range.

91607
|enuanbag ‘7

PIN 5 PIN 16

PIN 6 PIN15F \npo

VDD2)
PIN7 (vbb2) PIN 14 c2

scL CO—PINS PIN13} L O™F

spAC_>—PIN9 PIN 12
PIN 10 (eND) PIN 11
J

e Any GreenPAK \.

Ingredients
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GND

GreenPAK Diagram

sainjeay
hajes “y

MF1 (3-bit LUT7, DFF/LATCH10, 8-bit CNT1/DLY1)
F<=100Hz

D> sl Y
sl CNT1/DLY1 g

F>=50Hz
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b 5 naal -
HES CNT2/DLY2

00000000
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PiNd

' Frequencyisin50- 100 Hz range  * Frequency is more than 100 Hz ‘Frequency is in 50 - 100 Hz range’ Frequency is less than 50 Hz

Design Steps

[o1ju09
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1. Configure GPIO pins as an input for the clock and output for the flag.

2. Configure CNT/DLY blocks to the “Frequency detect” mode with a rising edge detect.
3. Set each CNT/DLY block respectively to the minimum and maximum frequency values.
4. Configure a LUT to go high when the frequency is outside the desired frequency range.

R11TB0003CE0000 Application: Frequency Range Detector 41
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Application: Frequency Divider

"Di SLG46826 :
. . . f A — &
Frequency dividers are used to divide the input frequency ot PIN1 (vobn PIN 20 S =
. . .. . . . 1u ] | 1
into different coefficients. It can used for improving the PIN 2 PIN1 S 3
. . Input __>—— PIN 3 PIN18 | s
performance of electronic countermeasure equipment, N - 2
communication systems and laboratory instruments. loms o 16 oo
4PINE PIN 15 WD ouT2 o
o
{rin7 (vob2) PIN 14 - = ©
scL C >—PiNg piN13} Lo = 2
o' S
|ngredients sbA C_ >—{PIN9 PIN12———{ Douts g D
outs C_— (PIN 10 (ano) PIN 11) —_I_ «
e Any GreenPAK GND

¢ No other components are needed
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GreenPAK Diagram

QuUT1
o I oo o ol
| ol ° A
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Division by 2 Division by 4
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o
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Design Steps

1. Configure inputs for each inputs signal (Input frequency, coefficient).
2. Use DFF and Pipe Delay to divide the frequency for the first stage.

3. Use another DFF to divide the signal by a factor for the second stage.
4. Configure LUT logic to decide outputs into specified coefficient.

[o1ju09
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Technique: Zero-Voltage Cross Detection

This technique can be used in GreenPAKs that include ACMP’s.

Zero-voltage cross detection is commonly used as an accurate
method of detecting AC characteristics, such as frequency and
phase.

GreenPAKs have a pin voltage range of 0V to a VDD value of
5.5V. To interpret an AC signal that crosses at the 0V point
using the GreenPAK a DC offset shift should be implemented
between the AC signal and the GreenPAK pin. This can be
accomplished by a 1:1 resistor divider between VDD of the
GreenPAK and the AC signal, shown in in the Basic DC Offset
figure.

Zero-voltage cross detection requires, at minimum, one or

two comparators and a counter. The comparators check the
incoming AC signal against a reference voltage, which can
either come from the GreenPAK's available reference voltages
or an external reference point. If a desired ZVCD voltage is
greater than the available GreenPAK reference voltages the AC
signal may instead be reduced by using the IN+ gain option
within the comparator’s property settings and comparing the
reduced AC value to a similarly scaled scaled reference.

Properties
ACMPO

100uA pullup on |
input:

Hysteresis: S0mv

Low bandwidth: | Dissbls

IN+ gain: Disable
¥0.25
Coni
*0.33
N+ source:

N- source: 850 mv

AC Signal

Information
Tygical ACMP thresholds
VLIH [mV} VIL (mV)
a5 825

Power ctrl, settings

=)

Using the IN+ Gain to Measure a 1.7V Crossing

R11TB0003CE0000

VDD

R1

To GreenPAK Pin

L >

R1

ng
AC Input
GND

Basic DC Offset
Drops low for ~zero
voltage switching
50mV Hyst.

43

suonouny
B $120|g diseq’|

[o1ju09 Juawabeuepy [onuo) $]020)0.14 sainjea Buiuonipuoq 21607
paseq-asind '9 | uonesiunwwoy g hajes [enuanbag 7

10J0|\ '8

sainjea  bojeuy

|eubig ¢

1amod °/

pasueapy ‘g



The GreenPAK Cookbook

suonouny
B $120|g diseq’|

Application: Analog Storage Element

voo SLG46140 o
This application can be used to store the analog voltage on an o1 Lrpm 1voD) PIN 14} S 2
output until the rising edge is applied to the Store input. The “FL JPIN2 PIN 13[- & §
input and output analog voltages lie within the range of 0-1V.  stored Voltage C_}—— PIN 3 PIN 12[ 2
4qPIN 4 PIN 11|
Store (__)»——PINS5 PIN 10|
i Analog_in CO——|PIN 6 PIN 9| § w
Ingredients piN7 (GNDJPIN 8 S o
\ '] |Es
e Any GreenPAK with an ADC, SPI, and DAC eNb E 2

GreenPAK Diagram

00000

'—
H
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Stored Voltage

P Lo}

°

Q00000

Analog_in
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« M .
L
(o3

o D

(=1]

")

o<

Analog_m‘ 3 I
Vmax-] S &

V2 =2

V1 - @

V3 - =%

» Time

» Time

» Time
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Design Steps

1. Configure SPI to “ADC/FSM buffer” mode, change the PAR input data source to “ADC".

2. Configure FSMO to “Set (counter value = FSM data)” and change the FSM data source to “SPI [7:0].”
3. Configure DAC Input selection to “From DCMP1’s input” and VREF Source selector to “DACO out”.

4. Connect Store input directly to SPI SCLK and FSM1 SET IN through P DLY set as a both edge delay.

[o1ju09
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Chapter 4
Safety Features
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This chapter presents applications that are intended to respond to fault
conditions in a system and protect it from damage. Some applications that
provide safety to electronic systems are battery indicators, watchdog timers,
and temperature sensors.
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Technique: Reducing ACMP Power Consumption

This technique can be used in GreenPAKs
that include ACMP’s. The reduction in power
consumption will vary.

GreenPAKs are often used in projects to
reduce the system’s current consumption.
However, several components within
GreenPAKs, when active, can cause a
noticeable change in current consumption.
Amongst the most consumptive macrocells
are the analog comparators. Table 1 is taken
from the SLG46826 datasheet to highlight
the ACMP’s consumption.

Luckily, ACMPs can be shut down when not

in use. This is done in two ways:

1. Through the PWR UP input of the ACMP.

2. Enabling a wake-sleep controller (WS
Ctrl) for the ACMP.

Note Vpp=2.5V |Vpp=3.3V | Vpp=5.0V Unit
Chip Quiescent 0.39 0.43 0.53 HA
Vref OUTO (Source none, Source Temp

Sensor, Buffer On) 12.79 1295 13.57 HA
Vref OUTO (Source none, Source Temp

Sensor, Buffer Off) 7.62 7.67 7.87 KA
Vref OUT1 (Source none, Buffer On) 6.53 6.61 7.02 A
Vref OUT1 (Source none, Buffer Off) 1.40 144 1.54 nA
Vref (ACMPxH, 0.32 mV, Buffer On) 12.24 12.59 12.21 pA
Vref (ACMPxL, 0.32 mV, Buffer On) 6.93 7.01 7.43 WA
ACMPOH, 1H, 2L, 3L,hysteresis

disabled, gain =1, +IN-1011, 12, 13, 14 65.86 67.12 70.77 WA
Pull Up 1M, Vref = 32 mV

ACMPOH, 1H, 2L, 3L,hysteresis

disabled, gain=1, +IN-1011, 12, 13, 14 37.34 38.05 40.29 A
Pull Down 1M, Vref = 32 mV

ACMPOH, 1H, 100 pA disabled,

hysteresis disabled, gain=1, +IN - 1013, 63.85 65.11 68.71 LA
14 Pull Up 1M

ACMPOH, 1H, 100 pA disabled,

hysteresis disabled, gain =1, +IN - 1013, 3597 36.68 38.87 nA
14 Pull Down 1M

ACMPOH, 100 pA disabled,

hysteresis disabled, gain =1, +IN - VDD, 36.30 36.96 38.85 LA
Vref =32 mV

ACMPOH, 100 pA enabled, hysteresis

disabled, gain =1, +IN - 1014 Pull Up 1M, 46.77 47.31 49.23 WA
Vref =32 mVv

ACMPOH, 100 pA enabled, hysteresis

disabled, gain = 1, +IN - 1014 49.02 50.29 53.75 WA
Pull Down 1M, Vref = 32 mV

Table 1 SLG46826 Current Consumption

Wake-sleep control requires a dedicated counter configured to “Wake sleep controller” mode. This is
available in many (but not all) GreenPAKs. PWR UP control can be used in any GreenPAK with ACMPs.
When the signal is HIGH the ACMP is on; using logic, counters or other macrocells to turn off the ACMP
can drastically reduce power consumption. For example, if two different voltage thresholds are needed the
higher-threshold ACMP can be kept inactive until the lower threshold is met.

(a) Logic

LR CNT1/DLY1 B

2.5% Duty Cycle
160ms Period

(b) Duty Cycle

Common PWR UP Configurations

Technique: Reducing ACMP Power Consumption

(c) Cascaded

LV Detect
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Technique: Wake-Sleep Controller
N
[7¢d
Waking and sleeping analog macrocells is useful for reducing power consumption. It is possible to g .‘é
accomplish this with the wake-sleep controller for analog macrocells like ACMPs and ADCs. s 3
=
Wake-sleep involves switching analog macrocells on and off periodically. For some GreenPAKs this
function can be implemented using the WS Ctrl block. For those that don't have this block, it can be
implemented using two counters (one counter if there is no need to change the wake time), a D flip-flop, ‘é’ o
and an inverter. The figures below display examples using these respective methods. = 2
S 8
é —

Force ON Force On

- r—
o o D o ©
o o o ©

0000 e " =

IN+
Wake-Sleep Controller

WS L OU _ p— ©
o3l 2 .
O wscul 7 5 13 g | & .
e b 900 mv 3
[ ]

0o

sainjeay
hajes “y

IN+
™ o 1 ez Seep time . B’i’ -
i
o

WS Ctrl Method Two Counter Method

$]020)0.14
uonedUNWWo? °g

Without wake -sleep implemented, the
. R System
total current consumption consists of: WS Ctrl OUT i Wake o SemSee

¢ (Quiescent current
e ACMP current

Wake-Sleep Period

)
[013u09
paseq-as|ng ‘9

Behavior of Wake-Sleep

With wake-sleep implemented, the quiescent current is approximated as follows:

Juawabeue|y
lamod '/

System Wake System Wake
Iyithour ws = WS Period " Lyithout ws

Te =
ws System Wake + System Sleep *

The total current with wake-sleep implemented is:

[o1ju09
10J0|\ '8

Total Current = IQuiescent + IOSC + IWake Sleep

R11TB0003CE0000 Technique: Wake-Sleep Controller 47
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Application: Window Comparator

Window comparators are an essential part of any design _ [ion]

that runs off a depletable power source, like a battery or
supercapacitor. By monitoring battery voltage, a device
can opt to stop using nonessential resources at low
battery levels. This can prevent permanent damage to
the device.

Ingredients

e Any GreenPAK w/ ACMP’s
e No other components are needed

GreenPAK Diagram

Design Steps

L C1

I IO.1uF

GND GND T

SCL CO—
SDA CO—

Input

Interrupt

SLG46826
(PIN 1 (vDD1) PIN 2(?
4PIN 2 PIN 19
PIN 3 PIN 18
PIN 4 PIN 17
PIN 5 PIN 16
PIN 6 PIN 15
PIN 7 (vbD2) PIN 14
PIN 8 PIN 13
PIN9 PIN 12
fIN 10 (GND) PIN 11)

—e

| EE 0.1uF
GND

Lo}
o]
Lo}
e}
O
Lo}
O
Lo}

GND

uP
or
SOC

VDD
GPI

1. Configure the High-side ACMP2L by using the IN- source and IN+ gain options to set the desired high-

side threshold.

2. Repeat step 1 for the low side ACMP with the low-side threshold.

w

Change the IN+ source for the second comparator to ACMP2L IN+ source.

4. Add the LUT logic to trigger an interrupt when the LOW-side comp is low or high-side is high.

R11TB0003CE0000

Application: Window Comparator
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Application: Over Temperature Protection

T N

SLG46826 _o

An over temperature protection circuit is widely used to o (PIN 1 voo1) PIN 20} RIS S

alert a system of high temperatures. This circuit protects oL JpIN2 PIN19 | -1

. . Input e

the system from overheating when the internal temperature 1P PIN 18 = 2
exceeds a safe threshold. 1™ PINATE )
<4 PINS PIN 16 | Hﬁ’

4PIN6 PIN15 | VDD2 § o

<4 PIN7 (voD2) PIN 14 c2 =3 U)

scL CO>—PINS pIN13f Lo = cg

. sbAC_ >—PIN9 PIN 12— output g =

Ingredients {Pmto oweny <

GND
e Any GreenPAK w/ ACMP’s
e One resistor
e (One NTC thermistor

sainjeay
hajes “y

GreenPAK Diagram

V_IH=416 mV

V_IL=384 mV
Input

Output

$]020)0.14
uonedUNWWo? °g

O

[013u09
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Design Steps

1. Set the IN+ source of ACMP2L to PIN18 and IN- source to the desired threshold.
2. Connect one node of the resistor to VDD and the second node to PIN18.
3. Connect one node of the NTC thermistor to PIN18 and the second node to GND.

[o1ju09
10J0|\ '8
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Application: Battery Charge Indicator

Battery charge indicators are used in battery-powered
devices to indicate the state of charge. This design is
optimized for a lithium-ion battery.

Ingredients

e Any GreenPAK w/ ACMP’s
e No other components are needed

GreenPAK Diagram

Design Steps

SLG46826
. A
PIN 1 (voD1) PIN 20 }
L LHON | 4
I Io 1w PIN 2 PIN19|——— Y ouT 275V
GND  GND 4PIN3 PIN 18|
4PIN 4 PIN 17 OUT_3.00V
4PINS PIN 16 OUT_3.40V
4PIN6 PIN 15|
<4 PIN7 (voD2) PIN 14 |—4 c2
scL CO>—PINS PIN 13 L2 —en
SDAC_ )>——PIN9 PIN 12— Y ouT_378V
{PIN 10 (6ND) PIN 11
~ al

GND

OUT_3.40V

S o 16 g
A

OuUT_3.00v

S i1
A

1. Connect pin to PWR UP pin of ACMPOH, ACMP1H, ACMP2L, and ACMP3L.
2. Set IN+ source of all the ACMPs to “VDD/PIN20” and each IN- source to the desired threshold level.

R11TB0003CE0000 Application: Battery Charge Indicator 50
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Application: Low Voltage Indicator for Infotainment

N
Car Battery — g,
Voltage indicators are used in battery-powered devices to I— SLG46826 w82
H H H . H PIN1 (vDDY) PIN 20 o @
indicate the state of charge. This device monitors the voltage oL % © 3
. . . . < PIN2 PIN19 — ) System On/Off R2 =
levels of a car battery and adjusts infotainment activities as Lows s Do i 2
needed to conserve power. eme ewir |
<{PIN5 PIN16 |
<{PIN6 PIN15 | VDD n
< PIN7 (vbD2)  PIN 14 c2 g s.ﬂ
sc. C_)>——PiNs PIN13 | Lowr g ‘Z’
soa _)——PINg PIN12 [ g g
={PIN 10 (GND) PIN 11 5. 2
.
Ingredients — =

e Any GreenPAK
e Two resistors for voltage divider

sainjeay
hajes “y

GreenPAK Diagram

Turn ON system if
- Ower Voltage within
Car Battery g =

m
N—
PIN 20 DY A '
CMPAL . :
& EITIT

$]020)0.14
uonedUNWWo? °g

Mominal Volt
G iz 1ms Debounce

== [
CNT1/DLY1 gets
CMP2L * oL

[013u09
paseq-as|ng ‘9

Low Battery Voltage

A
CMPOH .
IR

Juawabeue|y
lamod '/

Design Steps

1. Configure the ACMPOH IN+ source as “PIN 20" and the other ACMPs as “ACMPOH IN+ source”. -
2. Add a voltage divider on PIN 20 to handle high voltage from the car battery. §’ =
3. Configure the IN- source to the desired voltage threshold values. s 2
4. Configure logic to determine the voltage level windows for the outputs. -
5. Add a debounce delay in between ACMP2L and 3-bit LUTO.
>
3 ©
&z
3
R11TB0003CE0000 Application: Low Voltage Indicator for Infotainment 51 g' 2
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Application: Watchdog Timer

Watchdog timers are used for automatically generating a
system reset signal if the microcontroller or microprocessor
neglects to periodically send a pulse. Monitoring for

low supply voltage is an additional, common feature of
watchdog ICs.

Ingredients

e Any GreenPAK w/ ACMP’s
e No other components are needed

GreenPAK Diagram

00000000

o O
0sC1 o
[}

T1freq detect

-

é
WD_IN bl CINT1/DLY1L
o PIN 13
2 freq detec

o

TIME_DIV

R 2

e}

Design Steps
1. Set undervoltage threshold with an ACMP.

VDD

e

0F T |

scL C HO—
SDA C)—

2. Configure two CNT/DLY blocks to the “Frequency detect” mode.
3. Design the digital logic to combine active signals from undervoltage and watchdog timeout.
4. Add a one shot block to trigger the reset pulse. It can be inverted to be active low.

SLG46826

- A
PIN 1 (voD1) PIN 20 }
PIN 2 PIN19 |
PIN 3 PIN 18|
PIN 4 PIN 17 ——<C_J TIME_DIV
PIN 5 PIN 16 |

uP
PIN 6 PIN15F \pp or
PIN7 (voD2) PIN 14 % c2 SOC
PIN 8 PIN 13 |«—=%" | \wp N
PIN9 PIN 12 NRESET
PIN 10 (6ND) PIN 11
\ y,

GND

nRESET_OUT

S b PRS- CT4/DLy4 gl PIN 12 g

Adjustable One-shot for Reset

R11TB0003CE0000 Application: Watchdog Timer
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Application: Voltage Level Detection

N

icati - - \oD SLG46140 I~

Some applications require multiple voltage levels to p \ S =

. : 1 S =

be evaluated, rather than a few distinct levels. This e ::;(VDD’ :: :: 53

application shows how to use of ACMPs, DCMPs, and an o oIN 12 2

ADC to monitor the voltage amplitude. RS ALEDS| s PIN 11

Measure __)——PIN 5 PIN 10 o

VN DO—PINE PIN 9 S w

R7 4 LED7 =7

W—IK PIN7 (GND) PIN 8 ——

. J 6' Qg

GND GND g D
«

Ingredients

e Any GreenPAK with ACMPs, DCMPs, and an ADC
e Up to eight LEDs and resistors

sainjeay
hajes “y

GreenPAK Diagram

[013u09 $]020)0.14
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Design Steps

[o1ju09
10J0|\ '8

1. Power on the ADC, DCMPs, and ACMPs.
2. Configure the DCMPs using Technique: Using DCMP/PWM Macrocell in PWM Mode.
3. Set the IN- of each ACMP and DCMP with the desired voltage threshold levels.
4. Add LUT and DFF logic to select and write data of the amplitude of the analog voltage from DCMP1. =
gz
TS
R11TB0003CE0000 Application: Voltage Level Detection 53 g' 8
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Application: Power Backup Management
'WALL_ADAPTER+12V +12V-POE Battery(BACKUP) Vout _N
Wall_ADAPTER+12V/ m
Power Backup management is used when a e - E -cé
designer must guarantee the non-interrupted . Lfﬁ 5 3
. o I Jowa PIN 19 +12V-POE o'
power supply of a system from different sources. " 2
e ¢ o
- T owr R9 GND SR15 T6 s-*a
soA (CO——PIN9g PIN 12 -EAWGD \_@ T ‘F_ % ‘Z’_
(GND) PIN 11 s o«
= : —Ggl-ﬁ GND g' n=—,
a

Ingredients

e Any GreenPAK with three ACMPs.
e External resistor dividers to attenuate input signal to the operating value range of ACMPs.

sainjeay
hajes “y

GreenPAK Diagram

MF1 (3-bit LUT7, DFF/LATCH10, 8-bit CNT1/DLY1)
WALL_ ADAPTER +12V

Vmin=10.7

©
. WALL_AD-GD
b CNT1/DLY1 S e
5= 0 5 B from HIGH | G o
b oaa my ° 5 =il PIN 16

4 A

MF2 (3-bit LUTS, DFF/LATCH11, 8-bit CNT2/DLY2)

$]020)0.14
uonedUNWWo? °g

A T
+12V-POE Vmin=10.7

° 5 - POE-GD
e B ey o
A

Vmin =8.7V

Battery (BACKUP)

o .
PIN 13 BB @ o o [eNElnte] -
o b 443 miyv |

[013u09
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60000000
0000060800
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Design Steps

1. Use three ACMPs to detect power input signals.
2. Use CNT/DLY blocks configured as a delay to implement a debounce filter.
3. Add logic cells to create switching priority between input sources.

[o1ju09
10J0|\ '8
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Application: N-pulse Presence Watchdog

VDD

Watchdog timers are used for automatically generating a o1 T
system reset signal if the microcontroller or microprocessor ]
neglects to periodically send a pulse. This application In_puise O——
monitors the number of pulses that go to the GreenPAK ]
during a watchdog period. If the number is less than the ]
predefined pulse number, a system reset will be triggered. 1
scL C_ )—
SDA C_)—
Ingredients |
e Any GreenPAK
GreenPAK Diagram

Pulse number=0UT1 PD num + 1

b POR | o
N - .
o Bl o
. »r.\ .

000000800

One shot
WD period

be CNTO/DLYD, R
> MO

o0

00000000

SLG46826
(PIN 1 (vDD1) PIN 2(?
4 PIN 2 PIN 19
PIN 3 PIN 18
PIN 4 PIN 17
PIN 5§ PIN 16
PIN 6 PIN 15
PIN 7 (vbp2) PIN 14
PIN 8 PIN 13 |
PIN 9 PIN 12
CIN 10 (GND) PIN 11)

—{" )nRST

VDD2

C2
T 0AuF

In_pulse £ £ S < <
nRST A
WD period i WD period : : WD period_:i WD period _:

Design Steps

Invert the output of the one shot and connect it to the CLK input of DFFO
Connect nOUT1 of the Pipe Delay to the D input of DFFOQ.

B =

Configure CNTO/DLY0/FSMO as a one shot with the desired watchdog period.
Define the pulse number in the Pipe Delay (Note: Pulse number = OUT1 PD num + 1).

Application: N-pulse Presence Watchdog

GND

55
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Technique: Using the Temperature Sensor Block

This technique can be used with any GreenPAK that has a Temperature Sensor macrocell inside.

91607
|enuanbag ‘7

Some ICs have an analog Temperature Sensor (TS) with an output voltage linearly proportional to the
Centigrade temperature. The TS is rated to operate in a temperature range of -40°C to 85°C. The error in
the whole temperature range does not exceed +0.85%. The TS output can be connected directly to the
Analog Output or to the ACMP positive input. The TS may have two output voltage ranges and a Power Up
input. The Power Up optionally can be activated using the matrix input or from the register. The TS can also
be activated and the range can be changed via I2C. The TS output voltage at a constant temperature has
very low variations over VDD changes (for example, in the SLG46826, the output voltage error is less than
+0.08% at all temperatures).

Buiuonipuo?
eubig "¢

sainjeay
hajes “y

Temperature Sensor Macrocell

The TS output voltage can be calculated using the following formula:
Vis=KxT+V0

Where:

Vts - TS Output Voltage;

K - Coefficient;

T - Temperature in °C;

V0 - Output Voltage at 0 °C.

$]020)0.14
uonedUNWWo? °g

The temperature proportional voltage signal can be applied
to the Analog Output (PIN16). The Power down source
configuration should be set to “From register”.

[013u09
paseq-as|ng ‘9

Temperature Sensor output signal can be compared to the
reference voltage in the ACMP block (See the figure below),
which generates a twostate signal at the discrete output. In
order to decrease the power consumption TS_EN is used.
TS_EN enables the Temperature Sensor and switches the
ACMP3L on. Power down source should be set to “From
matrix.”

Juawabeue|y
lamod '/
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Temperature Comparator

GreenPAK with TS can:

e measure PCB components temperature

e measure FET or BJT case temperature

e create an alarm signal for SoC or in closed-loop applications

e minimize errors for ADCs, DACs, OpAmps and other temperature dependent schematics

R11TB0003CE0000 Technique: Using the Temperature Sensor Block 56
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Application: Current Detection Through External Sense Resistor

N
- 1 —&
The GreenPAK can be used to sense the current going - SLG46140 S S
. . u ~ ~\ 1
through a device by sensing the voltage across a sense o | gL PIN 1(v0D) PIN 14| ® 3
resistor. This application outputs a serial code to represent S0C 17N PIN3E o 2
. CSB #{ PIN 3 PIN 12 =
the value it has sensed. )
SCLK »{ PIN 4 PIN 11}
4PINS PIN 10| o
M PN PIN9[ §_ ©
IN- = N
PIN7 (GND)PIN 8 - =
_ J——_I_ g %
1 EWT GNDC}UNE s =
LINEC_— - =1
Ingredients A
=

e Any GreenPAK with a PGA, ADC, and SPI
¢ One resistor

sainjeay
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GreenPAK Diagram
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Design Steps

1. Power up the ADC by removing VDD from the PWR DOWN input.
2. Configure the PGA to “Differential” mode. It will automatically connect to the ADC, PING, and PIN7.
3. Configure SPI to the “P2S" mode and change the PAR input data source to “ADC.”

[o1ju09
10J0|\ '8
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Application: Monitor Four Levels for One Analog Signal With

One MIS ACMP o
S 3
Monitoring four levels for one analog signal with a VDD (Battery) S| G46811 B
.GreenPAK' can be useful in a variety of applications. I_:or . (51N 1v0D) PIN 12— 4.2v 5
instance, it can be used for.battery management, fluid A e PIN 11— 37v
Ievel'cpntrol, tgmperature, light, proximity, pressure, SO BIN 3 PIN 10— 3.3v
o
humidity sensing, etc soAC— PIN 4 PNl 27v g w
4APIN5 PIN 8} g £
S S
Measurel__»—— PIN 6 (6ND) PIN 7 —‘I- g 3
Ingredients GND <

e SLG46811V or any GPAK with appropriate number of ACMPs

sainjeay
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GreenPAK Diagram

MS ACMP

[

$]020)0.14
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Measure

[013u09
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e}
O
o]
o]
e}
O
0
o]
O
o}
0

C00000000000000
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Design Steps

1. Configure MS ACMP to Multi-channel mode and choose 4-channels. o ™
2. Choose Rising Edge Activation to Enable MS ACMP. = =
3. Adjust the IN- source for Channel 0 — Channel 3. S 8
4. Configure PING as digital input and connect it to Enable input of MS ACMP. By every rising edge

applied to PIN6 MS ACMP will measure the VDD voltage output the result to PIN9-PIN12.
5. 12C can rewrite the ACMPs’ threshold values.

R11TBoo03cEcooo  Application: Monitor Four Levels for One Analog Signal with One 58
MS ACMP
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Application: Monitor Four Separate Analog Signals With One

MS ACMP o
YDD SLG46811 =) §
Monitoring four separate analog signals with a . (BIN 1(voD) PIN 12k B
GreenPAK can be useful in a numper applications, s i PIN 11— A N4 5
where four independent voltage signals change slowly. 2016mvC—— PIN 3 BIN 10— A IN3
1504m\v{_}— PIN 4 PINOF—C" ] A IN2 o
1024mV(C_3—{ PIN 5 PIN 8— A_IN1 §_ w
512mV(_J—|PIN 6 (GND) PIN 7;1 = :é,
GND =
«

Ingredients

e SLG46811V or any GPAK with appropriate number of ACMPs

salnjea
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GreenPAK Diagram

MS ACMP
2016mv
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1504mV

1024my
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512mV

00000000000
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Design Steps

1. Configure MS ACMP to Multi-channel mode and choose 4 channels.

2. Choose High-Level Activation and connect POR (MS ACMP will be continuously sampling) to ENABLE
input of MS ACMP.

3. Adjust the IN-source for Channel 0 — Channel 3. The voltage at PIN8 - PIN11 is compared to the
reference, and the output to PIN3-PING accordingly.

4. 12C can rewrite the ACMPs’ threshold values.

[o1ju09
10J0|\ '8

R11TB0003CE0000 Application: Monitor Four Separate Analog Signals 59
with One MS ACMP
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Chapter 5
Communication Protocols

Ssainjeaq
hajes
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This chapter presents applications that involve communication between
devices. The following applications and techniques involve I12C, serial, parallel
communication protocols.

[013u09
paseq-as|ng ‘9

Many of the techniques and applications available in this section rely upon a
GreenPAK'’s 12C capability. To learn about 12C within a GreenPAK please consult
the chip’s Datasheet.

[ouo) yiawabeue
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Technique: Changing Your Design with 12C

N
w
This technique can be used in any 12C compatible device. §§
AL
If a GreenPAK device is I2C compatible its behavior can be edited even after it has been programmed. =
However, a device must be MTP-compatible and undergo In-System Programming [ISP] to retain design
changes after it has lost power. This technique outlines a fast way to determine which 12C commands o
need to be performed to change a design. §_ w
1. Complete your initial design. This is the design the IC will use whenever it's booted up. = B
2. In GreenPAK Designer, select the 12C Reconfigurator. <
N =M= T » % ® b = = F N B w =
A Rotmte Leht  “) Rowate Right /|1, Flip Horizontal Flip vertica I | T align Horizomal [ Align Vertical (@ Add Signal generator ~ R Add Probe - 3¢ Remove v | 12 Vinual inputs  12€ Vinual Outputs. | 126 Reconfigurator § g)
12C Tools Button § _g
3. Inthe I12C Reconfigurator select the snapshot button (boxed s oo —
in red), or press SHIFT+A. This will take an 12C commandlist TR ICE o
“snapshot” of your current design. | " . 3 =
4. Change your design to the next configuration. o corma et g g
5. Take a snapshot using the method in step 3 to create the second & g
snapshot. S

6. Click the Snapshot diffs button (boxed in green). This will show
the 12C commands necessary to create this design. It is not
necessary to program these, since they are instantiated on the

[013u09
paseq-as|ng ‘9

boot-up of the GreenPAK.
7. Scroll down the Snapshot diffs list, where you will find the
second snapshot. This will show only the values that have 12C Reconfigurator
changed between the first and second snapshot.
8. These values, shown in the red box on the right, correlate to the B Snapshot dits x =
hexadecimal address and data value that need to be sent in I2C vz = § ~
to change the threshold value of the ACMP (or any other change oae 0w < g
that may occur). oo o g 2
/{ Snapshot @16:22:14
ﬁg‘t‘j;ess, hex g:utg, hex n 5”
% o
(B ][ owes 3=
o —
Snapshot Diffs ==
>
3 ©
S Z
TS
-
R11TB0003CE0000 Technique: Changing Your Design with 12C 61 g' 2
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Technique: Creating an 12C command

This technique can be used in any GreenPAK with an 12C macrocell
With the 12C generator a user can create an 12C signal based on
logic generators. It consists of two logic generators acting as SDA
and SCL lines. The user can combine predefined 12C primitives to
generate the needed waveform and choose an SCL frequency: 1k,
2.5k, and 5 kHz for the GreenPAK Advanced Development Platform
and 1k, 2.5k, 5k, 10k, 20k, 50k, 100k, 200k, 400k, 1000 kHz for the
GreenPAK Pro Development Platform.

To create an I2C signal using the 12C Generator:

1.
2.

o oW

R11TB0003CE0000

Select the Debug button.

Select “12C generator” on the SDA input external connector
setting of the 12C block.

Go to Signal Wizard by clicking EDIT.

Select PIN8 as SCL and set the speed of the clock.

Choose Read or Write composite commands.

Open composite command and set the Slave address and Word
address. For a Read command set byte count. For a Write
command set data to write.

12C Write Command

12C Read Command

12C Generator Settings
SCL: PING [TPE] - 12C clock =
Speed: 5 kHz b
Used resources: | 7%
Change Slave Address Clear
- Write v|Ss|d|=
Slave address: | 0x8 || hex ¥
Word address: | OxTA v || hex ¥
Data: - 4
Read >|s|#|=

Slave address: | 0x@
Word address: | 0xTA

Byte count: 1

Technique: Creating an 12C command
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Technique: Using the Serial to Parallel Interface (SPI) Block

This technique is for the Serial to Parallel Interface
(SPI) block, available in the SLG46140, SLG46620, and
SLG46621.

The block is a special macrocell that can be used for

communication between a GreenPAK and a SOC. It can

either translate serial data to parallel or parallel data

to serial. The inputs are standard SPI 1/0 connections = “J:

(MOSI, MISO, nCSB, SCLK, and INTR). nCSB is an ’

[+

active low chip select. SCLK is the serial clock which
clocks the SPI macrocell.

The SPI can be used to transfer data to such blocks as:
e [SM

e DCMP

e DAC (through DCMP)

The same SPI can be used to transfer data from:

e ADC

e [SM 3
All this can be used with other macrocells for SPI Macrocell in Serial to Parallel Mode
functionality like:

Pulse Width Modulation

Analog to Digital Comparison

Digital to Analog Comparison

Comparing two results with DCMP

SDIO0 and LCD

The SPI can be selected to work in either 8-bits or 16-bits. Remember that the SPI macrocell cannot send
and receive serial data in the same program file. It must be set up either in the “S2P” or “P2S" mode.

In the “P2S” mode the INTR pin pulses high for one clock period each time data after transmission
completes. Otherwise, the SPI implemented in GreenPAK meets the generally accepted standard. It is
possible to set the clocking frequency up to 2 MHz. It is also possible to configure the clock polarity with
the CPOL bit and clock phase with the CPHA bit. When CPHA = 0, data can only be transmitted from
serial to parallel, not from parallel to serial.

When CPHA = 1, data can be transmitted both from serial to parallel and from parallel to serial.

R11TB0003CE0000 Technique: Using the Serial to Parallel Interface (SPI) Block 63
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Technique: Level Shifting

N
w
]
This technique will work with any GreenPAK that has dual B hoec i & 3
voltage rails, such as the SLG46826V. =
Specs Information General Security
Often in a system-level design it's necessary to combine =~ - -
the data from two signals that operate at different voltage = voov: 230 |+|[zm |2|[sm |3|[@ ‘é’ e
levels. For example, the analog rails in a system might Vo2 (V) 171 I C IR0 = i
operate at 5.0V while the digital rails operate at 3.3V. Temperature (0): |40 SES 2| [8s o S 3
S B
Options «
Many GreenPAK ICs solve this problem by using dual Part number. SLe4sE26v -
voltage rails: signals that operate at different rails can be
input into the GreenPAK, manipulated, then output from - &~
the GreenPAK at either of the voltage rail levels. Lost motied: Ju 2, 2025 2L
[ j ID'ET'EHE‘j oK Cancel § E.l

When starting a new GreenPAK Designer design usinga =™
dual rail part you'll be asked to input the voltage range of

both rails. The available ranges of both rails will vary from
part-to-part. The higher voltage rail should be designated

as VDD, not VDD2.

Dual Rail Project Info

$]020)0.14
uonedUNWWo? °g

In dual rail parts the GPIO connections to the
first and second rails are indicated by the color
of the 10 PIN within GreenPAK Designer. VDD
will be indicated by blue pins and VDD2 will
be indicated by amber pins. Once inside the
GreenPAK matrix the signals from the different
voltage levels will behave identically.

[013u09
paseq-as|ng ‘9

Juawabeue|y
lamod '/

Dual Rail Logic Example

[o1ju09
10J0|\ '8
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Technique: Sending a Preset Number of Pulses

This technique can be done in any GreenPAK. Multi-function blocks within some GreenPAKs help reduce
the component count.

In many communication protocols a set number of bits must be sent to or received by another IC.
Typically, this requires the GreenPAK must track the number of pulses sent or received. For example, in a
shift register receiving data, the number of bits must be monitored to ensure that the expected data is in
the correct register, rather than skewed incorrectly or relentlessly continuing to shift.

There are many ways to set a predetermined number of pulses in GreenPAK. A scalable, efficient way is
described in this technique. This method also has the added benefit of limiting clock skew between the
other IC and the GreenPAK by resetting the clock skew after every transaction. The figure below shows a
series of blocks to send a preset number of pulses. There are a pulse number stage and a pulse generator
stage.

Number of pulses and their frequency can be changed via 12C

MFO (4-bit LUTO, DFF/LATCHI, WS Ctrl, 16-bit CNTO/DLY0/
FSMO)

Set Pulse Number Sets Turnon Conditon Pulse Generator Pulse Output

N—
M CINT1/DLY1 gty o B4 | G CINTD/DLYO/ B .
: + 3 i

QO
0
o]
Q
o
O
o]
0

000000000

Preset Pulse Generator Design

The pulse number stage consists of a one shot block that is clocked by the output pulses of the pulse
generator. On a rising edge on PIN 4 (Start), the CNT1/DLY1 output will be set HIGH until it is clocked by
the number of pulses set in the Counter data. After the set number of pulses, it will return LOW.

The pulse generator is made by MF0. Within MFO, CNTO/DLYO0 is a both edge delay with an inverted
output. Its delay time sets the period of the pulse generator. The output is fed back to 4-bit LUTO that is
configured to only invert the signal from CNTO/DLY0 while CNT/DLY1's output is HIGH. After the one shot
pulse is finished the pulse generator will stop sending pulses.

R11TB0003CE0000 Technique: Sending a Preset Number of Pulses
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Technique: Building a Shift Register

This technique can be used within any GreenPAK. The size of the shift register is dependent upon the
components available within the specific GreenPAK.

Shift registers are a critical component for serializing or deserializing data. A shift register is a chain of
flip-flops that can be sequentially linked and whose outputs can be individually accessed. Each has a
connection to a shared clock; on the rising edge of the clock the registers will “shift” their data to the
next flip-flop in the sequence. The figure below shows a basic, 4-bit shift register. The D flip-flops can be
globally reset using a shared reset signal.

QUTPUT

00000000 e

Basic Shift Register

Often, shift registers must be loaded within the GreenPAK. This can be done by adding a MUX standard
logic cell before each DFF. When data is ready to be loaded the MUX select input (S in GreenPAK Designer)
is toggled and the DFF clock input is triggered to commit the value for each register. The figure below
shows the addition of a MUX on 2 of the bits in above figure’s basic shift register. LOAD_EN shares the
CLK input to commit the loaded values to DFF3 and DFF4.

INPUT E E

2 ——

Rising Edge

DE]

%

C00000COe

Loading a Shift Register

R11TB0003CE0000 Technique: Building a Shift Register 66
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Application: 12C GPI0 Expansion

N
VoD SLG46826 -9
GPI0 expansion is used to change the data originating . prmwm oI 20 S outo] S =
from a few lines into data sent across many. 12Cis a 0w T fpn2 PIN1O —— ouTt e §
common input for this type of application, since one or {PIN3 PIN 18— our2 2
more addresses can be changed into multiple, dedicated {piNa PIN 17— DouTs |
lines used by different ICs. {PIN5 PIN 16 [———— ) ouT4 | 2 -
4PIN6 PIN 15 [—yss>—{_ ) OUTS (3 S w
{PIN7 (vo2) PIN 14 2 S w
scLC>—1PINs PIN 13 |—=2" —ouTs §' %
Ingredients sbAC_ >——{PIN9 PIN 12— HouT7 | é -
—fIN 10 (GND) PIN 11)—-|_
e Any GreenPAK with 12C eNp

¢ No other components are necessary

sainjeay
hajes “y

GreenPAK Diagram

outo? out1? out2? out3®

[vo] ™~
= =
®0 L X L Xe) [ Xe]

$]020)0.14
uonedUNWWo? °g
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Design Steps

1. Configure GPIO pins as output.

2. Connect to I12C virtual inputs.

3. 12C virtual inputs can be changed individually or simultaneously using the 12C virtual output address,
found in the GreenPAK's datasheet.

R11TB0003CE0000 Application: 12C GPIO Expansion 67
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Application: Serial to Parallel (External Clock)

Deserialization ICs are used for data to be sent across one
wire and read as multiple bits of data by the receiver. They
often use an external clock tied to the same device as the
data line to avoid clocking the data at an incorrect time.

Ingredients
e Any GreenPAK

e An IC an external clock output

GreenPAK Diagram

% ouT? ? ouTe ? outs

®0 *0

*0

o
°
©
°
0
0
o
o

Design Steps

o

=
z
o

c1 P SLG46826
0.1uF s ~N P
H PIN 1 (voD1) PIN 20— HouT7
INPUT PIN 2 PIN 19— HouTs
nRESET PIN 3 PIN 18— HouTs
{PIN4 PIN 17— >out4 | &
uP =)
or 4PIN5 PIN 16— >outs| 2
K
2
SOC 4PN PIN 15 [— 55— >0UT2 | 3
{PIN7 (vop2) PIN 14 2
scL CO)——PINS PIN 13— L 2"y ouTt
spAC_)>—PIN9 PIN 12— ) 0UT0 |
{PIN10 (GND) PIN 11
~ l

ouT4

1. Configure the shift register as shown in Technique: Building a Shift Register.

GND

ouTo

ouTo

S o R e 2 B
A

2. Add an Input connection for the internal clock and connect it to the CLK input of the shift registers.
3. Add an Input connection for the reset function and connect it to the nRESET of the shift registers.

R11TB0003CE0000

Application: Serial to Parallel (External Clock)
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Application: Serial to Parallel (Internal Clock)

N

e c1 Y0P SLG46826 — &

Deserialization ICs are used for data to be sent across ﬁf"f_—f_%uumv F—— —out] 8

one wire and read as multiple bits of data by the NPUT PIN 2 PIN 18— outs 3

receiver. When adding an external clock isn't realistic, NRESET PIN 3 PIN18f—(ours =

the GreenPAK can use an internal oscillator triggered oLk FIN4 PIN 17 ———(Dout¢ | &

from an action on the input line, such as a LOW signal s ™° PIN16[———L JouTe E -

that's held for a pre-determined period. Soc ] ::: oo :::j VDDZCZ = S w

scL CO>—]PINg PIN 13 ——>""y out1 g’: fé’

) sbAC_ >—PIN9 PIN 12— ) 0uTo | g n=_>
Ingredients e eweni a

GND

e Any GreenPAK
e An IC an external clock output

sainjeay
hajes “y

GreenPAK Diagram

ouT?7

$]020)0.14
uonedUNWWo? °g

Pt oM, DFF 10 pes ouTe

% = . ouTs ouT1
A B ot . ouT4 . -

8 it BOER o o -
Begin transaction when R e - ouT2

? line held low for >2us ouT1

= .t | ores, 0 . ouTo ouTo

1 ~ Fi .

T g T SN V1. gy |, 5
. ; g

1MHZ T od &l

MF5 (3-bit LUT11, Di

[013u09
paseq-as|ng ‘9

. .
TR, S Cs/DLys S 8 Transacton Counter *— m

b8 C73/01v3 @DONES

Juawabeue|y
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Design Steps

1. Configure the shift register as shown in Technique: Building a Shift Register.

2. Add an Input connection for the reset function and connect it to the nRESET of the shift registers.

3. Configure a preset number of pulses to match the number of shift registers. This is outlined in
Technique: Sending a Preset Number of Pulses.

[o1ju09
10J0|\ '8
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Application: Parallel to Serial
N
w
. - o
Parallel to Serial convertors are commonly used to send ST L —— S g
data from one IC to another using one or two wires (Data HF=S PNt oo PINZO= 53
and Clock). Internal or external clock can be used here, Nt ::z :::: cLK 2
and number of parallel bits is limited by number of GPAK N2 f o a PN 17
I/0s and internal blocks available. up Nl pin s PIN 16} o
soC ™ olPiN G PIN1SF oo S w
NN 7 (voo2) PIN 14 2 S w
scL CO>— PN PIN13} L°M g‘g
) sbA CO—]PIN 9 PIN12} é =
|“gred|e"ts outr C_3——PIN 10 (GND) PIN 11
\_ )__I_
GND
e Any GreenPAK
e AnIC an external clock output o
D w»n
g 2
® &
<

GreenPAK Diagram

-y -— -

$]020)0.14
uonedUNWWo? °g

BT e
JE8 DFF 15 oS
[ ]

CNT to 8

. CNTO/DLYO/ =0y
¢ FSMO

00
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paseq-as|ng ‘9

Juawabeue|y
lamod '/

Design Steps

[o1ju09
10J0|\ '8

1. Configure the shift register as shown in Technique: Building a Shift Register.

2. Add and configure 3-bit LUTs for each DFF to operate as MUX using Technique: Configuring Standard
Logic w/ LUT Macrocells.

3. Configure Load/Shift function and connect internal blocks to inputs, output.

R11TB0003CE0000 Application: Parallel to Serial 70
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Application: Bi-Directional Communication (Transmit First)

N
- &
Bi-directional communication systems are critical in S =2
L ! L SLG46826 SLG46826 = o
applications where board area is scarce, or limited e, Sy e 5
. 1PN 19 PNzl LOWF oL dPIN2 PIN19 [ o
contacts are used to connect between devices (for I ews ns ewsel =
example, a wearable and charger). A transmit-first
. . . . . . < PIN 16 PINS| 4PINS PIN 16 |
design indicates that this device will always be e s s el e o
- . . c2 PIN 14 (voD2) PIN7F—{"DEN 4PINT7 (vop2) PIN 14 4
enabled first in the transaction. T lowes Pe— 5o s CO—ews T S w
<4 PIN 12 PIN9F——_ ) SpA sDA(C_)>——PIN9 PIN12| % g’.
PIN 11 (6ND) PIN 10} PIN 10 (6ND) PIN 11 5 (=}
GND ;]N-D E- g
S B
«

Ingredients

e Any GreenPAK
e An IC an external clock output

sainjeay
hajes “y

GreenPAK Diagram

Transmit. Data from 12C write

.: oo@m

Last Bit

ﬁmmm —n . First Bit
ﬂ:lm-?m.m“m__m

1. P

$]020)0.14
uonedUNWWo? °g

- :4 * 8-bit counter
Sets Transmit Freq b IT CLK Y
el CNT3/DLY3 gt

CLICE ONT2/CLy2 IS

—
‘b. VEORE Drr 14 BB
-
o
o 0
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Design Steps

1. Configure two GPIO pins as a “Digital input/output,” one for the data line and one for the clock.

2. Create an internal clock signal using a CNT/DLY block configured as a “Reset counter.”

3. Configure a shift register to store incoming data, shown in Technique: Building a Shift Register. Shift
registers can be read with 12C.

4. Add PGEN to send outgoing data. The PGEN contents can be changed using 12C.

5. Configure DFF to enable transmission. Connect output to transmit clock signal and OE of I/0 pins.

6. Add CNT/DLY block to disable transmission, with CLK input from DFF. Connect Edge Det block to reset
DFF after set number of clock pulses.

7. Connect the external clock to the shift register and connect the internal clock to PGEN and I/0 pins.

[o1ju09
10J0|\ '8
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Application: Bi-Directional Communication (Receive First)

N
- &
Bi-directional communication systems are critical in S =
. . . .. VDD VDD =" @
applications where board area is scarce, or limited e | JUEr ) ° 2
contacts are used to connect between devices (for w1 Pzl T o T Jowa Pn 1ol 2
example, a wearable and charger). A receive-first Jo gy ot D0 Toms " el
design indicates that this device will always be e e awo | e
. . vop2 {PIN15 PIN 6 PIN 6 PIN15| oy (o)
enabled second in the transaction. I G Y st {Pn7 oomente— S w
o T JpiN13 PIN8|—C D scL  scLCO—PINS PIN13f Lo == v
PIN 12 PINS—<_)sbA SDAC_ )>——PIN9 PIN 12} =, =3
PIN 11 (GND) PIN10} 4PIN 10 (GND) PIN 11 —1 g g
- GND GND 5. -
Ingredients a
e Any GreenPAK with OE pins
e An IC an external clock output
- &
o
8 o
. = E’h
GreenPAK Diagram S g
<

=
Transmit. Data from 12C write —® —
Data_ IO

S Z g m
: '..o@m M

Receive Data Stream in 8-bit shift register ----->

[+]
t Last Bit

ﬁmwm . o First Bit

-0
A ap -

$]020)0.14
uonedUNWWo? °g

8-bit counter

Sets Transmit Freq ——
HLl ONT3/DLY3

CLic® CNT2/DLY2 N

[013u09
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Design Steps
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1. Configure two GPIO pins as a “Digital input/output,” one for the data line and one for the clock.

2. Create an internal clock signal using a CNT/DLY block configured as a “Reset counter.”

3. Configure a shift register to store incoming data, shown in Technique: Building a Shift Register. Shift
registers can be read with 12C.

4. Add PGEN to send outgoing data. The PGEN contents can be changed using I2C.

5. Configure DFF to enable transmission. Connect output to transmit clock signal and OE of 1/0 pins.

6. Add CNT/DLY block as a “Reset counter” to disable transmission, with CLK input from DFF. Connect
Edge Det block to reset DFF after set number of clock pulses.

7. Add CNT/DLY block as a “Reset counter,” with input as external clock and output to enable
transmission DFF.

8. Connect the external clock to the shift register and connect the internal clock to PGEN and 1/0 pin.

R11TB0003CE0000 Application: Bi-Directional Communication (Receive First) 72
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Application: 7-Segment Display Using ASM and 12C

N
[7¢d
. . . . . - o
A 7-segment indicator is a common numerical display. wo  sLcassa S E
. (" o
The GreenPAK asynchronous state machine and 12C 2 M © 3
can be used to provide directions to the segments as s pwof® | e Fre e s e 2 2w 2 =
to which number should be displayed. The provided 1o e n’.‘a "-‘a ui'a ".‘a
example is compatible with a 4-digit, 4 decimal {rme P 1= a‘.‘g a‘.‘a THET
’ PIN7 PIN 14| i Y oXTYoXdiYoX Yo Q
dISp|ay. scL CO>—PINs PIN13S s @
soa CO—PIND PIN 1222 % w
PIN 10 (ND) PIN 11 o <«
r%/”l S 2
. GND s. B
Ingredients a

e Any GreenPAK with 12C and ASM
e 7-segment display
e Eight resistors
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GreenPAK Diagram

$]020)0.14
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DFF 1 -> Q

ASM OUTPUT
DFF 2 -> 0

DFF 3 -> O
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Design Steps o ;
1. Configure GPIO pins as output and connect them to the ASM output. g 2
2. Add shift register using Technique: Building a Shift Register. -
3. Create a logic generator using the PGEN block, corresponding the required number of digits.

4. Add and configure ASM to match the initial digital sequence.

5. Update one or more digits to an ASM state via I2C.

R11TB0003CE0000 Application: 7-Segment Display Using ASM and 12C 73
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Application: Communication MUX Using 12C

N
c1 0D SLG46826 o
R . . ) 0.1uF s ~ — &
An 12C Communication MUX is used when a designer H PIN 1 (voDY) PIN 20— ) RX_OUT S =
. . : =
needs to combine several I2C input signals and RX_IN1 CD——(PIN 2 PIN 19 [—( ) TX_OUT ° 3
forward them into a single output line. XNt CO—PIN3 PIN 18 | )
RX_IN2 (_>——PIN 4 PIN17 |
TX_IN2 >——PINS5 PIN 16 |
RX_IN3 (__>——PIN®6 PIN15[ 00 § e
TX_IN3 __O>——PIN7 (vop2) PIN 14 o % (%)
. | T ouwr =) ‘g
SCL PIN 8 PIN 13
Ingredients ] 5. 8
SDA{__ »—PIN9 PIN12} [7=]
e Any GreenPAK with 12C A\PIN 10 (6ND) PIN 11)1
e Two resistors GND

e Two capacitors

sainjeay
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GreenPAK Diagram

RX_IN1 _
RX_OUT

TX_OUT

o
. FIN 19 ©
]

$]020)0.14
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Design Steps

[o1ju09
10J0|\ '8

1. Configure a 1:3 demux with LUTs to share the TX signal from the MCU, sent to external UART ports.
2. Configure a 3:1 mux with LUTs to receive an RX signal from the external UART ports to the MCU.
3. Use the I12C to select the input port.

R11TB0003CE0000 Application: Communication MUX Using 12C 74
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Application: I12C Level Shifter

N
w
: , VoD SLG46826 —
12C level-shifters allow two 12C-enabled devices to o | g =
B . VDD1, L = &
communicate to each other across two different voltage en2e 2 N sk -
. . - VDD2 VDD2 E'
levels. The given example level shifts from 3.3V to 1.8V. Voo vop {PIN3 PIN 18} 2
< PIN 4 PIN 17 | R3 ZR4
R1 2R2 JPIN 5 PIN 16 SCL_1.8V
SCL_3.3V PIN 6 PIN 15 Dbz SDA_1.8V Q
SDA_3.3V PIN 7 (voD2) PIN 14 c2 g_ w
scL CO>—PINg PIN13f Lo = g
sDAC D>—PIN9 PIN 12| g 3
5 E GND), —
Ingrﬂdlents \PIN1D (t )PIN11)—-|_ (7=

GND

e Any GreenPAK
e Four resistors

sainjeay
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GreenPAK Diagram

$]020)0.14
uonedUNWWo? °g

MF7 (3-bit LUT13, DFF/LATCH16, 8-bit CNT7/DLY7)

LY6)
B c } 0sC2 Y
A 0GCo ! - . CNT7/DLY7 pd
CNT6/DLYE g A
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Design Steps

1. Configure four GPIO pins as digital input/outputs with the output mode set to open drain NMOS. o ;
2. Configure one pin as a digital input for the enable signal. §' S
3. Add an AND gate to each input/output. =S
4. Configure four multi-function blocks (or four LUTs and four CNT/DLY blocks if Multi-function blocks

aren't available) as a NOR gate feeding into a falling edge delay.
5. Select 0SC2 as the clock source for the delay blocks and set it to “Force Power On.”

R11TB0003CE0000 Application: 12C Level Shifter 75

sainjea  bojeuy
paaueApy ‘6




The GreenPAK Cookbook

suonouny
B $120|g diseq’|

Application: Connection Detect

N
[7¢d
. . . - o
This application detects the presence of a cable by VDD SLG46140 8 §
measuring the voltage proportional to its resistance. The o $—{Pm1oon PIN 14} © 3
ACMP’s 100uA current source is used to produce the Pl PNz PIN13[ =
voltage drop across the cable. This configuration is also 1o o o
able to determine which type of connection is being made Loms BIN 10— our2 o
based on different wire lengths or connected loads. o) —+Z%E lows pi g | CURR_SOURCE S w
1PN7 (ND) PIN 8 g :é’
</ =100UA GND g g
2.5
[{=}

Ingredients

e Any GreenPAK
e Four resistors

sainjeay
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GreenPAK Diagram

CURR_SOURCE
——

$]020)0.14
uonedUNWWo? °g

CABLE o _

[ SRR nD 3 [ ]

R PING B 5 o
o & .

o = o ©

[013u09
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Design Steps

1. Enable the input 100uA current source in ACMP1
and configure the IN- source.

2. Configure ADC and PGA blocks.

3. Enable DCMP/PWM blocks (delete VDD from
SHARED PD input). Set DCMP/PWM power
register to Power on. Make sure that IN+ selector ouTo
is connected to ADC and IN- selector is connected
to an internal register. oUT1

4. Set needed value of register in DCMP/PWM blocks
and configure MTRX SEL inputs.

5. Configure 2-bit LUT0 and 2-bit LUT1; our2

CABLE

Juawabeue|y
lamod '/

[o1ju09
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6. Set CNT1-CNTS3 to rising edge delay mode. =
7. Configure PIN10-PIN12 as Digital output 1x push 5 ©
pull. e Z
3
R11TB0003CE0000 Application: Connection Detect 76 |2 8
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Application: Custom Pattern Generator

VoD SLG46826 N
. rF’IN 1 (vDD1) PIN 2;‘- - g,
The pattern generator (PGEN) in the GreenPAK stores a G T o2 o 1o 8=
- [ 1 . T B a' (1°]
pattgrn of logic 1.3 anq 0's (up_ to 15 bits) that can be §ent to . o o 18 ouput %
the internal matrix serially. This design outputs a 16-bit code Loma o 17L =
after a rising edge on an input. It can be used in sequential {ons _—
logic applications. domis PIN1SE oo o
S w
4PIN7 (voD2) PIN 14 co g_ .
scL C —PINg piN13f L oW = 2
o' S
spa( >—PINS PIN12} g D
Ingredients e ey <

GND

¢ Any GreenPAK with PGEN
¢ No other components needed
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GreenPAK Diagram

: »

Output

. m b -PIN18 o

CD = Nbit - 1 CD = Nbit - 2

& E O A~ Y

$]020)0.14
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Properties (53]
2-bit LUT3/PGEN
b pOR
*

4 = 2R Type: PGEN - o
o . -
= Bit range: 15:0 <=
= nge: : - =
o S @
o - = 0
Pattern: 1011100110001101 |+ S g
a3
V| = < =%

Design Steps

Juawabeue|y
lamod '/

1. Configure the custom N_bits pattern in the PGEN.
2. Configure CNT1/DLY1 mode as a One Shot. Set Counter Data to Counter Data=N_bits-1.
3. Configure CNT2/DLY2 mode as a One Shot and set Counter Data to Counter Data=N_bits-2.
4. Configure CNT3/DLY3 as rising edge delay and create the generator using 2-bit LUT1.
5. The design can be improved by using a GreenPAK with 12C to dynamically modify the PGEN data, clock -
frequency and Counter Data. g =
= o
S g
p 3
3 ©
&z
73
R11TB0003CE0000 Application: Custom Pattern Generator 77 g' 8
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Technique: Sending Serial Protocols Using Duty Cycle Detection

This technique can be used with any GreenPAK consisting of PGEN, Counter/Delay blocks and I2C. Read
Technique: Reading Serial Protocols with a Shift Register and Technique: Reading Serial Protocols with a
Pipe Delay for how to read the protocol discussed here with the GreenPAK.

Serial data transmission has a wide variety of communication applications including power lines, wireless
systems, and MCUs. A single-wire data transmission can transfer data using distinct duty cycles for another
GreenPAK or MCU to read.

The duty cycle detection topology is shown in the figure below. Each bit is represented by a periodic pulse

with a particular duty cycle range. Within this design a transacted bit is set “0” when the pulse duration is
<1/5 of the period and “1” when >4/5 of the period. Other duty cycle ranges can be used, provided there is
sufficient distance between the duty cycle ranges for Logic “0” and Logic “1".

Bit Period , Bit Period ,
1/5 Bit Period 4/5 Bit Period :
s T

I
Logic "0" : Logic "1" :

Logic 0 and Logic 1 Detection

In the design displayed below, data transmission is initiated by Enable, which can be supported through an
external GPIO or an 12C Virtual Input. CNT4/DLY4 sets the bit period for data transmission. MF1 and MF2
blocks determine the duty cycle to transmit. Data to be transmitted is written in the PGEN via I2C or non-
volatile memory. The PGEN can transmit up to 16 bits, but this design demonstrates 8-bit data transmission
on the single-wire output. For more information on how to write different patterns through PGEN via 12C,
refer to Application: Custom Pattern Generator.

The data packet length is determined by CNT3/DLY3, which in this case it is set to transmit 8-bits. 4-bit
LUTO transmits the data on the Single-Wire output after the data is embedded into the duty cycle of the
transmission signal. After data transmission is completed, PGEN can be re-written through 12C.

If the user wishes to bit bang the transmission, CNT5/DLY5 generates an interrupt signal to indicate to an
external MCU that the transmitted package is completed.

R11TB0003CE0000 Technique: Sending Serial Protocols Using Duty Cycle Detection 78
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Technique: Reading Serial Protocols with a Shift Register

This technique can be used within any GreenPAK equipped with enough DFF blocks, a Ripple Counter,
and three CNT/DLY blocks. It explains a method to read the single-wire protocol discussed in Technique:
Sending Serial Protocols Using Duty Cycle Detection.

Serial data transmission has a wide variety of communication applications including power lines, wireless
systems, and MCUs. A shift register can be used as a highly versatile serial receiver for a single-wire

transmission.
Bit Period \ Bit Period
| | |
1/5 Bit Period 4/5 Bit Period
Logic "0" : Logic "1"

The figure above shows the single-wire topology discussed in Technique: Sending Serial Protocols Using
Duty Cycle Detection. A delayed edge detect on the rising edge is used to sample halfway into the signal
period (bit length). When the shift register of this particular design is clocked, the signal will be LOW at

points where the pulse is <1/5 of a bit period and HIGH where the pulse is >4/5 of a bit period.

The figure above shows a method for obtaining the single-wire data in 8-bit increments. Each time the
shift register is clocked, the Ripple Counter is also incremented. When the Ripple Counter receives 8
pulses, CNT2/DLYZ2 outputs a high pulse on DATA READY to signify to an MCU that the complete single-
wire transmission has been read and is ready to be read by 12C. This design reads transmissions with a
Tms period since CNT1/DLY1 delays the rising edge by 500us, but this can be easily changed by adjusting
its counter value.

500us One Shot

(38 cnri/nivi puaa T

el
o
O
o
O
0
o
el

DATA READY
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Technique: Reading Serial Protocols with a Pipe Delay

N
- &
This technique can be used within any GreenPAK. It explains a method to read the single-wire protocol ==
discussed in Technique: Sending Serial Protocols Using Duty Cycle Detection. @ §
Serial data transmission has a wide variety of communication applications including power lines, wireless
systems, and MCUs. A single Pipe Delay block can be used in the place of a resource heavy shift register -
as a serial receiver for a single-wire transmission. However, it must be noted that unlike the shift register §_ w
method, this Pipe Delay method can only output its data serially and doesn’t have parallel output capability. | & é’
s
S B
[{=}

The Pipe Delay can be thought of as a 16-bit shift register with three available outputs. Two are
configurable to output any of the Pipe Delay’s sixteen internal D flip-flops. For this 16-bit implementation,
shown below, OUTO of the Pipe Delay is set to represent the 16th DFF output. An input for an MCU to
externally clock the Pipe Delay is multiplexed with the Single-Wire In input to allow it to unload the Pipe
Delay’s data without incrementing the bit counter.

sainjeay
hajes “y

This design utilizes the same delayed data sampling mechanism as Technique: Reading Serial Protocols
with a Shift Register, but it instead keeps track of its data bits with a counter block rather than a Ripple
Counter. This counter increments each time a data bit is detected. Upon reaching 16 bits, it will set the
DATA_READY pin HIGH until the next data bit is sent. It is important to note that this counter block must be
reset before any data is sent to ensure proper operation, which can be done internally by POR or externally
by an input (as in this design).

$]020)0.14
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DFF16_OUT

[013u09
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500us One shot

NT1/DLY1 gtd . INT_CLK gt
f— . [ CNTL/DLY! DET .
L

2

(o]
CLK_SEL

00000000
Juawabeue|y
lamod '/

DR_RESET Bit Counter

sl CNT2/DLY2 gl
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Technique: Using the Digital-to-Analog Converter (DAC)

This technique can be used with SLG46140, SLG46620, and SLG46621 GreenPAKs. _ ,Z,
o L
«Q o
Some GreenPAK devices contain Digital-to-Analog Converters (DAC). They are 8-bit DACs which operateat | & S
maximum sampling speed of 100 ksps. The DAC's differential non-linearity is less than 1LSB and integral non-| =
linearity is less than 1LSB. The DAC output-to-PIN resistance is 1 k<. Load resistance is recommended to be
no less than 10k<2 and load capacitance to be no more than 100 pF. Typically, the DAC output range is from o
0V to 1V, but in the SLG46620/1 the DAC1 output range is from 50mV to 1.05V. S w
Either the register, SPI, or FSMs can be configured as an input for the DAC. The DAC's output can be §:§
configured to the VREF's output pin, PGA, or ACMP. =1
[{=}

In some ICs DACO is used as a part of the pseudo-differential mode of the PGA macrocell. Therefore, DACO

is not available when the PGA is in pseudo-differential mode. Also, DAC1 is shared with an ADC macrocell.
Therefore, it is impossible to use DAC1 when ADC is used. To connect the DAC macrocell output to a VREF

macrocell, it is necessary to configure this pin as analog input/output and configure the Source selector for
the VREF to be a DAC.

sainjeay
hajes “y

VREF_CONF_DAC_OUT

VREF

DAC_DATA_SOURCE

DAC_OUTPUT

O
“W o b °
FSM
X} =

Sawtooth Generator

$]020)0.14
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The DAC can be used to create a simple Sawtooth Generator shown above. In this case DACO uses FSM1 as
its data source. The DAC output is connected to the VREF which is connected to PIN3 (DAC_OUTPUT). The
output signal period and resolution are set by the counter data and clock frequency of FSM1. Also, you can
add a toggling DFF and connect it to the UP input of an FSM to produce a triangle wave generator shown
below. The counter data value changes up and down in time, depending on DFFQ’s output.

[013u09
paseq-as|ng ‘9

DAC_DATA_SOURCE

o CNTLYJ,I .0 o
Ec‘ o

Juawabeue|y
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Triangle Wave Generator

The DAC can be used as a reference for an ACMP or PGA negative input in “Differential” and “Pseudo-

differential” mode. If the ACMP reference uses a DAC, the user can compare the analog signal to discrete

data without using the ADC block.

The GreenPAK DAC:

e can be used to create waveform generators;

e create reference voltage source controlled via SPI;

e can be used in different converters as it converts temperature, humidity and other digitized values to
analog voltage.

[o1ju09
10J0|\ '8
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Technique: EPG

The Extended Pattern Generator (EPG) is capable of producing a range of outputs that is 92 bytes in size.
It retrieves data from non-volatile memory (NVM) and outputs one byte at a time every time the CLK input
signal encounters a rising edge. Additionally, the EPG shares its outputs with 12C Virtual Inputs. The
maximum clock frequency is up to 1 MHz.

Upon power-up of the system, the EPG behaves differently based on the signal received at the nReset
input. Specifically, when the nReset input is active LOW, the EPG will display the initial value at the output.
Conversely, if the nReset input is active HIGH, the EPG will display user-defined patterns at the output. This
feature enables the user to customize the output of the EPG to their specific needs.

EPG can work continuously when CLK is being applied in Overflow mode or keep at the last byte in Stop at
boundary mode.

(o}

CLK

nRESET 5

The EPG Waveforms Editor lets a user select from a variety of predefined Generators, such as SPI, 12C,
PWM, or manual, and assign the output accordingly. Each of these generators offers a range of tunable
settings, making it easier for the user to build their desired pattern.

8 EPG Waveforms Editor
Generators

‘Generator: SPIO v |d|=

MOSI: ©OUT1 (SPI0 MOSI
SCK: QUTO (SPI0 SCK)

s85: OUT2 [SPID 55)

CPOL: 0

CPHA: 0

S5 polarity: Idle high

MOS] initial state: 0

i Send Bytes v &=
Send Bytes ME L]
Send Bytes v &=
Send Bytes v &=
Send Bytes ME L]
Data:= |16
First bit: | MSB

SPI0 resources: 86/92 Samples Clear

Manual EPG data editor

The resource bar is a visual representation that indicates the number of bits used in the pattern. It provides
the user with a clear understanding of the amount of memory and resources that have been allocated to the
current pattern.

R11TB0003CE0000 Technique: EPG 82
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Application: 12C Master Read Command with ACK Check and Data
Comparison

This application demonstrates how to build a simple 12C BUS

I2C master which can read the slave data and compare

2L _ VoD SLG46811  ReERi
it with the reference data using SLG46811. (v 1) sl
U.IUFI

{pinz2 PIN 11 SDA

4PIN3 PIN 10—{_ SRDATA > READ DATA

{PIN 4 PINO|

SELOC D—— PIN5 PIN 8 Start

Ingredlents SEL1_>—{PIN 6 (GND} PIN 7

- JiI_GND

SLG46811V
Two resistors

GreenPAK Diagram

Design Steps

1.

Configure EPG generator (see EPG technique) to create I2C Read command and set several SDA and SCL
patterns.

Add one channel in EPG to check the ACK bit every 9th clock at SCL

Create a 4-bit Multiplexer, as was described in Application: 8-bit Multiplexer. SELO and SEL1 choose
which data (SDA) will be output.

Create frequency generator based on CNT1/DLY1 and LUT9, which performs clocks for EPG

Deglitch filter based on CNTO/DLY0 which triggers the 12C pattern.

Design monitors if the ACK bit check was present during the I2C command, if the 12C slave doesn’t
respond, the transmission stops.

When the I2C slave starts sending the data back, they are compared with the reference data stored
in SHR 0. At every clock during comparison the data in SHRO is shifted and compared with the data
received. DFF7 stores the comparison result until the read command.

R11TB0003CE0000 Application: 12C Master Read Command with ACK Check and 83
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Application: 12C Master Write Command with ACK Check

N
12C BUS w
- o
. - - : St
This application demonstrates building a simple 12C VDD SLG46811 R2Z Ri & 2
master using the SLG46811 device. The 12C master built o t—{pm 1000 BIN 12] scL 5
using this device is capable of rewriting one or multiple VT JpiN2 PIN 11 SDA
bytes, making it a great solution for systems that do not dpins PIN 10l
require a complex implementation. dpiNg PN ol =
=
SELO_>—PIN5 PIN 8— ) Start S w
= S
Ingredients SELICD——{PIN6 (GND) PIN TJ—lGND § -
«

e SLG46811V
e Two resistors

sainjeay
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GreenPAK Diagram
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Design Steps

1. Configure EPG generator (see EPG technique) to create 12C Write command and set several SDA and SCL
patterns.

2. Add one channel in EPG to check the ACK bit every 9th clock at SCL.

3. Create a 4-bit Multiplexer, as was described in Application: 8-bit Multiplexer. SELO and SEL1 choose the
data (SDA) to be outputted.

4. Create frequency generator based on CNT1/DLY1 and LUT9, which performs as clocks for EPG.

5. Deglitch filter based on CNTO/DLY0 which triggers the 12C pattern.

6. Design monitors if the ACK bit check was present during the 12C command if the 12C slave doesn't
respond, the transmission stops.

[o1ju09 Juawabeuepy
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Application: 12C Programable Pattern Generator Using Shift Registers

N
=g
This application demonstrates the construction of a S8
. . . VDD SLG46811 =
simple pattern generator with a capacity of up to 32 p . 5
bits, utilizing the SLG46811 device. Such an approach e PIN 1(voD) PIN 12-
can prove to be beneficial for cost-effective and energy- L PNz PIN 11}
efficient applications. scLC_ O>——PIN3 PIN 10} § o
SDAC_ >——PIN 4 PINGF—DODATA S o
i S'S
Ingredients 4{PIN 5 PIN 8—{ > CLK 5. 8
{PING (GND) PIN 7 «
- ’—_I_GND

e SLG46811V or any GreenPAK with Shift Registers

sainjeay
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GreenPAK Diagram

0x78 AvTA
Ox7A
S WSRO e » F—

L ]
.717
-

MF1 (3-bit LUT9, DFF/LATCH11, 8-bit CNT1/DLY1)

P CNT1/DLY1 e CLK
POR
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-
-
O
)
O
Q
O
Q
0
o
Q
0
0
0
0
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Design Steps

Configure Shift Register blocks and connect them serially.

Connect the output of SHR3 with the D input of SHRO

Create clock generator using CNT1/DLY1 and LUT9 in MF1

Use I2C virtual inputs to clear the SHRO-SHR3 and start sending the pattern
Add PIN9 to output CLK to distinguish the data

Juawabeue|y
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Application: Long Length Pattern Using EPG

N
- &
. - : St
This application demonstrates t.he construction qf a VDD SLG46811 5 2
pattern generator with a capacity of up to 736 bits, (o 1 0v00) o 12 5
utilizing the SLG46811 device. Such an approach can oWET | oIN 2 o 111
prove to be b(_aneflmal for cost-effective and energy- soL oIN 3 PIN 10b— > Logic Pattem
efficient applications. S
SDAC_——PIN 4 PIN 9} = w
EN[_>—{PINS PIN 8- gg’
Ingredients {PING6 (GND) PIN 7 =1
- ‘—_I_GND «

e SLG46811V
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GreenPAK Diagram

m%m

H ._.‘ = .
—l

$]020)0.14
uonedUNWWo? °g

MFOQ (3-bit LUT8, DFF/LATCH10, 8

EN

v2
= = .
- m_.
[+]
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Design Steps
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1. Configure the EPG generator (see EPG technique) and set the data that should be outputted

2. Create an 8-bit Multiplexer, as was described in Application: 8-bit Multiplexer, and connect to
appropriate outputs of EPG

3. Create a frequency generator based on CNT0/DLY0 and LUTO, which performs clocks for EPG.

4. Configure CNT3/DLY3 to count 92 clocks generated by the frequency generator.

5. 3-bit counter-based DFF8, DFF9, and DFF11 select data outputted from EPG see Technique: Multiplexing
a Bitstream.

6. Add EN PIN5 to start the pattern when HIGH and stop when LOW.

[o1ju09
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Application: Basic SPI Master

N
[7¢d
This application demonstrates how to build a simple VDD SLG46811 5 .'é
SPI master using the SLG46811 device. With this CL’p.N 1(voD) PIN 12— cLk &3
devi(_:e, the SPI master i_s capable of rgwriting one or OWFT 1o 2 PIN 11— Mos| =
multiple bytes, n_1akmg ita gogd solution fqr systems {pm 3 PIN 10— cs
that do not require a complex implementation.
4PIN 4 PIN 9} o
(=]
{PIN5 PIN 8 ——_ ] Start 2 :
Ingredients {PING (aND) PIN 7 s S
~ ‘—_I_GND 52
[{=}
e SLG46811V
me
2w
GreenPAK Diagram oy
<
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MFQ (3-bit LUT8, DFF/LATCH10, 8-bit CNTO/DLY0/FSMO)

V2 Start Deglitch filter (is not mendatory)

[013u09
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Design Steps
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1. Configure the EPG generator (see EPG technique) to create an SPI generator, choose the outputs for
MOSI, SCL, and CS signals.

2. Create a frequency generator based on CNT1/DLY1 and LUT9, which performs as clocks for EPG.

Deglitch the filter based on CNTO/DLY0, which triggers the SPI pattern by clocking DFF10.

4. To reset DFF10, use EDGE DET with inverted output polarity. When CS goes high, EDGE DET performs
inverted peak, which resets the EN signal to stop the pattern.

w
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Chapter 6
Pulse-based Control
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This chapter presents applications that control the pulse width of a signal. This
most commonly involves PWM, which is commonly used for LED controllers,
motor controllers, sound.
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Technique: Setting a Constant Duty Cycle

This technique will work with any GreenPAK.

Setting an immutable duty cycle requires one CNT/DLY block, an oscillator, and
a DFF. The macrocells should be configured as shown in figure below.

CNT1/DLY1 g Duty Cycle;

—— o
OR.E Drr 3 SR

O
L
O
o]
o
O
O
el

Simple Duty Cycle Configuration

The oscillator determines the period, the DFF is a rising edge detector, and

the CNT/DLY block determines the duty cycle. When the rising edge from the
oscillator is registered by the DFF it will send a LOW pulse to the CNT/DLY
block. This will set the CNT/DLY output LOW, and the output will only rise after
the Delay Counter data has been met.

From the DFF's initial configuration change the Q output polarity to “Inverted
(nQ)" and connect the output of the DFF. This will allow it to operate as a rising
edge detector; it will remain HIGH until a rising edge is detected on the clock,
whereupon it will briefly drop LOW. The FILTER/EDGE DET block can also be
configured for this purpose.

The oscillator OUTO0 or OUT1 is connected to the DFF's clock input to generate
the period. The period should always be greater than the duty cycle. In this
example the period, set by ‘OUT1" second divider by, is set to “OSC/64."

The CNT/DLY block’s Counter data option sets the duty cycle. The delay time
sets the duration of the low signal.

T

period

The duty cycle is calculated as: D=(Tperiod - Tdelay)

Properties

8-bit CNT1/DLY1 (MF1)

Multi-function
mode:

Mode:

Counter data:

Delay time
(typical):

Edge select:

DLY IN init.
value:

Output polarity:

Up signal sync.
Keep signal
sync.:

Mode signal
sync.:

CNT/DLY -

Delay hd

32 =
(Range: 1-255)

16.1133 ms Formula
Rising -

Initial 0 v

Non-nverted (OUT) ~

MNone
Mone

Bypass =

Connections

Clock:
Clock source:
Clock

frequency:

[ |
L 1

05C0 ~

0SC0 Freq.

2,048 kHz

el Apply

CNT/DLY Config

Simulation of Duty Cycle = 50%

Technique: Setting a Constant Duty Cycle
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Technique: One Shot Implementation

This technique can be used in any GreenPAK.

A one shot circuit generates an output pulse with a pre-defined duration. After the circuit produces a
pulse, it returns to its stable state and produces no more pulses until it is triggered again. It is a very
important component for reset functions, watchdog timers, and many other applications. One shot can be
easily implemented in the GreenPAK. Figure below shows a few methods of creating a one shot impulse
triggered by the rising edge of input EN. The pulse duration can be adjusted by changing the counter data
value in the DLY blocks used.

ouT1

ouT4

2

Different One-shot Circuit Implementation

In many GreenPAKs (see figure below), implementing one shot only takes one DLY block. The only thing
that the user needs to do is to switch the mode in block properties window to “One shot” and to select the
edge it will detect. It can be either rising, falling, or both.

One-shot mode

b NET2 |
LI CULLOLLL

One-shot Implementation in SLG46826

R11TB0003CE0000 Technique: One Shot Implementation 90
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Application: Constant Current LED Driver

N
[7¢d
. . . - o
This application detects the presence of a cable by ﬁ:?DD _ SLC46826 S =
. . . . PIN 1 (vbD1) PIN 20 |- a' D
measurmglthe voltage proportlonal.to its resistance. e P2 o 1ol E’
ENABLE2 (__)——PIN 3 PIN18|— -
The ACMP’s 100uA current source is used to produce Y_SENSE!
h I d h bl Th f . deina PIN 17 V_SENSE2
the voltage drop across the cable. This configuration o o o]l s
is also able to determine which type of connection 1o | S I T O B
. . . . VDD2
is being made based on different wire lengths or {pnz  woonpiNta o ., i B -
Towe 2 N R2 (=1
connected loads. seL CO—{Pws o L= R - = £
SDA PIN 9 PIN 12 c4 =}
I d_ COO— LED2_2 |_‘ = g
ngre lents 4PN 10 (GND) PIN 11 o1F é -
—_— GND
e Any GreenPAK o
e Four capacitors
e Four diodes (2 LEDs, 2 silicon diodes)
e Two resistors

sainjeay
hajes “y

GreenPAK Diagram

[ por | o f vor2
- ;

ENABLE1

[ N
(o

$]020)0.14
uonedUNWWo? °g

V_SERISE1

o— Ry o @ .
b 2oy Y

ENABLE2

[013u09
paseq-as|ng ‘9

V_SENSE2

LS PIN 17 T w . LED2_2
—_— PIN 12 e

Juawabeue|y
lamod '/

Design Steps

1. Configure two ACMPs, each with their IN- source set to the desired threshold.

2. Configure LUTs to enable the LED outputs.

3. Connect LED1_1and LED1_2 to the anode of a silicon diode and connect the cathode of the silicon
diode to the anode of an LED.

[o1ju09
10J0|\ '8

4. Connect a resistor between the cathode of the LED and ground.
5. Connect a capacitor between the anode of the LED and ground.
6. Repeat steps 3-5 for the LED2 outputs.
7. Connect V_SENSE1 and V_SENSE? to the cathode of LED1 and LED2 respectively. > -
gz
TS
R11TB0003CE0000 Application: Constant Current LED Driver 91 g' 8
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Application: RGB LED Control via 12C

N
_ S e SLG46826 Ve Y
RGB LEDs are used to add complexity to LED indication o I—F'"NW“"” P 20} S §
systems and can be controlled with a GreenPAK. 12C is 0w T Jpinz nist ¥ ¥ ¥ (© 3
used in this application as an easy way to change the duty 1PN i TR1 TR2 SR 2
cycle to produce different colors. 14 e
4PIN5 PIN 16
Red
{PiNe PIN 15 |~/5r5 Q o
qPINT7 (voD2) PIN 14 c2 g_ .
- N
scL CO—|Pins pIN13f Lo =¥
- =
|ngred|ents SDA( >—PIN® PIN 12| g =
. -\PIN 10 (GND) PIN 11J =
e Any GreenPAK with 12C o
RGB LED

e Three resistors

sainjeay
hajes “y

GreenPAK Diagram

2MHz
Faling Edge Delay 0xC1

POl CNT3/DLY3 g b

Faling Edge Delay 0xC2

AEN Rad

0SCo

0000
Rising Edge delay 0xCO

$]020)0.14
uonedUNWWo? °g

Ak ey (e} L 3
@ o o fNpIbREY o SO CINT4/DLY4 gt S
* -

Faling Edge Delay 0xC3
A EN Rlia |

o *
PO CI\TS/DLYS g S

[013u09
paseq-as|ng ‘9

Design Steps

1. Configure GPIO pins as open-drain outputs for RGB cathode connection.

2. Add LUT logic and CNT/DLY2 to create a generator with EN signal.

3. Configure a CNT/DLY block to rising-edge delay.

4. Add and configure LUTs for each output using Technique: Configuring Standard Logic w/ LUT
Macrocells.

Connect each LUT output to the desired output pins.

12C virtual inputs can be changed individually or simultaneously using the 12C virtual output address.
7. Counter data of CNT/DLY blocks can be changed individually or simultaneously using the 12C.

Juawabeue|y
lamod '/

[o1ju09
10J0|\ '8
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Technique: Creating a Breathing LED Pattern

This technique can be used within any GreenPAK. The quantity of independent Soft ON/OFF channels
depends on the number of counters available within the particular part.

91607
|enuanbag ‘7

A breathing LED pattern can be generated through a consistent difference in pace between two counters.
Each counter outputs a high pulse for one clock cycle of their programmed period. Two CNT/DLY blocks are
programmed with different counter data settings to provide a small offset between their outputs. These
output signals are used to set and reset a flip-flop within the device. The figure below depicts a basic
implementation, wherein CNT2/DLY?2 sets the ON period and CNT3/DLY3 sets the duty cycle.

Buiuonipuo?
eubig "¢

sainjeay
hajes “y

Sort ON /OFF

B -

LED Breathing Implementation

In the implementation within the figure above the frequency of the PWM is set by CNT2 and can be
calculated with the equation:

$]020)0.14
uonedUNWWo? °g

fosc
(DatacyTz+1)
EN|__ .

fowm =

[013u09
paseq-as|ng ‘9

CNT3 —

—y H H H H : B
|
i |

AND i \

Juawabeue|y
lamod '/

[
DFF_OUT

-~

Soft ON/OFF 14

[o1ju09
10J0|\ '8

The effect of the small offset is shown through the waveforms of the figure below. The PWM cycle ends
when the counters’ outputs coincide. This causes a short high impulse on AND gate and DFF flops. The
NXOR gate makes the inversion of the PWM, which provides a soft OFF. PIN2 is the enable signal and
while it is HIGH the counters are in high level reset.

R11TB0003CE0000 Technique: Creating a Breathing LED Pattern 93
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Application: Breathing RGB LED

VDD

SLG46826 N
( ~\ [7,)
- . . . o1 L PIN 1 (vDD1) PIN 20 |- - @
RGB LEDs are used to add complexity to LED indication & sy s T oo on1sl S §
systems and can be controlled with a GreenPAK. They ot ok gyt ENTD—]PING PIN 18| © 3
can be paired with a soft ON/OFF circuit for a breathing GR:EE PIN 4 PN 17 [ B
pattern. " PIN 5 PIN 16 |-
PIN 6 PIN 15| VDD2
4PIN7 (vop2) PIN 14 o Q
scL CO—PIN8 PIN13} Lo = w
SDAC_O>—PIN9 PIN 12} g{ g
|ngredients APIN 10 (@ND) PIN 11)—-|_ S B
S B
GND «
e Any GreenPAK
e (One RGBLED
e Three resistors
o
g
I ® &
GreenPAK Diagram % 2
o
o g
o ¥ 3
0 S 3
o g 2
: 8 =
o O
Q & 'n-,'l
=
-

CNT3/DLY3 pumg

CNT2/DLY2 g

[013u09
paseq-as|ng ‘9
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Design Steps

1. Configure GPIO pins as open drain NMOS outputs.

2. Create soft ON/OFF circuit as shown in Technique: Creating a Breathing LED Pattern.

3. Configure Ripple Counter - set Functionality mode to Range: SV-EV cycles (SV=1, EV=3). o 2

4. Configure LUTs collectively as a demultiplexer. % §

5. Add enable (EN) signal to start/stop RGB breathing. ==
>
3 ©
&z
3

R11TB0003CE0000 Application: Breathing RGB LED 94 g' 8
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Application: Breathing RGB LED Control with 12C

VDD

SLG46826

T {priN2

RGB LEDs are used to add complexity to LED indication
systems They can be paired with a soft ON/OFF circuit . L
for a breathing pattern and further controlled with 12C. oreen |
Changing the CNTO counter data changes the breathing BLUE o

period.

RIZ R22 R3Z  scL(>—PINS
SDAC_>——{PIN9

GND <PIN 10 (GND) PIN 11
~——

Ingredients

e Any GreenPAK with 12C
e (One RGB LED
e Three resistors

GreenPAK Diagram

Design Steps

o L PIN 1 voD1) PIN 20}
o PIN 19}
PIN 18}
PIN 17}
PIN 16 |
PIN 15}
{priN7 (vob2) PIN 14
PIN 13|
PIN 12}

GND

1. Create a soft ON circuit as shown in Technique:
Creating a Breathing LED Pattern but instead set EN}

the counter data for CNT1 and CNT2 to the same oo via T

value. RED
2. Add MFO which adds a small offset between T

Lol ¥

CNT1 and CNT2. GREEN
3. Configure LUT3-LUTS as a multiplexer switched
by the EN signal controlled via I2C.

=t

4. Configure LUT0-LUTZ as a demultiplexer which BLUE‘[/
passes the breathing signal according to the

tlmlng dlagram Breathing period

controlled via 12C

R11TB0003CE0000 Application: Breathing RGB LED Control with 12C
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Technique: Using DCMP/PWM Macrocell in PWM Mode

N
This technique is for the DCMP block, available _ g:
in the SLG46140, SLG46620, and SLG46621. S, §
Overview of the DCMP/PWM Macrocell -
The DCMP/PWM macrocell is used to compare o
two 8-bit values or generated PWM signals. o S w
There are three DCMP/PWM blocks per IC that S PWMO z = é’
can operate independently, and each DCMP/ OUT+ S B
[{=}

PWM has two 8-bit inputs (IN+, IN-) that can
be used to generate a PWM signal. Inputs
MTRX SEL#0 and MTRX SEL#1 are used during
static PWM generation to select one of the four
available registers. Input SHARED PD is used
to power on or off the device. The PWM output
duty cycle range can be configured to range
from 0% to 99.61% or 0.39% to 100%.

Creating the PWM Signal

sainjeay
hajes “y

One input of the PWM generator is a linearly
cycled ramp of data. This is from a counter that
counts from 255 down to 0 or vice versa.

$]020)0.14
uonedUNWWo? °g

The other input should be stable for at least 1

PWM signal period (PWM ramp counter period).
It could be data from the SPI, ADC, FSM blocks,
or from an internal register of the DCMP/PWM. DCMP/PWM in PWM mode

|- -

[013u09
paseq-as|ng ‘9

The figure shown to the right displays the
operation of a DCMP/PWM when IN- is
connected to a CNT/DLY block that counts from
255 down to 0 (PWM ramp counter) and the P o)
IN+ source is an internal register set to 250.

Juawabeue|y
lamod '/

The IN+ setting is the key to the operation of
the macrocell. Static PWM values can be made

/N
/ N\
/\

using the internal registers. PWM dynamic o™
feedback can be made using the ADC. An MCU- /_\ S =
controlled PWM can be set by using the SPI Deadtive,_| | | _Jpeadine S :g:
interface.

The output OUT- and OUT+ has dead band time Deadband time OUT- and OUT+

that can be from 10 to 80 ns and set in the
properties pane of the DCMP/PWM.

R11TB0003CE0000 Technique: Using DCMP/PWM Macrocell in PWM Mode 96
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Application;: PWM Selection

VDD ) SLG46140 . Voo :

PWM selection is commonly used for functions like o PIN1 (o0 PIN14r g3

adjusting LED brightness and controlling fan speed. In 172 PNTSE y» ¥ |F S

this implementation two LEDs are adjusted to discrete S1Eo——|PINs PNTZE see 2r 2
brightness levels based upon the input of two switches. s2Lo——|PIN¢ PINTIE

4PINS PIN 10

{PING PIN 9 '-é’ e

qPIN7 (GND) PIN 8 2 n

Ingredients ) 2 <

a

e GreenPAK with DCMP
¢ No other components are needed

GreenPAK Diagram

sainjeay
hajes “y
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Design Steps

1. Enable the DCMP by removing VDD from SHARED
PD input. Set DCMP/PWM power register to “Power
on”. Set IN+ selector to “Register selected through
the matrix.” Set IN- selector to “FSM1 [7:0].” Set
the registers of DCMPO: register 0 — 51; register 1 —

Juawabeue|y
lamod '/

S1

102; register 2 — 154; register 3 — 0. oo :
2. Add CNT/DLY block configured as Counter/FSM. Set E | | 5 .

counter data to 255. Lo m | o ™
3. Configure RC OSC power mode to “Force power on.” . : . | . §. =
4. Configure PIN10 and PIN9 to open drain NMOS. TUININLInnn: 11l 28
5. Add LUT as an inverter. brighness, % 0% | ao% | 20% | eow | 1o | 20%
6. Connect input pins to the MTRX SEL pins of a

DCMP/PWM block.

R11TB0003CE0000 Application: PWM Selection 97
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Application;: PWM Generator Using ACMP and DAC

N
[7¢d
PWM generators can be used to control devices such as P r SLG46140 . g3
DC motors and LEDs. This implementation uses an analog o1 PIN 1 (voD) PIN 14| e §
signal that an ACMP compares with the signal of DACO. S L JPIN2 PIN13} =
CNT3 is used to generate the value for the DAC. PN 3 PIN 12|
Output PWM (__}——PIN 4 PIN 11} o
{PINs PIN10f——C Jinput| S @
2w
<4 PIN6 PIN9 |- g cg
Ingredients 1PNz (&nD) PIN 8 =5
N J ] =
e GreenPAK with DAC GND

¢ No other components are needed

sainjeay
hajes “y

GreenPAK Diagram

Output PWM

$]020)0.14
uonedUNWWo? °g

Count data: 255

B CNT3/DLY3/ o2 s
o SM: °

o0 [

[013u09
paseq-as|ng ‘9

Design Steps

Juawabeue|y
lamod '/

1. Connect ACMPO PWR UP input to POR. Set IN- source to I
“Ext. Vref (DACO out).” _
2. Set DACO power on signal to “Power on” and Input DA D I R
selection to “From DCMP1’s input.” RN
3. Configure FSM-compatible CNT/DLY to “Counter/FSM” TINDSISTS RS e,
mode with counter data = 255. /A I R

4. Set RC 0SC power mode to “Force power on.” T T T T T T T e

ACMPO IN+

255 | [ T B S T N R F
I T S S S O T S B L

[o1ju09
10J0|\ '8
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Application;: PWM Generator Using ADC

N
[7¢d
PWM generators can be used to control devices such as veb SLG46140 g3
DC motors and LEDs. This implementation uses an analog (PIN 1 voD) PIN 14 S §
signal connected to an ADC to compare with the value of oﬁlFI {2 BIN 13 k 2
CNT2 in PWMO. If the CNT2 value is less than the digitized
analog signal, the output of PWMO is high. After CNT2 ~ PWMOUT C_3——PIN3 PIN1Z |- o
value is 0 the output of PWMO is low. {PIN4 PIN 11| §_ w
4PIN5 PIN10 | gé’
Ingredients Input __>—— PIN 6 PINO | E 2
e (GreenPAK with ADC {PIN7 (GND) PIN 84__|_
* No other components are needed GRD

sainjeay
hajes “y

GreenPAK Diagram

$]020)0.14
uonedUNWWo? °g

000000

[013u09
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Design Steps =

1. Remove VDD from the ADC’'s PWR DOWN input and L | > :
set PGA Power on signal to “Power on.” B S S s e e g s

2. Set PING to “Analog input/output.” L H— =

3. Configure DCMPO/PWMO by deleting VDD from e i G S

SHARED PD input. DCMP/PWM power register set

Power on. Check that IN+ selector connect to “ADC /N ‘

[7:0]" and IN- selector connect to “FSMO [7:0].” T T et
4. Configure 4-bit LUT1/14-bit CNT2/DLY2/FSMO as I ‘

“Counter/FSM” with counter data equal to 255.
5. Connect DCMPO/PWMO0 OUT+ to output pin.

[o1ju09
10J0|\ '8
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Technique: Duty Cycle Detection

This technique can be used within any GreenPAK. Since the input frequency range is limited by the
maximum FSM counter data, it is better to use a 16-bit FSM. The PWM detection input frequency should
be much slower than the duty cycle reference frequency to improve the accuracy.

Duty cycle detection is important for functions like overload protection, DC/DC conversion, servo motor
control, and protocol detection. This design can be easily implemented using a GreenPAK with an FSM
block (For the below example a SLG46826 chip is used, see the figure below).

PMW_DET
o+ —
o

s6b0d
Duty cycle threshold =100/(CNT1 Counter data+2) wwrm

Duty cycle reference

OXAA MUX P

Duty cycle monitor

o e

PWM_IN

In the implementation shown above, when PIN4 goes HIGH, FSMO starts counting DOWN, clocked by
the internal oscillator. FSMO is set to 65535 by a rising edge on PIN4. When PIN4 goes LOW, FSMO starts
counting UP with the frequency from internal oscillator divided by CNT1’s data value. If FSMO reaches
65535, DFF3 will be set LOW by the next edge rising edge from PIN4, which flags that the duty cycle is
below the set threshold.

When input signal HIGH FSM counts frequency
(from internal oscillator) is 2.048MHz

\ When input signal LOW FSM counts frequency
] (from internal oscillator) is divided
PWM input by value loaded to CNT1

| '

BN 1

One period measurement

The duty cycle reference frequency can be adjusted by changing the CNT1 counter data value via I2C. To
calculate the duty cycle threshold, the following formula is used:

100
CNT1 Counter data + 2

Duty Cycle Threshold = (%)

R11TB0003CE0000 Technique: Duty Cycle Detection 100
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Application: Frequency to Analog Voltage Converter

N
w
This application can be used to convert input frequency to VD SLG46140 S8
analog vol'tage. The input frequency' is in some prede_fined o (PIN 1 (voD) PN1al | © %
range, which can be chosen and adjusted by the design X R P PIN 13 =
components.
An_output _——PIN 3 PIN 12}
Input frequency (__)>——PIN 4 PIN 11 | § o
4PIN 5 PN1I0O} (S«
. g tg
Ingredients 1PIN6 PNOF |2 &
[{=}
: {PIN7 PIN 8
e Any GreenPAK with SPI and a DAC . o J 1

GND

GreenPAK Diagram

sainjeay
hajes “y

Input frequ chy 1 An_output

& CNT2/DLY2/
* P DLY gumd FSMO

$]020)0.14
uonedUNWWo? °g

oe ==

[013u09
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Period A An_output A
L

An_output [
(operating)

— o i

1/fmin -}~

14
(operating)

1/fmax -

Juawabeue|y
lamod '/

Design Steps

1. Configure SPI to the “ADC/FSM Buffer” mode, change the PAR input data source to “FSMO0 [15:8].” o 2
2. Configure FSMO block to “Set (counter value),” change the clock source to CNT1. % §
3. Configure the DAC Input selector “From DCMP1’s input” and VREF Source selector to “DACO out.” ==
4. To find input frequency range and output analog voltage use the following formulas:
— Josc — fosc _ Fmin 'Vref_mux =
fmin - m fmax - m An_outputnperating — Vref_max — W g :
«Q o
TS
R11TB0003CE0000 Application: Frequency to Analog Voltage Converter 101 % g
D
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Application: Frequency to Duty Cycle Converter

N
[7¢d
This application can be used to convert input frequency to b SLG46140 S 8
a certain duty cycle. The input frequency is within some o1 } PIN 1 (voD) PIN 14} o §
predefined range and can be changed by adjusting the 0WF T 1piN2 PIN 13 } =
counters. The output PWM frequen'cy is constant but can Duty eycle < —— PIN'3 PIN 12 F
be changed according a given requirement. input frequency [ PIN 4 BN 11k o
w
{PiNs PIN 10 | § o
. 1{PIN6 PINO | S S
Ingredients 5 2
: H{PIN7 (GND) PIN 8 =
e Any GreenPAK with SPI and DCMP \ /1

GreenPAK Diagram

sainjeay
hajes “y

oodil
o o
S 0sC
Lo -
L 2

Input frequency
CNT2/DLY2{
- Eon -
ce O

CNT3/DLY3/
o —c o

O

$]020)0.14
uonedUNWWo? °g
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Period A Duty cycle
1ffmin |+ 100% |

Dutycycle {
(operating)

- =f 0%¢

1/ ]
(operating)

1/fmax -

. |
Juawabeue|y
lamod '/

Design Steps

1. Configure SPI to the “ADC/FSM buffer” mode and change the PAR input data source to “FSM0[15:8]
FSM1[7:0]."

2. Configure FSMO block to “Set (counter value)”, change the clock source to “8-bit CNT1/DLY1 (OUT).”

Configure DCMPO to compare “SPI [15:8]" data” and “FSM1 [7:0]" data.

4. Calculate the input frequency range and operating duty cycle using the following formulas:

[o1ju09
10J0|\ '8

w

L Josc _ Josc i _ _ Fmin . 0,
fmin = (CNT1+1)-FSM1 finax = (CNT1+1) Duty Cydeope?‘ﬂtmg = (1 fwem“ug) 100%.

R11TB0003CE0000 Application: Frequency to Duty Cycle Converter 102
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Application: Linear Frequency Modulation

This application can be used to produce a frequency, VDD
. : SLG46140

which can be changed gradually from fmin to fmax and . \

. . ipr o PIN 1(vDD) PIN 14
vice versa during a specific time. The frequency does not ST o o 13
change linearly for large frequency range. N o 3 o 1ol

4PIN 4 PIN 11 —{" > DIRECTION
Ingredients {PINS PIN 10— out
. 1PIN 6 PIN 9|
* Any GreenPAK with DCMPs {pin7 (CHPIN 8

GND

GreenPAK Diagram

Design Steps

1. Configure desired GPIO pins.
2. Add, connect, and configure LUTs, P DLY, DFF, DCMPs and CNT/DLY/FSM blocks as shown above.
3. Counter data for minimum and maximum frequency and the period of rising/falling are calculated as
follows:
Josc t * fnax " fmin
-1 Tstep =
fmax (min) ) step ﬁ)sc ' (fmax o fmin)

Counter Datamay (min) = 255 — (

4. Set the appropriate counter data for particular DCMPs selector.
5. Set the appropriate CNT/DLYO counter data for step time Tstep.

R11TB0003CE0000 Application: Linear Frequency Modulation
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Application: Voltage-Controlled Oscillator

N
. . . . m
This application can be used to convgrt input analog VDD SLG46140 c o
voltage to frequency. The frequency is generated by FSMO, - N\ <5
. PIN 1 (vDD) PIN 14 | =
where the counter data is set by ADC. Counter data of Sh =
: . WL JpIN2 PIN 13} 2
FSMO determines the frequency division coefficient. In
. . 4PIN3 PIN12 |
order to increase the frequency range CNT1 is used as a
.. 4PIN 4 PIN 11— Freq_out
frequency pre-divider. o
{PIN5 PIN10 | S w
S w
Analog_in (—_)>——PING6 PIN9 | = =
S s
o -
Inaredients 1PIN7 (6no) PIN 8 =)
g \ 1 2

GND

e Any GreenPAK with ADC

GreenPAK Diagram
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0 Freq_out
CNT2/DLY

$]020)0.14
uonedUNWWo? °g

Analog_ink Freq_out A
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Vinp_max- Freq_max-

Frequenc
|:“> (opgl%ting

Freq_min -

Volt -
(opc-:s)ra%%g)

Vinp_min- ¢

|
Note: Vinp_min and Vinp_max t
are defined by the PGA Gain
and ADC mode
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Design Steps

1. Configure PING as “Analog input/output.” o 2
2. Change the connections of FSMO0: FSM data source to “ADC" and Clock to “8-bit CNT1/DLY1(OUT).” % §
3. Power up the ADC block and change the PGA Gain from “x0.25" to “x1.” ==
4. In order to find output frequency range and operating frequency use the following formulas:
foscVinp max . fosc . Vinp_max >
fmax = 2:(CNT1+1) fmin = 256(CNT1+1) Frequency(operating) = fmax Voltage(operating) 3 ©
8
3
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Chapter 7
Power Management
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This chapter presents applications that manage the power usage of an
electronic system. Some applications that involve power management are
charge pumps, LDOs, discharge circuits.
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Technique: Output Discharge

DISCH

N

- &

This technique can be used within any GreenPAK. S §

AL

An output discharge circuit is a method to prevent an output pin from floating or a brownout of the .

system. It ensures that the output pin is set to a known “zero” state when there is a condition that should

disable the device but that there is no leakage during operation. o

S w

S

VOUT_EN i i Load Switch R lim 5. Cg

fffff N ne T owr | |28

FET_EN —=Cload

t
vouT | ! with discharge

o N ~ without discharge I

T
| t

'T
salnjea
kages y

The figure above shows the implementation of a quick discharge circuit for a load switch output VOUT.
An open drain NMOS output in the GreenPAK has it's drain connected to VOUT. The gate of the NMOS is
inverted within the GPIO structure, so there is no need to invert the VOUT_EN signal within the matrix.
When VOUT_EN is HIGH, the load switch is turned on and the discharge path to GND is open to prevent
leakage. When VOUT_EN is LOW the load switch is turned off and the discharge path to GND is closed to
quickly discharge VOUT. To limit the current through the FETs and control the discharge two resistors Rlim
and Rdisch are added.

$]020)0.14
uonedUNWWo? °g

[013u09
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S0us Deadband Time

4 N T1/DLYL gt

Juawabeue|y
lamod '/

The figure above shows an example of a conditional output discharge circuit within a power sequencer
that monitors the level of the power supply that preceded it. Configure PS2_EN as a push pull output and
DISCH as an open drain NMOS output. When V_PS1 drops below 1024mV, this circuit will turn off the
power supply and will discharge the output to GND. A 50uS deadband time is added with CNT/DLY1.

[o1ju09
10J0|\ '8
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Application: Charge Pump

N
w
. VDD SLG46826 - Qe
A charge pump is a DC-DC converter that uses e ) S E
: : 2, =
capacitors for energetic charge storage to create SHUTDOWN > PIN 2 Pt | © 3
different voltage levels. It can be used to provide 17Ne PIN18 =
. . ape 4PIN4 PIN17 |
additional voltage levels for powering specific | PN 16 ]
interface circuits, sensors etc. Schottky diodes are {pwe PNTSE ooy -
4PIN7 VoD PIN 14— Bt Bt Q
recommended for best performance. - o . oo Lot dmes | 2
W\J— um, —[ oul ‘j oax % m
: R L 8%
Ingredients oo ooy 5 2
GND [{=}

e Any GreenPAK
e Two capacitors
e Two diodes
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GreenPAK Diagram

SHUTDOWN CP DRIVE
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Design Steps

1. Set the divider in 0SC1 obtain the desired output frequency.

2. Configure logic to provide a shutdown function, either through 10 or I12C (if available)

3. Connect a diode (D1) and Cpump between VDD and CP_DRIVE. o

4. Connect the anode of D2 to the cathode of D1. = =

5. Connect Cout and Rload in parallel between the cathode of D2 and ground. 28
>
3 ©
8
3
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Application: Two-Stage Charge Pump

c1 Y20 SLG46826 :
0.AuF f—-\
. )—{IL PIN 1 (voD1) PIN 20} - @
A charge pump is a DC-DC converter that uses sormom Lo ona sl 8%
capacitors for energetic charge storage to create e e ° 3
different voltage levels. It can be used to provide Jews s - =
additional voltage levels for powering specific interface o I ol I I vt
. . B E voD2) + o = Bt
circuits, sensors etc. Schottky diodes are recommended  sa.co—ems puts [ ZSE Ly T-cpmoa oo e
soa{ >—PIND PIN 12—T L [ap]
for best performance. ] ISR 1 S w
N J GND o o
GND =3 =
. S s
Ingredients =5
[{=}
e Any GreenPAK
e Three capacitors
e Three diodes
me
g £
® &
<

GreenPAK Diagram

> B

SHUTDOWN CP DRIVE 1
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Design Steps

1. Create a basic charge pump design using the steps in Application: Charge Pump.

2. Configure logic to add an inverter. Connect the inverter between an output pin and the oscillator.

3. Connect an additional diode and capacitor between the first stage and the output stage of the charge
pump. The new capacitor and diode should be the same type and value as the first stage’s components.

[o1ju09
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Application: Charge Pump with Output Regulation

N
VDD2 (¢
: : VoD SLG46826 — &
A charge pump is a DC-DC converter that uses capacitors |_°|' — — o ==
for energetic charge storage to create different voltage SHUTDOWN [—— PIN 2 pi1g|SPORVE Y | e §
levels. This charge pump with output regulation circuit {pins vl zRi 2
. FEEDBACK
can change the output voltage level via 12C. Schottky 1™ PIN 17 1
. 4 PINS PIN16 | R2
diodes are recommended for the best performance. e 1S
] " vDD2 GND ()
dPINT (voD2) PIN 14 o S o
scL C_>——PIN8 PIN13| T 0w g g
. sDAC >——PIN 9 PIN12} S s
IngrEdIents +PIN 10 (GND) PIN 11 s =
\ ,.41 [{=}
e Any GreenPAK w/ ACMPs GRD
e Two capacitors
e Two diodes
[ ]

Two resistors
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GreenPAK Diagram
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Design Steps

Create a basic charge pump design using the steps in Application: Charge Pump.

Set the IN+ source of ACMP3L to PIN17 (FEEDBACK) and IN- source to the desired Vref.

Using two resistors R1 and R2 create a voltage divider and connect the divider output to PIN17.

The output voltage can be calculated using the formula: V_out=V_ref- R1/R2.

The GreenPAK can change the output voltage with I2C by setting the Vref for the IN- source of
ACMP3L. The feedback resistor divider coefficient can also be changed to regulate the output voltage
to a different value.

[o1ju09
10J0|\ '8
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Technique: Using the LDO Regulators

This technique describes the low dropout (LDO) regulator macrocells, available in the SLG46580, SLG46582,
SLG46583, and SLG46585.

Low dropout (LDO) regulators maintain the output voltage of a supply at a stable value despite changes in
load impedance or supply voltage variations with a minimal dropout voltage. This makes them useful for
portable devices that rely on dissipating batteries and RF systems which must handle periodic ripples. Some
GreenPAK devices are equipped with LDO regulator macrocells.

Each LDO macrocell has access to 32 possible output voltage levels ranging from 0.90V to 4.35V. Two
different output voltages (VOUT1 and VOUT2) can be
programmed. The state of the VOUT1/VOUTZ input selects which
voltage level is outputted. Refer to the SLG46580 datasheet for
the minimum VIN and VDD values for each output voltage level.
Setting the LP MODE EN input LOW (default) selects the High
Power (HP) Mode and setting it HIGH selects the Low Power (LP)
mode. HP Mode can handle the highest rated output currents,
but the LP Mode has a smaller quiescent current which provides
a higher efficiency within its smaller rating. The LDOs are only
stable in HP Mode when a >2uF capacitor is attached to each
LDO’s VOUT.

In the properties pane, the slew rate of each LDO can be changed
to set a soft start. Each LDO has the option to enable a 300 Ohm
discharge resistor on their output. Each LDO can also collectively enable a 210mA over-current limit and a
short-circuit detection that limits the current to 20mA if the output voltage drops below 0.5V while it is in HP
Mode.

Enabling the UVLO connection in an LDO sets an ACMP to probe its VIN and shut down the LDO if it drops
below a certain undervoltage lockout (UVLO) threshold (ACMP IN- level).

The thermal limitations of the device must be considered when setting up the A -
LDO regulator. The devices are rated at 0.6W of power dissipation at 85°C Mode: voutonvours
ambient. Enabling the Temp sensor connection sets ACMP2 to probe the I -
GreenPAK's temperature sensor so it can shut down the LDO if it surpasses the | . =~ —
properly programmed temperature and restarts the LDO after it cools down. sewrate  [10vms -
Device Specifications oy (Medichuge -
e SLG46580/SLG46585: B
e Ax LDO regulators; Lo Disable .
e |max: HP Mode = 150mA, LP Mode = 100uA Tempsensor [2Rene =
¢ SLG46582 LDO output cm:::'l”"“ﬁ"“
e 2x LDO regulators; ouT MODE vour
e HP Mode Imax = 300mA, LP Mode Imax = 200pA ; o
e SLG46583: . _
e 1x LDO regulator — R
e HP Mode Imax = 600mA, LP Mode Imax = 400pA

R11TB0003CE0000 Technique: Using the LDO Regulators 110
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Application: Flexible Power Island

N
- &
A flexible power island can help a designer divide up _ SLGABSE0 -]
. " 7 . . a @
a power system into small “islands” of power regions PIN1 ENPINZ0 g S 3
- 4 PIN 2 PIN19 | o
that can be spread across a system. It can provide N N 18 2
different level requlated voltages to fulfill specific system o 4 e
i 1 (LDO VOU' j_AGND
requirements. JpINs PIN'T8 —p———( vout_aav o
c1¥P2 1piNe PIN 18 45— vin2 S w
0.1uF (LDO VOUT) ICIn1 E'. w
H )L PIN 7 (voD) PIN 14 —_7_%:} VOUT_1.8V g. -
- (LDO VOUT) 47 -
Ingredlents scLC O>——PIN8 Tﬁilﬁ —_%(:] VOUT_1.2v g 3
SDAC D>—PINg PIN 12 —:':“C_L%Cl Vin1 (=
e Any GreenPAK with internal LDOs P10 BN} F 2 swirow our
e/ capacitors e
- &
o
: = £
GreenPAK Diagram 3 g

Output Voltage: 3.3V

Qutput Voltage: 1.8V VOUT_1.8V
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!0000

O
el
O
O
el
el
el
O

Output Voltage: 1.2V VOUT_1.2V

b rcnp @ LDO1 o

!oooo
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Design Steps

1. Set the VOUTO voltage and VOUT1 voltage for each LDO channel.

2. Connect POR to each LDO’s ENABLE pin.

3. Configure an LDO to the “VOUTO/PWR switch” mode and set the OUT MODE pin HIGH to set it as a
Power Switch QOutput.

[o1ju09
10J0|\ '8

R11TB0003CE0000 Application: Flexible Power Island 111

sainjea  bojeuy
paaueApy ‘6




The GreenPAK Cookbook

suonouny
B $120|g diseq’|

Application: Boost (Step-up) Converter

Three capacitors
Four resistors

N
. N . : w SLG47105 p
In this application, the SLG47105 is used as a driver for L ) =¥
. : o y
a boost converter. In this design example, the converter owr I o0z BPIN 11 S5
(GNDHVPIN 4 =
steps up VDD2 voltage from 3 to 5V. Lon o1 £
4PIN3
<1PIN 14 PIN7
qPIN 17 PIN 8
PIN 9 (ap]
. PN 20 PIN10F GND_HV  GND_HV g o
Ingredients oL O—em s . 2 o
SDAC D—— PIN 16 PIN 19 AN o«
PIN 5 100 Rs g g
® SLGH/05 Howee w8 o707 &5
[ ) MOSFET GND GND_AV GND_HV GND_HV GND_HV
e Schottky diode
¢ Inductor
[ ]
[ ]
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GreenPAK Diagram

MF1 (3-bit LUT7, DFF/LATCH10, 8-bit CNT1/DLY1)
Bost PWM } POR |
o Rl DFF 10 S22

 200kz M CNTL/DLYL gt
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1. Complete the circuit. Connect all components as shown on the circuit diagram.

2. Enable HV OUT CTRLO connecting OE0/1 to POR and set their Modes as “Fast for pre-drive” and
“Half-Bridge”.

3. Configure PIN7 and PIN8 as “HIGH and LOW side on”

4. Enable ACMPOH. Set its IN- source to “1920 mV" to regulate the output voltage to 5 V. Connect its
output to INO of the 2-bit LUT2.

5. Configure CNT1/DLY1 as a Delay and connect its output to DFF10°’s nRESET and IN1 of the  2-hit
LUT2. Connect DLY IN to Flex-Div OUT of the OSC1. Set the Flexible divider to 125.

6. Connect DFF's D to POR and its CLK to 2-bit LUT2’s output.

7. Connect DFF's output to both INO and IN1 of the HV OUT CTRLO.

[o1ju09
10J0|\ '8
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Application: Buck (Step-down) Converter

N
VDD VDD2 -
In this application, the SLG47105 is used as a buck — SLG“”{SZ — &
converter. In this design example, the converter steps oﬁlgD ooz PN 11 . =S
down VDD2 voltage to 3.3 V. Also, this design shows how o PN T ;.
to build an analog PWM block. ::2 R IR -
<1 PIN 14 PIN7
1PIN17 PIN 8 3Iv_?ij (o)
R PIN 9| s " g w
Ingrﬁdlents H{PIN 20 PIN 10} murI Load % (%)
SCL{C_)>——PIN15 GND_HV [GND_HV g g
-
SDAC_ )>——PIN 16 PIN 19 —
o SLGA47105 &
L |ndUCt0r \PIN 18 (@nD) PlNB
e Three capacitors ab oND HY
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GreenPAK Diagram

Buck Out

MF1 (3-bit LUT7, DFF/LATCH10, 8-bit CNT1/DLY1) — PP 1N 7
Buck PWM b POR | e m . .
E Rell DFF 10 S

00kt M CNT1/DLY1 g3
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Design Steps

1. Complete the circuit: connect one pin of L1 to both PIN7 and PIN8, connect PIN5 to GND; connect PIN19
to the other pin of L1 and C2, connect the other C2 pin to GND; connect the load in parallel to C2.

2. Enable HV OUT CTRLO connecting OEO/1 to POR and set their Modes as “Fast for pre-drive” and “Half-
Bridge”.

3. Configure PIN7 and 8 as “HIGH and LOW side on”

4. Enable ACMPOH by connecting to POR. Set its IN + gain to x0.5 and IN - source to “1664 mV" to
regulate the output voltage to 3.3 V. Connect its output to INO of the 2-bit LUTZ.

5. Configure CNT1/DLY1 as a Delay and connect its output to DFF10’s nRESET and IN1 of the 2-bit LUT2.
Connect DLY IN to Flex-Div OUT of the OSC1. Set the Flexible divider to 125.

6. Connect DFF's D to POR and its CLK to 2-bit LUT2's output.

7. Connect DFF’'s output to both INO and IN1 of the HV OUT CTRLO.
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Application: Back-to-Back Reverse Current Blocking

N
. - &
Back-to-back reverse current blocking is used to prevent s SLG46867 8 =
reverse current flow. It typically involves two MOSFETs . P(P'm v mmswon piNzo | s 3
connected in opposite directions to block currentinthe  °** L ovo—ewz oo pws | =
reverse direction. This configuration is widely used in {pns PIN1E |
power supplies, battery-powered devices, and DC-DC Jpina PNtz |
.. Q
converters to enhance efficiency and prevent damage Jeis PNt6 | S w
from reverse currents. swovin  [O——]pie o PIN1s | = 2
PIN7 wour PIN14 | g g
|ngredients PIN 8 PN13 f a
. _L_ PIN9 (acnD) ©vo) PIN 12
® R1
GreenPAK with two PMOS Sl _
load GF‘B -
o
2w
GreenPAK Diagram sz
/ 32
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PIN7
SW1_VIN

PIN11
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Design Steps

1. Configure P-FET Power Switch0 and Switch1 control mode to “Internal (ON input)”
2. Connect PIN 7 to PIN 10
3. Connect load to PIN 11

R11TB0003CE0000 Application: Back-to-Back Reverse Current Blocking 114

sainjea  bojeuy
paaueApy ‘6




The GreenPAK Cookbook

Technique: Remote Sense Functionality
This technique can be used within SLG51003.

When there is a significant voltage drop across long or high-resistance power supply lines, the SLG51003
with Remote Sense functionality can compensate for it, by sensing the voltage at the load, rather than
directly at the output of the LDO and thus, ensuring that the load receives the correct voltage.

LDO_HP VSEL =2.85V

— o
LDO1 o]
. o

Remote Sense

e GPIO1 vl%m-_

Remote Sense Mode Implementation

Remote Sense mode can be utilized by LDO1 (LDO_HP) to regulate the voltage at the load side. In this
mode, the GPI01 pin is configured as an analog input to serve as the remote sense pin. GPI01 should be
connected to the load side that is being powered by LDO1. Because GPIO1 relies on VDDIO, the VDDIO
voltage should be higher than the voltage at the LDO1 output.

Enable

PIN13
Remote Sense EN

VOUT1 (Chip Side) | | | \‘
|

.

VSEL

VSEL

~—
L

PIN2
VOUT1 (Load Side)

~—_ |

PIN2

t

In the image above, a comparison of the LDO1 operation mode with Remote Sense and without it is
shown. As the load current increases, a voltage drop is observed. This occurs due to parasitic parameters
on the PCB. In Remote Sense mode, this drop can be compensated. The LDO1 will maintain the set voltage
level relative to the voltage at the load by increasing or decreasing the output voltage if needed. You can
find more information about this mode in AN-CM-405 SLG51003 Remote Sense Functionality.

Load regulation performance depends on the parasitic parameters of the system and electrical specifica-
tions can be affected for LDO1 in remote sense mode operation.

R11TB0003CE0000 Technique: Remote Sense Functionality 115
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Technique: LDO Explained
This technique can be used within SLG51000/1/2/3.

91607
|enuanbag ‘7

Low Dropout Regulator (LDO), it is a type of voltage regulator that can maintain a constant output voltage
even when the input voltage is very close to the output voltage. The SLG51000/1/2/3 product line is
comprised of 3 to 8 LDOs in a single package compact and is designed for advanced sensor applications
and other battery powered equipment. With the help of such LDOs, voltage from 0.8 V to 3.75 V and
current up to 1.3 A can be supported for different projects.

LDOx block has an Enable/Disable input for the LDO, as well as output flags for VOUT OK and Current
Limit, which can be used with other blocks for creating flexible design.

Buiuonipuo?
eubig "¢
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e} Current limit

VOUT OK

LDOs contains settings for parameters such as output voltage, minimum T ®
and maximum voltage, current limit settings, and others. This block is

$]020)0.14
uonedUNWWo? °g

configurable, LDO settings may vary according to type and specification, m
and it has the following settings: Output voltage, Startup and Functional wom |
Current Limit, Slew Rate, Pull-down resistor and other. Zﬁ

ILIM Debounce: 2us -

2us -

0.570 A

Slew rate: 100 mV/us -
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2ND IBIAS: Enable -

Pull down

s 37.50hm -

k=) Apply
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b
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Technique: Delay Macrocells

This technique can be used within SLG51002 and SLG51003. ':,
- o
o L
Q <
The delay block used in this IC allows the setting of UP and DOWN times, making it convenient to create & §
a power sequencer for controlling LDO and GPIO. This block has sensitivity settings for the UP and DOWN 2
signals, delay settings, and the ability to select a different Clock (CLK).
()
S w
2w
g8
g

Additionally, an extra CNT/DLY block can be used as a divider, significantly increasing the range of delay
time settings. Below is an example of how the DLY1 block is used in a customer design. A frequency of
125 kHz is used as the CLK with a divider of 255 through an additional CNT block. At the input of the DLY1
block, the CLK frequency is 500 Hz, after which the register value can be selected from 1 to 31 using the
settings, thereby setting the delay time for the UP and DOWN signals.

sainjeay
hajes “y

CNT_DATAO = 255

CLK CNTO XErmm Rising DLY1 =13
) Logic1 = CNTO/DLYD = UP_DLY1 = 30.72 ms

Falling_DLY1 =3
DOWN_DLY1 = 10.24 ms
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UP/DOWN

O
(e} GPIO1 °

[013u09
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On the timing diagram below, it can be seen how this block works. By using a single block, different on
and off times can be set. The UP and DOWN signals can be tied. More information about this functionality
can be found in this application note (AN-CM-357 Power Profile for Advanced Sensor Applications).

Enable

Juawabeue|y
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UP/DOWN

UP/DOWN 30ms
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DLY1_OUT 10ms
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Technique: Crash Sequence Block

This technique can be used within SLG51003. :
R
A crash sequence digital block operates as a configurable watchdog that allows to perform the soft power- & 3
down sequence. It can be triggered either from System State Machine error conditions or from its inputs =
from the matrix interconnect. Both Crash detect and Force reset inputs are OTP configurable as an active-
high or active-low input. o
S w
S w
[{=}

The block is composed of two inputs and one output. When a high level is received at the “Crash Detect”
input or one of the conditions that puts the chip into Reset state (CS de-assertion, Over Temperature
Detection, Crash Detection, Software Reset Request, or UVLO Detection) is triggered the block’s output
is immediately raised. This signal can be used to Disable the LDOs/GPIOs or something else. After a
configurable delay (10 ms, 50 ms, 100 ms, 200 ms), the chip enters Reset mode and turns off all internal
blocks and all digital logic.

The “Force Reset” block input immediately turns off all blocks and digital logic, bypassing the configured
delay (10 ms, 50 ms, 100 ms, 200 ms).

sainjeay
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Ext Crash Detect (GPI104)

Force Reset (GPI5)

Crash OUT GPIOY) § ] VA /)

40.96 ms

/]
3.3V (VOUT2) r/ }

33V /

Logic 0 (GPIO3) / !
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50 ms
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Technique: GPI10s Features

This technique can be used within any SLG5100x.

The entire line of SLG5100x chips is equipped with GP10s. Two of which are used for I2C (SCL, SDA),

while the rest are available for use. If 12C is not used, these GPI0s can also be utilized in the project. All
GPI0s have a configurable internal debouncer and edge debouncer settings. Additionally, GPI0s can be
configured as inverted if needed.

In SLG51002 and SLG51003, enhanced GPI0s are used, which have a higher voltage range, pull-up

resistors, and additional operating modes.

Below can see a table comparing the GPIO functionality for SLG5100x line product.

Part Number SLG51000 SLG51001 SLG51002 SLG51003
Total number of GPIOs 6 4 6 5
Slave Adress Selector No No Yes Yes
Debounce Yes Yes Yes Yes
Debounce Edge Yes Yes Yes Yes
Debounce Time 30 us, 5 ms, 10 ms, 30 us, 5 ms, 10 ms, 30 us, 5 ms, 0 ms, 5 ms,
50 ms 50 ms 10 ms, 50 ms 10 ms, 50 ms
Inversion Yes Yes Yes Yes
Bypass Yes Yes Yes Yes
Resistor No No Floating, Pull Up, Pull = 010 ing. Pull Up Pull Down
Down
Ultra Low Voltage Digital Ultra Low Voltage Digital
Input, Input,
Low Voltage Digital Input, | Low Voltage Digital Input,
Input Mode Input Input Digital in with Schmitt Digital in with Schmitt
Trigger, Trigger,
Digital in without Schmitt | Digital in without Schmitt
Trigger Trigger
. . Push-pull, Push-pull,
Output Mode Open-drain Open-drain Open-Drain NMOS/PMOS | Open-Drain NMOS/PMOS
Voltage Range 1.2Vor18V 1.2Vor18V from1.2Vto bV from1.2Vto 5V

R11TB0003CE0000

Technique: GPIOs Features
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Technique: Protection Features

This technique can be used within any SLG5100x. :
- o
o L
«Q o

SLG5100x devices have start-up and functional current limits, under-voltage lockout (UVLO), thermal e §

shutdown, and configurable temperature alerts. 12C is implemented in these devices which allow the user 2

to read various states of the device such as the state of current limits, VOUT_OK, temperature sensor (on

the GPI0), and other various registers. -
S w
S
=2
a

Current Limit

L
o

VOUT OK

Device 5

interrupt
request

GPI102 (o]

sainjeay
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Temp Warning - 100 deg

o GPI03 (]

Device Interrupt Request

ol GPIO4 SE

Information about errors can be obtained through 12C or GPIO in SLG5100x devices, and PMIC can

also disable LDOs in a programmed sequence during an emergency. A brief overview of the protection
features in SLG5100x can be found in the table below. Please refer to the application note (AN-CM-377
Introduction to SLG5100x Protection Features) for more information.

$]020)0.14
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Programmability
2.215V-2.658V

Type Trigger
Under-voltage Lock- | Aninternal UVLO monitor with a programmable threshold mon-
out (UVLO) itors the VDD input voltage and shuts down the system if the
voltage drops below the threshold
Thermal shutdown or over-temperature protection activates The shutdown temperature is
when the temperature of the device has reached 140 °C set to 140 °C
Temperature warning flag is triggered at temperatures above the | Temp Warning =90/100/ 110

set threshold /120°C
Debounce time

[013u09
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Thermal Shutdown

Configurable
Temperature Alerts

Juawabeue|y
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Voltage Output OK
flag for each LDO

When VOUT reaches 90% of its target value

Debounce time

Current Limit flag for

Current limitation detected

Functional and startup current

Request

Power-on reset
System reset

Power sequencer crash
Over-temperature
Matrix event (input)

R11TB0003CE0000

Technique: Protection Features
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each LDO limits o ™
Debounce time S =

—
Device Interrupt LDOs current limits Event sensitivity s
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Technique: Power Sequencer Explained

This technique can be used within SLG51000/1/2. :
- o
o L

The SLG51000/1/2 PMIC g

Power Sequencer is s

designed to control the

power-up and power-

down timings for six § w

resource enable outputs. = 2

The power sequencer as § ]
[{=}

the supplies/resources
controller is only enabled
in the READY (the power
sequencer can control
the supplies/resources
and all digital resources
are enabled) and SEQUENCE DOWN states (CS de-assertion, over-temperature, power sequencer crash
request, UVLO fault condition, software reset). Triggering and control of the power sequencer function may
be performed directly from the input signals or via logic functions of the input signals using the pool of
LUTs. Power-Up Sequence

Power-Up Power-Up Power-Up Power-Up Power-Up Power-Up
Trigger Up Enable 0 Enable 1 Enable 2 Enable 3 Enable 4 Enable 5

W l
NN
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Power-Down and Crash Sequences

[013u09
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oooooooooo

Two dedicated configurable sequences (up and down) are initiated with the Trigger up and Trigger down
control signals from the matrix interconnect. The Trigger up and Trigger down inputs are only acted upon
in the Idle and Seq up states, respectively. Triggering of a power-up sequence from Idle is prevented if

a Trigger down is simultaneously requested. If a Trigger down occurs during the power-up sequence

(at slots 0 through 5), the sequencer will keep powering up until it reaches the Seq up state. In the Seq

up state, the trigger-down signal is then re-evaluated. In the event triggered in the Seq up state, the
power sequencer crashes down to the Idle state through states PS5 to PS0. The power sequencer also
provides a crash sequence which is triggered either from the main FSM error conditions or from the power
sequencer’s trigger-crash input from the matrix interconnect. The trigger-crash input is OTP configurable as
an active-high or active-low input to the power sequencer. The crash sequence operates in the same way
as a power-down sequence with the exception that only the minimum (delay) slot timer is used to control
slot advancing. The power-down enable inputs from the matrix interconnect are ignored during crash
sequences.

To find out a detailed description on how to customize power sequencer and see more examples read AN-
CM-356 SLG51000, SLG51001 and SLG51002 Power Sequencer.
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Technique: SLG51002 HC LDOs Auto Bypass Mode Explained

Auto-bypass mode in HC LDO4&LD05 allows automatically switch between LDO and Load Switch modes. :
& 3
Q <
o5 2
E_;‘.
.

G : o
S w
S
2.5

«

LDO5

Auto Bypass mode entry: starting with LDO mode, VIN Properties ®
decreases, at the point where the VOUT no longer able LDO4
to regulate against further decrease of VIN, the LDO will

sainjeay
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automatically enter the bypass mode Mode: Auto bypass B _
e The pass device PMOS is fully on Voltage 30y - i
 VOUT follows VIN, VOUT = VIN - ILOAD * RDS,, S ' = 3 =
:"ﬂ'l'::;:'“ 120V = S g
Auto Bypass mode exit; starting with Bypass mode, when Malximtfm p— - &8
VIN increases, VOUT will initially follow VIN to go up, as A - g
soon as VOUT reaches the regulated voltage, the LDO will startup mode: o150 4 -
automatically go back to the LDO mode ILIM Debounce: | Zus = o
e The pass device PMOS is regulated VOUT 0K 7 us = = Y
e VOUT is regulated at the target value = 8
ﬁmm”’""::';_ﬂ"* 0.570 A & s g
Force Bypass mode: Slew rate: 1 mV/us - 2
e The pass device PMOS is always fully on S
e VOUT not regulated anymore, always follow VIN, VOUT resistor: 3000hm M =
= VIN —ILOAD * RDS w 2 us § :
Q o
\ : ] =l Apply % g
L S -
o P
S =
52
=g
>
3 ©
&z
<
g S
R11TB0003CE0000 Technique: SLG51002 HC LDOs Auto Bypass Mode Explained 122 g' 8
[1°]




The GreenPAK Cookbook

suonouny
B $120|g diseq’|

Technique: SLG51002, SLG51003 12C Control Code Selection

SLG51002/SLG51003 have an 12C slave address with the default set to 0x75. The slave base address can be
OTP programmed. For four LSBs of the slave address in SLG51002 and for three LSBs in SLG51003, each bit
can be sourced independently from the OTP or by a value defined
externally by GPIO1 - GP104 and GPI101 - GPIO3 respectively. 12C
slave address controlled by GPIOs depends on its state.

91607
|enuanbag ‘7

The logic level of each bit in the control code can be independently
selected from either a register or a GPI0. The table below shows
the GP10s and PINs that correspond to each bit. The LSB of the
slave address is defined by the value of GPIO1. Possible use 16
cases controlled by GPIO 1, 2, 3, 4 for SLG51002 and 8 cases for

Buiuonipuo?
eubig "¢

SLG51003.
SLG51002 SLG51003 Control code selection g >
Control Control #$3 | #2 | # | #0 g 2
GPIO PIN coie | PN | ode e e e 1
GP|0‘| D2 |2C_SA‘| 14 |2C_SAO PIN| GPIO4 GPIO3 | GPIO2 | GPIOT
GPIO2 | D3 |I2C_SA2| 13 | I2C_SAI Comolbre, 5,64
GPIO3 | C3 [ I2C SA3| 12 | I2C_SA2 Device adkess, |
GPIO4 | B2 [I12C_SA4 st

I2C slave address control steps:

e (hange I12C_ADDR_SEL to non-zero for selected GPIO or GPIOs;

e (hange I2C address by external logic level on inputs of GPIOs
when it needed.

Example: The SLG51002 has an 12C slave address with the default

set to 0x75. Setting 12C_ADDR_SEL to 0x0F defines GPIO1-GPI04

for external I2C slave address control by the logic level on its

inputs. The table of correspondence of I2C_ADDR_SEL register bits

with GPIO pins are shown below.

$]020)0.14
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Control code selection: & Control code selection: & n=§; ~
#3 #2 #1 #0 #2 #1 #0 e I
Reg/ O 1 0 1 Reg 1 g : % 2
pIN| GPIO4 | GPIO3 | GPRIOZ | GPIDT PIN|SROEE03 8 | R0 W GEI0] 2
To have default 0x75 device address, GPI01 and GP103 should be — conelode e
pulled HIGH. If GPIO1 pulls to LOW, GPIO3 keeps HIGH the 12C -
became 0x74. GPI01 corresponds bit[0] of 12C_ADDR_SEL. Keep Crrate,  0xEB/ OAEA o
GPI101 pulled LOW, GPI03 HIGH and pull GPI02 HIGH. GP102 cor- e et 17/ 0T = §
responds to bit[1] of I2C_ADDR_SEL which increases 12C address es
on 2 bits respectively and became 0x76. Min device address value is
0x70 when GPI01-GP104 pulled LOW, max device address value is
0x7F when GPI01-GPI04 pulled HIGH. § o
Sz
g S
R11TB0003CE0000 Technique: SLG51002, SLG51003 I2C Control Code Selection 123 g' 8
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Technique: SLG5100x Device Interrupt Request Block

This technique can be used with SLG51000/1/2/3. :
The device interrupt_requerst is the logical OR of j[he g _‘é
unmasked event register signals. Each event register has an S — & 3
associated interrupt mask register, which controls whether  LDO2Cumentlimit g 2
or not the event register signal contributes to the device ) LDO4 Currentlimit |

interrupt request via the logical OR. The output (or Interrupt) JB" o6 curentimit. 8 ncrn: B nterupt

of the DIR block that can be configured to feed the matrix hulDozZCunentlimtugy reqet g w
interconnect is active high (fault = 1) in the chip. ) Poweronreset ¢ = 2
The “Matrix event” detects events on a single output from  Power sequencercrash S, ]
the matrix interconnect. It has configurable sensitivity and ' ‘ &

provides a method to latch and retain short time frame signal
events.

12C slave address control steps:

e (Change I2C_ADDR_SEL to non-zero for selected GPIO or GPIOs;

e (Change 12C address by external logic level on inputs of GPIOs when it needed.

Example: The SLG51002 has an 12C slave address with the default set to 0x75. Setting 12C_ADDR_SEL to
0xOF defines GPI01-GPIO4 for external I12C slave address control by the logic level on its inputs. The table of

sainjeay
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correspondence of 12C_ADDR_SEL register bits with GPIO pins are shown below. o
e " , - W g
Controls the sensitivity of the “Matrix event” Field: Properties ® S §
e Events Disabled Device interrupt request g S
* Rising edge Event Sensitive Matrixevent | o 8
e Falling edge Event Sensitive — Rising edge S
.. [ 7 ] Falling edge
-
e Both edge_s .sensmve - oth ecges _
e Level sensitive event HIGH, stuck until sig rises HIGH level o
* Level sensitive event LOW, stuck until sig falls s §’ =
: = P
Table of Interrupts, Status and Mask Registers s g
Interrupts (Logical OR of EVENTSs) STATUS (Read Only) MASK (Default 0x00) §_
EVENT Name EVENT Symbol EVENT Description Address Bit Address Bit Address Bit
FLT_POR Power-on reset event occured 5
FLT_RST System reset event occured 4
SYSCTL_FAULT_LOG1 FLT POWER SEQ CRASH REQ Power sequencer requested shutdown 0x1115 2 =
- i - occured g ~
FLT_OVER_TEMP Over temperature shutdown occured 1 g )
o (=]
LDO1_EVENT EVT_ILIM_FLAG Current Limit Flag Event Detected 0%20C0 0 0x20C1 0 0x20C2 0 = g
D =
LDO2_EVENT EVT_ILIM_FLAG Current Limit Flag Event Detected 0x22C0 0 0x22C1 0 0x22C2 0 2
LDO3_EVENT EVT_ILIM_FLAG Current Limit Flag Event Detected 0x23C0 0 0x23C1 0 0x23C2 0
LDO4_EVENT EVT_ILIM_FLAG Current Limit Flag Event Detected 0x25C0 0 0x25C1 0 0x25C2 0
LDO5_EVENT EVT_ILIM_FLAG Current Limit Flag Event Detected 0x27C0 0 0x27C1 0 0x27C2 0
LDO6_EVENT EVT_ILIM_FLAG Current Limit Flag Event Detected 0x29C0 0 0x29C1 0 0x29C2 0 g’ £
LDO7_EVENT EVT_ILIM_FLAG Current Limit Flag Event Detected 0x31C0 0 0x31C1 0 0x31C2 0 2 §
a =
LDO8_EVENT EVT_ILIM_FLAG Current Limit Flag Event Detected 0x32C0 0 0x32C1 0 0x32C2 0 = 9.,
EVT_MATRIX Matrix input event Detected 0x1116 1 0x1117 1 1
SYSCTL_EVENT - - 0x1118
EVT_HIGH_TEMP_ WARNING High temperature warning Detected 0x1116 0 0x1117 0 0
Event: Triggered by Status mg_nal. 5 -
Status (Read Only): Current signal. gz
Mask: Enable Mask to IRQ. Default = 0x00 TS
. . D =
R11TB0003CE0000 Technique: SLG5100x Device Interrupt Request Block 124 |2 8
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Application: Scenario of Two Independent Sequences Using the

SLG51002 o
o " S £
This application can be used within the SLG51002. _SLGS1002__ S8
VDDD—t B3 vop) (6PI03) €3 |————C] EN_CAM1 =
. . . VDDIODT C2 (vppIo) (GPI0O4) B2 —— <] EN_CAM2 E_’
Using the SLG51002, up to eight voltage rails can be csDjTTm s (©Pos.son 4l spa
powered, with few sequences set up for independent ZDT BS wwr g (OP.5C D4 O SCL
control. This allows the PMIC to be used in applications :@Ti E: m— ﬁ ﬂi: o =
where independent, stable power is required for two V.NSDTM s wours E2 T@ vours § o
devices. vws\:>—f E5 (vive) (vouts D1 T@ vouTa o' S
I d . VIN7|:>T D5 (VIN7) (vouTs) B1 TC} VOUTS g' 2
ngre IentS T > A2 (VINg) (vouTs) E4 —_o_—<:| VouTe «
CAM1_READY __}———— D2 (GPIO1) (VouT7) C5 ﬂ VOUT7
® SLGS1002 CAM2_READY<___+— D3 (GPIO2) (vouTs) A3 fx R
e (Capacitors (a0 C1
o
GND g'l g’
GreenPAK Diagram 5
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Design Steps

1. Set the VOUT, Slew Rate, Current limits and other settings for each LDO.

2. Set up the power sequencer for delay time between power rails for Camera 1 using the Power
Sequencer block.

3. Set up the power sequencer for delay time between power rails for Camera 2 using the delay (DLYx)
blocks.

4. Configure the GPIO to trigger UP/DOWN sequencers for each camera.

[o1ju09
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Application: Powering Two Cameras with Sequencer and Two Scenarios

N
for the SLG51000C >
- o
o L
In this application, the configured design of SLG51000 SLG51000 -
have two schematics functions: VDDD%ﬁrEs (Voo wourn EDTDT?J; CAMERAIAVED 5
1. GPI01-2 control is included, and LDO outputs are NG <2 I I SN
based on the GPIOs state. Feature: turning on the o B4 wours Ga | caugra 2. oovoo
second camera will reset Power Sequencer and + At wmsy  vours A2 |3~ camera_1_ovoD 2.,
. v T ¢
turn on both cameras with programmed delays and VINTE D E1 (D 1/OUTH B [~ 2o LD GAMERA.2.OVoD 2 e
Sequence CAMERA_1_EN >;_': B2 (GPiO1) (vout7) D1 %?13 g_ cg'
) CAMERA_2_EN[_>——— D3 (GPIO2) (GPIO6_SCL) C1 A:SCL E. D
2. GPIO3 _controls all LDO outputs enabled, GP101-2 S I, =
states ignored. {c3 (@ros lnl
GND
Ingredients
e SLG51000
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e 13 Capacitors

GreenPAK Diagram

scL
GPls 1 |
SDA

GPIOS . I°

12c
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Resource 0

Resource 1

CAMERA 2_EN

¥ caic 1 4
GPIO2

Resource 2

BOTH EN

¥ loaic 1 €
GPIO3

PMIC_1V5

Resource 5+ C VINS/6 ‘—t

Idie

[013u09
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Sequp
Crash sequence

Timer expired

CAMERA_1_EN

Design Steps

Juawabeue|y
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BOTH_EN.

CAMERA_Z_EN} |

1. Complete the circuit. Connect all components

CAMERA_1_DOVDD}

as shown on the circuit diagram. 0 N |
2. Set the output voltages, startup and functional WE N N ( o ©
current limits for each LDO channel. S I I N 5 S =
3. Set up Power Sequencer and LUTs as shown on R N 5 S 8
the circuit diagram. A 5 K

CAMERA_2_DVDD}, ‘ﬁ ‘V

Read more on how to customize power sequencer and see more examples in AN-CM-356 SLG51000,
SLG51001 and SLG51002 Power Sequencer.

R11TB0003CE0000  Application: Powering Two Cameras with Sequencer and Two Scenarios for 126
the SLG51000C
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Application: SLG51002/3 12C Address Configuration without

- N
Reprogramming P
- o
. . VDD M5 12C_ADDR_SEL 0x75 Cg -g
Procedure of changing 12C slave address without e (2 L TN R e s B ]
reprogramming OTP with using external signal on YouT =g | PNz PN S 5
GPI0/s. May be applicated when two PMICs with the
. VOUTSW PIN 4vours vinz PIN 11 T—r
same OTP are used in one system. R e
posus SOt C so T PIN 6(6ms.scu w000, PIN 9 Zéu;r - (o)
spA SDA PIN Torios.s0n ©PIN S %“;T g w
~— 470F T E_. m
= @
s <
oo SLG51003  oxs = g
. —Lr PIN 100 (Pon PIN 14 |- s =
Ingredients PO U | “
T PIN 3w (@Pioy PIN 12 -
® SLG51 002 vouTsW PIN 4vours) vz PIN 11 ﬁh\ﬂ‘m
PY S LG5 1 003 GND TZ;: PIN 50nsy woursPIN 10 %Tgomz
soL T PINGersscy ooy PIN9 ZZ;I . :-g' =
i SDA PIN 7or1o4_s08) ©PIN8 ﬂJ:;T ,n-,p g’
GreenPAK Diagram - =)
N <
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I2C_ADDR_SEL

R GPIOT Koy ar )
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o GPIO3

Design Steps

1. Power VDD and CS for one of the SLG51003.

2. If the Control Code Selection isn't enabled on default OTP, send command to change 0x1149 register
with 0x01 value. Now GPIO1 controls 12C slave address by external logic level on it.

3. Power the second SLG51003 VDD and CS or only CS if VDD tight together for both at least after 10 ms
when first already powered.

4. Pull logic level to LOW on GPIO1 to change address to 0x74 on first SLG51003 part. The second part
keeps default 0x75 address.

5. Configure each PMIC separately via 12C bus within the allowed register map by datasheet.
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Chapter 8
Motor Control
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This chapter presents applications that control DC motors. It centers on using
the integrated H-Bridge of the SLG47105 and its accompanying blocks to
provide current and voltage regulation.
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Application: H-Bridge Control

c1 Y22 SLG46826 N
. . . . . N/ = — @
An H-bridge is an electronic circuit constructed of four =G ol S e
1 1 T2 o 2
transistors that reverses the polarity of the voltage across a T tews P} S
PINS PIN 16 | o
load. They are often used to control DC motors. lowe onssk oo =
4PINT vooz) PIN 14 c2
scL C—PINS PIN 43 |12 L 01F
spa >—PINS PIN 12 |12 o
1Pin 10 (onD) PIN 11 g w
VDD ;D % g"
) PFET1 PFET2 g g
Ingredients ISETE = 52
NFET2 NFET1
e Any GreenPAK & ko]l

e Four transistors
e Four diodes

GND
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GreenPAK Diagram

Rising Edge Delay
LEFT/RIGHT
@  PIN 3 * * W . :

o]

o -
g 54
ON/OFF o NS
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Falling Edge Delay

b LK
Sl CNT1/DLY1 g
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A nioEE ™ O
i - 2

Juawabeue|y
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Design Steps

1. Add and configure inputs and outputs.

2. Add delay blocks using Technique: Optimizing CNT/DLY Accuracy.

3. Add and configure LUTs for each output using Technique: Configuring Standard Logic w/ LUT
Macrocells.

[o1ju09
10J0|\ '8
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Technique: Using the HV OUT CTRL Blocks

This technique describes the use of HV OUT CTRL blocks in
the SLG47105V.

4o oo O
)

SLG47105V consists of 2 HV OUT CTRL macrocells namely
HV OUT CTRLO and HV OUT CTRL1. Each macrocell can be
used to drive 2 unidirectional DC motors or 1 bidirectional
DC motor. Both HV OUT CTRL0/1 can be used to drive a
stepper motor.

o ollo o

™ Sieco0 oY
o

To enable HV OUT CTRLO/1 connect Sleep 0/1 to an active
LOW. Each Sleep pin can be activated separately. To drive
unidirectional select HV OUT mode as “Half-Bridge” and
for bidirectional motors select “Full-Bridge”. In “Full-
Bridge” mode select Mode control as “IN-IN" or “PH-EN".
Table 2 displays the “Half-Bridge” control logic. Table 2 HV OUT CTRLO/1

and Table 4 respectively describe “IN-IN" and “PH-EN" mode controls. Pin 7/8/9/10 (Hi-Z by default) are
used to control motor speed using PWM. These pins can be pulled up/down externally. In “Full Bridge”
mode, Pin 7/9 and Pin 8/10 can be connected in parallel externally.

To control DC motor with “IN-IN" mode control using PWMO/1, connect IN1 to an active LOW signal in fast
mode and an active HIGH signal in slow decay mode. Connect INO to PWMO0/1 output. Fast decay mode

is used to instantly reduce inductive current and coast motor towards zero velocity. The slow decay mode
causes a slow reduction in inductive current and rapid deceleration.

) ) Half-Bridge Mode
IN-IN Mode Logic for Full Bridge Mode

Slee Pin .
Sleep0/1 | INO [ INT | Pin7/9 | Pin8/10 | Function 0 ”p OE | INON 7/8 Function
1 X X Hi-Z Hi-Z Off -
0 0| 0| HzZ Hi-Z | Coast 1 X | X | Hi-Z | Off
0 0 1 L H Reverse 0 0 X Hi-Z | Off (Coast)
0 1 0 H L Forward 0 1 0 L Brake
0 111 . L | Brake 0 1] 1 H [ Forward
PH-EN Mode Logic for Full Bridge Mode
Sleep 0/1 | Decay | EN/PWM | PH/Direct | Pin 7/9 | Pin 8/10 Function
X X X Hi-Z Hi-Z 0ff (Coast)
0 0 (fast) 0 X Hi-Z Hi-Z Coast
0 1 (slow) 0 X L L Brake
0 X 1 0 H L Forward
0 X 1 1 L H Reverse

When any fault occurs, Fault A/B pins go HIGH and HV OUT CTRLO/1 are disabled. When the fault pins go
LOW, normal operation is restored. Fault A and Fault B consist of all fault signals for VDD2_A and VDD2_B
separately. When an overcurrent condition occurs, OCP Fault A/B goes HIGH. An OCP deglitch time can

be enabled on Pin 7/8/9/10. The OCP deglitch time enable is shared among Pin 7/8 and Pin 9/10. The
retry time for OCP is user selectable and separate for each pin. When die temperature exceeds safe limits,
Thermal Fault turns HIGH. VDD2_A and VDD2_B have separate UVLO (undervoltage lock out) enable.
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Technique: Using the SLG47105 PWM Blocks in Regular Mode

This technique is for the PWM blocks, available in the SLG47105. _ ,Z,
o QO
Q <
PWM is commonly used in DC motor control, LED & 3
brightness control, and other applications. SLG47105 is =)
equipped with advanced PWM blocks to handle higher ° ° GmrT
voltage level dedicated PINs. PWM blocks have already : e o o
been implemented in other GreenPAKs as discussed M | o S w
in Technique: Using DCMP/PWM Macrocell in PWM - o =2
Mode, but the two PWM blocks in the SLG47105 § ]
«

integrate the counters involved in their operation while
in “Regular Mode” and include more advanced settings.

The first 8-bit counter included in the block is PWM Period CNT, which sets the frequency of the PWM
signal and counts from 0 to 255 and so on. There are two PWM outputs: “OUT+" and “OUT-". OUT+ is logic
HIGH at the start of the period and once the PWM period counter reaches the duty cycle value, the output
changes to logic LOW until the PWM period ends, as shown in the figure below. OUT+ is the positive PWM
output and OUT- is the negative PWM output that is inverted to OUT+ and shifted for deadband time if
defined. Both can invert their output by register settings.

sainjeay
hajes “y

In Regular Mode (described in this article) the Duty cycle source is set to “Duty Cycle CNT". The second
8-bit counter included, named Duty Cycle CNT, increments or decrements the duty cycle value for the next
PWM period dependently on UP/DOWN input. The Duty Cycle CLK is an external clock from the matrix by
default. It changes the duty cycle value by the rising edge. It can also be set to be clocked by the period
counter overflow or every 2nd or 8th pulse of the overflow.

$]020)0.14
uonedUNWWo? °g

The PWM block has an 8-hit resolution by default, but
a 7-bit resolution can be selected instead to allow for a
higher PWM frequency. The PWM duty cycle changes

[013u09
paseq-as|ng ‘9

UP/DOWN

at a step of 0.4 % for the 8-bit resolution and 0.8 % for [, . . .. , | ——

the 7-bit resolution. The duty cycle can change from i - =
true 0% to true 100%. PWM starts from the Initial Period ONT| . 7\ S 3} *j % F -
duty cycle value. The block has an UP/DOWN internal iy » ‘ ' 1|8 g
connection that defines the direction of the duty cycle ouTr r T 1BE 5
change. The duty cycle will increase if set HIGH and 1 — =
decrease if set LOW. o |

The Keep/Stop connection can either be selected to
hold the duty cycle (“Keep” setting) or to hold the duty cycle and the OUT+ and OUT- outputs constant
(“Stop” setting) when it is set HIGH. The Continuous/Autostop mode is either set to “Continuous” where
the PWM output duty cycle overflows when it reaches the full range value (default setting) or to” Autostop”
where the PWM output stops when it reaches 0% or 100% of the duty cycle. When “Autostop” is selected,
the “Boundary OSC disable” option can be activated. This allows disabling Oscillator, used by PWM cell,
automatically when 0% or 100% of the duty cycle is reached.

[o1ju09
10J0|\ '8
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Technique: Using the SLG47105 PWM Blocks in Preset Registers Mode

N
[7¢d
- o
This technique is for the PWM blocks, available in the SLG47105. More information on how the block S, §
works can be found in Technique: Using the SLG47105 PWM Block in Regular Mode. e ;.
The previous technique explained how to use the SLG47105 PWM block in “Regular Mode” with the
Duty Cycle Source set to “Duty Cycle CNT.” This technique will instead explain how to use the block in o
“Preset Registers Mode” where the duty cycle cycles through 16 predefined values (Reg File). Using §_ :
the “Preset Registers Mode” allows for non-linear PIWM patterns for motor control (i.e. sinusoidal or = &
logarithmic). =2
«
Selectable preset registers are reserved to determine 16
different PWM duty cycle values. Duty Cycle CLK can be -
selected to Clock from Matrix or PWM period CNT ovf B I | | | g
(overflow). A clock on the Duty Cycle CNT CLK input changes |  woreos \J £ 2
which register's value is applied to compare with the Period l \ &<
CNT. Reg File is shared between the two PWM macrocells. —— )U
Either all 16 bytes, the least significant 8 bytes, or the most
significant bytes can be used. The initial byte is limited by the ﬁ |_

unique ranges of each setting. /

The internal connections have a similar function as Regular Mode but apply to the 16-byte structure
rather than the 8-bit counter. The polarity of Up/Down decides whether the next register (HIGH) or the
previous (LOW) is applied. The Keep/Stop operates the same way but halts the sequence of registers.

josuog) 1uawaﬁeue|/\| |o13uog $|020)01d
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Application: Constant Voltage Brushed DC Motor Driver

N
"f’_ SLGA47105 he _o
. 3 3 (
Maintaining a constant voltage over a brushed DC motor e W”Z—AP'"H g =
. . . . . : (voD2_BPIN 11 =:
ensures it maintains a constant speed. In this design, G e c2 53
Differential Amplifier with Integrator and Comparator Sieep D> PIN2 (GO HVPIN 13 =
o GND_HV
controls the PWM block to regulate the voltage across the preten = e pin 7[00
load. ]
PIN 17 FIN B Motor_2 Q
4 PIN 19 PIN 9 g- w
- PIN 20 = 7¢)
. SCL{__—PIN15 PIN 10 g’ Cgl
Ingrﬁdlents soA CO—PIN16 N 5I semse 2.2
[{=}
i SLG47105V J_—\PIN 18(GND) PIN 12 —e
® Brushed DC Motor o oneY

GreenPAK Diagram
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Duty Cycle

e} v

CNT
— . el
b 902 MV | a Period CNT _
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o

Direction Control

(o}

0000000 ao o
[013u09
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Design Steps

1. Enable HV OUT CTRLO with PIN2 and set its Mode as “Full bridge” and Mode control as “PH-EN".

2. To change motor direction, connect PIN3 to PH of HV OUT CTRLO.

3. Enable Differential Amplifier with Integrator and Comparator and select integrator reference voltage to
the desired threshold (Threshold=V_REF-4 ).

4. For correct Differential Amplifier with Integrator and Comparator operation, enable PWMO through
PINZ2 and set Duty Period CLK to “OSC1”. PWM frequency must be 44 kHz or higher to make sure that
Integrator operates correctly. Connect UPWARD and Equal outputs to UP/DOWN and Keep of PWMO
respectively.

5. Set PWMO Resolution to “8-bits”, Duty Cycle Source to “Duty Cycle CNT”, Duty Cycle CLK to “Period
CNT ovf/8", and Initial Duty Cycle Value to “50%".

6. Connect PWMO OUT+ to EN of HV OUT CTRLO to drive the motor at a constant speed.

Juawabeue|y
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Application: Constant Current Brushed DC Motor Driver

o2 SLGA7105 e :
Maintaining a constant current over a brushed DC motor p P ross4pi & g3
ensures it maintains a constant torque. In this design, the 5w . % & §
current sense comparator (CCMPO0) is used to limit the ENCD——|PIN2 oo mPIN 13 - =
current through the sense resistor to turn OFF motor when °“°"°"D—_ ::: L pin 7ot
the current exceeds a specified limit. {em17 o et 2 @ o
o S o
] scL CO—{PIN 15 o 0l g gg
Ingredients son CO—] e E =
e SLG47105V [ P ‘H
GND_HV

GND

e Brushed DC Motor
e (One resistor
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GreenPAK Diagram
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Design Steps

Connect a brushed DC motor across PIN7 and PIN8, and sense resistor from PIN5 to GND
Enable HV OUT CTRLO by connecting inverted PIN2 signal to its Sleep 0/1.

Configure HV OUT CTRLO’s mode as “Full bridge” and Mode control as “PH-EN.”

To allow change of motor direction, connect Pin 3 to PH of HV OUT CTRLO.

Enable CCMPO by changing Sleep CTRL to “Auto.”

Select CCMPO’s IN- source to “192mV" to limit current to 0.218mA,;

Configure CNT1/DLY1 to turn OFF motor for 100ms when current exceeds the specified limit.
Configure 3-bit LUT7 to turn ON the motor only when current is within range and PIN2 is HIGH.
Connect the 3-bit LUT7 output to EN of HV OUT CTRLO.

Juawabeue|y
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Application: Constant Current Using the PWM Chopper

VoD vDD2 N
SLG47105 — g)
Maintaining a constant current over a brushed DC motor e rvw”mmaj—l ==
. . . . . . 01ul~__|: —
ensures it maintains a constant torque. This application G ooz AEIN cz -1
- . . (GND HV) PIN 4| —
shows how to limit the current with the PWM chopper e o pin 2 (oD HIPIN 13 2
block. i PR . 1y ouTo®ND-HY
4 PIN 14
qPIN 17 HV_ouT1 o
PIN 8—= S w
4 PIN 19 -
PIN 9 2 n
4 PIN 20 g =
- _ -

Ingredients P18 =2

1PiN 16 =4

e SLG47105V

LPIN 18 (GND)

e Brushed DC Motor .

e QOne resistor - &
gL
® &
<

GreenPAK Diagram
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H‘Hi

Blanking Time

4 CT1/DLY1L SR

<

MR (3-b LUTS, DFRLATCHLL, &bt QNT2/ILY2
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Design Steps

1. Connect a brushed DC motor across PIN7 and PIN8, and sense resistor from Pin 5 to GND

2. Configure HV OUT CTRLO’s mode as “Full bridge” and Mode control as “PH-EN”

3. Enable CCMPO by changing Sleep CTRL to “Auto”

4. Select CCMPO's IN- source to “320mV" to limit current to ~0.36mA o
5. Add PWMO block and set the initial duty cycle to 230 and adjust the OSC1 predivider 2 =
6. Configure CNT1/DLY1 as a falling edge delay to set the Blanking Time 28
7. Add PWM Chopper 0 and make the appropriate connections with PWMO, CNT1/DLY1, and CCMPO to

create the duty cycle chopper and limit the motor current
Add PINZ as an enable button to start/stop the motor and internal motor controlling blocks.
9. Connect the 3-bit LUT7 output to EN of HV OUT CTRLO.

oo
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Application: Unidirectional DC Motor Control with Soft ON/OFF

VDD

Soft ON/OFF can be used to decrease the starting current
and load torque of a brushed DC motor. This application is
for unidirectional DC motors that allow a single direction
for mechanical elements, and either run or stop. This
regulation is important because the load torque must not
exceed the torque on the motor shaft as it starts and stops.

Start/Stop[_——

SCLC——

Ingredients soAC—]

PIN 2

SLG47105
(VDD2_A) PINE

G[N 1(vop)

(vDD2_B)PIN 11

(GND HV) PIN 4|
(GND HV) PIN 13|
PIN 3

4 PIN 14
qPiN 17
1PIN 19
4 PiN 20

PIN 9

PIN 15
PIN 16

PIN 10

PIN 5

An SLG47105
Unidirectional brushed motor
Two capacitors

[ J GND

GreenPAK Diagram

PINT7[

PIN 8

GND)
\P[N 18(GND)

PIN 12
J

GND_HV

Start/Stop

100%
Duty Cycle
0%

Brake

Up/Down

Motor Speed |

Design Steps

1. Set PIN9 and PIN10 Output mode to “High and Low side.” HV OUT CTRL1 set to “Half Bridge” HV OUT

mode.
2.

Set Duty Cycle CLK in PWM1 block to “Period CNT ovf/2". Period CLK set to “Ext.Clk.” Connect OSC1

Flex-DIV OUT to PWM1 Period Clock input. Set the value of flexible divider in 0SC1 properties.

3.
of the DFF to the PWM1 UP/DOWN input.
4,

Configure DFF1 Initial Polarity to High and the Q Output Polarity to “Inverted (nQ).” Connect the output

Add CNT1/DLY1 to design. Configure that to the “Falling Edge Delay” with an inverted output. The

signal from this delay disables the PWM?1 block and enables the sleep mode of HV OUT CTRL1 after the

Stop signal comes.
5. 2-bit LUTZ used to forming Hi-Z and Stop signals on HV Outputs.

Application: Unidirectional DC Motor Control with

Soft ON/OFF

136
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Application: Push-to-Start/Hold-to-Stop

N
In this application, the SLG47105 is used as a driver for Vi, SLGATI0s w -9
the Brushed DC Motor with Push-to-Start/Hold-to-Stop s ™ (‘)::'1?4[ t§ E
functions. This feature can be used for electrical toys, o oo PIN 4 o ;.
tOO'S, and others. HPIN2 (GND HYPIN 13 -
lons GND_HV M+ FB

i 4PIN17 PINS b § o
Ingredients wro | i o |2
e AnSLG47105 S8
e ABrushed DC Motor el -
¢ Two resistors P18 0 PIN 13&

GND GND_HV

GreenPAK Diagram
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Design Steps

1. Connect a Brushed DC Motor: first winding across PIN7, second winding across PIN8 with a Pull-
down resistor of 10 kG2, and sense resistor from PIN5 to GND. Configure Output modes of PIN 7 and 8
as “"HIGH and LOW side”.

2. Enable HV OUT CTRLO connecting Sleep0/1 to an active LOW (HV Sleep output of CNT4/DLY4) and set
its Mode as “Full Bridge” and Mode control as “PN-EN”. Connect POR to Decay and GND to PH.

3. Enable CCMPO by changing Sleep CTRL to “Auto”. Select its IN - source to “736 mV" to adjust the
Hold-to-Stop function.

4. Configure CNT2/DLY2 as a Delay, and connect its output to CNT3/DLY3 (Delayed edge detect Mode) to
ensure the system shut down after more than 500 ms of overcurrent — Hold-to-Stop.

5. Configure PIN20 as Analog input/output and connect it to ACMP1H IN - source, select 128 mV In -
source, and connect comparator’s output to DFF13 (Q Output Polarity — Inverted (nQ), Initial Polarity
— Low) — Push-to-Start.

6. Configure CNT4/DLY4 as a Delay to ensure 300 ms motor stop time (HV Sleep signal).

7. Add PWMO0 and make the appropriate connections with Differential Amplifier (reference voltage —
352 mV) to maintain a constant voltage over a brushed DC motor (see Application Constant Voltage
Brushed DC Motor Driver), DFF13, and HV OUT CTRLO to create the duty cycle.

R11TB0003CE0000 Application: Push-to-Start/Hold-to-Stop 137

Juawabeue|y
lamod '/

[o1ju09
10J0|\ '8

sainjea  bojeuy
paaueApy ‘6



The GreenPAK Cookbook

suonouny
B $120|g diseq’|

Application: Bipolar Stepper Motor Driver

N
VDD VDD2 p
. I : : SLG47105 T 7
In this application, the SLG47105 is used as a driver - N & 3
. . c1 (vDD) (vpp2_A)PIN 6 LE g
for the stepper motor. In this design example, the s ooz HPIN 11 ] o S 3
driver has full step mode in both directions. Also, this (GNDHWP.M_I T s
design shows how to limit the current with the PWM L startistop [ >—{PIN 2 (eno HYPIN 13 ad
Ch bl k dpiN3 GND_HV
opper bloc PIN7
Direction __>— PIN 14 @ Q
PN 17 =4 "
. PIN 8 = v
Ingredients 17N N E— g <
4PN 20 é D
e SLG47105 1™ PIN 10
e Stepper Motor ™" N
e Two resistors (PN 18 u0 PIN 12}
GND GND_HV
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GreenPAK Diagram
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Design Steps

1. Connect a Stepper Motor:

- First winding across PIN7 and PIN8, and sense resistor from PIN5 to GND;

- Second winding across PIN9 and PIN10, and sense resistor from PIN12 to GND.

2. Enable HV OUT CTRLO/1 connecting Sleep0/1 to an active LOW and set their Modes as “Full Bridge”
and Mode controls as “PN-EN".

3. Enable CCMPO0/1 by changing Sleep CTRL to “Auto”. Select its IN-source to “64 mV" to limit current to
~ 80 mA.

4. Configure CNT2/DLY2 as a Reset Counter, and connect its output to CNT1/DLY1 (Delay Mode) to set
the Blanking Time.

5. Add PWMO0/1 Chopper and make the appropriate connections with POR, CNT1/DLY1, and CCMP0/1
to create the duty cycle chopper and limit the motor current. Connect its output to EN of HV OUT
CTRLO/1.

6. Configure PINZ (Start/Stop) and PIN14 (Direction) as Digital Inputs and make appropriate connections
with Delay on CNT3/DLY3, DFF3, DFF7, and DFF6 (Q Output Polarity — Inverted (nQ), Initial Polarity —
Low), 2-bit LUTO set as Invertor, and 3-bit Multiplexers LUT5 and LUT6. Connect LUT5/6’s Multiplexer
Output to PH of HV OUT CTRLO/1 to Start/Stop the motor and to change the motor's direction.

R11TB0003CE0000 Application: Bipolar Stepper Motor Driver 138
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Chapter 9
Advanced Analog Features

This chapter presents applications that manage analog features using components
in AnalogPAK. Applications involve the most common circuit topologies using
built-in operational amplifiers, digital rheostats, Chopper ACMP, etc.

R11TB0O003CE0000 Chapter 9 Advanced Analog Features 139

suonaun4
B Yo0|g diseq’|

[o1ju09 Juawabeuep [onuo) $]020)0.14 sainjeay Buiuonipuoq 21607
paseq-asind '9 | uonesiunwwoy g hajes [enuanbag 7

10J0|\ '8

sainjea  bojeuy

[eubig "¢

1amod °/

pasueapy ‘g



The GreenPAK Cookbook

suonouny
B $120|g diseq’|

Application: Adjustable Active Filter Using OpAmp

Zoon SLG47004V >
There are many applications where signals from — pom— = §
different sources (i.e. sensors) can be sensed TSe  Jewzuco Eliw,wp.,.za_g.,q <, §
with one ADC. These systems require an analog PIN 3(040) (041007 PIN 22 =
. . . PIN 4(0A0+) (0) PIN 21} —
multiplexer with analog filters for each channel %% N 51000 0PN 201
because each signal source may have its own set of b _L1c1F B seopIN 19}
filter requirements (for example, cutoff frequency). ke LE PIN 7 (50,8 1o9PIN18[ o
. . . . 1ok PIN 8 (RH1_A (03 PIN 17} © w
In this design, one filter serves many analog inputs P,Nw,,,_a} — 2
and provides different cutoff frequencies to them. 12C soLCO—{PIN f0csey covPINASE § =)
master can write data to rheostat registers and adjust e L PN 5=
: -kPIN 12 (100) Vpp) PIN 1:3 (7=}
the cutoff frequency of the filter. Toru
Ingredients
SLG47004V

sainjeay
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e Two resistors
e Two capacitors

GreenPAK Diagram

RH1B RH1A RHOB

IHOA

40

= o B - €D
‘ o
o o
o]
e ° ]
g g
o 0 0 0 0O 0 0 0
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Design Steps

1. Enable OpAmp0 and Opamp1. Set bandwidths to 8 MHz and enable Charge Pumps. Set OpAmp1 Vref
connection to IN+.

2. Enable Vref OA1, set input voltage to VDD and output selection to VDD * (16/64).

3. Set Digital Rheostat 1 in Rheostat mode. Disable Auto-Trim, connect FIFO nRST input to POR and set
desired resistance (initial data) for both rheostats.

[o1ju09
10J0|\ '8
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Application: Adjustable Inverting OpAmp

N
Vooa b
An inverting amplifier is a type of operational amplifier T SLG47004V -
P . . (PIN 10V54) (04t PIN 24} e =2
circuit which produces an output that is out of phase L E;{ L=
. ) . . ) T 01uF o PIN 2(AGND) (OAT+)PIN 23 (1] =
for its input by 1800. It means that if the input pulse is ~ we—— PIN 300409 (o1 oUn PIN 22 =
positive, the output pulse will be negative, and vice versa Jom s E (0PN 21} -
External control signals allow a user to adjust the gain of P sieeY |
. . g . j g PIN 6 (RHO_A) (105 PIN 19}
the mvertlng ampllfler both downward and upward. 200 —] PIN 7rRHO,B§’ (104 PIN 18} ga
f |:-PIN 8(RHI_A 103 PIN 17} g- w
PIN Q{RHLB} (102 PIN 16 E.. g
SCL{__>——PIN 10¢scL) (o7 PIN 15 g =
SDAC ——] PIN 11504) (GNDIPIN 14— k4 5=
- -xPIN 12 (100) (Vop) PIN 1%‘% «
Ingredients o

o SLG47004V
e (One resistor

sainjeay
hajes “y

GreenPAK Diagram

$]020)0.14
uonedUNWWo? °g

[013u09
paseq-as|ng ‘9

G=V_out/V_inp =-(RH0+RH1)/R_1
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Design Steps

1. Enable OpAmp0. Set bandwidth to 8 MHz, enable Charge Pump and set Vref connection to IN+.

2. Enable Vref OAQ, set input voltage to 2.048 V and output selection to 512 mV.

3. Set Digital Rheostat 1 in Rheostat mode. Disable Auto-Trim, connect FIFO nRST input to POR and set
desired resistance (initial data) for both rheostats.

4. Configure LUTO to output the OSC1 clock signal when LEVEL UP or LEVEL DOWN signals are HIGH.
Configure LUT1 to output a High-level signal when LEVEL UP is HIGH.

[o1ju09
10J0|\ '8

R11TB0003CE0000 Application: Adjustable Inverting OpAmp 141

sainjea  bojeuy
paaueApy ‘6




The GreenPAK Cookbook

suonouny
B $120|g diseq’|

Application: Adjustable Non-Inverting Op Amp

N
. . o . . pe VDDA p
A non-inverting amplifier is an op amp-based amplifier SLG47004V — §
. en . . (- ~\ (=]
with positive voltage gain. When you apply any signal to - PIN 1(%o0) f{f"“’”" | S5
I . . . . . —_|__ 01uF PIN 2(AGND) (0A1+)PIN 23 3
the non inverting |_n_put, it does not chang_e its polgrlty oI 3.0%0) okt 0o PIN 22 £
when it gets amplified at the output terminal. So, in that NCO— PN 4{%,% 0PN 21}
case, the gain of the amplifier is always positive. External PIN 5(040.01 (06)PIN 20
control signals allow a user to adjust the gain of the non- PNEERY (CIPIN TR o
. . e L Rioad PIN 7 (RHO_B) (104 PIN 18 o w
inverting amplifier both downward and upward. 3 [ I 2 .,
PIN srﬁ‘m,a} 102) PIN 16| g tg
;‘u‘f scLC—— PIN 10¢sc0) (OVPINSE g 2
) SDAC_—— PIN 11(504) (GND)PIN 141 ot «
|ngr8d|ents PIN 12009 Vpp! PIN 1:3»% -

e SLG47004V
e (One resistor
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G=V_out/V_inp =(1+(RHO+RH1)/R_1).
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Design Steps

1. Enable OpAmp0. Set bandwidth to 8 MHz, enable Charge Pump and set Vref connection to IN+.

2. Enable Vref OAQ, set input voltage to 2.048 V and output selection to 256 mV.

3. Set Digital Rheostat 1 in Rheostat mode. Disable Auto-Trim, connect FIFO nRST input to POR and set
desired resistance (initial data) for both rheostats.

4. Configure LUTO to output the OSC1 clock signal when LEVEL UP or LEVEL DOWN signals are HIGH.
Configure LUT1 to output a High-level signal when LEVEL UP is HIGH.

[o1ju09
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Application: Instrumentation Amplifier

N

. . e . . Vo -9

An instrumentation amplifier is a type of differential I ) SLGAT004V g =

.p- . Lt e PIN 1(Ypp) (@41 PIN 24 =" @

amp!lfle_r equipped with |.nput puffer amplifiers, _ T dewauon E]{WP.N al-con Lm 5 2

eliminating the need for input impedance matching. PIN 300) (ox1.007 PIN 22 . =
Anong other characteristics are a very low DC offset, "= :::jj::‘i |
low drift, low noise, a very high open-loop gain, very . Voo | — wospN 19}

. . . C 100k e )PIN 18- o
high common-mode rejection ratio, and very high input - o S w
impedance. PINQ(RHLB}/ (102PIN 16| g |4

. SCL{_»—— PIN 10(scL) OUPINASE g g
Ingredlents SDAC_——{ PIN 11(504) (GND)PIN 14f— ~ =3 =
- PIN 12 (00 Vpp) PIN13M «
. v T c2
e SLG47004V

e Three resistors
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R;+R,

R3
Ryo+R3’

Vour = (1+

)(Vine — Vin-) + Vpp

Ry1

Design Steps

1. Enable OpAmp0, OpAmp1 and OpAmp Internal. Set bandwidths to 128 kHz and enable Charge Pumps.
Set Vref connection for OpAmp Internal to RHO PIN B.

2. Set Digital Rheostat 1 to Rheostat mode. Disable Auto-Trim, connect FIFO nRST input to POR and set
desired resistance (initial data) for both rheostats.

[o1ju09
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Application: Voltage Follower Using OpAmp

Zoon SLG47004V o
w
A voltage follower (also known as a buffer amplifier) is an }?mwﬂm; (041) PIN 24} E -'é

. . . . c1 —
op amp circuit whose output voltage is equal to the input TO1UF [ PIN 20GAD) ?{mwpm 2 5 2
voltage. Hence a voltage follower op amp does not amplify P'”""”"j;'i (ArCemPIN 221 )

i . ) IN [ >—— PIN 4(0A0+) (10 PIN 21
the input _S|gn_al and has a vpltage gain of 1.A voltage oIN 508000 105 PN 20L
follower circuit has a very high input impedance. This T pmwu? 105 PIN 19}

- . . . - . 100k n
characteristic makes it a popular choice in many different i PN T 109 PIN 18| S w
types of circuits that require isolation between the input l P'”‘”R”"”} (eIPINTE S w

d outout si | 4 PIN 9 (RH1_B 1oz PIN 16| o <
ana output signal. SCL{_>— PIN 10(5cL) (OVPIN1SF g =8
SDAC_>——{ PIN 11(sD4) (GND)PIN 14| i 7~ «
i {PIN 12000 (Voo) PIN 13 %
Ingredients T o

e SLG47004V
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Design Steps

1. Enable OpAmp0. Set bandwidth to 8 MHz, enable Charge Pump and set Vref connection to IN+.
2. Enable Vref OAD, set input voltage to VDDA and output selection to VDDA*(8/64).

[o1ju09
10J0|\ '8
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Application: Current Sink Using OpAmp and N-channel FET

N
, : : : . -2
With a particular connection an operational amplifier Vose g =
can work as a current sink. This sink keeps up constant - SLG47004v N & S
. PIN 1(Vppa/ (OAT)PIN 24— =
voltage across a constant sense resistor. As a result, the o1 E]{ o
) ’ ) —_I__ X ur PIN 2(AGND) (0AT+}PIN 23
current flowing through the load, irrespective of the load {PIN 30100 (oa_oun pIN 22|
resistance, is constant as well. Jom s E 0/ PIN 21
< PIN 5(0A0_ou; {io6] PIN 20 Q
4 PIN 6 (RHO_A) (ros)PIN 19} Vooa - w
? Rsense E—_ w
- PIN 7 (RHO_B) (l04)PIN 18 -—0-\/1\/\/—_|_ f;foad =3 E
<4 PIN8 {RHLR} (IO3)PIN 17 g. g
- PIN 9 (RH1_5) (lo2)PIN 16} é -
SCL{__>——PIN 10¢scL) (o) PIN 15} v
- SDAC )>—— PIN 11(sD4) (GND)PIN 14 mh
Ing rEdlents A\PIN 12000 Vop! PIN 134‘3""3 o
TOJ uF

o SLG47004V
e (One resistor
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Design Steps

1. Enable OpAmp1. Set bandwidth to 128 kHz, enable Charge Pump and set Vref connection to IN+.

2. Enable Vref OA1. Set input voltage to 2.048 V and output selection to 96 mV. Reference voltage defines
current via the load

3. Set Switch1 mode to Analog Switch and Big NMOS Control to setting by OpAmp.

[o1ju09
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Application: Auto-Trim

e ) SLG47004V ro
c2 PIN 1 (Vps) (041 PIN 24) [7,)
In this application, the SLG47004 is configured as an ol PN zeow f:,‘:(o/w) PIN 23 g3
Auto-Trim Function Example For One-Point Trim. ™ 3“"“’}‘? (oAoUn PIN 22 5 3
PIN 4 (0A0+) (10 PIN 21 | =4
VDD 9_3
. VDIV PIN 5 (0A0_ouT) (106) PIN 20 |-
A PIN 6 (RHD_A)% (105) PIN 19 |
. inm PIN 7 (RH0_B) (104 PIN 18 |-
IngrEdlents 4PIN 8 (RHv_A)% (103 PIN 17 | Q
e SLGA7004 HPIN9 RH18) ©2PINTSE 2 o
e Resistor JPIN 10 sc (101 PIN 15— = g
PN TTEO (ND) PIN 14 f— oD g n=_:
VSET_JL_>—PIN 12 (100 (Vpp) PIN13 4 é
. \ / T i
GreenPAK Diagram b

sainjeay
hajes “y

$]020)0.14
uonedUNWWo? °g

Trim

PIN12 _‘

Digital Rheostat

Initialidata

Trimmed data
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Feedback

Initial; voltage

Trimmed voltage

PIN15, PIN6 g
Chopper ACMP out D ~

=
(internal) g -QU
IDLE/nActive g s
— 2 2

(internal) 2

Design Steps

1. Set VSET pulse to “SET” input of RHO via PIN12 “Trim".

2. Connect PIN7 to the GND and resistor R1 (gas sensor, thermistor, etc.) to PIN6 and VDD. Ensure the
feedback connection VDIV from PING to PIN15.

3. Setinternal Vref value for Chopper ACMP reference of 1024 mV. Select Channel0, CHO clock — OSCO,
and IN+ CHO source — external Vref PIN 15. Connect Chopper ACMP output to nUP/Down of RHO.

4. Configure the RHO: Auto-Trim - Enable, Active level for UP/DOWN - Up when LOW, Resistance (initial
data) — 511 (~50.7096 k<2).
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Application: Current Source Using OpAmp and P-channel FET

N
[7¢d
An operational amplifier at a certain connection can oo SLG47004V E -’é
work as a current source. This source keeps up a kﬂ;mwm (041 PIN 24) ]
constant voltage across the constant sense resistor. L oruF PNzt oma] s
. PIN 3(0A0) (OA1_OUT) PIN 22
As a resu_lt, the current fIO\{vmg thrqugh the load, pmmw}tﬁ wpN 21|
irrespective of the load resistance, is constant as {PIN 5000 (166 PIN 20
well. 4PIN G{HHO_AJ}’ (105) PIN 19 Q w
- PIN 7 (RH0_8) (l04)PIN 18| E. m
4PIN S(RHLA} (o3 PIN 17 g 7=}
- PIN 9 (RH1_B) (fO2)PIN 16| E n=_>
SCL{__»—— PIN 10(8¢L) ("01)PIN 15} v Lg
|ngredients SDAC D—— PIN 116508 (GND)PIN 14} of
4PN 12100 Vpo! PIN 13 %
(. v c2
Totuw
e SLG47004 -
* Resistor )
c 5
o 2
<
GreenPAK Diagram
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Vref

| =
foad Rsense

Design Steps

[o1ju09
10J0|\ '8

1. Enable OpAmp0. Set bandwidth to 128 kHz, enable Charge Pump and set Vref connection to IN-.
2. Enable Vref OAOQ. Set input voltage to 2.048 V and output selection to 96 mV.
3. Set Switch0 mode to Analog Switch and Big PMOS Control to setting by OpAmp.
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Application: Voltage Regulator Using OpAmp

N
[7¢d
L - Y
An OpAmp-pased voltz_age regulator is a circuit j[hat Voou SLGAT004Y S 2
uses operational amplifier to regulate and stabilize %fp.m%ﬂ ATIPIN 24 o 3
the output voltage. By comparing the output ToiuF PN 26eno f{mwpmza- S
voltage to a reference voltage, the OpAmp adjusts ::j{f::w}'ﬁ fom,o:z:::_
its output to maintain a constant voltage level. This Lo 508000 16 PIN 20 Ty Ason -
feedback mechanism allows the voltage regulator to I 10aIPIN 19— ASOB S w
compensate for input voltage variations and provide :::“:”’ :::j::: = 2
a consistent and reliable output voltage. l p.,.wm_g} 102 PIN 16} § ]
SCLL_»——{PIN 10(s¢L) (07 PIN 15 v [{=}
Ingredients SDAC_>— PIN 11(504) (GNDIPIN 14— r
1PN 12000 (Vpp) PIN 13}-ND
h © Torw
.1 ul
e SLG47004V

e No other components needed
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GreenPAK Diagram

Input Voltage
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Design Steps

Enable OpAmp0. Set bandwidth to 128 kHz, enable Charge Pump and set Vref connection to IN-.
Enable Vref OAQ. Set input voltage to 2.048 V and output selection to 1792 mV.

Set Switch0 mode to Analog Switch and Big PMOS Control to setting by OpAmp.

After applying the input voltage, the output voltage remains stable and equal to VOUT = VREF,
regardless of input voltage variations.

[o1ju09
10J0|\ '8
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Technique: Using Chopper ACMP with Digital Rheostats

There is one Chopper Rail-to-R_aiI Anqlog Comparator (ACMP)
macrocell in the SLG47004. It is possible to use Chopper ACMP A
to do in-system trim by changing the Rheostat resistance in 2

Auto-Trim mode (see Application: Auto-Trim function).

([ CLKCH1

Activation

When used in Auto-Trim mode, the Chopper ACMP is
automatically enabled by the Auto-Trim control logic when
Rheostat calibration is in progress.

For using the Auto-Trim function the following preliminary steps must be taken:

- Enable Auto-Trim in Digital Rheostat0/1 Properties.

- Choose IN+ CHO/1 of the Chopper ACMP. It can be user system voltage feedback. If the Auto-Trim
function is used for two rheostats, IN+ CHO/1 must be configured for both rheostats (for cases when SET0
is latched and when SET1 is latched).

- Configure IN- CHO/1. It can be user desired set point threshold. If the Auto-Trim function is used for two
rheostats, IN- CHO/1 must be configured for both rheostats (for cases when Set0 is latched and when Set1
is latched).

- Select Channel in Chopper ACMP Properties to work with
Chopper ACMP.

- Configure inverting or non-inverting Chopper ACMP output.

- Select clock source (internal clock from internal pre-dividers
or from connection matrix). Note that in Auto-Trim mode clock
source frequency is limited by the Chopper Comparator time
response. Therefore, the clock source frequency must not be
greater than <fChACMP> kHz.

- Start the Auto-Trim process by setting the SET0/1 input of the
RHO/1 block to a HIGH level. The Trim process starts with a rising edge on Set input. This Set signal is
latched until the end of the Auto-Trim process. The SET signal will enable the Chopper ACMP and the Vref
if they were not enabled earlier. The counter starts to count up or down depending on the level at the UP/
nDOWN input of the RHO/1 (Chopper ACMP output). If the user selected the “Internal Clock™ option for
Clock input, these clock pulses are generated automatically during the trim time. Each rising edge of the
Clock pulse changes the value of the counter and, consequently, the value of the rheostat.

(o]

PROGRAM
FIFO nRST

The Auto-Trim process stops if one of three stop conditions occur:

1) A subsequent change on Up/Down input in the moment of rising edge on Clock input.

2) the value of rheostat reaches its maximum (1023).

3) the value of rheostat reaches its minimum (0).

Stop conditions result in a change of the IDLE/nACTIVE signal, which resets the internal Auto-Trim logic.
Note that the SET input is edge sensitive, but if the user keeps a HIGH logic level at this input after
reaching the set point, the Programmable Trim block will continue to operate and continue to switch
rheostat around the set point.

- To start a new Auto-Trim process user should reapply a HIGH level on Set input.

R11TB0003CE0000 149
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Application: Sample and Hold Circuit

N
. L . . _ Y
In this application, the SLG47004 is configured as a voo SLGA7004V g =
Sample and Hold Circuit which consists of an analo (PIN 1105 (0a1) PIN 24) o g
Cc2 —
switch, capacitor, and buffer. By LUELED ] - =
< PIN 3 (0A0-) (OA1_OUT) PIN 22 |-
4PIN4 (OA0+)}%| (10) PIN 21 |-
< PIN 5 (0A0_ouT) (106) PIN 20 |-
< PIN 6 (RHO_A) (05)PIN 19 | Q
- % Ext = W
4 PIN 7 (RH0_B) (104 PIN 18 —VC> (= 7}
- in —— =
Ingre(hents {PINg (RHLAJ% ©9PIN17—C ] N g tg
4 PIN 9 (RH1_B) (102) PIN 16 —% 5. 2
- SCL, 101, [{=]
° SLG47004 PIN 10 (scL) ( )PIN15—%§
o C tor Ext < PIN 11 (SDA) (GND) PIN 14 1
apaci C);r\PIN 12 (100) (Vop) PIN 13’41 ai
100nF:|: &ND
GND -
o
=L
. = £
GreenPAK Diagram 3 g
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Design Steps

Configure “Enable by Matrix” Small PMOS enable of SWITCH1.

Set the S&H En signal and connect it to PIN16 (Digital Input, Pull Down 1M).

Enable SWITCH1 by connecting to PIN16.

Connect PIN17 (Analog In/Out, Floating) to the Vin signal source, PIN18 to PIN 12 (both Analog In/Out,

Floating), and provide the connection with a 100 nF capacitor.

5. Configure 2-L1 as an Inverter and connect its INO to PIN16 and OUT to PWR UP of ACMP1L and TEMP
SENSOR.

6. Configure the ACMP1L: Vref source selection — VDDA, IN+ source — TEMP SENSOR output, In- Low to
High/High to Low source — Ext. Vref PIN12.

7. Configure the power down source of TEMP SENSOR as “From matrix”.

8. PIN15 is Vout of the Sample and Hold Circuit.
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Application: Finding Maximum Point of Input Voltage

N
w
This application demonstrates how to use the VDD SLG47011V E .‘é
SLG47011 to find the maximum point of the input l - = PIN 16 - s 3
voltage. E 100n | 37 PIN15} =
GND  {PIN3 PIN 14|
SDA C”O—{PIN 4 PIN 13| g
s @
. SCL C_>—{PIN5 PIN 12| S w
Ingredients s <
{PING6 PIN 11} =
S B
e SLG47011 Reset _>—{ PIN 7 PIN10| «
vin C>—{PIN 8 PINS |
\. J
o
2o
GreenPAK Diagram ey
<

Filter Max value load
d Praxfound
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o

[013u09
paseq-as|ng ‘9

o
L pop; M CNTS/DLYS mamg

Design Steps

1. Add and configure the ADC (Technique: ADC Delay between channels; ADC Calibration Procedure) and
PGA (Technique: Different Modes in PGA).

2. Configure Data Buffer0 and Data Buffer1 (Technique: Using Data Buffer) to Moving Average, then
connect Data Buffer0 to the ADC and Data Buffer1 to the output of Data BufferO.

3. Add and configure Multichannel DCMP. Connect Data Buffer0 to IN+ CHO and Data Buffer1 to IN- CHO.

Add LUT and CNT7/DLY7, CNT8/DLY8 to implement the Data Buffer1 reset function.

5. The maximum voltage value can be read from Data Buffer1 using 12C.
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Technique: Using Power Controller in the SLG47011

The SLG47011 has a Power Controller macrocell that allows
management of power modes and implementation of the Wake-
Sleep controller to reduce current consumption. There are two
user-controlled matrix outputs from the Power Controller: SLP and
RET. This macrocell allows setting one of three power modes: All
ON, RETENTION or SLEEP, which control the respective Power
Domains: Always ON, Retention, and Sleep.

In All ON mode all Power Domain are active, and the current
consumption is maximum. In the RETENTION mode the only
Always ON and Retention Power Domain are active. In this mode, the data in the Buffer and Memory Table
in Storage mode will not be reset and remain unchanged after transition between All ON and RETENTION
mode. In other case, when the transition to SLEEP mode occurs this data will be reset after each transition.
The transition from SLEEP to RETENTION power mode follows this sequence: switching to All ON mode,
loading data from NVM to RAM, and then transitioning to RETENTION mode. All operations involving

the Memory Table or Data Buffers must be completed at least 5 ps before entering SLEEP or RETENTION
modes. Table below presents the configuration of Power Controller matrix outputs, power domain states,
power consumption, and transition times from SLEEP and RETENTION modes to All ON mode.

91607
|enuanbag ‘7

Buiuonipuo?
eubig "¢

sainjeay
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b
g
Matrix Input - o
C a :x n[:u S Power Domains State ADC (in Analog) Power Mode Transition § g
onfiguration Consumption Delay § g
T O
P Al AV, M-
OVl stp | RET | o™ | Retention | Sleep | CV,, o010 =
Mode ON AV V. S
odd
30.36 pA at RETENTION to All ON -
All ON 0 X ON ON ON ON ON/OFF 0.41 ms SLEEP to All i
VDD =25V ON 1.37 ms s 8
Sg
(7]
D
4.75 pA at =
RETENTION 1 1 ON ON OFF ON OFF
VDD =25V
0.50 pA at
SLEEP 1 0 ON OFF OFF OFF OFF
VDD =25V

Juawabeue|y
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Power Modes, Power Domains State, Power Consumption, and Mode Transition Delays

During device startup and transitions from SLEEP or RETENTION modes

to All ON mode, Memory Table data can be loaded from NVM to RAM ' P ————

or bypassed. This behavior is controlled by the Skip NVM Load memory Skip NVM load o

setting: memory: No Skip - E“ §

e No Skip: Memory Table data is loaded from NVM to RAM during —— <8
device startup and when transitioning from SLEEP or RETENTION v = e
modes to All ON mode.

e Skip: Memory Table data loading is bypassed. If the Memory g ©
Table macrocell is not used in the design, the Skip option must be gz
selected. ny §

R11TB0003CE0000 Technique: Using Power Controller in the SLG47011 152 E* g
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Application: Waveform Generator Using Memory Table

N
[7¢d
. — —Y
This application demons.trates how to use the oD SLG47011V S 2
SLG47011 to generate sine wave signal. (o A o g
C1 PIN 1 PIN 16 |- g
P— PIN 2 PIN 15 |- -

GND  {PIN3 PIN 14|
SDA{_>—]PIN4 PIN 13 } g o
) scL<_>—PIN5 PIN 12— ouT § o
Ingredlents EN[>—PIN6 PIN 11} S %

° SLG47011 4PIN7 PIN10 | ‘g
{PiNsg PIN9}|
\_ W,

o
: = 2
GreenPAK Diagram iy
<

ouT
) CLK = Memory Control | 7 Wit b o o
* Counter Zo} - )
o
6 o 2 ﬁ
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MF2 (3-bit LUT16, DFF/LATCH20, 12-bit CNT2/DLY2)

Set Frequency

Sl CNT2/DLv2 B Gl

[sNeNoNeNeNoNoNo)
[013u09
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Design Steps

1. Add and configure the DAC (Technique: Using the Digital-to-Analog Converter (DAC)).

2. Add Memory Table and fill it with the code that represents output waveform. In this example we use
sine wave, but you can customize the design and have any output waveform signal

3. Connect the DAC Input source to Memory Table.

4. Add and configure Memory Control Counter and connect it to the Memory Table, by choosing the proper
Address source select option.
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Technique: ADC Calibration Procedure

There are two types of offset calibration in the ADC:

Internal Offset Calibration inherent SAR ADC calibration.

System Offset Calibration specially designed customer calibration to simplify some differential mode
measurements.

The Internal Calibration measures the ADC offset and then subtracts it from the ADC conversion data.
Internal Calibration of the ADC is initiated automatically after the device power-up and after the transition
from SLEEP to All ON mode. The Internal Offset Calibration procedure requires 6415 ADC clock periods and
should be considered in the user design. In the design the ADC should be used in combination with DLY
on ADC Conversion start to ensure that internal calibration is finished. The time of this DLY needs to be
calculated depending on ADC CLK.

System Offset Calibration considers the entire signal path, including the external source, the internal input
MUX, and the PGA. To initiate the system offset calibration, the external device or sensor must be in its
zero signal state and the ADC Start Calibration signal must be set.

There are two options, for channel 0, 1 and channel 2, 3 to configure which pair of differential GP10

ports will be calibrated and which differential channel will be corrected during operation. System Offset
Calibration starts with a rising edge at the Start Calibration input. While the conversion is running,

the signal ADC Start Calibration will be blocked. Likewise, while the system calibration is running, the
incoming ADC Conversion Start signal will be ignored. When the System Offset Calibration is complete,
the system offset calibration value is stored, and the ADC internal offset calibration value will be
subtracted from the ADC conversion data. An example of a design that uses System Offset Calibration is
shown in the figure below.

OFFSET

An Example of a Design that Uses System Offset Calibration

The ADC configuration registers should not be changed while the ADC is operating or in calibration mode.
If ADC is operating in combination with PGA, the ADC should wait for the PGA signal to settle after PGA
power-up.

If PGA differential mode is selected, all measurements will be sampled from the voltage level VREF/2. The
ADC's zero output code is also half of its code range. The system offset calibration result is equal ADC data
after Calibration Start minus Midscale value

For example, if the zero scale output code for 10-bit resolution is measured to be 500, the offset code will
be 500 - 512 = -12. This value will be subtracted from the ADC raw data (ADC raw data - (-12), which will
add 12 to the ADC raw data). The calibration registers can be used to subtract the desired values from
each ADC sample.
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Application: Signal Generator Using Memory Table

N
w
. — —Y
This application demonstrgtes how to use the oo SLG47011V ) §
SLG47011 to generate logic pattern using memory ) A & 5
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Design Steps

1. Add and configure the Width Converter.

2. Add the MF2 block and configure it as a frequency generator, then connect the CNT2/DLY2 output to
the CIk IN input of the Width Converter.

3. Add Memory Table and fill it with the code that represents output logic pattern.

Connect the Width Converter Input source to Memory Table.

5. Add and configure Memory Control Counter and connect it to the Memory Table, by choosing the proper
Address source select option.
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Application: Signal Modulation Using MathCore (PWM)

N
[7¢d
In this application, the SLG47011 is configured as a E .‘é
PWM Modulation Example with Smooth Duty Cycle VDD SLG47011 & 3
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Design Steps

[o1ju09
10J0|\ '8

1. Configure the desired signal shape in the Memory Table.
2. Set the Upper Limit for the Memory Control Counter.
3. Set the counter data for CNT2/DLY2 according to the required modulation.
4. Set the counter data for FSM1 according to the required duty cycle. -
5. Configure the Multichannel DCMP using Technique: Multichannel DCMP. B ©
R11TB0003CE0000 Application: Signal Modulation Using MathCore (PWM) 156 g' g
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Application: Signal Modulation Using MathCore

N
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In this application, the SLG47011 is configured as vwo __SLGA701TV g3
a Sine Wave Modulation Example with Smooth %‘ P(M PIN16 - s 3
Amplitude Variation. B L PIN 15 - =i
GND 4PIN 3 PIN 14 |-
<4 PIN 4 PIN 13 —<__] START
) 4PIN5 PIN 12 > Modulated OUT § w
Ingredients {PIN6 PIN 11 } = 2
e SLG47011 {PN7 PIN 10} S B
2.2
{PIN8 PIN9 | «
\_ J
GreenPAK Diagram
o~
) 0SCO CLK Memorycmrol ° r— gﬁ g’
> s © Math Core 3 ED:
= i [— » <

— ! m .
. 3

Modulated OUT
I NET7

$]020)0.14
uonedUNWWo? °g

A POR1
- o A IP/DOWN
B
Lo CNT2/0LY2

LN e T T T T S N S SO S S S S N S

ooooooia
2

PIN13 PIN13

[013u09
paseq-as|ng ‘9

1000 "~ 1000

Memory Table OUT Memory Table OUT

0-- 0

150 -- | 150

FSM OUT FSmout

0-- 0

Modulated OUT
400mV -~

Modulated OUT
400mV

Juawabeue|y
lamod '/

PIN12
oV ..

PIN12
ov

Design Steps

1. Configure the signal shape in the Memory Table. I
2. Set the Upper Limit for the Memory Control Counter. S =
3. Set the counter data for DLYZ according to the required modulation. S %
4. Set the MathCore using Technique: MathCore Usage

5. Configure the DAC: 1) Select the input source MathCore. 2) Set Math selection to: Math OUT [11:0].
Since the Math Core output is 16-bit and the DAC input is 12-bit, Math selection is used to match them.
Math OUT [11:0] uses only the first twelve bits of the Math Core output, while the remaining bits [12:15] are
ignored.
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Application: DC Power Measurement

N
. I : : LG47011V 4
In this application, the SLG47011 is configured as an wo __SLOA70 N 5 3
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Design Steps

1. Turn on the ADC using Application - ADC ON

2. Set up the PGA: 1st channel Single ended, for voltage measurement; 2nd channel Differential (5a Vref/2
biased) for current measurement. It is also important to select the gain so that the voltage range after
amplification is within +- 0.810V

3. Setthe ADC using Application: 4 channel ADC Measurement with Data Buffer

4. Set the Data Buffers using Technique: Using Data Buffer

5. Set the Math Core to Subtractor — Multiplier

Since in differential mode the ADC has a constant offset equal to Vref/2 (which corresponds to 8192 in

digital format), to obtain the actual measured current value, it is first necessary to subtract the offset of

8192 from the second channel. After this, the Math Core multiplies the voltage and current values.

Since multiplying the maximum current value (8192) by the maximum voltage value (16384) produces a

result that exceeds 16 bits, in order to correctly store the data in the Buffer, the result must be shifted right

by 12 bits (equivalent to dividing by 22).

The resulting power value can then be converted using the following formula:
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1.62 * 0.81 * Gain
16384 + 8192

X = Buffer 1 value P =X~*4096 * (
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Application: 4 Channel ADC Measurement with Data Buffer Table

N
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This application demonstrates how to configure VDD SLG47011V E .‘é
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Design Steps

1. Add and configure the ADC (Technique: ADC Delay between channels; ADC calibration procedure), PGA
(Technique: Different modes in PGA) and CNT2/DLY2.

2. Configure Data Buffer 0, 1, 2, 3 (Technique: Using Data Buffer) to Moving Average, then connect all Data
Buffers to the ADC.

3. The measured voltage value of each channel can be read from Data Buffers using 12C.

Each Data Buffer has a 16-bit input and output data bus and a word length of 16 bits. However, the ADC

can have different output resolutions: 8, 10, 12, or 14 bits. For data alignment, the ADC offers two options:

LSB or MSB. When LSB alignment is selected, the data is written to the first 8, 10, 12, or 14 bits of the

word in the buffer. If MSB is selected, the data is written starting from bits D6, D4, D2, or DO, depending on

the resolution. An example of writing a 10-bit word to the Data Buffer is shown below.
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LSB Example of writing a word to a Buffer
D15|D14|D13|D12D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1| DO for 10-bit ADC resolution

MSB
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Application: Analog to Parallel Converter

N
In this application, the SLG47011 is configured as an E .'-Z”
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Design Steps

1. Power up the ADC using Application: ADC ON/OFF Function.

2. Set the LSB in the Data alignment of the ADC and Memory truncate of the Memory Table.

3. Configure the Memory Table to replicate the data from ADC.

4. Set up the Width Converter to 12 — 12 mode. For 10 bits analog to parallel conversion only 10 of 12
outputs will be used.
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Technique: MathCore Usage

N

This technique applies to GreenPAK devices that include Math - £

Core, such as the SLG47011. Math Core can perform four 0 ouT t§ §

mathematical operations: addition, subtraction, multiplication, R =

division (cyclic shift), as well as their combinations. -

Mathematical operations o

Multiplier/Shifter S o
(=1

There are four basic modes: — K 2ot | gy | 160 F ot A = é,

e Multiplier mode (Math_OUT=K*X | _L|. """ Divider Sron fopit Matn ouT E 3
function)

e Adder/Subtractor mode (Math_OUT = P
A + B or Math_OUT = A - B function)

* Multiplier + Adder/Subtractor mode | —T1* , . | - ) :
(Math_OUT = K * X + B or Math_OUT| —& L e T g %
= K* X - B function) » <

o Adder/Subtractor + Multiplier mode | ~| | sussacer |
(Math_OUT = (A +B) * Kor Math_ | —T1°
OUT = (A - B) *K function).

1. In Multiplier mode, the output is obtained by multiplying two input values provided at the “K" and “X"
inputs of the Multiplier/Shifter unit. Since multiplying two 16-bit numbers produces a 32-bit result, a
cyclic shift operation is required to convert it into a 16-bit value compatible with the data bus width.

2. In Adder/Subtractor mode, the output is derived from the sum or difference of two input values
supplied at the “A” and “B” inputs of the Adder/Subtractor unit.

3. In Multiplier + Adder/Subtractor mode, the operation is carried out in two stages. First, the values at
the “K" and “X" inputs of the Multiplier/Shifter are multiplied. Then, in the second stage, the resulting
value (F_out) from the Multiplier/Shifter is passed to the “A” input of the Adder/Subtractor unit, where
it is either added to or subtracted from the value at the “B” input. In this mode, the Multiplier/Shifter
output (F_out) is automatically assigned as the source for the “A” input of the Adder/Subtractor unit.

4. The Adder/Subtractor + Multiplier mode also follows a two-stage process. Initially, the sum or
difference of two input values at the “A” and “B” inputs of the Adder/Subtractor unit is computed.
The resulting value (Y_out) is then fed into the “X" input of the Multiplier, where it is multiplied by the
value at the “K” input. In this mode, the output of the Adder/Subtractor unit (Y_out) is automatically
designated as the source for the “A” input of the Multiplier/Shifter unit.
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If the result of any operation exceeds the maximum 16-bit value (OxFFFF), the output value is set to OxFFFF.
MathCore does not operate with negative numbers. If the value at input “A” is less than the value at input
“B” (i.e., the result of subtraction is less than 0), the output value will be 0x0000.
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Application: Frequency Multiplier

N
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Design Steps
1. Set the Memory Table to replicate the data from Math Core (for example Math Core Out = 399, and
Memory table Out = 399).
Data Buffer 1 used for convert the result from Math Core to address for Memory Table.
2. Set the counter data for CNT9/DLY9 from the Memory Table.
3. Setthe CNT11/DLY11 with Data Buffer 0.
Data Buffer 0 is used to transfer the counted data from CNT11/DLY11 to the input of the Math Core.
4. Configure the Math Core using Technique: MathCore Usage.
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CNT11/DLY11 measures the input frequency, after which the Math Core can process the obtained values
mathematically. To multiply the frequency, we use a Right Shift operation, and for division, we use
multiplication.

For example, to double the frequency, we need to set Right Shift = 1 (which is equivalent to dividing by 2).
Thus, if the CNT11/DLY11 counter data equals 240, after processing by the Math Core we will get a value of
120, which will be written into CNT9/DLY9. As a result, we will have twice the output frequency.
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Application: Arithmetic Operation f(x)=kx+b

N
These applications describe the design and simulation SLG47 E .'-Z”
of a voltage monitoring system implemented on the B — 011V \ ]
SLG47011V. The design allows you to measure the ci |PINT PIN16 - )
input voltage, convert it to a digital value using an P— PIN’2 PIN15 |
ADC, and mathematically process the result (KxX+B). GND  JPIN3 PIN 14 |
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Design Steps

1. Configure the PGA block to buffered the input voltage signal (V_in) for further processing (More
detailed information about PGA settings can be found in Technique: Different Modes in PGA).

2. Connect the buffered signal to the ADC block and configure it to operate in single-ended mode with
12-bit resolution.

3. Enable the ADC clock source using the internal oscillator and configure the sampling time to ensure
stable and accurate conversion results regardless of the selected sampling rate.

4. Configure Math Core to implement the mathematical operation Result = KxX+B (see Technique: Math
Core Usage).

5. Set the multiplication factor (K) to 3 and the offset value (B) to 100 in the Math Core settings.

6. Add a Data Buffer block to store the processed result from the Math Core (see Technique: Using Data
Buffer). Configure a GPIO pin (for example, PIN 6) as a digital output to monitor when the buffer is
ready to process the next value.
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Application: ADC with Memory Table in Storage Mode

The project is implemented in GreenPAK Designer and
demonstrates the use of an ADC with a Memory Table Voo SLG47011V
in Storage Mode. The main goal is to digitize the input Jj S— PIN 16}
analog signal, store the values in the memory table. E 100n | 45N PIN 15 -
GND 4qPIN3 PIN 14 —{> Data_Ready
SDA {_>—PIN4 PIN13 |
Ingredients SCL C”O>—]PIN5 PIN12}|
4PIN 6 PIN 11 |-
e SLG47011 v_in C>—PIN7 PIN 10}
e No other components are needed PIN8 PIN 9 J-

GreenPAK Diagram

12-bit
|

Storage mode
MSB- 1024 tab.size

0 Data_Ready

Memory

o L ]

Design Steps

1.

Set up the analog input signal. Set the input voltage range and define the sampling rate for the ADC
conversion. For the external power ON/OFF control see Application: ADC ON/OFF Function.

Set the PGA to mode 6 (see Technique: Different modes in PGA).

Arrange for the ADC values to be stored in a memory table, using the Memory Table in Storage Mode to
store the digitalized values.

Use the 12C to read the stored values, and implement a data ready PIN (PIN 14) to indicate when new
data is available.

Note: The ADC continues sampling signals until the Conversion Start input becomes LOW. After the HIGH
to LOW transition of the Conversion Start input, the ADC will finish the current sampling sequence and
then stops (the sampling process will stop only after the entire Memory Table of the configured size is
filled with ADC samples). The ADC has a Data Ready output that is set HIGH when the ADC is idle, set
LOW when the conversion is in process, and is a high-level pulse when the ADC has finished sampling
the current channel. The ADC Data ready pulse duration is at least one ADC clock cycle time in continuous
conversion operation.
R11TB0003CE0000 Application: ADC with Memory Table in Storage Mode 164
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Technique: Multichannel DCMP

The SLG47011 device offers a 16-bit multichannel digital comparator (DCMP) capable of performing
periodic comparisons across up to four input channels, with outputs latched to four separate output
channels. The DCMP supports two modes of operation and can be configured with selectable input
sources, hysteresis control, and synchronization options.
Input Channels and Sources

Each of the four DCMP channels can be configured
with specific positive and negative input sources.
Selectable input sources for each of four positive

inputs of the multichannel DCMP are:

Memory Table output;

MathCore output;

Data Buffer 0—3 outputs;

Fixed register value (one static threshold per
channel).

Selectable negative inputs:

e Data Buffer 0-3 outputs;

e Fixed register value.

Hysteresis Modes

The DCMP allows configuration of a 16-bit hysteresis value for each channel. There are two hysteresis
modes available:

Regular hysteresis mode: when active, the multichannel DCMP operates like an analog comparator with
hysteresis

e (utput transitions from LOW to HIGH when In+ > (In- + Hysteresis);

e (Qutput transitions from HIGH to LOW when In+ < In-.

Offset adding mode: in this mode, the In+ source is always compared with the value (In- + Hysteresis)

e (utput transitions from LOW to HIGH when In+ > (In- + Hysteresis);

e (Qutput transitions from HIGH to LOW when In+ < (In- + Hysteresis).

The user can also select the ‘equal’ = DCMP output instead of ‘greater than’ > output. This option is
selected for each channel. This function is only available in Offset adding mode, and the function is defined
as follows:

e High logic level occurs when In+ = (In- + Hysteresis);

e Low logic level occurs when In+ < (In- + Hysteresis) or In+ > (In- + Hysteresis).

DCMP QOperation Modes

The DCMP offers different modes to control how comparisons are performed:

Continuous Mode: the DCMP continuously compares data at the inputs after receiving an Enable signal. It
finishes comparison when the Enable signal is released.

Sequence Conversion Mode (Activated by Enable Signal): comparisons are done on a channel sequence
once the Enable signal transitions from LOW to HIGH. A new comparison can be started by reapplying the
Enable signal.

Sequence Conversion Mode (Activated by Buffer Ready Signal): the DCMP performs a comparison when a
Buffer Ready signal (or Memory Table Data Ready) transitions from LOW to HIGH. This mode is useful when
data from ADC or memory buffers is involved.

Note: the DCMP can be reset using the Reset input, clearing the output channels (OUT0-OUT3) and Data
Ready outputs, aborting any ongoing comparison, and restoring the DCMP to its initial state.
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Technique: Reading/Writing Data via SPI

The SPI (Serial Peripheral Interface) in the SLG47011 provides a high-speed communication interface :
between the GreenPAK device and an external microcontroller or peripheral. It supports both reading and E -§
writing operations, enabling seamless data transfer for control, monitoring, and configuration tasks. & §
SPI Interface and Operating Conditions e — S T o e =
The SPI macrocell in SLG47011 operates in Slave  |,..." . :
mode and uses the following signals: s o
e nCS (Chip Select) — Activates SPI e S «
communication when pulled LOW. N =2
e (LK (Clock) — Synchronizes data transfer. e = § ]
e MOSI (Master Out Slave In) — Carries data from f e «
the master to the SLG47011. o
e MISO (Master In Slave Out) — Sends data from | o
the SLG47011 to the master. o

SPI Clock Polarity and Phase (CPOL, CPHA)
The SLG47011 supports four SPI modes based on CPOL (Clock Polarity) and CPHA (Clock Phase):

sainjeay
hajes “y

CPOL | CPHA Calff(lj(g%lfargy Data Capture Edge Data Propagation Edge _
0 0 Logic Low Rising (LOW to HIGH) Falling (HIGH to LOW) - g’

0 1 Logic Low Falling (HIGH to LOW) Rising (LOW to HIGH) g. g

1 0 Logic High Falling (HIGH to LOW) Rising (LOW to HIGH) 8 2.

1 1 Logic High Rising (LOW to HIGH) Falling (HIGH to LOW) ? %
=

CPHA = "0" results in sampling on the leading (first) clock edge, while CPHA = "1" results in sampling on
the trailing (second) clock edge, regardless of whether that clock edge is rising or falling.

[013u09
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nCS Note that with CPHA = “0" the data must
- 3 be stable for a half cycle before the first
01 2 3 13 14 15 16 17 18 19 20 21 22 23 24 25 y
Address 0 write to a register on an slave, the

first write bit is sent first. The register ad-

wos! [Date > W) i3----(RANEH-CDEICICHEIOIEONC) | jrggs (0xA202) is then sent, followed by the
MISO data (MSB).

Writing Configuration Register Data to SLG47011 via SPI (CPOL =0, CPHA =1)

Juawabeue|y
lamod '/

68 — - To read registers on an SPI slave, the first

012 3 13 14 15 16 17 18 19 20 21 22 23 24 25 30 31 32 read bit is sent ﬁrSt, followed by the regiS-
orox I L - uuutuUUyL.] :
UUL. UL uuL ter address (0x2202). The slave will return

N the contents of the register when MISO is Q ;
MOsI -..-Da‘ta 2 2 13 ----—.-A1 AO «
- QO o : connected. In the above case, the registers % S
i i . . -]
Miso 0000000 Dummy Byte > (57)58)- 61Y68)— are 8 bits long, so 8 bits of data are returned =
Reading Register Data from SLG47011 via SPI (CPOL = 0, CPHA = 1) ‘to the master.

Note: There are variations of the SPl write commands, so it is important to consult the device's datasheet
before using them.

sainjea  bojeuy
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Technique: Different Modes in PGA

This technique applies to GreenPAK devices with a Programmable Gain Amplifier (PGA), including the :
SLG47011. The PGA enhances weak analog signals before they are converted by the ADC, offering flexibility E -‘é
in gain selection and input configurations. &3
QD
SPI Interface and Operating Conditions
The PGA in the SLG47011 supports multiple modes, which allow users to configure it for different signal o
types and amplification needs. These modes include: S w
1. Single-Ended Mode — the PGA amplifies a signal referenced to ground, useful for direct voltage §g
measurements. =1
«

2. Differential Mode — the PGA amplifies the voltage difference between two input signals, reducing
common-mode noise.

3. Pseudo-Differential Mode — similar to differential mode, but one input is internally fixed to a reference
voltage.

Mode 1a: Bypass, differential ADC in configuration ~ Mode 1b: Bypass, single-ended ADC in configuration Mode 2: Non-inverting single-ended input, single-  Mode 3: Instrumentation amplifier Differential input,

ﬁ - ended output differential output
crio
GPIO
Vine) v X e +
Grio
Ve _
ADC ADC
@l Ra e )Ra

v o

sainjeay
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Mode 4: Pseudo-differential input, Mode 5a: Differential input, single-ended output Mode 5b: Differential input, differential output Mode 6: Single-ended Buffer
single-ended output

$]020)0.14
uonedUNWWo? °g

Choosing the Right Mode

e Mode 1a, 1b — Used for sources with a high signal level or in cases of low sampling frequency
and moderate accuracy requirements;

e Mode 2 (Single-ended mode) — Suitable when a high input impedance PGA (HiZ) is needed and
there are no strict accuracy requirements;

e Mode 3 (Differential mode) — Recommended mode for differential signals, providing minimal
offset and high input impedance. The best choice for measuring signals in noisy environments
or sensor applications where common-mode signal rejection is important;

e Mode 4 (Pseudo-differential mode) — Pseudo-differential mode with an extended common-mode
voltage range. Can be used instead of Mode 2 to improve accuracy and enhance noise immuni-
ty;

¢ Mode 5a, 5b — Differential amplifier with low input impedance and reference voltage VREF/2
(Mode 5a — Single-ended output, Mode 5b — Differential output);

¢ Mode 6 (Buffer mode) — The basic recommended mode for SAR ADC. It provides minimal load
on the signal source.

By selecting the appropriate mode, users can optimize signal integrity and ADC accuracy in their

applications.

R11TB0003CE0000 Technique: Different Modes in PGA 167
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Technique: Using Data Buffer

Applicable to GreenPAK devices like the SLG47011, Data Buffers temporarily store ADC readings or other
data for processing, averaging, and transfer.

91607
|enuanbag ‘7

Data Buffer Functionality

The SLG47011 includes four independent 8-word (16-bit) data

buffers with three modes:

1. Storage Mode

The Storage Mode operates on a FIFO (First In, First Qut) principle,

where new data overwrites the oldest stored values.

e Buffers can be daisy-chained to extend storage capacity from 8
to 32 words, useful for applications requiring larger data windows;

¢ Ina daisy chain setup, Data BufferQ's output feeds into Data Buffer1’s input, with an internal
connection ensuring seamless data transfer;

e The LOAD signal of one buffer can be triggered directly by the READY signal of the previous buffer,
bypassing the connection matrix for efficiency.

2. Moving Average Mode

The Moving Average Mode smooths signal variations by computing the average of the most recent N

samples.

|eubig ¢

sainjea Buiuonipuoq
hajes “y

$]020)0.14
uonedUNWWo? °g

Daisy Chain for Averaging 4096 Equivalent Samples
e Each time a new sample is added, the average is updated dynamically;
e Up to 4096 equivalent samples can be averaged by chaining four Data Buffers;
* Inadaisy chain, the LOAD signal of the next buffer is triggered every X clock cycles, where X is the
previous buffer’s length.
3. Oversampling Mode
The Oversampling Mode enhances ADC resolution by accumulating multiple samples and averaging them.
e A 14-bit ADC can achieve 15-hit resolution with oversampling. Two chain buffers can further increase
the resolution to 16 bits. This means that each data buffer adds +1 bit to the resolution;
e Available for buffer lengths of 4 or 8 words:
- 4-word buffer: adds 4 samples, then divides by 2;
- 8-word buffer: adds 8 samples, then divides by 4.
e Like other modes, daisy chaining is supported, ensuring seamless data flow without extra routing
through the connection matrix.

[013u09
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Configuration and Optimization

e Register-driven. Data is written to a new sample;

e SPI/I2C read. Overflow causes interrupt/halt;

e Select modes as needed: noise filtering, higher resolution, or raw data logging.

Proper buffer usage improves signal stability, reduces noise, and improves data acquisition.

[o1ju09
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Application: ADC ON/OFF Function

N
Ensuring a proper power-up, initialization, and shutdown sequence of the il
Analog-to-Digital Converter (ADC) in the SLG47011 device is crucial for e rﬁm,,HSLG”O”\;Nw\_ S §
achieving stable operation, reliable sampling, and minimal measurement I?&)n oo, o 15k 5
errors. This application note provides a structured implementation to an  {ens PIN 14}
manage the ADC power sequence efficiently. SDA CO—|PIN4 PIN 13-

N SCL <_>—]PIN5 PIN12| (o)
Ingredlents PWR_UP C>—PIN 6 PIN11} §_ o
e SLG47011 V_in C>—PIN7 PIN10 [ = g

1{PIN8 PINO | S 3
\ J 5- —
[{=}

GreenPAK Diagram
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il @ CNT5/DLYS

20 -
palll CNT6/DLYE

>
CNT7/DLY7 S = 5
. / * EE
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Design Steps

Connect the PWR UP input signal to pin 6 and the Vin to pin 7,

Set the ADC conversion delay using CNT5/DLY5, CNT6/DLY6, CNT7/DLY7,

Set the ADC turn-on delay using CNT5/DLY5, CNT7/DLY7,

Set the ADC turn-off delay using CNT7/DLY7.

Configuring the data buffer for moving average mode (refer to Technique: Using Data Buffer).
Configuring the PGA for Mode 6: Buffer Mode with Single-Ended Input (see Technique: Different Modes
in PGA).

[013u09
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SN -

The Calculation Part
1) CNT5/DLY5 = Achlmks + ty, + tdelay,,.
2) CNT6/DLY6 =ty + tsc
3) CNT7/DLY7 = n_cycles - tApc,,.. = TCH * M Sample per CH * LADCoou
where ADCjocks = 6415; Frase = 20 MHz — the base frequency of the selected source (Oscillator1
or matrix out clock); ¢y, = 60 us — Vref power-up time; £gelay_. = 20 ps minimum delay; tsc —
system calibration time (refer to section 11.3 ADC Offset Calibration); n_cycles — the number of cycles
required to turn off or enter a power-saving mode; ncg = 1. ..4 — the number of active channels;
N Sample per CH = 1/2/4/8 —the number of samples for each channel; £Apc,,.. — the time duration of a
single ADC clock sample.

Juawabeue|y
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clock

Note: The calculations represent the minimum required latency values. In the design, these values were
increased by a factor of 2.5 to ensure performance.

R11TB0003CE0000 Application: ADC ON/OFF Function 169
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Technique: ADC Delay Between Channels

This technique applies to the SLG47011. The ADC in this device can sample multiple channels sequentially,
but to ensure accurate sampling, a delay between switching channels is often necessary.

Settling Delay for Accurate Sampling

When switching between channels, the input signal requires time to stabilize due to residual charge effects
and gain settling in the Programmable Gain Amplifier (PGA). To handle this, SLG47011 includes the delay
between channels, which controls the delay between channel switches.

By default, this delay is set to 7 ADC clock cycles (if the register value is 0), but it can be extended up to
65535 cycles to allow more time for stabilization

Properties (5]
ADC

Matrix0 to Matrix1 Ct i 0/6 | | Matrix1 to Matrix0 C i 0/9

Clock selection: | 0SC1 =
Vref selection: 1.62V internal vref -
AVDD divider: (1/8)AVDD
Resolution: 14-bit =
Sample per 1 -
channel:

Channel 0 system

calibration:

Channel 2 system
calibration:

Disable =
Disable =
Clock divider: /1 divider -
Sampling rate

(single channel):

Delay between
channels:

Delay between

channels 1 -
predivider:

Delay: 0s

500.000 ksps Formula

0 -

Data aligment: MSB -

ADC set delay between channels

Configuring the delay between channels
The delay value defines the number of ADC clock cycles before the next channel conversion begins. A

higher value ensures better signal stability but reduces the overall sampling rate.

The optimal delay depends on:

e The PGA gain setting (higher gain may require longer settling time, see Technique: Different Modes in
PGA).

e The impedance of the signal source affects the settling time, with higher impedance leading to slower
settling.

e The desired accuracy of the ADC conversion.

To adjust the delay, write the desired value to the delay between channels via the device configuration
interface. This ensures that each channel has sufficient time to stabilize before the next conversion,
improving measurement accuracy.

R11TB0003CE0000 Technique: ADC Delay Between Channels 170
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