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1 Introduction

LPC804 has a CTIMER and a Programmable Logical Unit (PLU) module. This application note introduces
how to use PLU to adjust a PWM waveform phase and gives a demonstration to show the PLU configuration
procedure.

2 PWM waveform phase adjustment requirement

2.1 LPC804 PWM output using CTIMER

LPC804 CTIMER can use two methods to produce the PWM outputs by setup the PWMENX bit in PWMC
register.

* Method 1: Use CTIMER match output. In this mode, the External Match Register (EMR) controls PWM output.
When a match register equals the Timer Counter (TC), the corresponding match output can either toggle, go
LOW, go HIGH, or do nothing.

* Method 2: Each match output can be independently set to perform as PWM output. When a match occurs, the
PWM output is set to HIGH.

The PWM waveforms produced by these two methods are similar. For simplicity, this application note uses
Method 2 to introduce and analyze.

2.2 PWM waveform phase adjustment requirement

To produce PWM output, LPC804 can use a maximum of three single edge controlled PWM outputs. One
additional match register determines the PWM cycle length. When a match occurs in any of the other match
registers, the PWM output is set to HIGH. The timer is reset by the additional match register that is configured to
set the PWM cycle length. When the timer is reset to zero, all currently HIGH match outputs configured as PWM
outputs are cleared.

The easy understanding wave behavior of PWM output is as shown in Figure 1.

PWM1

PWM2

Figure 1. PWM waveform for LPC804
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From the PWM output waveform, we can observe this kind PWM output wave has limitation. The limitation is
that users can adjust PWM output waveform duty cycle, but cannot adjust its phase. The PWM waveform is
always at the end of PWM period.

Applications need adjust PWM duty cycle and its phase. The requirement is as shown in Figure 2.

A
e | [ T]
Phase shifted PWM B l_] |_| :

Figure 2. PWM waveform phase adjustment requirement

Can do this?
To adjust PWM waveform phase?

This application note introduces a method using LPC804 PLU to adjust the PWM waveform phase.

3 LPC804 PLU introduction

LPC804 has a PLU module. The PLU is used to create some logical combinations (such as, AND, OR,
NOR) while it does not need the core to interrupt. The logical operation can be programmed using software
configuration. NXP provides free tools (PLU Config Tool) to help designer easily implement circuit design and
automatically generate the required register setting.

3.1 Look Up Tables (LUTs)

The PLU module has 26 LUTs, which can implement any combinational function of up to five possible inputs.
The inputs include:

e Other LUT outputs
» State FF outputs
* All inputs available from PLU I/O pads

Other LUT outputs ™

—

Flip-flop outputs

A 4

LUT | Output

I/O pad inputs

T

LUT MUXn].INP[x]

Figure 3. Look Up Tables (LUTs)
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Each LUT is programmable using LPC804 registers which implements the logical mapping from five input lines
to one output line with the Logical Truth Value Table. The output is immediately determined (allowing for
propagation delays) by matching the input values of input lines with the entry in the table that matches the input

values.

An example of Logic Truth Value Table for a 5-input customized LUT

[ox | e | ns [ N2 [ w1 [ w0 our il iox | Ne | ns |2 |t [ N0 ]
0x0 0 0

0 0 0 0 0 0x10 1 0 0 0
O0x1 0 0 0 0 1 0 Ox11 1 0 0 0 1
0x2 0 0 0 1 0 0 0x12 1 0 0 1 0
0x3 0 0 0 1 1 0 0x13 1 0 0 1 1
Ox4 0 0 1 0 0 0 Ox14 1 0 1 0 0
0x5 0 0 1 0 1 0 0x15 1 0 1 0 1
0x6 0 0 1 1 0 0 0x16 1 0 1 1 0
0x7 0 0 1 1 1 0 ox17 1 0 1 1 1
0x8 0 1 0 0 0 1 0x18 1 1 0 0 0
0x9 0 1 0 0 1 1 0x19 1 1 0 0 1
OxA 0 1 0 1 0 1 Ox1A 1 1 0 1 0
0xB 0 1 0 1 1 1 0x1B 1 1 0 1 1
0xC 0 1 1 0 0 1 ox1C 1 1 1 0 0
0xD 0 1 1 0 1 1 0x1D 1 1 1 0 1
OxE 0 1 1 1 0 1 Ox1E 1 1 1 1 0
OxF 0 1 1 1 1 1 Ox1F 1 1 1 1 1

Figure 4. An example of Logical Truth Value Table for a 5-input customized LUT

O 0O O 0 0O O O = A A A S 2 - - -

3.2 Multiplexer

Multiplexers in the PLU are used to set up the connections between units and select the right output signals.

The LUT input and output multiplexers for each channel are shown in Figure 5.
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LUT Input Muxes
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1h
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Figure 5. LUT input mux for each channel

PLU output mux for each LUT:

One Output Mux

OUTPUTn Mux
30:1 mux

™

LUT out{25:0)
—

plu_outputs(n)
20 -

state(3:0)
_—

OUTPUTNn_Reg

Figure 6. PLU output mux for each LUT

3.3 Steps for using the PLU

The PLU works as a general peripheral. To configure the PLU, use the following steps:
* Enable clocks.

* Assign pins.

» Create a logical network.
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3.3.1 Enable clocks

Enable PLU and SWM clock in SYSCON SYSAHBCLKCTRLx register. Toggle the PLU Reset bit in the
SYSCON PRESETCTRLXx register.

3.3.2 Assign pins

Assign PLU inputs and outputs to specific pins using SWM_PINASSIGNFIXEDO. Some pins can be configured
as both an input and an output of the PLU. For example, PTO0 08 can be assigned to PLU_0OUT1 and
PLU INPUTO.

3.3.3 Create a logical network

To implement a logical design with the PLU, use the following steps:

» Considering the approach to be used — direct LUT implementation or using primitive logical gates (or a mix of
both approaches).

* Programming the customized LUTs (if primitive logical gates are not used).

* Programming the connection of PLU inputs and outputs to LUTs (Primitive logical gates used).

To help developers create a logical design, NXP provides a PLU configuration tool to help user create logical
networks easily. This tool can be downloaded for free from NXP official website. This document illustrates how
to build a simple design with the PLU Design Tool in the following demo.

4 Using LPC804 PLU to adjust PWM waveform phase

If the application requires PWMO phase, adjust from B to C as shown in Figure 7.
Requirement:

Original PWM: PWMO |—l |_]
Adjust PWM waveform phase

fromBtoC
Phase shifted PWM: PWM3 l l |_|

Figure 7. Adjust PWM waveform phase requirement

Then we can use another two PWMs: PWM1 and PWM2. Combine the two PWM waveforms according to some
logical relationship, to create a PWM waveform whose phase fits the above requirement.

Figure 8 shows PWM1 and PWM2 waveform.
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A
Original PWM: PWMO B |_ I_
D i
PWM1 PWM0O —» PWM3
Adjust PWMO waveform phase
i E H fromBto C
PWM2 Cl |
AL
Phase shifted PWM: PWM3 | ’ I_
Let A=E-D

Figure 8. PWM1 and PWM2 waveform

Analyze the PWM1, PWM2, and PWM3, and Figure 9 shows their logical relationship.

Foi
PWM1 used for PLUINX [ ¢ i g
1:1
PWM2 used for PLU INx | o |
1
PLU OUTx = PWM3 |0 0
Val al
00-0" /

01-1 /
s
11-0 7

Figure 9. Logical relationship among PWM1, PWM2, and PWM3

PWM1 and PWM2 can be used as PLU inputs, by relative logical combination as shown in Figure 9. The PLU
output can get the required PWM3 which adjusts PWMO waveform phase from B to C.
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5 Demonstration

The following demo shows how to adjust a PWM waveform phase by using LPC804 PLU and how to configure
the LPC804 PLU step by step to use the PLU configuration tool. An example code is provided together with this
application note.

5.1 DEMO environment

5.1.1 Hardware

* LPCXpresso804 evaluation board

* Logical analyzer - Saleae logical pro16 (easier to copy output graph than oscilloscope)
* USB cable

* Host computer

5.1.2 Software

* Provided demo code bases on: SDK 2 12 0_LPCXpresso804
* IDE: MDK5.37

* Demo project: PWM_Phase Adjust by PLU

5.2 Demo description

In this demo, the original PWM is PWMO. To adjust PWMO phase 144° to get PWM3, see Figure 10.

1/5 period

g , Duty cycle:20%

Original PWM: PWMO B H |—I
P E E . - ; Requirement:
A Adjust PWMO waveform phase:
i 5 H = 2/5 period
Phase shifted PWM: PWMS3 | t [ Cic ﬂ i = (2/5)*360°
} oL f Pl : -144°
'y e 4

C = Phase adjusted = 2/5 period

Figure 10. Adjust PWMO phase 144° to get PWM3

To achieve the result, use PWM1 and PWM2 as shown in Figure 11.
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A
Original PWM: PWMO B [—[ rl

D :

PWM1 PWMO — PWM3
L ! Adjust PWMO waveform phase
E : : 144 °

PWM2 d J
Al
Phase shifted PWM: PWM3 CI ! ’_I

A=E-D

A: 20% Duty cycle
D: 40% Duty cycle
E: 60% Duty cycle

Figure 11. Using PWM1 and PWM2 to adjust the PWMO0 phase

5.3 Logical relationship achieved by PLU

In this demo, PWM1 is used as PLU IN4 (P0_12), PWM2 as PLU IN5 (P0O_13), and PLU OUTO (P0_14) to
output PWM3. According to analysis in Figure 12, the logical relationship between PLU OUTO and PLU IN4 and
IN5 is XOR.

: 1
PWM1 used for PLU IN4 (PO_12) |0 0
1i1
PWM2 used for PLU IN5 (PO_13) 0 J
1
PLU OUTO (PO_14) = PWM3 0 | 0

i s
00-0 /
01-1 _
# The logic = XOR Gate
10 not used, can defineto 10 -1 ’

11-0 7/

Figure 12. Logical relationship between PLU inputs and outputs
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When the logical relationship is determined, we can use PLU LUT to realize this logical relationship. In this
demo, we can use PLU LUT to realize an XOR gate to complete the phase adjust function between PWMO0 and
PWM3.

Figure 13 shows the total function diagram.

PWM1 m g
PWM2 m /

PWM3

l

PIO0_14

PLU

Figure 13. Function diagram

When configuring the PWM output and PLU input on the same pin by Switch Matrix, the two functions are
connected internally. Therefore, the board setup is not required for the connection.

5.4 PLU configuration tool usage

In this demo, we use schematic method to define the LUT truth table. By schematic method, the user places
inputs, outputs, and logical primitive gates, such as, AND, OR, XOR, connects them, and allows the tool to
synthesize the logical network into LUTs.

Following steps illustrate how to use schematic method in PLU configuration tool to configure an XOR Gate
which is required to complete the function to adjust the PWM waveform phase.

From MCUXpresso configuration tool V12.1, the PLU config tool is integrated in the MCUXpresso configuration
tool and cannot be downloaded from NXP web as a standalone tool.

Open MCUXpresso configuration tool and click the + next to register initialization. A dialog pops up and you
select PLU to enter the PLU Config tool. Choose the schematic design option and open the schematic view.
Place needed INPUT1, INPUT2, and OUTPUT1, add logical gates XOR1 in the schematic, then draw the
connections between inputs, logical units, and output, as shown in Figure 14.

Note: The number of gates that can be added is unlimited. Only inputs, outputs, and flip-flops have a restricted
quantity.

When completing the schematic, select Save and Optimize & apply tabs to complete the PLU configuration.
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File Edit Tools Peripherals Views Help
# 4 E * ‘Functional Group |BOARD_InitPeripherals v mEY Kkt

W& Components %+ Peripherals =a LU Il Schematic Sea2@-o

|type fitter text | @ H Unlock| | Timing info | Import

Peripheral drivers (Device specific) [+]

Register initialization L]
pLU
Custom initialization [+]

INPUT1

XOR1

OUTPUT1

INPUT2 oura
INS
AND | Used: 0 OR  Used: 0 XOR | Used: 1 NOT  Used: 0
MAND | Used: 0 NOR | Used: 0 MXOR | Used: 0 BUFF  Used: 0
MUX | Used: 0 N Remaining: 4 OUT | Remaining: 7 FF Remaining: 4

Figure 14. Setup connections between input, LUT, and outputs

Once the optimize operation is completed, click the Code Preview, peripherals.c, and peripherals.h tabs in
the right-hand panel of the tool and observe the generated C code. This C code can be used to set up the PLU
configuration register for customer own project.

# Overview [ Registers =0 (2] #Ovweniew B code preview x [ Registers =e

QQuir perigherats { peripheralsih | QQuiT~
DIFYING THIS COMMENT - IT IS YAML SETTINGS FOR TOOLS ***v= a 22 /* Definltion of peripheral ID */ N
on *

23 #define PLU_PERIPHERAL PLU
24/% Input 4 - INPUTL */
static void PLU_init(void) { 5
38 /* Software reset of the PLU peripheral

1 SYSCON->PRESETCTRL &= ~SYSCON_PRESETCTRLI_PLU_RST_N_MASK;
SYSCON->PRESETCTRLI |= SYSCON_PRESETCTRLI_PLU_RST_N_MASK;
/* PLU LUT@ (LUT®) initializatiop =/ 2 “‘gl’s' PLU_OUTPUT1 BU

"

PLU->LUT[0].INP_MUX[0] | PLU_LUTO_INPO_MUX_INI
PLU->LUT([0]. TNP_MUX[1] | PLU LUTO THP1 MUX THT
PLU->LUT([0] . INP_MUX[2] = PLU_LUTO_INPZ_MUX_INIT; /
PLU->LUT[@].INP_MUX[3] = PLU_LUTO_INP3_MUX_INIT;
PLU->LUT(0]. INP_MUX[4] = PLU_LUTO_INP4_MUX_INIT; /
/* LUT @ truth table OM T

* INS (INPUT2) *
* IN4 (INPUT1) */

PLU_TUTO_TNP2_FUX: LUTh 7
35 #define PLU_LUT@_INP2_MUX_INIT @x3FU
36 /% PLU_LUTO_INP3_MUX: LUTn_INPx=63 */
#define PLU_LUTG_INP3_MUX_INIT @x3FU

T o SULITELUD { PLU_LUT®_INPA_MUX: LUTn_INPx=63 */
PLU->0UTPUT_MUX[@] | PLU_OUTPUT®_MUX_INIT| 30 #define PLU_LUTG_INPA_MUX_INIT @x3FU
b 40 /% PLU_| Frr=FRuH

41 #define [PLU_LUT@_TRUTH_INIT @X66666666U
a2 /* pLu_fuTpPuTe_Mux: ouTPuTa=8 */
#define [PLU_OUTPUTO_MUX_INIT 0x6U

/* Enable clock gate of the PLU peripheral. */
SYSCON->SYSAHBCLKCTRL1 |= SYSCON_SYSAHBCLKCTRL1_PLU_MASK;

254void BOARD_InitPeripherals(void)
255{

< > =
& Problems x BlY-o
BiY - o
8 Problems x A type fiter text
type filter text Level Resource Issue Origin Target
Level Resource Issue Origin Target i Informat Project No toolchain project detect..
i Informat Project No toolchain project detect. -
2
¥
\ < >

Figure 15. Generate the C code to set up PLU configuration register
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5.5 Demo result

Connect Pin PO_12 (PWM1 - PLU IN4), PO_13 (PWM2 - PLU IN5), and PO_14 (PWM3 - PLU OUTO) to an
oscilloscope or logical analyzer. Users can observe the relative PWM waveform.

PWM3 waveform phase is adjusted 144° compared with a 20 % duty cycle PWMO waveform. This PWMO is not
output for display but can be drawn out, as shown in Figure 16.

Figure 16 shows the three observed PWM waveforms from logic analyzer.
A

Original PWM: PWMO B \
po  Channel 0 ™ : i
PWM1 i

Channel 1

PWM?2
. A
Channel 2 ’
Phase shifted PWM: PWM3 | ¢
Figure 16. Demo result
6 Revision history
Table 1 summarizes the revisions to this document.
Table 1. Revision history
Revision number Date Substantive changes
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