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MOVING-OBJECT TRACKING SYTEM
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2™ Semester, Educational Year 2001

Abstract

This thesis preseats the design and implementation of a tracking device for moving
object, which is the cooperation of a digital camera, stepping motors, and a personal computer.
The digital camera is fixed with the stepping motors controlled by the computer to follow and
capture images of the obiect automatically or manually throughout 130°in a horizontal line and

90° in a vertical line. Then they are displayed on the monitor of computer.
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MicrocHIP PIC1 6F84A

18-pin Enhanced Flash/ EEPROM 8-Bit Microcontroller

Devices Included in this Data Sheet: Pin Diagrams
- PIC16F84A PDIP, SOIC
- Extended voltage range device available -,
(PIC16LF84A) RA2 =—e[To1 18171 =—= RA{
. s RA3 =—=[] 2 17[J=—=RA0
High Performance RISC CPU Features: R ds = 18f BEE LN
« Only 35 single word instructions to learn MCIR—=[4 @ 15— 0SC2/CLKOUT
* Allinstructions single cycle except for program vss—=[]'5 L N0 0 -—voo
branches which are two-cycle REONUT =gen=l"6 g 13]=—R87
- Operating speed: DC - 20 MHz clock input Y g 12 5o
. 4 RB2 =—[]8 11{]=—=RB5
DC - 200 ns instruction cycle
RB3 ~—[]9 10[]~— RB4
+ 1024 words of program memory
+ 68 bytes of data RAM
* €4 bytes of data EEPROM
* 14-bit wide instruction words
 8-bit wide data bytes SSOP
* 15 special function hardware registers
- Eight-level deep hardware stack X ) ; RAY
. o ! _ RA3 =—=[] 2 19[J ~—= RAO
+ Direct, indirect and relative addressing modes RAATOCK! 3 v 180 OSCH/CLKIN
* Four interrupt sources: UCIR —= [ 4 O 17[J— 0SC2/cLKOUT
- External RBO/INT pin Vss —[] 5 % 16 =——Voo
- TMRO timer overflow Vss—=[]6  ® 15J=-—Vop
- PORTB<7:4> interrupt on change RBO/INT =—-[] 7 >  14[J<-—RB7
- Data EEPROM write complete RB1 =—[] 8 13[]-— RB6
. . RB2 =——=[] 9 7] :] -— RB5S
Peripheral Features: \ 7 4 1 o

= 13 1/O 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 CMOS Enhanced Flash/EERPOM Technology:

+ TMRO: 8-bit timer/counter with 8-bit
programmable prescaler

* Low-power, high-speed technology

= Fully static design

Special Microcontroller Features: + Wide operating voltage range:

* 1000 erase/write cycles Enhanced Flash program - Commercial: 2.0V to 5.5V
memory - Industrial: 2.0V to 5.5V

+ 1,000,000 typical eraselwrite cycles EEPROM data * Low power consumption:
memory - <2mA typical @ 5V, 4 MHz

- EEPROM Data Retention > 40 years - 15 uAtypical @ 2V, 32 kHz

+ In-Circuit Serial Programming (ICSP™) - via two - < 0.5 pA typical standby current @ 2V
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 mode
+ Selectable oscillator options

VR
-

© 1998 Microchip Technology Inc. Prolimina e DS35007A-page 1



PIC16F84A

1.0 DEVICE OVERVIEW

This document contains device-specific information for
the operation of the PIC16F84A device. Additional
information may be found in the PICmicro™ Mid-Range
Reference Manual, (DS33023), which may be down-
loaded from the Microchip website. The Reference
Manual should be considered a complementary docu-

The program memory contains 1K words, which trans-
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 64 bytes.

There are also 13 VO pins that are user-configured on
a pin-to-pin basis. Some pins are multiplexed with other

ment to this data sheet, and is highly recommended device functions. These functions include:
reading for a better understanding of the device archi-

tecture and operation of the peripheral modules.

The PIC16F84A belongs to the mid-range family of the
PICmicro™ microcontroller devices. A block diagram of
the device is shown in Figure 1-1.

- External interrupt
+ Change on PORTB interrupt
= TimerO 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
) 1} —— Data Bus 8,
«--/-{ Program Counter | : - : Ll - - N
Flash ‘ o9 ‘ 7 EEPROM Daty Memory L
Program b i 4 , I -
Memory oz |
) . RAM EEPROM
P'&fi‘i‘*/\ ' 8 Level Stack File Registers 1S ¢ i EEDATA I :{ Data Memory
(13-bi) PIC16F84A % 64x 8
68 x 8 J
Program / T =
"14 <
Bis 7/ _RAM Addr e 1 BekapR
|
— & 73 »
| : i 77 Indirect TMRO
Y: e i g Et/' S *D‘l F_E_ti.d,d‘rr_,f: —Fie /'}l/ Addr
i FSR reg gt L
i S V453 {X ragrrock
H | STATUS reg } e ’
E: 8 oY .
i i > AT
! i ( > B 1
i MUX o
i Power-up :
< Timer S i : 170 Ports
; i ¢ %
nstruction Oscillator bt N S :
Decode & (== | Start-up Timer I' \ i 1"‘
Control ;i ALU s &
Power-on i R . : RA3:RAD
Reset | 4 J [f_—"l_‘::—”'_"“ ~
Timing | || Watchdog i = ‘ RB7:RB1
Generation [~ Timer i Ll rt'eg ' &
l-v‘ ? [ m RD(\IIKIT
<2 [ZANIIRA S
KA K
N N
OSC2/CLKOUT MCLR  vop, Vss
OSC1/CLKIN
© 1998 Microchip Technology Inc. Fraliminary
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PIC16F84A

TABLE 1-1 PIC16F84A PINOUT DESCRIPTION
Pin Name zLP SSIOC SﬁgP ITI‘?/p: BTL:;Z{ Description

OSC1/CLKIN 16 16 18 l ST/ICMOS )| Oscillator crystal input/external clock source input.

OSC2/CLKOUT| 15 15 19 O — Oscillator crystal output. Connects to crystal or resonator in
crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.

MCLR 4 4 4 P ST Master clear (reset) input/programming voitage input. This
pin is an active low reset to the device.
PORTA is a bi-directional I/O port.

RAO 17 17 19 /o TTL

RA1 18 18 20 1{e] TTL

RA2 l{e] T

RA3 2 2 1{e] TTL

RA4/TOCKI 3 3 /]e] ST Can also be selected to be the clock inpu‘( to the TMRO

timer/counter. Output s open drain type.

PORTB is a bi-directional /0 port. PORTB can be software
programmed for internal weak pull-up on all inputs.

RBO/INT 6 6 - o TTUST® TgonNT can also be selected as an external interrupt

RB1 7 /o] TTL

RB2 g i{e] TTL

RB3 9 10 [1{e] TTL

RB4 10 10 11 /O TTL Interrupt on change pin.

RBS 11 1 12 I{e] TTL Interrupt on change pin.

RB6 12 12 13 110 TTUST @ Interrupt on change pin. Serial programming clock.

RB7 13 13 14 o | TTusT @ Interrupt on change pin. Serial programming data.

Vss 5 5 5,6 P — Ground reference for logic and I/O pins.

Voo 14 14 15,16 P ) Positive supply for logic and 1/0 pins.

Legend: I=input O = output /O = Input/Output P = power

— = Not used TTL=TTLinput

ST = Schmitt Trigger input

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.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

DS35007A-page 4
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PIC16F84A

2.0 MEMORY ORGANIZATION

There are two memory blocks in the PIC16F84A.
These are the program memory and the data memory.
Each block has its own bus, so that access to 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 conlains the data
EEPROM memory. This memory is not directty mapped
into the data memory, but is indirectly mapped. That is,
an indirect address pointer specifies the address of the
data EEPROM memory to read/write. The 64 bytes of
data EEPROM memory have the address range
Oh-3Fh. More details on the EEPROM memory can be
found in Section 5.0.

Additional information on device memory may be found

in the PICmicro™ Mid-Range Reference Manual,
(DS33023).

2.1 Program Memory Organization

The PIC16FXX has a 13-bit program counter capable
of addressing an 8K x 14 program memory space.
For the PIC16F84A, 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 interrupt vector is
at 0004h.

FIGURE 2-1:  PROGRAM MEMORY MAP
AND STACK - PIC16F84A

CALL, RETURN

Y

User Memor
Space

%

[ PC<12:0> ]
13,
RETFIE, RETLW 7
Stack Level 1
Stack Level 8
Reset Vector 0000h
Peripheral Inter. upt Vector 0004h
]
3FFh
1FFFh

© 1998 Microchip Technology Inc. Prefiminary
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PIC16F84A

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 area. The GPR area is
banked to allow greater than 116 bytes of general
purpose RAM. The banked areas of the SFR are for the
registers that control the peripheral functions. Banking
requires the use of control bits for bank selection.
These control bits are located in the STATIJS Register.
Figure 2-1 shows the data memory map organization.

Instructions MOVWF and MOVF can move values from
the W register to any location in the register filte (‘F"),
and vice-versa.

The entire data memory can be accessed either
directly using the absolute address of each register file
or indirectly through the File Select Register (FSR)
(Section 2.4). Indirect addressing uses the present
value of the RPO bit for access into the banked areas of
data memory.

Data memory is partitioned into two banks which
contain the general purpose registers and the special
function registers. Bank O is selected by clearing the
RPO bit (STATUS<5>). Setting the RPO 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 RAM.

2241 GENERAL PURPOSE REGISTER FILE

Each General Purpose 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 Address File Address
00h | Indirect addr.t | Indirect addr.t") | 80n
01h TMRO OPTION_REG | 81h
02h PCL PCL 82h
03h STATUS STATUS 83h
04h FSR FSR *| 8an
05h PORTA TRISA 85h
06h PORTB TRISB 86h
07h 87h
08h EEDATA EECON1 88h
03h EEADR EEcoON2) 8gh
0Ah PCLATH PCLATH 8Ah
0Bh INTCON INTCON 8Bh
0Ch 8Ch
68

General Mapped

Purpose (accesses)

Registers in Bank 0

(SRAM)
4Fh CFh
50h k DOh
7Fh ﬁ FFh

Bank 0 Bank 1
O Unimplemented data memory location; read as ‘0"

Note 1: Not a physical register.

DS35007A-page 6
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PIC16F84A

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 RAM.

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 2-1 REGISTER FILE SUMMARY
Value on Value on all
Addr | Name Bit7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0 Power-on other resets
Resaet (Note3)

Bank 0

00h INDF Uses contents of FSR o address data memory (not a physical register) | —--- oo | oo oo

01h TMRO 8-bit real-time clock/counter XXXX XXXX | uuuu uuuu

02h PCL Low order 8 bits of the Program Ccunter (PC) X cocc cccc | occe ccec
03nh | status @ IRP [ RP1 [ RPO l TO ] PO ] z i DC | c COC1 1xxx | ©O00G quuu
04h FSR Indirect data memory address poinler O XXXX XXXX | uuuu uuau
05h PORTA 4) — — —_ RA4/TOCKI RA3 RA2 RA1 RAO SeeX %o | ---u uuuy
06h PORTB (%) RB7 RB6 RBS RB4 RB3 RB2 RB1 RBO/INT | xxxx xxxx | uuuu uuuu
07h Unimglegiented location, readlas®0” @7/ /b AW 7/ (A \\ WGP ~~1L1 | ---- % EEE TR
08h EEDATA EEPROM data register XXX XxXX | uuuu uuaa
09h EEADR EEPROM address register xxxx xxxx | uuuu uuuu
0Ah | PCLATH o s .— | Write buffer for upper 5 bits of the PC (1) ---c cocc | ---0 ccce
08h INTCON GIE EEIE TOIE INTE | RBIE l TOIF ] INTF I RBIF 0CCC COOx | €O0CO CCCu

Bank 1

80h INDF Uses contents of FSR lo address data memory (not a physical register) | .. ...} ___ _.__

gth | opTIoN REG| RBPU| nTenG| Tocs | tose | psa [ es2 | pst | pso | a1u1 a1 | 1111 un

82h PCL Low order 8 bits of Program Counter (PC) ccee ceee | ocee cecce
83h | sTaTus @ P | Re1 | rro | 1 | o P | oc N 0001 Tsoxx | CCCq cuuu
84h FSR Indirect data memory address pointer 0 XXXx XXX | uuuu uuuu

8s5h | TRISA 2 ] Q) | £ ] PORTA data direction register -l ---1 1111

86h TRISB PORTB data direction register 1131 1111 | 1111 1111

87h Unimplemented location, readas®0* T

88h | EECON1 - =71 = [~ ERE | WRERR | WREN [ wr [ rO ---0 xC0C | ---0 GCOC

89h EECON2 EEPROM control register 2 (not a physical register) L ____ | .. __.
0Ah | PCLATH - sl — | Wiite buffer for upper 5 bits of the PC (1) ---C 6C00 | ---0 00CO
08h | INTCON GIE | EEIE TOIE INTE [ RBIE [ ToF [ INTF | RBIF | occe coox | cooc oocu

Legend: x = unknown, u = unchanged. - = unimplemented read as ‘0", q = value depends on condition.

Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a slave register for PC<12:8>. The contents
of PCLATH can be transferred to the upper byte of the program counter, but the contents of PC<12:8> is never transferred
to PCLATH.

2: TheTO and PD status bits in the STATUS register are not affected by a MCLR reset.

3: Other (non power-up) resets include: external reset through MCLR and the Watchdog Timer Reset.
4:  On any device reset, these pins are configured as inputs.

5. This is the value that will be in the port output latch.

© 1998 Microchip Technology Inc.
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PIC16F84A

22241 STATUS REGISTER

The STATUS register contains the arithmetic status of
the ALU, the RESET status and the bank select bit for
data memory.

As with any register, the STATUS register can be the
destination for any instruction. If the STATUS register is
the destination for an instruction that affects the Z, DC
or C bits, then the write to these three bits is disabled.
These bits are set or cleared according to device logic.
Furthermore, the TO and PD bits are not writable.
Therefore, the result of an instruction with the STATUS
register as destination may be different than intended.

For example, CLRF STATUS will clear the upper-three
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)

Only the BCF, BSF, SWAPF and MOVWF instructions
should be used to alter the STATUS register (Table 7-2)
because these instructions do not affect any status bit.

Note 1: The IRP and RP1 bits (STATUS<7:6>) are

y not used by the PIC16F84A and should be

programmed as cleared. Use of these bits

as general purpose R/W bits is NOT

recommended, since this may affect

upward compatibility with future products.

Note 2: The C and DC bits operate as a borrow

and "digit borrow out bit, respectively, in

subtraction.. See the SUBLW and SUBWF
instructions for examples.

Note 3: When the STATUS register is the
destination for an instruction that affects
the Z, DC or C bits, then the write to these
three bits is disabled. The specifiad bit(s)
will be updated according to device logic

R/W-0 R/W-0 R/W-0 R-1 R-1

RAWY-x

RW-x

[ rp ] rRP1 [ RPO | | po |

RIW-x
oc | ¢ ] [R=Readable bit

bit7

00 = Bank 0 (00h - 7Fh)
01 = Bank 1 (80h - FFh)

bit 4:  TO: Time-out bit

0 = AWDT time-out occurred
bit 3:  PD: Power-down bit

0 = By execution of the SLEEP instruction
bit 2:  Z:Zero bit

order bit of the source register.

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)

Each bank is 128 bytes. Only bit RP0 is used by the PIC16F84A. RP1 should be maintained clear.

1 = After power-up, CLRWDT instruction, or SLEEP instruction
1 = After power-up or by the CLRWDT instruction

1 = The result of an arithmetic or fogic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1:  DC: Digit carry/borrow bit (for ADDWF and ADDLW instructions) (For borrow the polarity is reversed)
1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result

bit 0:  C: Carry/borrow bit (for ADDWF and ADDLW instructions)
1= A carry-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 borrow 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

bito | W = Writable bit

U = Unimplemented bit,
read as ‘0’

- n = Value at POR reset

DS35007A-page 8
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2222

The OPTION_REG register is a readable and writable
register which contains various control bits to configure
the TMRO/WDT prescaler, the external INT interrupt,

OPTION_REG REGISTER

Note: When the  prescaler is assigned to
the WDT (PSA = '1Y), TMRO has a 1:1
prescaler assignment.

TMRO, and the weak pull-ups on PORTB.

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

R/W-1

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

[ RBPU | INTEDG | Tocs | TosE | Psa [ ps2 [ pPst | Pso |

bit7

bit 7:

bit 6:

bit 5:

bit 4:

bit 3:

bit 2-0:

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

INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin

TOCS: TMRO Clock Source Select bit
1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)

TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin

PSA: Prescaler Assignment bit
1 = Prescaler assigned to the WDT
0 = Prescaler assigned to TMRO

PS2:PS0: Prescaler Rate Select bits
BitValue TMRO Rate WDT Rate

000
001
G610
011
100
101
110
133

k]
:4
R -
;16
132
164
:128
1256

! S S
@ HN =

532

R G G QL QU W W e Y
- A

:128

R =Readable bit

W = Writable bit

U = ULnimplemented bit,
read as ‘0’

- n =Value at POR reset

© 1998 Microchip Technology Inc. ¥ f‘eiiminar‘y
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2223

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

INTCON REGISTER

Note:  Interrupt flag bits get set when aninterrupt

~ . condition‘occurs regardless of the state of

- its comesponding-enable bit or the global
enable bit, GIE (INTCON<7>).

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

R/W-0

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

| ce | eee | Toe [ iNTE [ RBIE | ToF [ INTF | RBIF | [R =Readable bit

bit7

bit 7:

bit 6:

bit 5:

bit 4:

bit 3:

bit 2:

bit 1:

bit O:

bito |W = Writable bit

U

- n =Value at POR reset

= Unimplemented bit,
read as ‘0’

GIE: Global Interrupt Enable bit
1 = Enables all un-masked interrupts
0 = Disables all interrupts

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

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

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

INTE: RBO/INT Interrupt Enable bit
1 = Enables the RBO/INT interrupt
0 = Disables the RBO/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 bit

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

INTF: RBO/INT Interrupt Flag bit
1 =The RBO/INT interrupt occurred
0 = The RBO/INT interrupt did not occur

RBIF: RB 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

DS35007A-page 10 Preliminary
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23 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 writable. All updates
to the PCH register go through the PCLATH register.

23.1  STACK

The stack allows a combination of up to 8 program calls
and interrupts to occur. The stack contains the return
address from this branch in program execution.

Midrange devices have an & level deep 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 interrupt
causes a branch. The stack is POPed in the event of a
RETURN, RETLW or @ RETFIE instruction execution.
PCLATH is not modified when the stack is PUSHed or
POPed.

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

2.4 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.

EXAMPLE 2-1: INDIRECT ADDRESSING

« Register file 05 contains the value 10h

« Register file 06 contains the value OAh

- Load the value 05 into the FSR register

< Aread of the INDF 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 OAh.

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

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

EXAMPLE 2-2: HOW TO CLEAR RAM
USING INDIRECT

ADDRESSING
movlw 0x20 ;initialize pointer
movwf  FSR ;. to RAM
NEXT clrf INDF j;clear INDF register
incf FSR ;inc pointer

btfss FSR,4 ;all done?
goto NEXT ;NO, clear next
CONTINUE

;YES, 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
PIC16F84A.

© 1998 Microchip Technology Inc.
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FIGURE 2-1: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1RPO 6 from opcode 0 IRP 7 (FSR) 0
@ ] LLLITTT] HEEEEEE
bank select location select bank select location select
* 00 01 —=
00h 80h
0Bh
0Ch
Addresses|
Dats a3 map back
Memory to Bank Qi .
4Fh ;
50h
(3) (3)
7Fh FFh
Bank 0 Bank 1
Note 1: For memory map detail see Figure 2-1.
2:  Maintain as clear for upward compatiblity with future products.
3: Notmplemented.

DS35007A-page 12
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PIC16F84A

3.0 I/OPORTS

Some pins for these I/O ports are multiplexed with an
afternate 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 1/O pin.

Additional information on I/O ports may be found in the
PICmicro™ Mid-Range Reference Manual,
(DS33023).

3.1 PORTA and TRISA Registers

PORTA is a 5-bit wide bidirectional 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 corresponding output driver in a
hi-impedance mode. Clearing a TRISA bit (=0) will
make the corresponding PORTA pin an output, i.e., put
the contents of the output latch on the selected pin.

Note: On a 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 port implies that the port pins are
read, this value is modified, and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCKI pin. The RA4/TOCKI
pin is a Schmitt Trigger input 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 STATUS, RPO ;
CLRF PORTA ; Initialize PORTA by

; clearing output

; data latches

; Select Bank 1

; Value used to

; initialize data

; direction

; Set RA<3:0> as inputs
; RA4 as output

; TRISA<7:5> are always
; read as '0'.

BSE STATUS, RPO
MOVLWA  OxOF

MCVAF TRISA

FIGURE 3-1: BLOCK DIAGRAM OF PINS

RA3:RA0
Data
bus
D Q
WR Voo
PEE_ CKqL-G ___;_;;r% =
Data Latch ’_'@
:D—{ /0 pin
D Q
RIS Yes
S CK_\_ZE——A
TRIS Latch 7L —
input
buffer
4 -
RD TRIS

////1 Q D
r :
RDPORT | % _—l

Note: /O pins have protection diodes to VoD and Vss.

& 1998 Microchip Technology Inc.
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FIGURE 3-2: BLOCK DIAGRAM OF PIN RA4

Data
bus D Q
£ X
PORT
e T ) |
Data Latch
Vss
b1 D Q
WR
Schimitt
TRIS Latch Trigger
input
:] buffer
RD TRIS
-
/l Q D

EN
RD PORT Jl>° j

TMRO clock input

Note: 1/O pin has protection diodes to VSS only.

TABLE 3-1 PORTA FUNCTIONS

Name Bit0 Buffer Type Function
RAO bit0 TTL Inputioutput
RA1 bit1 TTL Input/output
RA2 bit2 TRL Input/output
RA3 bit3 WL Input/output
RA4/TOCKI bit4 ST Input/output or external clock input for TMRO.
Output is open drain type.

Legend: TTL = TTL input, ST = Schmitt Trigger input
TABLE 3-2 SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on val n
Address | Name Bi7 Bit6 Bit 5 Bit4 Bit3 Bit2 Bit 1 Bi O Power-on auie on o
other resets
Reset
05h PORTA — — — RAA/TOCKI RA3 RA2 RA1 RAQO ---X XXXX ---u uuuu
85h TRISA - . = TRISA4 TRISA3 | TRISA2 | TRISA1 | TRISAO | ---1 1131 | ---1 1111

Legend: x = unknown, u = unchanged, - = unimplemented read as ‘0". Shaded cells are unimplemented, read as ‘0’

DS35007A-page 14 Freliminary © 1998 Microchip Technology Inc.
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3.2 PORTB 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 corresponding PORTB pin
an input, i.e., put the corresponding output driver in a
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
BCF STATUS, RPO
CLRF PORTB ; Initialize PDRTB by

; clearing output

; data latches

; Select Bank 1

; Value used to

; initialize data

; direction

; Set RB<3:0> as inputs
; RB<5:4> as outputs

; RB<7:6> as inputs

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-
formed 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 on a
Power-on Reset.

BSF STATUS, RPO
MOVLW OxCF

MOVWF TRISB

FIGURE 3-3: BLOCK DIAGRAM OF PINS

RB7:RB4
Voo
RBPUM
U P weak
pull-up
Biaia bz Data Latch
a s
o a X
WR Po I~/?2)
! CK L pin
TRIS Latch
D Q
WRTRIS cKk L :7TTL
Input
Buffer
1
RD TR|S Latch
A ‘
Q D
RD Port EN
Set RBIF }

From other
RB7:RB4 pins

EN

RD Port

Note 1: TRISB =1’ enables weak pull-up
(if RBPU = '0' in the OPTION_REG register).

2: 1/0 pins have diode protection to VDD and Vss.

Four of PORTB's pins, RB7:RB4, have an interrupt on
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e. any RB7:RB4 pin con-
figured as an output is excluded from the interrupt on
change comparison). The input pins (of RB7:RB4) are
compared with the old value latched on the last read of
PORTB. The “mismatch” outputs of RB7:RB4 are
OR'’ed together to generate the RB Port Change Inter-
rupt with fiag bit RBIF (INTCON<0>).

This interrupt can wake the device from SLEEP. The
user, in the interrupt service routine, can clear the inter-
rupt in the following manner:

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

b) Clear fiag 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
where PORTB is only used for the interrupt on change
feature. Polling of PORTB is not recommended while
using the interrupt on change feature.

FIGURE 3-4: BLOCK DIAGRAM OF PINS

RB3:RBO
Voo
A}
RBPU' weak
pull-up
Dats Latch
Data bus =
0 o —<
l{e]
WR Port CK A pint2
IRIS
D Q /
TTL 7
input
WRTRIS CK™ Buffer ﬁ
RD TRIS
f\} a ol
RD Port EN
|
RBO/INT <
gﬁlﬂgm rigger RD Port
Note 1: TRISB = '1" enables weak puli-up
(if RBPU = 0" in the OPTION_REG register)
2: )/O pins have diode protection to Voo and Vss.

© 1998 Microchip Technology Inc.
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TABLE 3-3 PORTB FUNCTIONS
Name Bit Buffer Type VO Consistency Function

RBO/INT - bit0 TTUIUST Input/output pin or external interrupt input. Internal software
programmable weak pull-up.

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

RB2 bit2 TTL Inputioutput pin. Internal software programmable weak pull-up.

RB3 bit3 TTL Input/output pin. Internal software programmable weak pull-up.

RB4 bit4 TTL Inputioutput pin (with interrupt on change). Internal software programmable
weak pullup.

RB5 bit5 TTL Input/output pin (with interrupt on change). Internal software programmable
weak pullup.

RB6 bit6 TTUSTR) Inputoutput pin (with interrupt on change). Internal software programmable
weak pull-up. Serial programming clock.

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

Legend: TTL =TTL input, ST = Schmitt Trigger.

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 Val I

Addr | Name BH7 Bit6 Bit5 B8it 4 Bi 3 BH 2 BH 1 BhO Power-on Rgon2
R other resets

eset

06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO/INT | xxxx xxxx | uuuu uuuu
86h TRISB TRISB7 | TRISB6 | TRISBS TRISB4 TRISB3 | TRISB2 [ TRISB1 | TRISBO | 1131 1211 | 1111 1111
81h OPTION_REG | RBPU | INTEDG | TOCS TOSE PSA PS2 PS1 PSO 1129 ¥ ) 1111 1111

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTB,

DS35007A-page 16
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MAX232, MAX232i
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G — FEBRUARY 1989 — REVISED AUGUST 1998

Operates With Single 5-V Power Supply D, DW, %*:":"PACKAGE
LinBiCMOS™ Process Technology (F i
Two Drivers and Two Receivers creflt ™ 1 Vee
+30-V Input Levels Vss [] 2 15[] GND
Low Supply Current . . . 8 mA Typical c1-[|3 14]] TIOUT
Meets or Exceeds TIA/EIA-232-F and ITU C2+[l4  13]]RUN
Recommendation V.28 C2-{Is  12]]R10UT
® Designed to be Interchangeable With vs- [ TN
Maxim MAX232 T20UT(7  0fl T2
. R2IN | 8 9]] R20UT
® Applications
TIA/EIA-232-F \ddi bolt
Battery-Powered Systems Cgie/5ymbo
Terminals Vce
Modems x 16
Computers f Voo
@ ESD Protection Exceeds 2000 V Per Ci+ ?—"_ Ci+ 2 v
MIL-STD-883, Method 3015 Cli——>— c1- 2Vec-15V e
© Package Options Include Plastic Cc2+ X €2+ _avce+15V 6 Vs_
Small-Outline (D, DW) Packages and LI =
Standard Plastic (N) DIPs 14
- 11N -1 > > T10UT
description ,
10 > »-
The MAX232 device is a dual driver/receiver that RN e
includes a capacitive voltage generator o supply G2 « rlle RN
EIA-232 voltage levels from a single 5-V supply.
Each receiver converts EIA-232 inputs to 5-V R20UT — - iig _4_8 R2IN
TTL/CMOS levels. These receivers have a typical
threshold of 1.3 V and a typical hysteresis of 0.5V, * 15
and can accept +30-V inputs. Each driver GND

converts TTL/CMOS input levels into EIA-232 1 This symbol is in accordance with ANSVIEEE Std 91-1984 and 1EC
levels. The driver, receiver, and voltage-generator Publication 617-12.

functions are available as cells in the Texas

Instruments LinASIC™ library.

The MAX232 is characterized for cperation from
0°C to 70°C. The MAX232l is characterized for
operation from —40°C to 85°C.

AVAILABLE OPTIONS

PACKAGED DEVICES
SMALL SMALL
T
A OUTLINE OUTLINE Pl ‘S(L')C e
(D) (DW)
0°C to 70°C MAX232DF MAX232DWE MAX232N
—40°C to 85°C MAX232iDt MAX2321DWE MAX232IN

1 This device is available taped and reeled by adding an R to the part number (i.e., MAX232DR).

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
AAYAY,  Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

LinASIC and LinBiCMOS are trademarks of Texas Instruments Incorporated.

PRODUCTION DATA information is curmrent as of pubfication date. . Copyright ® 1998, Texas Instruments Incorporated
Products conform ta specifications per the terms of Texas Instruments %
Producti A
[EXAS

testing of all parameters. S Yy incluce
INSTRUMENTS
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MAX232, MAX232I

DUAL EIA-232 DRIVER/RECEIVER

SLLS047G — FEBRUARY 1989 — REVISED AUGUST 1998

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Input supply voltage range, V¢ (see Note 1)

.......................................... -03Vto6V

Positive output supply voltage range, Va4 .. ....oonoo Vee-0.3Vito 15V

Negative output supply voltage range, Vg _ . ... ... -0.3Vto-15V

Input voltage range, V|- Driver .................. ... . -0.3VtoVec +0.3V

RECBIVET .t vi i sum 5555 a5 ms e s e e e e e e st n e e e e e rmai 5 5 5 301 +30V

Output voltage range, Vo: TIOUT, T20UT ... . .. ..., Vs_-03VtoVg: +0.3V
R10UT, R20UT

Short-circuit duration: T10UT, T20UT
Package thermal impedance, 64 (see Note 2): D package

Storage temperature range, Tg
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds

-03VtoVge +03V

................................................... Unlimited
................................. 113°C/W

DWopackage .........co.ovueiiiii ... 105°C/W
Npackage ............oooivmiv .. 78°C/W

—65°C to 150°C

260°C

T Stresses beyond those listed under “absolute maximum ratings™ may cause permanent damage tothe device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliabulity.

NOTE 1: All voltage values are with respect to network ground terminal.
2. The package thermal impedance is calculated in accordance with JESD 51, except for through-hole packages, which use a trace lkength

of zero.

recommended operating conditions

MIN NOM  MAX | UNIT
Supply voltage, Vo 4.5 5 5.5 Vv
High-level input voltage, Vi (T1IN,T2IN) 2 \Y%
Low-level input voltage, V_ (T1IN, T2IN) 08 \%
Receiver input voltage, R1IN, R2IN 130 \Y
Operating free-air temperature, Ta rZ3g = A €
MAX232! —40 85

‘E‘ TEXAS
INSTRUMENTS
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MAX232, MAX232i
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G — FEBRUARY 1989 — REVISED AUGUST 1998

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (unless otlieiwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
T1OUT, T20UT | R =3 kQto GND 5 7
VoH Highdevel output voltage \
R10OUT, ROUT |loy=-1mA 35
VOL  Lowdevel outpui voliagst T10UT, T20UT | R =3 kQto GND -7 -5 N
R10OUT, R20UT |lo =3.2mA 0.4
ViT+ g‘:;e;:’j; stng:gomg nput R1IN, R2IN Veg=5V. Tp = 25°C i7 24] ¥
ViT- gf:m '\‘l‘;ghig‘;e{"d”g input R1IN, R2IN Vee =5V, Ta =25°C 08 12 v
Vhys  Input hysteresis voltage R1IN, R2IN Veg=5V 0.2 0.5 1 \Y
f Receiver input resistance R1IN, R2IN Vece =5, Tp =25°C 3 5 7 kQ2
o Output resistance T10OUT, T20UT | Vg4 =Vg_=0, Vo=+2V 300 Q
1088 Short-circuit output current T1OUT, T20UT  |Veg =55V, Vo=0 < +10 mA
Iis Short-circuit input current T1IN, T2IN V=0 200 pA
Ilcc  Supply current VSR 7 0 ‘i L 8 10| mA

Ta = 25°C

T All typical values are at Vs = 5 V. Ta = 25°C.

¥ The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voltage
levels only.

§ Not more than one output should be shorted at a time.

switching characteristics, Vocc =5 V, Ty = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tPLH(R) Receiver propagation delay time, low- to high-level output See Figure 1 500 ns
tpHL(R) Receiver propagation delay time, high- to low-level output See Figure 1 500 ns

. R =3 kQto 7 kQ,
SR Driver slew rate See Figure 2 30 Vips
SR(tr) Driver transition region slew rate See Figure 3 3 Vips

“Qﬂ’ TeEXAS
INSTRUMENTS
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MAX232, MAX232l
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G — FEBRUARY 1989 — REVISED AUGUST 1938

PARAMETER MEASUREMENT INFORMATION

Ry =1.3kQ

R1IN
Pulse See Note C
Generator >
(see Note A)
CL =51 pF
"I (see Note B)
TEST CIRCUIT
<10 ns —l |e— —»{ le—<10ns
L (3 - .
e |2 90%  90%
Y 10% @ 50% 50% | 10% £
<+— 500 ns —»
ke—s—tpL
tPHL | | i
| | VoH
Otitput 1.5V 5 e N e A
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zo = 50 €2, duty cycle < 50%.
B. Ci includes probe and jig capacitance.
C. All diodes are 1IN3064 orequivalent.

Figure 1. Receiver Test Circuit and Waveforms for tpy_and tp| 4 Measurements
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MAX232, MAX232I
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G — FEBRUARY 1989 — REVISED AUGUST 1998

PARAMETER MEASUREMENT INFORMATION

- Pulse T1IN or T2IN T10UT or T20UT
Generator EIA-232 Output
(see Note A)
I CL =10 pF

(see Note B)

TEST CIRCUIT

<10ns —p  le— —» le—<10ns

90%
50%

90%

Input 50%

| t
tpr —fe—l ﬂ_ 2

! |
90% 1 0% VOoH
SR I\ 10% 10% A | 4
=1 Fag< 1~ oL
trHL ke "" = e

08 Vo Vo) 98 (VoL Vou!
SR = t or N
TLH THL

WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 €. duty cycle s 50%.
B. Cg includes probe and jig capacitance.

Figure 2. Driver Test Circuit and Waveforms for tpyy and tp y Measurements (5-us input)

Pulse
(S(::nﬁcr;;og) 9 j_ ElA-232 Output
oy % i

C_=2.5nF

TEST CIRCUIT
<10 ns —»  ke— —» le— <10ns

Input

Output Sh | I 3v Yo
-2V VA VoL
SR = e
THL TLH
WAVEFORMS

NOTE A: The pulse generator has the following characteristics: Zg = 50 Q, duty cycle < 50%.

Figure 3. Test Circuit and Waveforms for tyy and t1; y Measurements (20-us input)
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MAX232, MAX232I
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G — FEBRUARY 1989 — REVISED AUGUST 1998

APPLICATION INFORMATION

5V
| 16
Vee T~ 1uF
1 2 -
] C1+ >
- ; Vs 8.5V
= C1- 6
4 _
- iy V... 8.5V
= 5 | il
ca- i
11 > D e EINR32 Output
From CMOS or TTL 10 7
> P~ ° ElA-232 Output
12
— FAS =52 532 Input
To CMOS or TTL 9 8
] ) —<—— EIA-232 Input
15
GND

Figure 4. Typical Operating Circuit
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

T! warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warmranty. Testing and other quality control techniques are utilized to the extent
TlIdeems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (‘CRITICAL
APPLICATIONS™). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER

CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer's applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
thatany license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright © 1998, Texas Instruments Incorporated
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SGS-THOMSON
MICROELEGTRONICS

ULN2065B - ULN2067B
ULN2069B - ULN2071B
ULN2075B - ULN2077B

80V -1.5 A QUAD DARLINGTON SWITCHES

= OUTPUT CURRENT TO 1.5 A EACH DAR-
LINGTON

=« MINIMUM BREAKDOWN 80 V

= SUSTAINING VOLTAGE AT LEAST 50V

= INTEGRAL SUPPRESSION DIODES
(ULN2065B, ULNZ2067B, ULN206SB and
ULN2071B)

= ISOLATED DARLINGTON PINOUT (ULN2075B
and ULN2077B)

=« VERSIONS COMPATIBLE WITH ALL POPU-
LARLOGIC FAMILIES

DESCRIPTION

Designed to interface logic to a wide variety of high
current, high voltageloads, these devices each con-
tain four NPN darlington switches delivering up to
1.5 A with a specified minimum breakdown of 80 V
and a sustaining voltage of 50 V. The ULN2065B,
ULN2067B, ULN2069B and ULN2071B contain in-
tegral suppression diodes for inductive loads and
have common emitters ; the ULN2075B and
ULN2077B feature isolated darlington pinouts and
are intended for applications such as emitter fol-
lower configurations. Inputs of the ULN2065B,
ULN2069B and ULN2075B are compatible with
popular 5 V logic families and the ULNZ2067B,
ULN2071B and ULN2077B are compatible with 6-
15 VCMOS and PMOS. The ULN2069B and
ULN2071B include a predriver stage to provide ex-
tragain, reducing the load on control logic.

PIN CONNECTIONS AND ORDER CODES

POWERDIP
12+2+2

he < Ko

A\
i
™

J's nc c f
1 8 3
fJis eno
hz oo
n ® 5 s

io Ne

w It s ¢ c

-
.

s-sam

ULN2065B
ULN20678B

s-%923

ULN2069B
ULN2071B

c f

16

B :l
sus 4f

sus s}

hs

<

!11
[n

]10

S-8597%

ULN2075B
ULN2077B

April 1993
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ULN2065B-ULN2067B-ULN2069B-ULN2071B-ULN2075B-ULN2077B

SCHEMATIC DIAGRAM

ULN2065B : Rin = 350Q ULN206%B : Rin = 2.5kQ, Rs =900Q ULN2075B : Ry = 350Q
ULN2067B : Rin = 3kQ ULN2071B : Rin = 11.6kQ, Rs = 3.4kQ ULN2077B : Rin = 3kQ

S-6320

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Veex Output Voltage 80 \%
Vceisus) | Output Sustaining Voltage 50 Vv
lo Output Current 1.7 A
Vi Input Voltage for ULN2075B - 2077B 60 \
for ULN2067B - 2071B 30 \
for ULN2065B - 2069B 15 Vv
Iy Input Current 25 mA
Vs Supply Voltage for ULN2069B 10 V
for ULN2071B 20 Vv
Pot Power Dissipation at Tpins = 90 °C 4.3 w
at Tamb =70 °C 1 w
Tamb Operating Ambient Temperature Range —20to 85 °C
Tsig Storage Temperature - 55to 150 °C

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified )

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit | Fig.
lcex Output Leakage Current Vce = 80V 1
Tamb = 25°C 100 | pA
Tamb = 70°C 500 }JA
Vcesus) | Collector-emitter Sustaining Voltage | Ic = 100mA, V; = 0.4V 50 \ 2
Vcesay | Collector-emitter Saturation Voltage | Ic = 500mA I = 625uA 1.1 \Y 3
lc = 750mA ls = 935uA 1.2 \ 3
lc=1A I =1.25mA 1.3 \ 3
Ilc = 1.25A g = 2mA 1.4 \ 3
lc=1.5A Is = 2.25mA 1.5 V 3
lion) | Input Current for ULN2065B and ULN2075B
Vi =24V 1.4 43 | mA 4
Vi =3.75V 33 9.6 | mA 4
for ULN2067B and ULN2077B
Vi=5V 0.6 1.8 | mA 4
Vi=12V 1.7 52 | mA 4
for ULN2069B
Vi =275V 55 | mA 4
Vi=3.75V 10 mA 4
for ULN2071B
Vi=5V 4 mA 4
Vi=12V 125 | mA 4
2/7
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ULN2065B-ULN2067B-ULN2069B-ULN2071B-ULN2075B-ULN2077B

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified ) (continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit | Fig.
Vion) | Input Voltage Vee = 2V, Ic = 1A
ULN2065B, ULN2075B 2 \Y 5
ULN2067B, ULN2077B 6.5 Y, 5
Vce = 2V, Ic = 1.5A
ULN2065B, ULN2075B 25 \ 5
ULN2067B, ULN2077B 10 V 5
ULN2069B 2.75 \Y 5
ULN2071B 5 \Y, 5
Is Supply Current for ULN2069B
Ic = 500mA, V; = 2.75V 6 mA 8
for ULN2071B
Ic =500mA, V; =5V 4.5 mA 8
tpLH Turn-on Delay Time 0.5Vit0 0.5 Vo 1 us
tPHL Turn-off Delay Time 0.5Vjt0 0.5V, 1.5 us
IR Clamp Diode Leakage Current for ULN2065B-ULN2067B 6
and ULN2069B-ULN2071B
Vg =80V
Tamb = 25°C 50 HA
Tamp = 70°C 100 | pA
VF Clamp Diode Forward Voltage for ULN2065B-ULN2067B 7
and ULN2069B-ULN2071B
lF=1A 1.75 \Y
lF=15A 2 V

Notes : 1. Input voltage is with reference to the substrate (no connection to any other pins) for the ULN2075B and ULN20778B

reference is ground for all other types.

2. Input current may be limited by maximum allowable input voltage.

TEST CIRCUITS
Figure 1.

Figure 2.

OPEN VCE
cex

OPEN

5-5725

OPEN

5-5926

Figure 3.

Figure 4.

OPEN

5- 5927

QOPEN

3/7
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ULN2065B-ULN2067B-ULN2069B-ULN2071B-ULN2075B-ULN2077B

Figure 5. Figure 6.

OPEN

W=

s-me7

Figure 7. Figure 8.

Figure 9 : Input Cumrent as a Function of Figure 10 : Input Current as a Function of
InputVoltage. Input Voltage.
G-£93% G-4912
y hY
(mA) ‘ (mA)
“ ULN 20658 4 " ULN 20678
ULN 20758 / 1 ULN 2077B
2 / B
10 / 5 -
( e
. : p‘"‘A ) R o=
S 5 .
% \ P ] v ~
5 \Y 3 e
-
: A \\ ,IV- \ = / = !
\ 1
/\ \ AREA OF NORMAL -7 u\N\MU“//,'/‘
A\ o] OPERATION WITH ¥ = : ;
: yﬁ“\“ STANDARD OR | T
& LOW-SPEED TTL L ] I ,
0 0 4 =
15 20 25 10 15 40 45 50 VifV) 5 & 7 8 9 A1) n vi(v]

Figure 11 : Collector Current as a Function of

Input Current.
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/’ =
15 HAX(MUM
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//

1.0 /
v

AR |
0 10 20 30 Ij(ma)
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L293D
QUADRUPLE HALF-H DRIVER

SLRS008A—-SEPTEMBER 1986 — REVISED MAY 1990

e 600-mA Output Current Capability Per NE PACKAGE
Driver (TOP VIEW)
® Pulsed Current ‘!.2-A Per Driver . 126Nl 1 U 16] Ve
@ QOutput Clamp Diodes for Inductive 1a[] 2 15[] 4A
Transient Suppression MIE 1a]] 4y
® Wide Supply Voltage Range HEATSINKAND S [l4 13 ] HEAT SINK AND
45Vto 36V GROUND s 12} £ GROUND
e Separate Input-Logic Supply 2y [i6 1{]3Y
e Thermal Shutdown 2A (7 10{] 3A
e Internal ESD Protection Veez [} 8 of] 3.4EN
e High-Noise-Immunity Inputs logic symboIT
® Functional Replacement for SGS L293D 5
1A . 3
description 1 EN v v
1,2EN —E —— g
The L293D is a quadruple high-current half-H N L 4 =5
driver designed to provide bidirectional drive 3. \2° N 1
currents of up to 600-mA at voltages from4.5V to ¢ EN v 3Y
36V. Itis designed to drive inductive loads such as 34EN —¢ | > TR "
relays, solenoids, dc and bipolar stepping motors, I, 15 ‘ v 4y
as well as other high-curent/high-voltage loads in

positive-supply applications.

All inputs are TTL-compatible. Each output is a
complete totem-pole drive circuit witha Dardington
transistor sink and a pseudo-Darlington source.

T This symbol is in accordance with ANSI/IEEE Std 91-1984
and IEC Publication 617-12.

logic diagram

1A 1Y
Drivers are enabled in pairs with drivers 1 and 2 1
enabled by 1,2EN and drivers 3 and 4 enabled by 1,2EN
3,4EN. When an enable input is high, the 2A & f 2Y
associated drivers are enabled, and their outputs
are active and in phase with their inputs. External 10 11
high-speed output clamp diodes should be used <A 3Y
for inductive transient suppression. When the 3,4EN 2
enable inputis low, those drivers are disabled, and 15 14
their outputs are off and in a high-impedance X av
state. With the proper data inputs, each pair of
drivers form a full-H (or bridge) reversible drive
suitable for solenoid or motor applications. FU::(;I:‘O: r;‘:gl'E
AVccq terminal, separate from Voo, is provided INPUTST OUTPUT
for the logic inputs to minimize device power A EN Y
dissipation. H H H
The 293D is designed for operation from 0°C ; t ;
to 70°C.

H = high-level, L = low level,

X =imrelevant, Z = high-impedance (off)

fin the thermal shutdown mode, the
output is in the high-impedance state
regardless of the input levels.

PRODUﬂ)ONDATAuimmuumasof]Pmm
Mdﬂsmﬂmhspcaﬁmuupumumd

testing of all panme(us. ’ -

Copyright © 1990, Texas Instruments Incorporated
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L292D
QUADRUPLE HALF-H DRIVER

SLRS008A - SEPTEMBER 1986 — REVISED MAY 1990

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Veez
Vce 4 _—
Current l
Source
Input Output
GND L 2 &
GND

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Logic supply voltage range, Vo (See Note 1) ... i i i et 36V
Output supply voltage range, Ve - - cv v vttt i e i et e et e e e 36V
Input voltage range, V=S 0 e . . SMULMC. . 2 27 L ANV A N € - MWD, ..~ 48... e AN
Output voltage range g . % 7. £l & | GErrar onrnrme . A% & 2---- -3VtoVeeo+3V
Peak output current (nonrepetitive, t < 100 HS) .. ittt e e e e e +1.2A
Continuous output current, g .. oottt i e e e +600 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Notes 2 and 3) ....... 2075 mW
Contiruous total dissipation at 80°C case temperature (see Note 3) ......................... 5000 mW
Operating case or virtual junction temperature range, Ty ... .....iiiinannin.n.. —40°C to 150°C
Storage temperature rag8g, Bia - - -\ G g - ¥V 8T . . N\ F-4- - —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from casefor10seconds ......... ... ... . .. . ... 260°C

NOTES: 1. Allvoltage values are with respect to the network ground terminal.

2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/°C.

3. Foroperauon above 25°C case temperature, derate linearly atthe rate of 71.4 mW/°C. Due to variations in individual device electrical
characteristics and themmal resistance, the built-in thermal overload protection may be activated at power levels slightly above or
below the rated dissipation.

recommended operating conditions

MIN MAX | UNIT

Logic supply voltage, Vcc1 4.5 7 A\
Output supply voltage. Vcc2 Vce1 36 Vv
High-evel input voltage, V|4 Veer <7V . 23 Voot \Y
Vee127V 23 7
Low-level input voltage, Vji_ -0.3t 151 V
Operating free-air temperature, Tp 0 70 °C

T The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voltage
levels.

3-2
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L293D
QUADRUPLE HALF-H DRIVER

SLRS008A - SEPTEMBER 1986 — REVISED MAY 1990

electrical characteristics, Voc1 =5V, Vgg2=24V, T = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VOH High-level output voltage loH=-0.6A Vcez-1.8 Vege-14 \Y
VoL Low-level output voltage lor=06A 12 1.8 \
VOKH High-level output clamp voltage lok=-0.6 A Vcez+1.3 \
VokL Low-level output clamp voltage ok =-0.6 A 13 \
. . A 0.2 100
hH High-evel input current = V=7V 53 e A
. A -3 -10
I Lowevel input curvent - Vi=0 s o= A
All outputs at high level 13 22
Icc Logic supply current Ip=0 All outputs at low level 35 860 mA
All outputs at high impedance 8 24
All outputs at high level 14 24
lcc2 Output supply current Ip=0 All outputs at low level 2 6 mA
All outputs at high impedance 2 4
switching characteristics, Vcc1 =5V, Vcc2=24 V, T = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
tpH Propagation delay time, low-to-high-level output from A input 800 ns
tPHL Propa.giatlo? delay time, .hrgh-to—low-tevel output from A input CL=30 pF See Figure 1 400 ns
tTLH  Transition time, low-to-high-level output 300 ns
trHL  Transition time, high-to-low-level output 300 ns

PARAMETER MEASUREMENT INFORMATION

Input S5V 24V

! l Input
VcetVeez
Pulse
Generator — A [
(see Note A)
. Outpin l'—'i— tpHL t'—'r tpLH
l 90% ‘ 0%
3V—]EN CL=30pF | |
GND I (seeNoteB) ~ Output | K% 0% |
l 10% 10%
T 4 =Y
k—* tTHL H—H— tTLH
TEST CIRCUIT
VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: ty < 10 ns, tf < 10 ns, ty, = 10 ps, PRR =5 kHz, Zo =50 Q
B. C includes probe and jig capacitance.

Figure 1. Test Circuit and Voltage Waveforms

‘{5‘ TEXAS
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L293D
QUADRUPLE HALF-H DRIVER

SLRS008A - SEPTEMBER 1986 — REVISED MAY 1990

APPLICATION INFORMATION

5V 24V

éwm

Vee

16

Vcez

-

Control A‘DC 12 Vi‘ -i 1;
e O
k‘% Motor
2A i, [Ny
7 3 A=
3,4EN
9 J}
contn—| >0 L %7/| E: : i jj
4A ’]i : }‘ 4y
15 V 14

Thermal
Shutdown

J—A, 5,12,13
GND

Figure 2. Two-Phase Motor Driver
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (Tl) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with Tl's standard warranty. Testing and other quality controf techniques are utilized to the extent

Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (*CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER

CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tlassumes no liability for applications assistance or customer product design. T1 does not warrant or represent
thatany license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. Tl's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright © 1998, Texas Instruments Incorporated
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Output Line Coad Ripple Quiescenl nput Dropout
Device voltage (typ)  Tempreature”  regulation (max) repulation (max)  rejection (min) current vollage Voltage (typ)
~) (mV) (mV) (dB) (mA) range (V) (V)
Fued posave 100 m#
76L26 26 C 100 0 43 Sis 481035 22
78L05 50 c 150 (%) 41 55 721035 22
78L62 62 c 175 20 <0 55 B< 1035 2
78082 82 c 175 80 39 5S 164 10 35 22
78L02 9.0 [+ 188 £ 38 55 121035 22
78L12 12 [ 250 100 37 60 14210 35 22
78L15 15 c 390 150 3¢ 60 17210 35 22
78L18 18 [4 300 170 33 60 202 10 40 22
78L24 24 4 30 200 31 60 26210 40 22
F.xed Posave 500 mA
78M0S s.0 M 0 ES) 62 60 8C 1035 25
78M0S 5.0 c 100 100 62 60 751035 25
78M05 X M (4] 6 59 6.0 901035 25
78M06 6.0 c 100 120 59 6.0 851035 25
78M08 8.0 M 60 8 5 60 1110 35 25
78M08 8.0 c 100 160 6 60 105 10 35 25
78M12 12 M L) 120 SS 60 15 10 35 25
73M1S 15 v 80 150 s4 60 18 10 35 P
78M15 15 c 100 3% 54 50 17.5 10 35 .25
78M20 20 M 50 200 s 60 23 10 40 2
7eM20 20 (o 100 400 53 60 22510 40 25
78M2¢ 2¢ M 50 2¢0 50 60 27 10 40 25
78M2¢ 24 c 100 480 50 60 265 10 40 25
Fred negaive 00 —A
79M0S -5.0 M 50 100 54 20 7.5 -35 2§
79M0S 5.0 c 50 100 51 20 731 35 23
7SMOS. 6.0 “ & 126 54 20 €5 w035 25
79M06 .0 [ 60 120 52 20 €30 10 -35 23
79108 8.0 M 80 160 52 20 -10.5 10 -35 25
79M08 8.0 (s 8G 160 L 5 20 =103 w0 35 23
79M12 -2 M 80 240 st 30 14510 -35 25
79M12 -12 c &2 220 5S4 3.0 =14 3 10 -35 »
79M15 15 M eo 24 54 30 <175 10 -35 25
79M1S -15 E 80 240 sS4 30 -17.3 10 -35 23
79M20 -20 M 80 300 54 e 22510 40 25
79M20 20 (o 80 200 s4 3s 223 10 40 23
79M24 -2¢ M 80 300 54 35 26.5 10 40 25
79M2¢ 24 c &0 300 S 35 263 10 40 2%
Fried negxnve 304
LMI14S 5.0 M 15 75 65 20 -20 2e
LM3es 5.0 c 28 100 66 30 -20 22
Fixed posiive 1.0 A
7805 5.0 M ) 50 68 6.0 8010 35 30
7805 5.0 C 100 100 62 80 751 35 25
LM309 5.0 ¢ 0 100 0 701035 20
LM309 5.0 M S0 100 10 7.0 10 35 20
7806 6.0 M 6 80 65 60 9010 35 30
7806 6.0 o4 120 120 59 80 8510 35 25
7808 8.0 M 80 80 62 6.0 1110 35 30
7€08 8.0 C 150 150 56 8.0 195 10 35 25
7885 8.5 M es &s 60 6.0 1151035 30
7885 85 c 170 170 54 80 111035 25
7812 12 M 120 120 61 s 1510 35 30
7812 22 (- 240 240 55 80 14510 35 25
7815 15 M 150 150 60 60 1810 35 10
7815 15 [ 300 300 54 80 1751035 25
7818 18 M 180 180 s9 60 2110 35 3.0
7818 18 c 350 360 53 80 20510 35 25
7824 24 M 249 240 S6 60 271 40 30
7824 24 c 480 480 50 80 265 10 40 2.5
Fued negative 1.0 A
7905 -5.0 M G o] 54 20 <78 10 -35 28
7905 5.0 [+ 100 100 4 20 731035 23
7906 6.0 M 0 60 54 z0 8810 35 28
7906 £.0 c 120 120 54 20 8310 -35 23
7908 -8.0 M &0 -] 54 20 108 1© -35 28
7908 8.0 c 150 150 54 20 10210 -35 23
7912 12 M 120 120 54 30 148 w0 -35 28
7912 12 [ 249 240 54 30 -14.3 10 35 23
7915 .15 M 150 150 30 178 w0 -35 28
7915 -15 (o] 300 300 54 30 173 0 -35 23
7918 .18 M 180 180 S4 30 208 to -35 28
7918 8 c 3%0 360 54 30 203 10 -35 23
792¢ 24 M 2<6 240 54 30 26.8 10 40 28
7924 24 [ 480 <80 s 3.0 -26.3 10 4C 3
Fixed posive 2.0 A
UA78CB 138 c 150 150 S0 8.0 1710025 25
Fued positive 3.0 A
LM123 5.0 %] a3 : = 2 iS50 Z:s
223 5.0 M 2 100 20 7.5 10 20 2%
w33 5.0 c 25 100 - 20 7510 20 28
Fixed posawe 5.0 A -
78H05 5.0 cM 120 s0 60 10 851025 S
78HOSA s0 CM s S0 60 1c 78w 25 3
78H12 12 c 120 60 10 15510 25 S
TeH1s 15 c 30 % 60 10 12510 25
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i
Output Ol:tput Line Load Ripple  Quiescent Input Dropout
Device current = tage\:/ Temperature* regulation regulation rejection current voltage voltage ;
may ronee V) (%V) (%V) (dB) (mA)  raags (V) (V)
i Positive adjustable
' LM10S 12 4510 30 M 0.06 0.1 1.0 2.0 85 10 50 30
i LM305 12 4510 30 6 0.06 01 1.0 2.0 8.5 10 40 3.0
% LM376 25 501037 c 01 05 16 25 S0 16 40 30|
. LM305A 45 4.5 to 40 Cc 0.06 0.4 2,0 8.5 1o 50 30 i
LM723 150 20 to 37 M 03 0.15 58 35 S5 to 40 3.0
LM723 150 2.0 to 37 Cc 0.5 0.2 58 4.0 95 1o 40 30
78MG 500 5.0 1o 30 M 1.0 1.0 62 5.0 75 10 40 30
78MG 500 5.0 tc 30 Cc 1.0 1.0 62 5.0 7.5 10 40 28
78G 1000 50 to 30 M 1.0 1.0 68 5.0 75 10 40 25
78G 1000 5.0 to 30 C 1.0 1.0 62 5.0 75 10 40 3.0
LM117 1500 1.2 to 37 M 0.01 0.1 66 10.0 3 to 40 1S5
LM317 1500 121037 G 0.01 0.1 66 10.0 3 10 40 15
LM150 3000 1210 33 M 0.01 0.3 66 5.0 | 35 22
LM350 3000 121033 Cc 0.03 0.5 66 10.0 35 22
LM138 5000 12 10 32 M 0.01 0.3 60 .0 35 26
LM338 5000 1.970902 C 0.03 0.5 60 10.0 35 28
78HG 5000 5010 24 C 1.0 ¥ 1.0 60 10.0 85 1025 35
LM196 10,000 1251015 M 0.01 1.0 60 10.0 20 35
LM396 10,000 12510 15 C 0.02 1.0 60 10.0 20 275
Negative adjustable
LM104 25 -0.15 to -40 M 0.1 5 mV 1.0 5.0 -8.0 to -50 20
LM304 25 - 0.035 to -30 C 0.1 5 mV 1.0 5.0 -8.0 to 40 20
7SMG 500 A5 -3¢ M 1.0 1.0 50 2:5 -7.0 to -30 25
79MG 500 -2.23t0":80 C 1.0 1.0 50 25 -7.0 to -30 23
79G 1000 -2.23 10 -30 M 1.0 2.0 50 2.0 -7.0 to -40 - 28
79G 1000 -2.23 to -30 C 1.0 20 50 2.0 -7.0 to 40 23
LM137 1500 -1.2 10 37 M 0.02 1.0 66 3.0 -40 18
LM137 1500 -1.2 to 37 C 0.04 1.0 66 6.0 ) -40 18
79GH 5000 -2.25 1o -24 C.M 1.0 1.0 50 5.0 -7.0 to -40 20

o w : o o
*Operating junction temperature range : C = commercial range, O C to + 125 C

M = extended military, -55°C 10 150°C

{ a o) A v
maan 3Lawmn (1i1s] mas‘wmw N Fmmnzau

Input Output  Output . : ;
3 o P Line Load Quiesent Ripple  Dropout
. . voltage voltage  current . . o
Device Function regulation regulation current rejection  voltage
range range max o
s : (%) (%) (mA) (dB) m
V) \2) (A) - '
LM325 _Dual polaritytracking 0V H5V 100 mA 0.06 0.06 8 66 20
LM326 Dual polarity tracking 430 V 2V 100 mA 0.06 0.06 8 66 20
LM2930 Low dropout regulator 26 V SV 1S0 mA - - 0.2 1 1 66 06
LM2931 Low dropout regulator 26 V 31024V 150 mA 0.2 1 1 66 Lo
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