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Students
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Education Level
Program in

Academic Year

This thesis presented The Smart Card Reader and Writer. Data were read and written
through the RS-232 serial port and the I'C bus system into the real smart card and the copy smart
card. This smart card reader and writer can be applied to use for the mobile phone. From the

result of experiment the card reader and writer can read and write data into the smart card

II

The Smart Card Reader and Writer

Mr.Tharatorn
Miss Ranee
Mr.Urupong
Mr.Surapong

Assist.Prof.Kitipong

Rattanastean
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Mano

Bachelor of Science in Industrial Education

Telecommunication Engineering

2002

ABSTRACT

correctly and completely. It can be applied to keep student record as well.
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PIC16F84A

18-pin Enhanced Flash/ EEPROM 8-Bit Microcontroller

Devices Included in this Data Sheet:

+ PIC1GF84A
+ Extended wvoltage range device available
(PIC16LF84A)

High Performance RISC CPU Features:

+ Only 35 single word instructions to learn
+ Allinstructions single cycle excspt for program
branches which are two-cycle
Operating spesd: DC - 20 MHz clock input
DC - 200 ns instruction cycle
» 1024 wonds of program memaory
63 bytes of data RAM
+ 64 bytes of data EEFROM
+ 14-hit wide instruction words
+ B8-bit wide data bytes
+ 15 special function hardware registers
+ Eight-level desp hardware stack
« Direct, indirect and relative addressing modes
+ Four interrupt sources:
- External RBEQ/INT pin
- TMROtimer overflow
- PORTB=7:4= interrupt on change
- Data EEPROM write complete

Peripheral Features:

+ 13 IO pins with individual direction control

+ High current sink/source for direct LED drive
- 25 mA sink max. per pin
- 25 mA source max. per pin

+ TKIRO: &bit timer/counter with 8-bit
programmalble prescaler

Special Microcontroller Features:

+ 1000 eraseiwrite cycles Enhanced Flash program
memory

+ 1,000,000 typical eraseiwrite cydes EEPROM data
mermory

+ EEPROM Data Retention > 40 years

+ In-Circuit Serial Programming {ICSP™) - via two
pins

+ Power-on Reset (POR), Power-up Timer [PWRT),
Oscillator Start-up Timer (OST)

+ Watchdog Timer (WDT with its own on-chip RC
oscillator for reliable operation

+ Code-protection

+ Power saving SLEEP made

+ Selectable oscillator options

-

*

Pin Diagrams

PDIP, S0IC
o)
RA2 -—n[e1 18] == RA1
R&3 =—-[] 2 17 [ =—= RAD
RAMTOCKI =—=-[]2 o  15[]=— DSCACLKIN
NOIR—=~[]4 § 15— OSC2CLKOUT
VWss—=[]8 @  q40~—WVm
“n
RBUIMT =—=[]6 ®©  13[]=—=RB7
RB1 =[] 7 > 12[] =—~ RE6
RB2 «+—[]8 11 [] ~—= RBS
RB3 =—=[] @ 10[] =—= RB4
SSOP
L TG -
RA3 =[] 2 19[] == RAD
RAMTOICKI =—=[]3 =  18[]=— OSCACLKIN
WOR—=[4 @ 17 []— OSC2CLKOUT
Vss—=[]5 = 15[]=— Voo
Ves —w [ 5 & 15[ =— Voo
RBUINT ~—=[]7 »  14[J=—=RB7
RB1 =—=[] 8 13[] == RBS
RB2 =—[] 0 12[] =+ RBS
RB3 =—=[] 10 11 [1~—= RB4

CMOS Enhanced Flash/EERPOM Technology:

+ Low-power, high-spesd technology
+ Fully static design
+ Wide operating voltage range:

- Commercial;

- Industrial:

2.0V to 5.5V
20Vio 5.5V

+ Low power consumption:
- <2mAtypical @ 5V, 4 MHz
- 15 pAtypical @ 2V, 32 kHz
- < 0.5 pAtypical standby current @ 2V
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1.0 DEVICE OVERVIEW

This document contains device-specific information for
the operation of the PIC16F84A device. Additional
information may befound inthe PICmicro™ Mid-Range:
Reference Manual, {DS33023), which may be down-
loaded from the Microchip website. The Reference
Ianual should be considered a complementary docu-
ment to this data shest, and is highly recommended
reading for a better understanding of the device archi-
tecture and operation of the peripheral modules.

The FIC16F84A Eelongs to the mid-range family of the
PICmicro™ microcontroller devices. A blodk diagram of
the device is shown in Figure 1-1.

The program memory contains 1K words, which frans-
lates to 1024 instructions, since each 14-bit program
memory word is the same width as each device instruc-
tion. The data memory (RAM) contains 68 bytes. Data
EEPROM is 54 bytes.

There are also 13 /0 pins that are user-configured on
a pin-to-pin basis. Some pins are multiplexed with other
device functions. These functions include:

+ External interrupt

+ Change on PORTB interrupt
+ Timer0D clock input

Table 1-1 details the pinout of the device with descrip-
tions and details for each pin.

FIGURE 1-1: PIC16F84A BLOCK DIAGRAM
5, Data Bus 8
i RS i / j = EEPROM Data Memory
Program l 1
Tdemory .
. Ald EEPROM
Pﬁgﬁﬁg‘“\ 8 Level Stack File Registers EEDATA f&5 Data Memory
X (13-bit) PIC16F 844 G4x8
66 x8
Program [+
Ble 14
Instruction reg ]
l 5,  DincctAddr THRO
RALTOCKI
STATUS rag
8
Y N Mux S
1r R l 8 1O Ports
F
Instructicn Oscillator
Decode & f&==1 | Stark.up Timer “
Control
Powar-on RA3:RAD
Resat r
Timin Watchdag [ Wreg ] RB7:RB1
Gene r'at?on Timar W reg
[% % % <] ReoNT
OSC2/CLKOUT WMCCR  Vop,Vss
OSC1/CLKIN
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TABLE 1-1 PIC16F84A PINOUT DESCRIPTION
Pin Name EIOP Sr? ;C Sﬁ gp ¥$;': ?;gir Description

OSC1/CLKIN 16 16 18 | STICMOS 31| Oscillator crystal inputfextarnal clock sourcs input.

OSC2ICLKOUT| 15 15 14 0 — Oscillator crystal cutput. Connects to erystal or resonator in
crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequancy of OSC1, and
denotes the instruction cycle rate.

WICLCR 4 4 4 P 3T Master clear (resat) input'programming voltage input. This
pin is an active low reset to the device.
PORTA is a bi-direclional 1/O paort.

RAD 17 17 19 1o TTL

RA1 18 18 20 10 TTL

RA2 1 1 1 1O TTL

RA3 2 2 2 110 TTL

RA4TOCKI 3 3 3 /0 ST Can also be selectad to be the clock input totha TMRO

timer/counter. Output is opan drain type.

PORTB is a bi-directional /O port. PORTE can ba softwarg
programmed for internal weak pull-up on all inputs.

RBUANT G 8 7 io TTLST i Eilt?.u”NT can also be selectad as an extamal interrupt

RB1 7 7 8 lie] TTL :

RB2 8 8 ¢] 10 TTL

RE3 9 9 10 lle] TTL

RE4 10 10 11 e} TTL Intarrupt on change pin.

RB5 1 11 12 1O TTL Interrupt on changa pin.

RBEG 12 12 13 lle} TTLST @ Interrupt on changa pin. Serial programming clock.

RE7 13 13 14 Mo | TTLST®@ Interrupt on change pin. Serial programming data.

Va5 5 5 5,6 P — Ground neference for logic and 1O pins.

Voo 14 14 15,16 I — Pasitive supply for logic and 17O pins.

Legend: |=input Q = output 1O = Input/Ouiput P = power

— = Not used TTL=TTL input ST = Schmitt Triggar input

Maota 1. This buffer is a Schmitt Trigger input when configurad as the external interrupt.

2

This buffer is a Schmitt Trigger input when used in serial programming mode.

3. This buffer is a Schmitt Trigger input when configurad in RC cecillator moda and a CMOS input otherwise.
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2.0 MEMORY ORGANIZATION

There are two memory blocks in the PIC16F84A.
These are the program memory and the data memory.
Each bock has its own bus, so that access o each
block can occur during the same oscillator cycle.

The data memory can further be broken down into the
general purpose RAM and the Special Function
Registers (SFRs). The operation of the SFRs that
control the “core” are described here. The SFRs used
to control the peripheral modules are described in the
section discussing each individual peripheral module.

The data memory area also contains the data
EEPROM memaory. This memary is not directly mapped
into the data memory, but is indirectly mapped. That is,
an indirect address pointer specifies the address of the
data EEPROM memory to readiwrite. The 64 bytes of
data EEFROM memory have the address range
0h-3Fh. More details on the EEPROM memery can be
found in Section 6.0.

Additional information on device memory may befound
in the PICmicro™ Mid-Range Referencs Manual,
{DS33023).

o N . SFEhiznd

The PIC16FXX has a 13-bit program counter capable
of addressing an 8K x 14 program memory space.
For the PIC16FE84A, the first 1K x 14 (0000h-03FFh)
are physically implemented (Figure 2-1). Accessing a
location above the physically implemented address will
cause a wraparound. For example, for locations 20h,
420h, 820h, C20h, 1020h, 1420h, 1820h, and 1C20h
will be the same instruction.

The reset vector is at 0000h and the intermupt wector is
at 0004h.

2.1

PROGRAM MEMORY MAP
AND STACK - PIC16F84A

FIGURE 2-1:

| PC<12:0> ]
CALL, RETURN i 13,
RETFIR, RETLW 45 7
Stack Level 1
Stack Level 8
¥ Resat Vactor 0000h
Paripheral Interrupt Vector | 00dh
E e
a8
=)
3
=2
_J_ 3FFh
1FFFh
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2.2 Data Memory Organization

The data memory is partitioned into two areas. The first
is the Special Function Registers (SFR) area, while the
second is the General Purpose Registers (GPR) area.
The SFRs control the operation of the device.

Portions of data memory are banked. This is for both
the SFR area and the GPR arsa. The GPR area is
banked to allow greater than 116 bytes of general
purpose RAN. The banked areas of the SFRare for the
registers that control the peripheral functions. Banking
requires the use of control bits for bank selection.
These contral bits are located in the STATUS Register.
Figure 2-1 shows the data memory map erganization.

Instructions MI7WEF and MOVF can move values from
the W register to any location in the register file (SECA
and vice-versa.

The entire data memory can be acosssed either
directly using the absolute address of each register file
or indirectly through the File Select Register (FSR)
(Section 24). Indirect addressing uses the present
value of the RP0 bit for access into the banked arsas of
data memory.

Data memory is parttioned info two banks which
contain the general purpose registers and the special
function registers. Bank O is selected by clearing the
RPO bit (STATUS <55, Setting the RP0 bit selects Bank
1. Each Bank extends up to 7Fh {128 bytes). The first
twelve locations of each Bank are reserved for the
Special Function Registers. The remainder are Gen-
eral Purpose Registers implemented as static RARK.

221 GENERAL PURPOSE REGISTER FILE

Each General Purpcse Register (GPR) is 8 bits wide
and is accessed either directly or indirectly through the
FSR (Section 2.4).

The GPR addresses in bank 1 are mapped to
addresses in bank 0. As an example, addressing loca-
tion OCh or 8Ch will access the same GPR.

FIGURE 2-1: REGISTER FILE MAP -
PIC16F84A
File Addrass File Address
00h | Indirect addr.!" | Indirect addr.{" | 8Oh
01h TMRO OPTION_REG | &1h
02h POL PCL §2h
03h STATUS STATUS 83h
04h FSR FSR 84h
0sh PORTA TRISA 8sh
0Bh PORTB TRISE 86h
omil e . 87h
08h EEDATA EECON1 88h
08h EEADR EECON2UY 88h
0Ah PCLATH PCLATH 8Ah
0Bh INTCON INTGON 8Bh
nch 8Ch
]

S | @UES,

Registers in Bank 0

ISRAM)
4Fh CFh
50h L Doh

e N

7Fh FFh

Bank 0 Bank 1
[1 Unimplementad data marmory location; read as'0".
Mote 1: Mota physical register.
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222 SPECIAL FUNCTION REGISTERS

The Special Function Registers (Figure 2-1 and
Table 2-1) are used by the CPU and Peripheral
functions to control the device operation. These
registers are static RAR.

The special function registers can be classified into two
sets, core and peripheral. Those associated with the
core functions are described in this section. Those
related to the operation of the peripheral features are
described in the section for that specific feature.

TABLE 241 REGISTER FILE SUMMARY
Value on Walue on all
Addr | Name Bit 7 Bit & Bit3 Bit 4 Bit3 Bit2 Bit1 Bit0 Power-on | other resets
Resat [Note3)
Bank 0
0h INDF Uses contents of FSR to address data memery {not a physical register) meme wems | woen cee-
01h TMRO §-bit real-im= dock/countsr XXX AXAXX | MU UL
zh PCL Low order 8 bits of the Program Counter (PC) pDag ooao | 0aod apoa
wh [swrus® [ R [ Ret [ R | W [ e | z [ pc | © [ coox smec| oovg quan
(4h FSR Indirect data memory address pointer O XX AXTX | MU UL
05h PORTA 4 — — — RAAITOCZKI RA3 RA2 RA1 RAQ --ex XXX | ---u unng
ch PORTE (3 RB7 RB6 RBS RB4 RB3 RB2 RB1 RBOANT | soxxx xasex | uwm wma
07h Unimplemented location, read a5 '0° T SR P
0¢h EEDWTA EEPROM data register XLXN XXX | UL UL
0ch EEADR EEPROM address register XA XXXX | MU ULBL
08h | PCLATH oo - = lWriba buffer for upper5 kits of the PG (1) ---a 0aap | ---o aood
0Bh [ INTCON GE | EEE | T™E | INTE | RBIE [ TOF | INTF | RBIF | cooo poox | oaoo apou
Bank 1
8lh INDF Uses contents of FSR to address data memory (not a physical register) s=me smes | mcee —ee
sih |oprion Rea| FBPU | wmeoe] tocs [ mse | esa [ psz | est | mso | w1 maun | w1
&h PCL Lora order 8 bits of Program Counter (PC) 0o0Oa DO00 | 0anD apod
gh | sTATUS @ GAEGID RN Shassrns i ) A NG Dba1 1awx | odbg gmu
8dh FSR Indirect data memory @ddress pointer O LK XXX | UL UL
8th [ TRISA 2 = = | PORTA data direction register ---1 1321 | ---1 1111
8ch TRISB PORTB data direction register 1,47 @111 | 2111 1111
&7h Unimplemented lecation, read 2z 0! . . . s e |
8h | EECONT — 1 = = | EEF [ WRERR] EW[ WR | RD | ---0 xoan | ---0 qooo
&ch EECON2 EEPROM contrdl regster 2 (nota physicalregigter) ] eeen meee e
(¥h PCLATH = = | = | Writa buffer for upper 5 kits of the PG (1) ---0 pIGD | ---0 QDDAO
0Bh | INTCON GIE EEIE TOIE | INTE | REIE I TOIF | INTF | RBIF | opoa ooox | mooo aoou
Legand: x = unknown, u = unchangad. - = unimplemented read as 'f, g = value depands on condition.
Mota 1: The uppar byte of the program counter is not directly accessible. PCLATH is a sleve register for PC<12:8>. The contents
ggglﬁm can ba transforred to the upper byte of the program countqr, butthe contents of PC<12:8= is nevertransfarned
2: TheTO and PD status bits in the STATUIS register are not affected by a TACLR reset.
3: Other inon power-up) resets include: external reset through FCLR and the Watchdog Timer Resat.
4: Onany device reset, these pins are configured as inputs.
5: This is the value that will be in the port output latch.
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22241 STATUS REGISTER Only the BCFP, BSF, SWAPF and MOIVWE instructions
should be used to alter the STATUS register (Table 7-2)

The STATUS register contains the arithmetic status of because these instructions do not affect any status hit.
the ALU, the RESET status and the bank select bit for r
data memaory. Nota 1: The IRP and RP1 bits (STATUS<T;B:") dare
As with any register, the STATUS register can be the gc:t U;ﬁrzgh::cl Z‘;?;B!tﬁzl;cﬁ:z:;dbﬁ:
destination for any instruction. If the STATUS registeris é:ogg'eneral pUrpose Fiiw bits is NOT
the destination for an instruction that affects the Z, DC i o e -
or C bits, then the write to these thres bits is disabled recommended  sitce: It mav, Al

i nrite S s . Cel i 4 :
These bits are set or cleared according to device logic. Upward competlb{llty piiiniiuce pm“m“
Furthermore, the TO and FD bits are not writable. Note 2: The C and DC bits operate as a borrow
Therefore, the result of an instruction with the STATUS - and digit borrow out bit, respectively, in
register as destination may be different than intended. ~ stbtraction. See the SUBLW and SIHNE
For example, CLRF STRTUS will clear the upper-three fllelon: oiesbe

: When the STATUS register is the
destination for an instruction that affects
the Z, OC er € bits, then the write to these
tres bits is disabled. The specified bit(s)
will be updated according to device logic

=

bits and set the Z bit. This leaves the STATUS register
as 000u uluu (where u = unchanged).

FIGURE 2-1: STATUS REGISTER (ADDRESS 03h, 83h)

Rin-0 BY@W-0 RAN-0 R-1 R-1 RAM-x RAd-x B3
[ mP | rRP1 | Reo 1] [ o0 | 'z | o | © | |R=Readablebi
hit7 bitg | W ="Writable bit
U = Unimplemantad bit,
read as 0’
- n =Value at POR reset

bit 7: IRP: Register Bank Select bit {used for indirect addressing)

The IRP bit is not used by the PIC16F84A. IRP should be maintained clear.
bit 6-5: RP1:RP0: Register Bank Select bits (used for direct addressing

00 = Bank 0 (00h - 7Fh)

01 = Bank 1 {&0h - FFh)
Each bankis 128 bytes. Only bit RP0 is used by the PIC16F84A. RP1 should be maintained clear.

bit 4:  TO: Time-out bit
1 = After power-up, CLEXWDT instruction, or SLEEP instruction
0 = AWDT time-out occumred
bit 3: PD: Power-down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction
bit 2: Z:Zero bit
1 =The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1:  DC: Digit camybomrow bit (for ADDWF and ADCLY instructions) (For bomrow the polarity is reversed)
1 = A camy-out from the 4th low order bit of the result occumed
0 = No camry-out from the 4th low order bit of the result

bit 0:  C: Carry'borrow bit (for ADDWF and RDDLA instructions)
1 = A camry-out from the most significant bit of the result occurred
0 = No carry-out from the most significant bit of the result occurred
Note:For bomow the polarity is reversed. A subtraction is executed by adding the two’s complement of
the second operand. For rotate {RRF, RLF) instructions, this bit is loaded with either the high or low
order bit of the source register.
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2222  OPTION_REGREGISTER

Note: ‘ When the prescaler is assigned to
The OPTION_REG register is a readable and writable the WDT (PSA ='1), TMRO has a 1:1
register which contains various control bits to configure prescaler assignment. ’ '

the TMROAYDT prescaler, the external INT interupt,
TKRO, and the weak pull-ups on PORTB.

FIGURE 2-1: OPTION_REG REGISTER (ADDRESS 81h}

RAY-1  RM-1 RANA RAR-1 RAN-1 R-1 RAW-1 RAW-1

| REPO JinTEDG] Tocs | TosE [ PsA [ Psz | PS1 | PS0_ ] [R =Readabls bit
bit7 bilD [W =Writabla bit
U = Unimplemeanted bit,
read as‘0’
- =Value at POR resat

bit 7: RBPU: PORTB Pull-up Enable bit
1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled {by individual port latch values)

bit 6: INTEDG: Interupt Edge Select bit
1 = Interrupt on rising edge of RBO/ANT pin
0 = Interrupt on falling edge of RBOAMT pin
bit 5: TOCS: TMRO Clock Source Select bit
1 = Transition on RA4TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)
bit 4. TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on RAH/TOCK] pin
0 = Increment on low-to-high transition on RA4/TOCKI pin
bit 3: PSA: Prescaler Assignment bit
1 = Prescaler assigned to the WDT
0 = Prescaler assigned to TMRO
bit 2-0: PS2:PS0: Prescaler Rate Select bits

Bit Value.  TMRD Rate  WDT Rate

aau 1:2 g
a0l 1:4 2
a10 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
17 1:256 1:128
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2223

The INTCON register is a readable and writable
register which contains the various enable bits for all
interrupt sourcss.

INTCON REGISTER

Note:  Interruptflagbits get setwhenaninterrupt

FIGURE 2-1:  INTCON REGISTER (ADDRESS 0Bh, 8Bh}

condition occurs regardless of the state of

its corresponding enable bit or the
enable bit, GIE (INTCOMN<7=).

global

R&AN-0

RS-0 RMO RWD RAW-0 RW-0 RAN-0 Riti-x

bit7

bit 7:

bit &:

bit 5:

bit 4:

bit 3:

bit 2:

bit 1:

bit 0:

[ GE [T EEE [ ToOE [ INTE | RBIE | TOF | INTF | RBIF | |R = Readablo bit

bita W =Writable bit

U = Unimplemented bit,

read as ‘0’

- n =Value at POR raset

GIE: Glokal Interrupt Enable bit
1 = Enables all un-masked interupts
0 = Disables all interupts

Note: For the aperation of the interrupt structure, please refer to Section ».

EEIE: EE Write Complete Interupt Enable bit
1 = Enables the EE write complete intemrupt
0 = Disables the EE write complete interrupt

TOIE: TMRO Overflow Interupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt

INTE: RBO/IMT Interrupt Enable bit

1 = Enables the RBO/INT interrupt

0 = Disables the RBU/INT interrupt

RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt
TOIF: TMRO Overflow Interrupt Flag hit

1 =TMRO has overflowed (must be cleared in software)
0 =TMRO did not overflow

INTF: RBOANT Interrupt Flag hit

1 =The RBO/INT interupt occured

0 =The RBNVINT interrupt did not occur

RBIF: RBE Port Change Interrupt Flag bit

1 =When at least one of the RB7:RB4 pins changed state (must be cleared in software)

0 = None of the RB7:RB4 pins have changed state
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2.3 PCL and PCLATH

The program counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 13 bits
wide. The low byte is called the PCL register. This reg-
ister is readable and writable. The high byte is called
the PCH register. This register contains the PC<12:8>
bits and is not directly readable or writaldle. All updates
to the PCH register go through the PCLATH register.

231 STACK

The stack allows acombination of up to & program calls
and interrupts to occur. The stack contains the return
address from this branch in program execution.

Midrange devices have an 8 level desp x 13-bit wide
hardware stack. The stack space is not part of either
program or data space and the stack pointer is not
readable or writable. The PC is PUSHed onto the stack
when a CALL instruction is executed or an interupt
causes a branch. The stack is POPed in the event of a
RETURM, RETLW or a RETFIE instruction execution.
PCLATH is not madified when the stack is PUSHed or
POPed.

Adter the stack has been PUSHed eight times, the ninth
push ovenyrites the value that was stored from the first
push. The tenth push overwrites the second push (and
SO on).

Indirect Addressing: INDF and FSR

Registers

The INDF register is not a physical register. Address-
ing INDF actually addresses the register whose
address is contained in the FSR register (FSR is a
pointer). This is indirect addressing.

24

EXAMPLE 2-1: INDIRECT ADDRESSING

+ Register file 05 contains the value 10h

+ Register file 06 contains the valug 0Ah

+ Lead the value 05 into the FSR register

+ A read of the IMDF register will return the value of

10h

Increment the value of the FSR register by one

(FSR = 06)

+ A read of the INDF register now will return the
value of 0Ah.

Reading INDF itself indirectly (FSR = 0) will produce
00h. Writing to the INDF register indirectly results in a
no-operation (although STATUS bits may be affected).

A simple program to clear RAN locations 20h-2Fh
using indirect addressing is shawn in Example 2-2.

-

HOW TO CLEAR RAM
USING INDIRECT

EXAMPLE 2-2:

ADDRESSING
movlw Qx20 ;initialize pointer
movwE  FER ; to RAM
NEXT clgl INDF ;clear INDF register
incf PSR ;inc pointer
btfas PSR, 4 ;all done?
goto  NEXT ;NO, clear next
CONTINUE

;YEE, continue

An effective 9-bit address is obtained by concatenating
the 8-bit FSR register and the IRP bit (STATUS<7>), as
shown in Figure 2-1. However, IRP is not used in the
PIC1EF84A.
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FIGURE 2-1: DIRECT/INDIRECT ADDRESSING
Diract Addressing Indirect Addressing
RP1RPO 8  from opcoda 0 IRP 7 {FSR) 0
| O - I G
e 5 ~ e ~ =
banksalect  location salect bank salect location select
' = 50 01 .—1
00h 80h
Lt -
0Bh
0Ch
Addrassas|
Data : map back
Iemory (1
4Fh
50h ‘ /
(3) (2)
7Fh b FFh
Bank 0 Bank 1

Mote 1: For memory map detail sae Figura 2-1.

2: Maintain as clear for upward compatiblity with future products.

3. Mot implementad.
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3.0 1/O PORTS

Some pins for these YO ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose /O pin.

Additional information on YO ports may ke found in the
PICmicro™ Mid-Range Reference Manual,
(DS332023).

3.1 PORTA and TRISA Registers

PORTA is a 5-bit wide bi-directional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (=1) will make the corresponding PORTA pin
an input, i.e., put the comesponding output driver in a
hi-impedance made. Clearing a TRISA bit (=0} will
make the coresponding PORTA pinan output,i.e., put
the contents of the output latch on the selected pin.

Note: Ona Power-on Reset these pins are con-

figured as inputs and read as ‘0.

Reading the PORTA register reads the status of the
pins whereas writing to it will write to the port latch. All
write operations are read-modify-write operations.
Therefore a write to a portimplies that the port pins are
read, this value is modified, and then written to the port
data latch.

Pin RA4 is multiplexed with the Timerd module clock
input to become the RA4/TOCKI pin. The RAATOCKI
pinis a Schmitt Triggerinput and an open drain output.
All other RA port pins have TTL input levels and full
CMOS output drivers.

EXAMPLE 3-1: INITIALIZING PORTA
BCF BTATUS, RPO
CLRF PORTA Initialize PORTA by
clearing outpub

data latches

Zelect Bank 1

value used to
initialize data
direction

; Set RA«<3:0» as inputs
RAd as oubtput
TRISA«7:5> are always
read as '0'.

BSF STATOS, HPD
MOVLW 0xaF

MOVKF  TRISA

o

FIGURE 3-1: BLOCK DIAGRAM OF PINS
RA3:RAQ
Data
kus
D Q
?:}”:‘t Voo
ort | RS v
CK 3 :l ->_| 5
Data Latch ﬂ
:D—-i N 1i0 pin
— D Q
WRRIIS Wsg
B3 CK g
TRIS Latch TTL
input Y7
) buffar
RD TRIS
Q D

M |

- |
RD PORT T {>c

Mota: FO pins have protection dicdes to Voo and Vss.
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FIGURE 3-2: BLOCK DIAGRAM OF PIN RA4
Data
bus D a
WR
PORT

Data Latch

|

WR

Q

s cia |4

TRIS Latch

T

RDTRIS

Schmitt
;Ii:'np% ar K?

buffer

— 1]

FW
RD PORT \E{>°

—_ TWRD clock input

Mote: 70 pin has protecticn diodes toVss only.

TABLE 3-1 PORTA FUNCTIONS
Name Bit0 Buffer Type Function

RAQ bit0 TTL Inputioutput

RA1 bit1 N Inputfoutput

RA2 bit2 TTL Input/output

RA3 bit3 TTL Inputioutput

RA4/TACKI bit4 ST Input/output or external clock input for TMRO.

Qutput is open drain type.

Legend: TTL =TTL input, 8T = Schmitt Trigger input

TABLE 3-2 SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Value on Value en all
Address | Name Bit7 Bit6 Bit 5 Bitd Bit3 Bit 2 Bit 1 Bit0 Power-an other resets
Reset
05h PORTA — — — RALITOCKI RA3 RA2 RA1 RAQ -=-x ;xxx | ---u wuun
85h TRISA - — — TRISAS TRISA3 | TRISAZ | TRISAT | TRISAD | ---1 1112 | ---1 1111

Legend: x = unknawn, u = unchangad, - = unimplemented read as '0’. Shaded calls ane unimplementad, read as'0’
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3.2 PORTE and TRISB Registers

PORTB is an 8-bit wide bi-directional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (=1) will make the comresponding PORTB pin
an input, i.e., put the comresponding output driver ina
hi-impedance mode. Clearing a TRISB bit (=0} will
make the corresponding PORTB pin an output, i.e., put
the contents of the output latch on the selected pin.

EXAMPLE 3-1: INITIALIZING PORTB

RBc5:4> as outputs
BBc7:6> as inputs

ECF BTATUS, RBO ;
CLRF PORTE i Initilalize PORIB by
; clearing output
; data latches
BSF STATUS, RPO ; Belect Bank 1
MOVLA  OxCF ; Value used to
; dnitilalize data
¢ direction
MOVWF TRIEBE i Seb RBc2:0x as inpukts
L3
v

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formeid by clearing bit RBPU {OPTION<7 ). The weak
pull-up is automatically turned off when the port pin is
configured as an output. The pull-ups are disabled ona
Power-on Reset.

FIGURE 3-3: BLOCK DIAGRAM OF PINS

REB7.RB4
Voo
REPOY E‘w
——D" pull-up
Dala b Data Latch
- D a L >
\WR Port e
V CK pini2
TRIS Latch
«— 1D Q %
WRTRIS ck ?TTL
Input
Buffer
RD TR|S Lath
el ol B £
RD Fort EN
Set RBIF
From other %‘
RB7:RB4 pins Q ]

EM

RD Port

Mote 1: TRISB ='1" enables weak pul-up
{if REPU =0 in the OPTION_REG register).

2 1D pins have diode protection to Won and Ves

Four of PORTB’s pins, RBY:RB4, have an interupt on
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e. any RBY:RB4 pin con-
figured as an output is excluded from the interrupt on
change comparison). The input pins (of RBY:RB4) are
companed with the old value latched on the last read of
PORTB. The "mismatch™ outputs of RBY:RB4 are
OR'ed together to generate the RB Port Change Inter-
rupt with flag bit RBIF (INTCOM<0>).

This interrupt can wake the device from SLEER The
user, in the interrupt service routine, can clearthe inter-
rupt in the following manner:

a) Any read or wrte of PORTB. This will end the
mismatch condition.

b} Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition, and
allow flag bit RBIF to be cleared.

The interrupt on change feature is recommended for
wake-up on key depression operation and operations
whenz PORTB is only used for the interrupt on change
feature. Polling of PORTB is not recommended while
using the interrupt on change featune.

FIGURE 3-4: BLOCK DIAGRAM OF PINS

RB3:RBO
Voo
REFOV] weak
pull-up
Data Labzh
D Data Labzh
ata bus D Q
Iy,
WiR Port cK N pl'rn?’a
TRIS Laich
— D Q
L kY
\ 51 GK Yy ikt N
RD TEIS
<1 oD
RD Port EM
RBO/MT _,{‘[
Schmitt Tri
Bufie | RD Port
Notz 1: TRISB = "1 enables weak pull-up
(iFRBPU =0’ in the OPTION_REG register).
2: IO pins have diode protection to Voo and Vss.
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TABLE 3-3 PORTB FUNCTIONS
Name Bit Buffer Type 1/ Consistency Function

RBO/AMT bitd TTLSTI Inputioutput pin or external interrupt input. Internal software
programmable weak pull-up.

RB1 bit1 TTL Inputfoutput pin. Internal software programmable weak pull-up.

RB2 bit2 TTL Input/output pin. Internal software programmable weak pull-up.

RB2 bit3 TTL Inputioutput pin. Internal software programmable weak pull-up.

RB4 bit4 Tl Input/output pin (with interrupt on change). Inter nal software programmable
weak pull-up.

RBS bit5 TTL Inputioutput pin fwith interrupt on change). Internal software programmable
weak pull-up.

RB& bit6 TTLSTHE Inputioutput pin (with interrupt onchange). Internal software programmable
weak pull-up. Serial prograrmming clock.

RB7 bit7 TTLSTH Inputioutput pin (with interrupt on change). Inter nal software programmable
weak pull-up. Serial programming data.

Legend: TTL =TTL input, ST = Schmitt Tigger.
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in serial programming mode.

TABLE 3-4 SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Value on
Addr | Name Bit7 | Bité | Bits Bitd Bitd | Bit2 | Bit1 | Bit0 | Poweron | Valueonall
Reset
0sh PORTB RBT RBS REB5S RB4 RB3 RB2 RB1 RBOINT | soer xexx | wmouu uuun
8sh TRISB TRISBT | TRISB5 | TRISBS TRISB4 TRISB3 | TRISB2 | TRISB1 | TRISBO | 1111 11131 | 1131 1112
81h OPTION_REG | FBPU | INTEDG | TOCS TOSE psA PS2 | PS1 I PSO | 3311 11313 | 1131 1131

Legend: x = unknown, u= unchanged. Shaded cells ana not usad by PORTB.
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16K 2.5V I>)C™ Serial EEPROM

FEATURES PACKAGE TYPES
+ Single supply with operation down to 2.5Y 8-Lead PDIP =
» Low pomar.CMOS tecl‘lnglogy 2011 8 [Jvec
- 1 mA active current typical I
- 10 uA standby cument typical at 5.5V a1z ﬁ 7[Qwp
- 5 pA standby current typical at 3.0V -
» Organized as 8 blocks of 256 bytes (8 x 256 x 8) A2[73 w & []SCL
» 2-wire serial interface bus, FC™ compatible
+ Schmitt trigger inputs for noise suppression Y= E \ s DSDA
* Qutput slope contral to eliminate ground bounce
* 100 kHz (E-temp) and 400 kHz (C/l-temp) 8-Lead SOIC
compatibility %
» Self-timed write oycle (including auto-erase) Ao \ 8 Voo
*» Page-write buffer for up to 16 bytes 2 B 7
y ; : \ WP
* 2 ms typical write cycle time for page-virite al E: e ::I
» Hardware write protect for entire memory AD E:: 3 & 6 :—_—I SCL
+ Can be operated as a serial ROM
» Factory programming (QTP) available Vss E: 4 5 ::ISDA
« ESD protection = 4,000V
* 1,000,000 erasefwrite cycles guaranteed
= Data retention » 200 years 8-Lead TSSQP 4
+ 8-pin DIP, 8-lead SOIC, 8-lead TSSOP packages AOIj._. 1 g8 Vec
* Available for extended temperature ranges e
- Commersial (C): 0°C jo +70°C a2 o/’ WP
- Inclustrial (l): A0FC tn  +85°C 3 D
o 6
- Automative (E): -40°C to +126°C i E: ::I el
4 5
DESCRIPTION Vs 15D

The Wicrochip Technology: Inc. 24LC16B is a 16K bit

Electrically Erasable PROM. The clevics is organized BLOCK DIAGRAM

as eight blocks of 255 x 8 bit memory with a 2-wirs

serial interface. Low voltage design permits operation vip
cdown to 2.5 volts with standby and active currents of
only 5 pA and 1 mA respectively. The 24LC16B also FECE R 0N
has a page-write capability for up to 16 bytes of data.
The 24LC16B is available in the standlard 8-pin DIP a MEMORY =]  EEPROM
surface mount SOIC and TSSOP packages. cfggﬁ;o""c%gﬁ:m"' XDEC{—w| ~ ARRAY
2] PAGE LATCHES
SDA  SCL

Vo - SENSE AMP

Vss[J—e- | RATCONTROL
I2Cis a frademark of Philps Corporaticn.
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1.0 ELECTRICAL TABLE 1-1:  PIN FUNCTION TABLE
CHARACTERISTICS Name Function
11 Maximum Ratings* ki Gradind
i /| /
L e T e T i Serfal Bl Epa T
Allinputs and outputs wrt. Vss............... -0.8V fo Yeo +1.0V SCL Serial Clock
Storaga temperaturg ... ...-85C t0 +150°C .
Ambient tsmp. with power appliad..............-85C 10 +125°C P Writs Protect nput
Soldering tsmparatura of lsads (10 seconds) .............+300°C Voo +2.5V to 6.5% Power Supply
ESD protaction on all ping ..o = 4 KY

AD, A1, A2 No Internal Connection

*Motice: Stressae above those listed under “Maximum ratings”
may cause permanent damage to the device. Thisis a stress mt-
ing only and functional operation of the device atthosa or any
other conditions above theee indicated in the oparational lislings
of thiz specification is not implied. Exposure to maximum rating
conditions for extended periods may affect device reliability.

TABLE 1-2: DC CHARACTERISTICS

Voo = +2.5V to +6.5V

Commercial (C):  Tamb = 0°C to +70°C
Industrial (I':  Tamb = ~40°C to +85°C
Autornctive  (E)  Tamb = -40°C to +125°C

Parameter Symbol Min Max Units l Conditions I
WP, SCL and SDA pins:
High level input voltage VIH .7 Vee -_— Y
Low level input voltage ViL — .3 ee v
Hysteresis of Schmitt trigger VHYS .05 Voo — Y {Note)
inputs
Low level output voltage VoL — 40 U et =3.0mA, Voo =2.5V
Input leakage current Ll -10 10 A | Vin =1V to Veo
Cutput leakage current Lo -10 10 paA | Vout =.1Vio Veo
Pin capacitance Cin, CouTt — 10 pF | Yoo =5.0V (Note)
{all inputs/outputs) Tamb = 25°C, Fowk = 1MHz
Operating current loc wiite — 3 mA | Voo =6.6V SCL =400 kHz
lec read — 1 mA
Stanclby cument lccs — 30 paA | Voo = 3.0V, SDA = SCL = Veo
— 100 pA | Voe =5.5Y, SDA = SCL = Voo
WP = Vss

MNote:  This parameter is periodically sampled and not 100% testad.

FIGURE 1-1: BUS TIMING START/STOP

EEER G

_P
STOP
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TABLE 1-3: AC CHARACTERISTICS

Vce = +2.5V to 5.5V
Commercial (C): Tamb= 0°C to +70°C

Industrial {1): Tamb = -40°C to +85°C
Automotive (E):  Tamb = -40°C to 125°C :
Parameter Symbol Kin Units Conditions
Clock fraquency 45V 2 Voo 255V
2.5V= Voo = 5.5V (E-temp ranga)

Clock high time Thigh 600 — ns 45V =z Voo 5.5V

4000 — 2.5V= Voo = 5.5V (E-tamp ranga)
Clock low timeg Tuow 1300 — ns 45V <Voc 5.5V

4700 — 2.5V= Voc = 5.5V (E-tamp ranga)
SDa and SCL rise tma TR — 200 ns 4.5¥ < Voo < 5.5V (Note 1)
(Note 1) — 1000 2.5V2 Voe < 5.5V (E-tamp ranga) (Note 1)
SDA and SCL fall tima TF — 200 ns (Note 1)
START condition hold tims THI:STA 600 — ns 4.5¥ < Vico = 5.5V

4000 — 2.5V Voo < 5.5V (E-tamp rangs)
START condition setup time Tsu:s14 600 — ns 4.5V = Viee < 5.5V

4700 — 2.5Vs Voo s 5.5 (E-amp ranga)
Data input hold time THD:DAT 0 —_ ns (Mote 2)
Data input satup tima Tsu:DaT 100 — ne 45V < Voo 255V

250 — 2.5V Voo < 5.5V (E-tamp ranga)
STOP condition setup tims Tsu:sTo 600 — ns 4.5Y < Vce 2 5.5V

4000 — 2.5 Voo < 5.5V (E-amp ranga)
Output valid from clock Taa — 200 ns 4.5V < Veg < 5.5V
(Note 2) — 3500 2.5V g Vee £ 5.5V (E-temp ranga)
Bus frea time: Time tha bus must be Taur 1300 — ns 4.5V < Ve £ 5.5\
fren befora a new transmission can 4700 e 2.5V Voo = 5.5V (E-tamp ranga)
start
Output fall tima from YiH Tor 20+0.1Ce | 250 ns 4.5¥z Voo = 5.5V
minimum to Vi maximum o 250 2.5Vz Voo = 5.5V (E-tomp ranga)
Input filter spike sup prassion Tsp — 50 ns (Notes 1 and 3)
(SDa and SCL pins]
Write cycle ima (byte or paga) Twe — 5 ms
Endurance M — | cycles | 25°C, Voo = 5.0V, Block Moda [Nots 4)

Note 1: Mot 1009 testad. Cg = total capacitance of one bus ling in pF.

Note 2:  As a transmitter, the device must provida an intsmal minimum dslay time to bridgs the undefined region (minimum
300 ng) of the falling edge of SCL to avoid unintended ganeration of START or STOP conditions.

Mote 3: The combined Tsr and VHvs spacifications ara dus to new Schmitt frigger inputs which provide improved noisa spike
suppressicn. This eliminates tha need for a Tl specification for standard oparation.

Note 4: This paramster is not tested but guaranteed by charactarization. For endurance estimatas in a specific application,
pleass consult the Total Endurance Mods|which can be obtained on Microchip's wabsita.
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FIGURE 1-2: BUS TIMING DATA

TR
THIGH I"
SGL j, S
THD:DAT] Tsu:DAT Teu:s
SCL R e
I
TAA —pn THD:STA Toue

SCL

ouT
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20 FUNCTIONAL DESCRIPTION

The 24LC16B supports a Bi-directional 2-wire bus and
data transmission protocol. A device that sends data
onto the bus is defined as transmitter, and a devios
recsiving data as receiver. The bus has tabe controlled
by & master device which generates the serial clodk
(SCL), contrals the bus access, and generates the
START and STOP conditions, while the 24LC16B
works as slave. Both, master and slave can operate as
transmitter or receiver but the master cevice deter-
mines which mode is activated.

3.0 BUS CHARACTERISTICS

The fallowing bus protecol has been defined:

* Data transfer may be initiatec only when the bus
is not busy.

* During data transfer, the data line must remain
stable wheneverthe clock line is HIGH. Changes

in the clata line while the dock line is HIGH will be
interpreted as a START or STOP condition.

Accordingly, the following bus conditons have been
defined (Figure 3-1).

3.1 Bus not Busy (A}

Both data and clock lines remain HIGH.

3.2 Start Data Transfer (B}

A HIGH to LOW transiticn of the SDA line while the
dock (SCL) is HIGH determines a START condition. All
commands must be precaded by a START conditian.

3.3 Stop Data Transfer (C)

A LOW to HIGH transiticn of the SDA line while the
dock (SCL) is HIGH determines a STOP candition. All
operations must be ended with a STOP condition.

3.4

Data Valid (D

The state of the data linz represents valid data when,
after a START condition, the data line is stable for the
duration of the HIGH periad of the clock signal.

The data on the line must be changed during the LOW
period of the dock signal. Thereis one dock pulss per
bit of data.

Each data transfer is inifisted with a START condition
and terminated with a STOP condition. The number of
the data bytes transferred between the START and
STOP condlitions is determined by the master devics
and is theoarstically unlimited, although only the last six-
teen will ke stored when doing a wiite operation. When
an overwite does ecour it will replace data in a first in
first out fashion.

~ Acknowledge

Each receiving device, when addressad, is obliged to
generate an acknowledge after the reception of each
byte. The master device must generate an extra clock
pulse which is associated with this acknowledge bit.

"Npie:;\ The 24LC16B doss not generate ary

3.5

. acknowledge bits if an intemal program-

__ming cyde is in progress. .
The device that acknowledges, has to pull down the
SDA line during the acknowledge clock pulse in such a
way that the SDA line is stable LOW during the HIGH
period of the acknowledge related clock pulse.  OF
course, setup and hold times must be taken into
acecount. During reads, a master must signal an end of
data to the slave by not generating an acknowledge bit
on the last byte that has been clocked out of the slave.
Inthis case, the slave (24LC16B) will leave the dataline
HIGH to enalde the master to generate the STOP con-
diticn.

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS

(4 (B} )] (D) ©
SCL /~—\
+* - - f
SDa \ —t — /_ R
el i h
LR
R, SR el T i
START ADDRESS OR DATA STOP
CONDITION ACKNOWLEDGE  ALLOWED CONDITION
VALID TO CHANGE
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3.6 Device Addressing FIGURE 3-2: CONTROL BYTE ALLOCATION
A control byte is the first byte received following the e READ \
start condition from the master device. The control byte — T

consists of afour bit control cade, for the 24LC16B this L I SLAVE ADDRESS H!WI A I
is 8=t as 1010 binary for read and write operations. The - 11 1 L

next three bits of the control byte are the Hock select 1 "
bits {B2, B1, BO). They are used by the master device . by
to select which of the eight 256 word blacks of memaory

are to be accessed. Thess bits are in effect the three 1 0 1 0 Bz | B1 | Bo
most sigrificant bits of the word adklress. It should be X Dot

noted that the protocol limits the size of the mernory to = aneare

eight blocks of 256 wordls, therefore the protocal can
support anly one 24LC16B per system.

The last bit of the control byte defines the aperation to
ke performed. When set to cne a read operation is
selected, when set to zero a wiite operation is selected.
Following the start condition, the 24LC16B monitors
the SDA bus checking the dsvics type identifier being
transmitted, upon a 1010 code the slave device outputs
an acknowledge signal an the SDA line. Depending on
the state of the R/W bit, the 24LC168B will select a read
or wiite operation.

Operation | Control Block Select | RAW
Code

Read 1010 Blodk Address 1
Write 1010 Block Adkress 0
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4.0
4.1

WRITE OPERATION

Byte Write

Following the start condition from the master, the
devics code (4 bits), the black address (3 bits), and the
RIW bit which is a logic low is placed onto the bus by
the master transmitter. This indicates to the addressed
slave recsiver that a byte with a word add ress will follow
after it has generated an acknowledge bit during the
nirth clock cycle. Therefore the next byte transmittec]
by the master is the word address and will be written
into the address pointer of the 24LC16B. After receiv-
ing anather acknowledlge signal from the 24LC16B the
master cdevicz will transmit the data word to be written
into the acklressed memory location. The 241 C16B
acknowledges again and the master generates a stop
condition. This initiates the internal write cycle, and
during this time the 24LC16B will not generate
acknowledge signals (Figure 4-1),

42  Page Write

The write control byte, word address and the first data
byte are transmitted to the 24LC16B in the same way
asin a byte write, Butinstead of gene rating a stop con-
dition the master transmits up to 16 data bytes to the
241L.C16B which are temporarily stored in the on-chip
page buffer ancl will be written intothe memoty after the

master has transmitted a stop condition. After the
receipt of each word, the four lower aorder address
peinter bits are internally incremented by one. The
higher orcler seven bits of the word address remains
constant. If the master should transmit more than 16
viords prior to generating the stop condition, the
address counter will roll over and the previously
received data will be overaritten. As with the byte write
operation, once the stop condition is received an inter-
nal write cycle will begin (Figuns 4-2).

Note:

Page write operations are limited to writing

bytes within a single physical page,

. Ieqardless of the number of bytes actually

_ being written. Physical page baundaries

start at addresses that are integer multi-

_ples of the page buffer size (or ‘page size’)

_ and end at addressss that are integer mul-

tiples of [page size - 1]. [f a page write com-

mand attempts to wirite across a physical

- _page boundary, the result is that the data

. wraps around to the beginning of the cur-

. rent page f{ovenwriing data prewi ously

stored there), instead of being written to

~ the next page as might be expected. It is

 therefore. necessary. for the application

_ software to prevent page write operations

_ that would attempt to cross a page botnd-
ary. : .

FIGURE 4-1: BYTE WRITE
13_ 5
BUS ACTIVITY CONTROL WORD T
MASTER g BYTE ADDRESS DATA o}
iF -3y LA TS e S B
1 MR P Il W1
SD# LINE g P
I I 1 1L ET] I lal 14| |
A A A
BUS ACTIITY c c c
K K K
FIGURE 4-2: PAGE WRITE
s s
BUS ACTIVITY l -3 5
MASTER COMTROL NORD
_? BYTE ADDRESS (n) DATA n DATA n+1 DATAn +15 P
A -
T T ] 1
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BUS ACTIVI
ACTIMITY C C = B g
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5.0 ACKNOWLEDGE POLLING

Since the device will not acknowledge during a write
cycle, this can be used to determine when the cyele is
complete (this feature can be used to maximize bus
throughput). Onee the stop candition for a write com-
mand has been issued from ths mastsr, the device ini-
tiates the intemally timed wiite cyde. ACK polling can
beinitiated immediately. This involves the master send-
ing a start condition followed by the control byte for a
wiite command (RIW = 0). If the devics is il busy with
the wirite cycle, then no ACK will be returned. If the
cycle is complete, then the device will return the ACK
and the master can then proceed with the next read ar
write command. See Figure 5-1 far flow cliagram.

FIGURE 5-1: ACKNOWLEDGE POLLING FLOW

Send
Wiite Commancd]

}

Send Stop
. Condition to
Iniiate Wnte Cycla

t

Send Start

4+

Send Control Byte
with RAlW = 0

Did Device
Acknowledge
(ACK =017

YES

Mext
Operation

6.0 WRITE PROTECTION

The 24LC16B can be used as a serial ROM when the
WP pin is connected to Ve, Programming will be inhib-
ited and the entire memory will be write-protected.

7.0 READ OPERATION

Read operations are initiated in the same way as write
operations with the exception that the R/W bit of the
slave address is set to one. There arethree basic types
of read operations: cument address read, ranclom
readl, and sequential read.

7.4

The 24LC16B contains an acldress counter that main-
tains the address of the last word accessed, intemally
incremented by one. Therefors, if the previous access
[gither a read or wiite operation) was to address n, the
next current address read operation would access data
from address n + 1. Upan receipt of the slave address
with B bit set to one, the 24LC16B issues an
acknowledge and transmits the sight bit clata word. The
master will not acknowledge the transfer but does gen-
erats a stop condition and the 24LC16B discontinues
transmission (Figure 7-1).

7.2

Current Address Read

Random Read

Random read operations allow the master 1o access
any memory location in a random manner. To perform
this type of read operation, first the word address must
be set. This is dane by sending the word address to the
24L.C16B as part of a write operation. After the word
address is sent, the master generates a start condion
following the acknowledge. This terminates the write
operation, but not before the internal address pointer is
set. Then the master issues the control byte again but
with the P/W bit set to a one. The 24LC16B will then
issue an acknowledge and transmits the 8-bit data
word, The master will not acknowledge the transfer but
does generate a stop condition and the 24LC16B dis-
continues transmission (Figure 7-2).

7.3 Sequential Bead

Sequential reads arzinitiatedin the same way as a ran-
dom read except that after the 24LC16B transmits the
first clata byte, the master issues an acknowled ge as
opposed to a stop condlition in a random read. This
directs the 24LC16B to transmit the next sequentially
addressed 8-bit word (Figure 7-3).

To provide sequential reads the 24LC16B contains an
internal address pointer which is incremented by one at
the completion of each operation. This address pointer
allows the entire memory contents to be serially read
during one operation.

7.4

The 24LC16B employs a Vec threshold detector circuit
which disables the internal erasefwrite logic if the Vo
is below 1.5 volts at nominal conditions.

The 8CL and SDA inputs have Schmitt trigger and filter

circuits which suppress noise spikes to assure proper
device operation even on a noisy bus.

Noise Protection




93

24L.C16B

FIGURE 7-1: CURRENT ADDRESS READ
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FIGURE 7-2: RANDOM READ
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FIGURE 7-3: SEQUENTIAL READ
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8.0 PIN DESCRIPTIONS 83  wp

8.1  SDA Serial Address/Data InputQutput
This is a Bi-directional pin usad to transfer adclresses
and data into and clata out of the device. It is an open
drain terminal, thersfore the SDA bus requires a pullup
resistor to Vo (typical 10KQ for 100 kHz, 2 KO for
400 kHz).

For normal data transfer SDA is allowed to change only
during SCL low. Changes during SCL high are
reserved for indicating the START and STOP condi-
tions.

8.2

SCL Serial Clock
This input is used to synchronize the data transfer from
and to the device.

This pin must be connected to either Vss or Vec.

If tied to Vss normal memory operstion is enablec]
{readfvnite the entire memory 000-7FF).

If tiec! to Vec, WRITE operations are inhibited. The
entire memory will be writs-protected, Read operations
are not affected.

This feature allows the user to use the 24L.C168 as a
serial ROM when WP is enabled ltied to Vee).

84  AQ A1 A2

These pins are not used by the 24LC16B. They may be
left floating or tied to either Vss or Voz.
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24L.C16B PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, &.g., on pricing or delivery, refer to the factory or the listed sales offios,

24L.C16B - T /P

Package: P = Plastic DIP (300 mil Body) 8-lead
‘ SN = Plastic SOIC {150 mil Body),8-lead

ST = Plastic TSSOP, 8-laad
Temperature Blank = 0°Cto +70<C
Range: I = —40°C to +85°C

E = —40°Cto+125C
Davice: 24LC18B = 18K I3C Serial EEPROM

24LC16BT = 16K I2C Serial EEPROM (Tape and Real)

Sales and Support

Data Shests
Products supportad by a preliminary Data Sheat may hava an errata sheet dascribi ngminor aperational differences and racom-
mendad workarounds. To detarmine if an erata shaat axists for a particular device, pleass contact one of the following:

1. Your local Microchip sales offica
2. The Microchip Gorporate Litaratura Center U.S. FaX: [480) 726-7277.
3. The Microchip Worldida Sita {www.microchip.com)

Pleasa spacify which devics, ravision of silicon and Data Shast (include Literatuna #) you are using.

New Customer Notification System
Register on our web sita (www.mizrechip.com.cn) to raceive tha most current information on our products.
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