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Laboratory 3 – Liquid Crystal Display 

Purpose: 
To learn to use timing information to communicate to a 20x2 character Liquid Crystal Display (LCD). 

Background LCD: 
This laboratory exercise will require one to become acquainted with the controller on the Liquid Crystal Display 

(LCD) and the Parallel Master Port (PMP) on the PIC24FJ128GA010. 

 

The LCD on the Explorer-16 Development Boards is a Tianma TM162JCAWG1, 16 characters by 2 rows  

 

display using a Hitachi HD44780U Compatible Controller/Driver (Samsung KS0032).  The Tianma 

TM162JCAWG1 is mounted on the Microchip Explorer-16 development board.  The TM162JCAWG1 is an LCD 

dot matrix module that consists of an LCD panel and controller/driver circuits.  The display is capable of displaying 

two lines of sixteen 5 by 8 dot matrix characters.  The TM162JCAWG1 module incorporates the controller circuit, 

data RAM, and character generator ROM required for the display.  These functions are contained in a Samsung 

KS0032 Dot Matrix Liquid Crystal Display Controller/Driver.  For additional Details on the Tianma 

TM162JCAWG1 and Samsung KS0032 see the data sheets in the Explorer-16 Documentation or the specification 

data sheets on the course web page. 

 

The connector pin assignment is shown in the Table 1.  This laboratory exercise uses an 8-bit data bus so DB0 to 

DB7 is used.  

 

10kΩ 

PIC 

Header 

 

PMD7(RE7)

PMD6(RE6)

PMD5(RE5)

PMD4(RE4)

PMD3(RE3)

PMD2(RE2)

PMD1(RE1)

PMD0(RE0)

PMWR(PD4)

PMRD(RD5)

PMAO(RB15)

VEE

VDD

VSS

 

 

 

 

 
14 13 12 11 10 09 08 07 06 05 04 03 02 01 

Tianma  TM162JCAWG1 

1.3kΩ 

Figure 1 Interface to Tianma TM162JCAWG1 LCD with Controller 
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Table 1 Tinma TM162JCAWG1 Pin Out 

Pin Symbol Direction Description 
4 RS Input Register select signal: 0= instruction register (when writing), busy flag and 

address counter (when reading), 1= data register (when writing and reading)  

5 R/W' Input Read/write select: signal 0 = writing 1 = reading 

6 E Input Operation (data read/write) enable signal 

11-

14 

DB4-7 Input/output High order lines data bus with three state bi-directional function for use in data 

transactions with the MPU. DB7 may also be used to check the busy flag 

7-10 DB0-3  Input/output Low order lines data bus with three state bi-directional function for use in data 

transactions with the MPU.  These lines are not used when interfacing with a 

4bit microprocessor 

2, 1 VDD 

VSS 

Power  VDD = +3.3V   VSS = gnd 

3 Vo              Contrast adjustment voltage 

 

The RS and R/W' are control bits and the state of each is discussed  below in Table 2 

 

Table 2 Register Select and Read/Write' Control Pins 

RS R/W' Operation 

0 0 Write to instruction register, and execute internal operation (clear display etc) 

0 1 Read busy flag (DB7) and address counter (DB0-DB6) 

1 0 Write to data register and execute external operation  (DD RAM - DR or CG RAM -DR) 

1 1 Read data register, and execute internal operation (DD RAM - DR or CG RAM - DR) 

 

These registers are in the Samsung KS0032.  The control signals to the controller/driver are via the PIC's Parallel 

Master Port (PMP).   Consult the AC characteristics and timing diagrams on page 9 of the TM162JCAWG! Timing 

and state specifications are in the User’s Guide & Data Sheets.   You will need to use the timing parameters to 

properly configure the PMP. 

 

The interface to the controller driver can be either a 4-bit data interface or an 8-bit data interface.  We will use the 8-

bit data interface in this laboratory  exercise.   Consult the Tianma TM162JCAWG1 data sheet for timing details. 

 

During initialization, the delay times between reset and each of the instructions ranges from 45 us to 100 

microseconds.  See the Samsung KS0032 documentation for details (page 45).  The required delays are instruction 

dependent, and are listed in the Samsung KS0032 documentation (pages 24 and 25).  Note that upwards of 2 
milliseconds delay is required to clear the display. 

Background Parallel Master Port: 
The Explorewr-16 Development Board uses the parallel master port (PMP) to communicate with the Tianma 

TM162JCAWG1 LCD.  This interface is shown in Figure 2.  The function of each register associated with the PMP 

is summarized below. 
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Figure 2 PIC24F to LCD Interface 

PMCON:  
 

Upper Byte:        

R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0  

PMPEN -- PSIDL ADRMUX1 ADRMUX0 PTBEEN PTWREN PTRRDEN  

 bit 15       bit 8  

         

 Lower Byte:       

 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 

 CSF1 CSF0 ALP CS2P CS1P BEP WRSP RDSP 

 bit 7       bit 0 

 
bit 15 PMPEN: Parallel Master Port Enable bit 

1 = PMP enabled 

0 = PMP disabled, no off-chip access performed 

bit 14 Unimplemented: Read as ‘0’ 

bit 13 PSIDL: Stop in Idle Mode bit 

1 = Discontinue module operation when device enters Idle mode 

0 = Continue module operation in Idle mode 

bit 12-11 ADRMUX1:ADRMUX0: Address/Data Multiplexing Selection bits 

11 = Reserved 

10 = All 16 bits of address are multiplexed on PMD<7:0> pins 

01 = Lower 8 bits of address are multiplexed on PMD<7:0> pins, upper 8 bits are on PMA<15:8> 

00 = Address and data appear on separate pins 

bit 10 PTBEEN: Byte Enable Port Enable bit (16-bit Master mode) 

1 = PMBE port enabled 

0 = PMBE port disabled 

bit 9 PTWREN: Write Enable Strobe Port Enable bit 

1 = PMWR/PMENB port enabled 

0 = PMWR/PMENB port disabled 

bit 8 PTRDEN: Read/Write Strobe Port Enable bit 

1 = PMRD/PMWR port enabled 

0 = PMRD/PMWR port disabled 

bit 7-6 CSF1:CSF0: Chip Select Function bits 

11 = Reserved 

10 = PMCS1 and PMCS2 function as chip select 

01 = PMCS2 functions as chip select, PMCS1 functions as address bit 14 

00 = PMCS1 and PMCS2 function as address bits 15 and 14 

bit 5 ALP: Address Latch Polarity bit(1) 

1 = Active-high (PMALL and PMALH) 

0 = Active-low (PMALL and PMALH) 

bit 4 CS2P: Chip Select 2 Polarity bit(1) 

1 = Active-high (PMCS2) 

0 = Active-low (PMCS2) 

bit 3 CS1P: Chip Select 1 Polarity bit(1) 

1 = Active-high (PMCS1/PMCS) 

0 = Active-low (PMCS1/PMCS) 
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bit 2 BEP: Byte Enable Polarity bit 

1 = Byte enable active-high (PMBE) 

0 = Byte enable active-low (PMBE) 

bit 1 WRSP: Write Strobe Polarity bit 

For Slave modes and Master mode 2 (PMMODE<9:8> = 00,01,10): 

1 = Write strobe active-high (PMWR) 

0 = Write strobe active-low (PMWR) 

For Master mode 1 (PMMODE<9:8> = 11): 

1 = Enable strobe active-high (PMENB) 

0 = Enable strobe active-low (PMENB) 

bit 0 RDSP: Read Strobe Polarity bit 

For Slave modes and Master mode 2 (PMMODE<9:8> = 00,01,10): 

1 = Read strobe active-high (PMRD) 

0 = Read strobe active-low (PMRD) 

For Master mode 1 (PMMODE<9:8> = 11): 

1 = Read/write strobe active-high (PMRD/PMWR) 

0 = Read/write strobe active-low (PMRD/PMWR) 
 
Note 1: These bits have no effect when their corresponding pins are used as address lines. 
 

PMMODE:  
 

Upper Byte:        

R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0  

BUSY IRQM1 IRQM0 INCM1 INCM0 MODE16 MODE1 MODE0  

 bit 15       bit 8  

         

 Lower Byte:       

 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 

 WAITB1
(1)
 WAITB0

(1)
 WAITM3 WAITM2 WAITM1 WAITM0 WAITE1

(1)
 WAITE0

(1)
 

 bit 7       bit 0 

 
bit 15 BUSY: Busy bit (Master mode only) 

1 = Port is busy (not useful when the processor stall is active) 

0 = Port is not busy 

bit 14-13 IRQM1:IRQM0: Interrupt Request Mode bits 

11 = Interrupt generated when Read Buffer 3 is read or Write Buffer 3 is written (Buffered PSP mode) 

or on a read or write operation when PMA<1:0> = 11 (Addressable PSP mode only) 

10 = No interrupt generated, processor stall activated 

01 = Interrupt generated at the end of the read/write cycle 

00 = No interrupt generated 

bit 12-11 INCM1:INCM0: Increment Mode bits 

11 = PSP read and write buffers auto-increment (Legacy PSP mode only) 

10 = Decrement ADDR<15,13:0> by 1 every read/write cycle 

01 = Increment ADDR<15,13:0> by 1 every read/write cycle 

00 = No increment or decrement of address 

bit 10 MODE16: 8/16-bit Mode bit 

1 = 16-bit mode: data register is 16 bits, a read or write to the data register invokes two 8-bit transfers 

0 = 8-bit mode: data register is 8 bits, a read or write to the data register invokes one 8-bit transfer 

bit 9-8 MODE1:MODE0: Parallel Port Mode Select bits 

11 = Master mode 1 (PMCSx, PMRD/PMWR, PMENB, PMBE, PMA<x:0> and PMD<7:0>) 

10 = Master mode 2 (PMCSx, PMRD, PMWR, PMBE, PMA<x:0> and PMD<7:0>) 

01 = Enhanced PSP, control signals (PMRD, PMWR, PMCS, PMD<7:0> and PMA<1:0>) 

00 = Legacy Parallel Slave Port, control signals (PMRD, PMWR, PMCS and PMD<7:0>) 

bit 7-6 WAITB1:WAITB0: Data Setup to Read/Write Wait State Configuration bits(1) 

11 = Data wait of 4 TCY; multiplexed address phase of 4 TCY 

10 = Data wait of 3 TCY; multiplexed address phase of 3 TCY 
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01 = Data wait of 2 TCY; multiplexed address phase of 2 TCY 

00 = Data wait of 1 TCY; multiplexed address phase of 1 TCY 

bit 5-2 WAITM3:WAITM0: Read to Byte Enable Strobe Wait State Configuration bits 

1111 = Wait of additional 15 TCY 

... 
0001 = Wait of additional 1 TCY 

0000 = No additional wait cycles (operation forced into one TCY) 

bit 1-0 WAITE1:WAITE0: Data Hold After Strobe Wait State Configuration bits(1) 

11 = Wait of 4 TCY 

10 = Wait of 3 TCY 

01 = Wait of 2 TCY 

00 = Wait of 1 TCY 

Note 1: WAITB and WAITE bits are ignored whenever WAITM3:WAITM0 = 0000. 
 

PMADDR:  
 

Upper Byte:        

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0  

CS1 CS0 ADDR<13:8>  

 bit 15       bit 8  

         

 Lower Byte:       

 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 

 ADDR<7:0> 

 bit 7       bit 0 

 
bit 15 CS2: Chip Select 2 bit 

1 = Chip select 2 is active 

bit 15 CS2: Chip Select 2 bit 

1 = Chip select 2 is active 

0 = Chip select 2 is inactive (pin functions as PMA<15>) 

bit 14 CS1: Chip Select 1 bit 

1 = Chip select 1 is active 

0 = Chip select 1 is inactive (pin functions as PMA<14>) 

bit 13-0 ADDR13:ADDR0: Parallel Port Destination Address bit 
0 = Chip select 2 is inactive (pin functions as PMA<15>) 

bit 14 CS1: Chip Select 1 bit 

1 = Chip select 1 is active 

0 = Chip select 1 is inactive (pin functions as PMA<14>) 

bit 13-0 ADDR13:ADDR0: Parallel Port Destination Address bit 
 

PMAEN 
 

Upper Byte:        

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0  

PTEN15 PTEN14 PTEN13 PTEN12 PTEN11 PTEN10 PTEN9 PTEN8  

 bit 15       bit 8  

         

 Lower Byte:       

 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 

 PTEN7 PTEN6 PTEN5 PTEN4 PTEN3 PTEN2 PTEN1 PTEN0 

 bit 7       bit 0 

 
bit 15-14 PTEN15:PTEN14: PMCSx Strobe Enable bits 

1 = PMA15 and PMA14 function as either PMA<15:14> or PMCS2 and PMCS1 

0 = PMA15 and PMA14 function as port I/O 
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bit 13-2 PTEN13:PTEN2: PMP Address Port Enable bits 

1 = PMA<13:2> function as PMP address lines 

0 = PMA<13:2> function as port I/O 

bit 1-0 PTEN1:PTEN0: PMALH/PMALL Strobe Enable bits 

1 = PMA1 and PMA0 function as either PMA<1:0> or PMALH and PMALL 

0 = PMA1 and PMA0 pads functions as port I/O 
 

PMSTAT 
Upper Byte:        

R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0  

IBF IBOV -- -- IB3F IB2F IB1F IB0F  

 bit 15       bit 8  

         

 Lower Byte:       

 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 

 OBE OBUF -- -- OB3F OB2F OB1F OB0F 

 bit 7       bit 0 

 
bit 15 IBF: Input Buffer Full Status bit 

1 = All writable input buffer registers are full 

0 = Some or all of the writable input buffer registers are empty 

bit 14 IBOV: Input Buffer Overflow Status bit 

1 = A write attempt to a full input byte register occurred (must be cleared in software) 

0 = No overflow occurred 

bit 13-12 Unimplemented: Read as ‘0’ 

bit 11-8 IBnF: Input Buffer n Status Full bit 

1 = Input buffer contains data that has not been read (reading buffer will clear this bit) 

0 = Input buffer does not contain any unread data 

bit 7 OBE: Output buffer Empty Status bit 

1 = All readable output buffer registers are empty 

0 = Some or all of the readable output buffer registers are full 

bit 6 OBUF: Output Buffer Underflow Status bit 

1 = A read occurred from an empty output byte register (must be cleared in software) 

0 = No underflow occurred 

bit 5-4 Unimplemented: Read as ‘0’ 

bit 3-0 OBnE: Output Buffer n Status Empty bit 
 
PADCFG1 
 
Upper Byte:        

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0  

-- -- -- -- -- -- -- --  

 bit 15       bit 8  

         

 Lower Byte:       

 U-0 U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0 

 -- -- -- -- -- -- RTSECSEL PMPTTL 

 bit 7       bit 0 

 
bit 15-2 Unimplemented: Read as ‘0’ 

bit 1 RTSECSEL: RTCC Seconds Clock Output Select bit 

1 = RTCC Seconds Clock is selected for the RTCC pin 

0 = RTCC Alarm Pulse is selected for the RTCC pin 

Note: To enable the actual RTCC output, the RTCCFG (RTCOE) bit needs to be set. 
bit 0 PMPTTL: PMP Module TTL Input Buffer Select bit 

1 = PMP module uses TTL input buffers 

0 = PMP module uses Schmitt input buffers 
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Task 2: 
Using the values suggested in the prelab, write a function called initPMP that is declared as: 

 

 void initPMP(void); 

 

You will need to specify WAITB, WAITM and WAITE values so that the enable (E) signal meets the requirements 

of the display.  Add this function to peripherals.c and peripherals.h.  All writes to the LCD controller must be done 

based on time.  The function msDelay will provide the millisecond delays.  Write a function called _10usDelay that 

is declared as: 

 

 void _10usDelay(unsigned char _10us); 

 

where _10us defines the delay in tens of  microseconds.  Model this function after msDelay and determine the new 

scaling factor using MPLAB SIM stopwatch with the Fosc set to 8 MHz.  Add this function to peripherals.c and 

peripherals.h.  Test these two new functions the main function given below: 

 
#include <p24fj128ga010.h> 
#include "peripherals.h" 
 
_CONFIG1(JTAGEN_OFF & GCP_OFF & GWRP_OFF & BKBUG_OFF & COE_OFF & FWDTEN_OFF) 
_CONFIG2(FCKSM_CSDCMD & OSCIOFNC_ON & POSCMOD_HS & FNOSC_PRI) 
 
int main(void){ 
char datumOut; 
//initialization 
 initPMP();   // Initalize PMP 
 PMADDR = 0x0000;  // Initally access LCD Controller registers 
 datumOut=0x3C;   // Data to be written to LCD 
//endless loop 
again: 
 PMDIN1 = datumOut;  // Write to LCD 
 while(PMMODEbits.BUSY == 1) // Wait for PMP (not LCD) to be done  
  Nop(); 
 _10usDelay(4); 
 if (PMADDR == 0x0000) 
  PMADDR=0x0001; // Access LCD DDRAM or CGRAM 
 else 
  PMADDR=0x0000; // Access LCD Controller Registers  
   goto again;   //one more time 
 return (0); 
 } 
 

Capture two MSO images with LCD based labels, defined and enabled, showing  ADDR0 high and ADDR0 low.  

The MSO images must contain PMA0 , PRD/PMWR, PMCS, PMD1 and PMD2  Access these signals via the pin 

holes immediately above the LCD – see via group to the left is pin 1.  Table 3 summarized the PMP to LCD 

interface and the access via pin numbers. 

 

Table 3 PMP to LCD Interface Pins 

Pin PMP Signal LCD Signal  Pin PMP Signal LCD Signal  Pin PMP Signal LCD Signal 

1 PMA0/RB15 RS  6 PMD2/RE2 DB2  11 PMD7/RE7 DB7 

2 PMRD/RD5 R/W  7 PMD3/RE3 DB3  12 -- GND 

3 PMWR/RD4 E  8 PMD4/RE4 DB4  13 -- 3.3 VDC 

4 PMD0/RE0 DB0  9 PMD5/RE5 DBH5  14 -- VEE 

5 PMD1/RE1 DB1  10 PMD6/RE6 DB6  15 -- GND 
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Task 3: 
Before writing any code to interact with the LCD, determine what the bit patterns should be for RS, R/W', and DB7 

through DB0, which must be written to the instruction register.  Also determine how much delay is required after the 

command to guarantee that the command is completed.  Specify delay units of time as milliseconds or microseconds 

from the KS0032 Datasheets (pages 14 to 17) in the User’s Guide and Data Sheets notebook in each stations upper 

left hand drawer.  Transfer that information to Table 4.  

Table 4 Instruction Sequence 

R 
S 

R 
/ 
W' 

D 
B 
7 

D 
B 
6 

D 
B 
5 

D 
B 
4 

D 
B 
3 

D 
B 
2 

D 
B 
1 

D 
B 
0 

Instruction and conditions Delay 
(units) 

0 0 0 0 0 0 0 0 0 0 Power Up Wait 100 ms 

          8-bit function set 30 ms 

          display off  

          display clear  

          display on with cursor on and blinking on  

          entry mode set with increment on and no 

shifting 

 

            

          Write data to CGRAM/DDRAM  

            

          Return home  

 

Write a function called initLCD that is declared as: 

 

 void initLCD(unsigned char cursor); 

 

The pseudo code for this function is given below. 

 

• Power-Up Wait of 100 ms 

• PMADDR cleared to zero 

• 8-bit function set followed by 30 ms wait 

• Display on with cursor on or off and blinking on or off followed by specified wait 

• Return home followed by specified wait 

• Entry mode with increment on and no shifting followed by specified wait 

 

Use the time delays and register writes listed above.  The argument for initLCD specifies the state of the cursor 

which is part of the entry mode register.  The three possible cursor states are: 

 

• CURSOR_OFF specified by 0 

• CURSOR_ON specified by 2 

• CURSOR_BLINK specified by 3 

 

Bitwise-OR the cursor bits with the rest of the entry mode register value before it is assigned to PMDIN1.  Add this 

function to peripherals.c and peripherals.h.  

 

To test this new function in the main function: 

 

• initialize PMP  then 

• initialize the LCD with the CURSOR_BLINK mode.   
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Then fall into an endless loop in which you execute a Nop( ) over and over.  You should see the cursor blinking 

in the home position with the display cleared if successful.  Because task 1 may have thrown the LCD 
controller into a state of confusion, cycle the power off for 10 seconds and then back on.  Reconnect to 
the ICD-2, reset the processor and run the code. 

Task 4: 
Write a function called cmdLCD( ) that writes a control command to the LCD.  This function is declared as; 

 

void cmdLCD(char cmd); 

 

Note the home and clear commands require a 2 ms delay to execute while all other commands only require 45 us to 

execute.  Thus the delay should be command dependent.  Add this function to peripherals.c and peripherals.h.  

 

Write a second function called putLCD( ), which writes the character taken in as an argument to the display, and 

waits the specified time, just in case two successive putLCD( ) calls are made.  PutLCD( ) returns no value.  

 

The associated main( ) function should  

 

• First initialize the PMP 

• And then initialize the LCD.   

 

In the endless loop: 

 

• Display the character string "Hello MPI." using a sequence of putLCD statements.   

• Then wait for 1 second before clearing the LCD.   

• After an additional half second delay repeat the message.   

• Next replace the clear LCD with a home cursor command.    

 

After you have verified that the main function works with both commands, reprogram the Explore-16 Development 

Board with the original clear LCD command and demonstrate the working code to the laboratory assistant or 

instructor and obtain their signature in the space below. 

 

Task 5: 
Return the workbench and drawers to their original condition.  Place the User’s Guide and Data Sheets back in the 

upper left hand drawer.  Perform an inventory of the workbench drawers.  Leave the Explore-16 Development Board 

and ICD-2 on the desktop.  Turn the power off to the Explore-16 Development Board.  Do not discuss this task in 

your report. 

Report Format: 
This laboratory experience requires a formal report.  Consult the Report Format given to you in the laboratory or the 

PDF on the course web page for details.  There is also an example laboratory report on the course web page.  Report 

is due one week after the laboratory exercise is assigned to be performed. 

 

Do not include data sheets for the PIC, display or LCD controller in the final report.  Reference them if you so 

desire. 
 

 Task 3 has been completed and demonstrated to the persons whose signature appears below. 

Signature :_________________________________________   Date: 

Instructor’s or Assistant’s Signature 
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Liquid Crystal Display 
 

Name 1: ___________________ 
Please Print 

 

Name 2: ___________________ 
Please Print 

 

Name 3: ___________________ 
Please Print 

 

Submitted On:  ___ Sept 2008 

 

Laboratory Section: ____________ 

                      Please Print 

 

 

 

Check List: 

 

√ Description Score 

 Purpose  

 Discussion  

 Required Results  

      PMP Initialization Values  

      Instruction Sequence Table  

      Signature Sheet  

 Listing of initPMP( )  

 Listing of _10usDelay( )  

 Listing of initLCD  

 Listing of cmdLCD( ) and putLCD( )  

 Listing of Task 3 main( )  

 No Data Sheets  

 Total  
 

 

 

The work presented in this report is solely the work of the authors.  Presenting the work of others is plagiarism and 
will be penalized by failure of the course for the slightest infraction. 
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Prelab Task 1 –   Name:__________________________ 

LCD Display    Name:___________________________ 

Name:___________________________ 
 

The PIC24F Family Reference Manual suggests s for a byte mode LCD control the following patterns: 

 

• PMCON  = 10x0 0011 0000 0011 
• PMMODE = 00x0 0011 xxxx xxxx 
• PMAEN  = 0000 0000 0000 0001 

 

For the non default power-on reset bits (ones), describe in the space below the purpose of each bit for the following 

PMP registers. 

 

PMCON: 
 

PMP Enabled 
 

 

 

 

 

 PMMODE: 
 

 
 

 

 

 

 

 PMAEN: 
 

 
 

 

 

 

 


