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INTRODUCTION

Several products in the PIC® device family have a Math
Accelerator module to do a 16-bit multiplication and
addition in hardware. This technical brief describes
briefly how the module works, how to use this module in
users’ applications, and what is important to observe.

BASIC PRINCIPLE

The PID module in some of the PIC16(L)F161X family
devices is also known as the Math Accelerator module.
When the MODE<2:0> bits of the PIDxCON register
are equal to '000', '001', '010', or '011", the module is
in Add and Multiply mode. The data flow for the multiply
and add operation is shown in Figure 1.

Since the Math Accelerator shares the registers with the
PID module, all the names are related to PID control. As
shown in Figure 1, PIDxIN and PIDXSET are the two
inputs to the adder. The result of the adder and PIDxK1
are the inputs of the multiplier. There is an adder which
adds up to itself to do the accumulation of the output.
The result of the calculation is stored in PIDxOUT.

FIGURE 1:

The output equation is shown below:
OUTPUT = (A+B)eC

Note: A = PIDxIN, B = PIDXSET, and C = PIDxK1.

To apply an add computation, simply set C (PIDxK1) to
‘1’. To apply a multiply computation, it is better to set B
(PIDXSET) to ‘0’ and use A and C, since the module
uses PIDxINL to trigger the computation.

There are four modes that give different options based
on the user’s needs:

* MODE<2:0> = 000: Inputs are unsigned, and the
output does not accumulate

* MODE<2:0> = 001: Inputs are unsigned, and the
output accumulates with previous outputs

* MODE<2:0> = 010: Inputs are signed, and the
output does not accumulate

« MODE<2:0> = 011: Inputs are signed, and the
output accumulates with previous outputs
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IMPLEMENTATION

Initialization

To initialize this module, set the MODE<2:0> bits of the
PIDXCON register to one of the four Add/Multiply
modes, depending on which form of the calculation is
desired. Then set the EN bit of the PIDXCON register to
enable the module. It is recommended that the user
clear all the registers that are related to the calculation,
especially the PIDXACC, to make sure the values of the
last computation would not affect this one.

Operation

After setting up the module, the Math Accelerator is
ready to compute.

Write the value of C to the PIDxK1H/L register pair and
the value of B to the PIDXSETHY/L register pair, as well
as the higher byte of A to the PIDxINH register.

Finally, write the lower byte of A to the PIDxINL register.
This will begin the mathematical operation and set the
BUSY bhit of the PIDXCON register.

During the computation, either poll the BUSY bit of the
PIDXCON register to check for it clearing or wait for the
PIDxDIF interrupt to trigger, indicating that the opera-
tion has completed.

After the computation is completed, read the PIDxOUT
registers for the result of the calculation. In accumula-
tion modes, the PIDxOUT register will hold any previ-
ous values added to the current calculation’s value. In
non-accumulation modes, the PIDxOUT register will
hold just the current calculation’s value.

Triggers

Since the writing to the PIDXINL register triggers the
computation, PIDXINL should be loaded last among all
the input registers. If the user is using C language to
program, it's not safe to load the PIDxIN register pair
together, since when loading PIDxIN, the compiler may
load PIDxINL first and the module will disregard the
higher byte of the input and start the operation. There-
fore, please make sure the PIDXINL register is loaded
last.

CONCLUSION

The Math Accelerator module does 16-bit addition and
multiplication in hardware. It saves the user a lot of time
comparing to software calculation. It takes only four
instruction cycles for the module to do a calculation,
while it takes around 200 to 300 instruction cycles by
using software to do the same calculation. Therefore,
there is a huge efficiency improvement by using the
Math Accelerator.
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APPENDIX A: CODE FOR IMPLEMENTING THE MATH ACCELERATOR

Software License Agreement

The software supplied herewith by Microchip Technology Incorporated (the “Company”) is intended and supplied to you, the
Company'’s customer, for use solely and exclusively with products manufactured by the Company.

The software is owned by the Company and/or its supplier, and is protected under applicable copyright laws. All rights are reserved.
Any use in violation of the foregoing restrictions may subject the user to criminal sanctions under applicable laws, as well as to civil
liability for the breach of the terms and conditions of this license.

THIS SOFTWARE IS PROVIDED IN AN “AS IS”" CONDITION. NO WARRANTIES, WHETHER EXPRESS, IMPLIED OR STATU-
TORY, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE APPLY TO THIS SOFTWARE. THE COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR
SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

| **

* Setup the Math Accelerator to do sone sinple 16-bit multiplication,
* addition, and accumnul ation

*/
I NNy
PI D1ACCU = 0; /1 Clear the Accumul ator (Pl DLACCU)

Pl D1IACCHH = O; /1 Clear the Accumul ator (Pl DLACCHH)
PI DIACCHL = O; /1 Clear the Accumul ator (Pl DLACCHL)
PI D1ACCLH = 0; /1 Clear the Accumul ator (Pl DIACCLH)
PI D1IACCLL = O; /1 Clear the Accumul ator (Pl DLACCLL)
Pl D1CONLbi ts. MODE = 0b010; /1 Signed inputs, w thout accumul ation (Pl DxCON1)
PI D1CONlbits. EN = 1; // PID nodul e is enabled (Pl DLCON1)
I NNy
/**

* Load in values corresponding to the table in the |ab nanual
* Qutput = (A+ B * C

*/
IR NNy
PI D1K1 = 1; /1 (PID1K1) C
PI D1SET = 1, /!l (PIDISET) B
PI D1l NH = 0; /1 (PID1INH) A (high)
PID1INL = O; /1 (PIDLINH) A (low) This starts the math execution (PIDxlNL)
IR NNy
whi | e( PI DLCONLbi t s. BUSY) ; /1 Wait for the nodule to conplete

volatile int32_t result = PIDIOUT; // Load the result
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APPENDIX B: SCREEN SHOT OF HOW TO INITIALIZE THE MATH ACCELERATOR
MODULE BY USING MPLAB® CODE CONFIGURATOR

Generate Code (5)

| << Resources || Pin Manager > > |

+

£03 Initialize - x
/| Enable Math Accelerator
Mode | Add/Multiply -
AddMultiply Mode
Operation | Add and Multiply

Inputs unsigned inputs

& [11) EJ MATHACC::Default

Output unaccumulated =

A D= 1 = 65535
B 0= 2 = 65535
E 1= 3 £ 83535

Result = (A +B) *C =9
0x0000000%

PID Controller Mode

Sampling time (T)

Ki= 1
K2= 1
K3= 1

V| Enable Math Accelerator Interrupt
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.

QUALITY MANAGEMENT SYSTEM
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= ISO/TS 16949 =

Trademarks

The Microchip name and logo, the Microchip logo, dsPIC,
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