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LAMPIRAN C

S LCD-016M002B
Vishay
16 x 2 Character LCD
(0 PULULLLLLLLLELLY @] FEATURES_
f ] + 5x 8 dots with cursor
x ( | + Built-in contraller (KS 0086 or Equivalent)
# . I + + 5V power supply (Also available for + 3V)
@ + 1116 duty cycle
() {0 + BiL 1o be driven by pin 1, pin 2 or pin 15, pin 16 or AK (LED)
+ N.V. optional for + 3V power supply
MECHANICAL DATA ABSOLUTE MAXIMUM RATING
ITEM STANDARD VALUE UNIT ITEM SYMEOL STANDARD VALUE UNIT
Module Dimension 80.0 x 36.0 mm MIN. | TYP. | MAX.
Viewing Area BG.0 % 16.0 mm Power Supply | VDD-VSS | - 0.3 _ 70
Dot Size 0.56 x 0.66 mm Input Valtage | V1 c03| - | voo
Character Size 296X 556 mm NOTE: VS5 = 0 Velt, VDD = 5.0 Volt
ELECTRICAL SPECIFICATIONS
ITEM SYMBOL CONDITION STANDARD VALUE UNIT
MIN. TYP. MAX.
Input Voltage VoD VDD =+ 5V 47 5.0 54 W
VDD =+ 3V 27 a0 53
Supply Current 10D VDD =5V - 1.2 a0 mé
-20°C - - -
Recommended LC Driving VDD - VO 0°C 4.2 B 5.1 W
Violtage for Normal Temp. 25°C a8 42 46
Version Module 50°C a6 4.0 4.4
70°C - - -
LED Forward Voltage VF 25°C - 4.2 4.6 v
LED Forward Currant IF 25°C | Array - 130 260 ma
Edge - 20 40
EL Power Supply Current IEL Vel= 110VAC:400Hz - - 5.0 mé
DISPLAY CHARACTER ADDRESS CODE:
Display Fosiion 2 3 5 6 7 8 9 10 11 12 13 14 15 18
DORAMAddess[ oo [or [ [ [ [ [ [ T 1 [ ] [oF]
poRAMAddess | 90 [ 41 [ [ [ [ [ [ | | [ T T [ [4]

Document Mumber: 37217
Revision 01-Oct-02

For Technical Questions, Contact: Displays@ Vishay.com

Universitas Kristen Maranatha
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Vishay 16 x 2 Character LCD v
PIN NUMBER SYMBOL FUNCTION
1 Vss GND
2 Vid +3Vaor+ 5V
3 Vo Contrast Adjustrment
4 RS H/L Register Select Signal
5 RIW H/L Read/Writa Signal
6 E H =L Enable Signal
7 {B]=01] HiL Data Bus Line
8 DBl HiL Data Bus Line
9 DBz HiL Data Bus Lina
10 DB3 HiL Data Bus Line
11 DE4 HL Data Bus Line
12 DBS HL Data Bus Line
13 DB& HiL Data Bus Line
14 DB7 HiL Data Bus Line
15 AlVes + 4.2V for LED/Nagative Voltage Output
16 K Power Supply for B/L {OV)

DIMENSIONS in millimeters

BO.O 0.5
4,55 71.2
|7.55_ £6.0 (VA) R
12.45 56.2 (AA)
w
o = 3 8.0 P2.54* 15 = 38.1 H1 MAX 6.7 MAX
T TR = ] i) =
wil @) T 7| 3.0 1.8 16 @ 1.0 PTH i o H2 5.1
1y T/ r
I | IIIIlIIIIIIIIII'II'II'II'II'I$ _@l
Kl ¢ : | @
3l | == -
Hlalg S alar s 2
HE R +13
ol I e e 2;
(A e = S
!
1 [ G —
ao10/ |] 055 -0 25PTH 15 AL 18
25 75.0 AR50 PAD EL OR NO BL
LED - H/L B/L
HIGH LOW
H1 13.2 121
Hz 8.6 75
www.vishay.com For Technical Questions, Contact: Displays@Vishay.com Document Number; 37217
32 Revision 01-Oct-02
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LAMPIRAN C

Features
« Compatible with MCS®51 Products
+ 8K Bytes of In-System Programmable (ISP} Flash Memory
— Endurance: 1000 Write/Erase Cycles
+ 4.0V to 5.5V Operating Range
* Fully Static Operation: 0 Hz to 33 MHz Y R

Three-level Program Memory Lock
256 X 8-bit Internal RAM
32 Programmable 1/0 Lines

+ Three 16-bit Timer/Counters B'blt

+ Eight Interrupt Sources M t "

* Full Duplex UART Serial Channel ICrocontrolier
+ Low-power Idle and Power-down Modes :

* Interrupt Recovery from Power-down Mode WIth 8 K Bytes

* Watchdog Timer | n_Sy stem

* Dual Data Pointer

* Power-off Flag Programmable
+ Fast Programming Time

* Flexible ISP Programming (Byte and Page Mode) FIaSh

Green (Pb/Malide-free) Packaging Option

1. Description AT89S52

The AT89S52 is a low-power, high-performance CMOS 8-bit microcontroller with 8K
bytes of in-system programmable Flash memory. The device is manufactured using
Atmel's high-density nonvolatile memory technology and is compatible with the indus-
try-standard 80C51 instruction set and pinout. The en-chip Flash allows the program
memary to be reprogrammed in-system or by a conventional nonvolatile memory pro-
grammer. By combining a versatile 8-bit CPU with in-system programmable Flash on
a menolithic chip, the Atmel AT89S52 is a powerful microcontroller which provides a
highly-flexible and cost-effective solution to many embedded control applications.

The AT89S52 provides the following standard features: 8K bytes of Flash, 256 bytes
of RAM, 32 IO lines, Watchdoeg timer, two data peinters, three 16-bit timer/counters, a
six-vector two-level interrupt architecture, a full duplex serial port, on-chip oscillator,
and clock circuitry. In addition, the AT89S52 is designed with static logic for operation
down to zero frequency and supports two software selectable power saving modes.
The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
interrupt system to continue functioning. The Power-down mode saves the RAM con-
tents but freezes the oscillator, disabling all other chip functions until the next interrupt
or hardware reset.

1840C-MICRO-3/05

AIMEL
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2. Pin Configurations
21  40-lead PDIP 2.3  44-lead PLCC
T2) Pro[ a0 [Ves
M2EX P02 38 [0 Po.0 [ADD)
P1203 38 [1P0.1 (AD1)
P304 37 (P02 (AD2)
P140s 36 [1P0.3 (ADS) (Mos) P15 07 201 P04 (AD4)
(MOSI) P1.5s0 6 35 [1P0.4 (AD4) (MIC) P1LE 08 B[P0 (ADS)
(MISC) P16 7 34 [1P0.5 (ADS) (SCK) P17 09 A7 OIPO6 (ADE)
scK P17 8 33 []P0.6 (ADS) RETO10 6QIFOT(ADT)
RsTO® 32[P0.7 (ADT) (RND) Pf:'f g :‘2 gi 3 ﬁ:‘;"'pp
",Hm:I Paogito o1 QEANPP (TXD) P21 0012 320 ALEFPROG
(D) P 11 30 [ ALEFFOG TR} P22 14 a2 FEER
(NTQ) P32 12 23 FSER i) Paadl s 21 A2 (A1)
(AT} Pa.3 0 13 28 [1P27 (A15) {0 P24 16 0[O P2E (A1)
(To) P34 [} 14 27 [1P26 (M4 {T1) P25 017, 2001 P25 (A13)
) Pasd s 26 P25 (A13) o FrEAHAZNER o
(WH) P38 18 25 ] P2.4(A12)
(AD) P37 {17 24 [JP2.3 (A11)
XTAL2[] 18 23[1P2.2 (A10)
XTAL1[] 19
GND 20
22  44-lead TQFP 24 42-lead PDIP
-3 7
RST]4 42[1P1.7 (SCK)
(RXD) P3.00]2 M OP1EMISO)
[TXD) Pa103 4007 P1.5 MOSI)
(TTT) P32 0] 4 3901F14
(T 33005 38OF13
Mos) P15 a8 P04 AD4) o P34 e wheiz
tmnes b oo mpsdy  sheme
i 3 0P07A07) (WR) P35 0] 8 BP0
(R¥D) F2.00] = OEAVPP ROV P37O2 M VDD
ned 20 NG XTALZC]H0 231 PWRVDD
My Fa1g 27 O ALEFFTS NTALI O] 32[ PO.0|ADD)
(T a2 e GNDO] 12 PO (AD1)
! iy ¢E . o4 gpaa :E-\ - PWRGND 13 30[1P02{A02)
myFasO aaf1p2s A {A8) P2.0 ] 14 20[71P0.3{AD3)
(A9 P24 18 28[7 P04 (AD4)
o) p22C{4e 27 [1P0.5 {ADS)
A1) P23C[17 26 [ P0G (ADE)
Az p24C{1s 251 P07 (ADT)
(A3 P25C{H0 24 [1EANPP
[a14) P26 {20 23 [ ALE/PFOG
(a15) P27 O] 24 221 FEEN
1919C-MICRO-305
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AT89S52

3. Block Diagram

PO.O - FOT P20 - P27
Y Y Y YY) Y Y Y YRR Y)
. T
Voo | YYYVYYYYY YYYVYVYYVYY i
CLI !
! POFT 0 DRIVERS | | POFT 2 DRIVERS | !
G ! Y T 5 T |
f |
1
1 v L4 |
= !
= RAM ADDR. PORT 0 !
! REGISTER [~ RAM LATCH 'T_?\TR(I.Hz FLASH |
! !
: /Y 7 § 'y Y |
i
v v v L 4 :
i [ rY i
|
|
L4 L4 v i
PROGRAM i
B STACK P
REGISTER ACG POINTER Qgggl%%g “* |
i
1
1
!
i
1 1
! ¥ h i Y H
i 4>  BUFFER (b |
| TMP2 TMP1 |
| |
! i
! i
1 1
! !
i PC —b i
! AL INCREMENTER [*—®
: :
i i
! INTERRUPT, SERIAL_PORT, !
: AND TIMER ELOCKS !
1 v '
E 4 4 PROGRAM [¢ o
| PSW COUNTER ;
! i
! [y !
_ i
PSEN +——] l
PROG, — TIMING ! i
o I O . o oonorme e |
EA | Ver CONTROL [ Iy rY :
1
RST —+—P| i
i A L ¥ v v i
i ) i
1 WATCH PORT 3 PORT 1 ISP PROGRAM !
E DOG LATGH LATCH port [+ oG E
| Y ry Fy i
! |
i |
! i
| 0sc Y ¥ h 4 |
i | PORT 3 DRIVERS |1— | PORT 1 DRVERS !
i T EEEE X IR X) i
._||:||_¢ YYYYYYYY YYYYYYYY
T :|~ - Par PO - P47
AIMEL 3
1919C-MICRO-305 —O
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4. Pin Description

41 VvcC
Supply veltage.

42 GND

Ground.

43 Port0
Port 0 is an 8-bit open drain bidirectional 1/0 port. As an output port, each pin can sink eight TTL
inputs. When 1s are written to port 0 pins, the pins can be used as high-impedance inputs.

Port 0 can also be configured to be the multiplexed low-order address/data bus during accesses
to external program and data memory. In this mode, PO has intemal pull-ups.

Port 0 also receives the code bytes during Flash programming and outputs the code bytes dur-
ing program verification. External pull-ups are required during program vetification.

44 Port1

Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 1 output buffers can
sink/source four TTL inputs. When 1s are written to Port 1 pins, they are pulled high by the inter-
nal pull-ups and can be used as inputs. As inputs, Port 1 pins that are externally being pulled low
will source current (I, ) because of the internal pull-ups.

In addition, P1.0 and P1.1 can be configured to be the timer/counter 2 external count input
(P1.0/T2) and the timer/counter 2 trigger input (P1.1/T2EX), respectively, as shown in the follow-
ing table.

Port 1 also receives the low-order address bytes during Flash programming and verification.

Port Pin Alternate Functions
P1.0 T2 (external count input 1o TimerCounter 2}, clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger and direction control)

P15 MOSI {used for In-System Programming)

P1.6 MISO (used for In-System Programming)

P1.7 SCK {used for In-System Programming)

45 Port2

Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 2 cutput buffers can
sink/source four TTL inputs. When 1s are written to Port 2 pins, they are pulled high by the inter-
nal pull-ups and can be used as inputs. As inputs, Port 2 pins that are extemally being pulled low
will source current (1) because of the internal pull-ups.

Port 2 emits the high-order addrass byte during fetches from external program memory and dur-
ing accesses to external data memory that use 16-hit addresses (MOVX @ DPTR). In this
application, Port 2 uses strong intemal pull-ups when emitting 1s. During accesses to external
data memery that use 8-bit addresses (MOVX @ RI), Port 2 emits the contents of the P2 Special
Function Register.

Port 2 also receives the high-order address bits and some control signals during Flash program-
ming and verification.

4 A T 80 S 5 1 —
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46 Port3
Port 3 is an 8-bit bidirectional /O port with internal pull-ups. The Port 3 output buffers can
sink/source four TTL inputs. When 1s are written to Port 3 pins, they are pulled high by the inter-
nal pull-ups and can be used as inputs. As inputs, Port 3 pins that are externally being pulled low
will source current (I, ) because of the pull-ups.
Port 3 receives some control signals for Flash programming and verification.
Port 3 also serves the functions of various special features of the AT89552, as shown in the fol-
lowing table.
Port Pin Alternate Functions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3.2 INTO (external interrupt 0)
P3.3 INTT (external interrupt 1)
P3.4 TO (timer O external input)
P3.5 TA (timer 1 external input)
P3.6 WR (external data memory write strobe)
P37 RD (external data memory read strobe)
47 RST

Reset input. A high on this pin for two machine cycles while the oscillator is running resets the
device. This pin drives high for 98 oscillator periods after the Watchdog times out. The DISRTO
bit in SFR AUXR (address 8EH) can be used to disable this feature. In the default state of bit
DISRTO, the RESET HIGH cut feature is enabled.

4.8 ALE/PROG
Address Latch Enable (ALE) is an output pulse for latching the low byte of the address during
accesses to external memeory. This pin is also the program pulse input (PROG) during Flash
pragramming.

In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator frequency and may be
used for external timing or clocking purposes. Note, however, that one ALE pulse is skipped dur-
ing each access to external data memory.

If desired, ALE operation can be disabled by setting bit 0 of SFR location 8EH. With the bit set,
ALE is active only during a MOVX or MOVC instruction. Otherwise, the pin is weakly pulled high.
Setting the ALE-disable bit has no effect if the microcontroller is in external execution mode.

AIMEL 5

1HOC-MICRO-305 —
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4.9

410

4.11

4.12

5.

6

PSEN

EA/VPP

XTAL1

XTAL2

ATmEL

Program Store Enable (PSEN) is the read strobe to external program memary.

When the AT89S52 is executing code from external program memory, PSEN is activated twice
each machine cycle, except that two PSEN activations are skipped during each access to exter-
nal data memory.

External Access Enable. EA must be strapped to GND in order to enable the device to fetch
code from extarnal program memory locations starting at 0000H up to FFFFH. Nete, however,
that if lock bit 1 is programmed, EA will be internally latched on reset,

EA should be strapped to Vg for intemal program executions.

This pin also receives the 12-volt programming enable voltage (Vpp) during Flash programming.

Input to the inverting oscillator amplifier and input to the intemal clock operating circuit.

Output from the inverting oscillator amplifier.

Special Function Registers

A map of the on-chip memory area called the Special Function Register (SFR) space is shown in
Table 5-1.

Note that not all of the addresses are occupied, and unoccupied addresses may not be imple-
mented an the chip. Read accesses to these addresses will in general retumn random data, and
write accesses will have an indeterminate effect.

User software should not write 1s to these unlisted locations, since they may be used in future
products to invoke new features. In that case, the reset or inactive values of the new bits will
always be 0.

Timer 2 Registers: Control and status bits are contained in registers T2CON (shown in Table 5-
2) and T2MOD (shown in Table 10-2) for Timer 2. The register pair (RCAP2H, RCAP2L) are the
Capture/Reload registers for Timer 2 in 16-bit capture mode or 16-bit auto-reload mode.

Interrupt Registers: The individual interrupt enable bits are in the |E register. Two priotities can
be set for each of the six interrupt scurces in the IP register.

A T 8 0S5 e —

194 8C-MICRCO-3105
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Table 5-2.  T2CON — Timer/Counter 2 Control Register

T2COM Address = 0C8H Reset Value = 0000 0000B

Bit Addressable

it TF2 EXF2 RCLK TCLK EXEN2 TR2 cT2 CPRLZ
7 8 5 4 3 2 1 0

Symbol | Function

TE2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either RGLK =1
or TCLK =1.

Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and EXENZ = 1.
EXF2 When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be
cleared by software. EXF2 does not cause an interrupt in up/down counter mode (DCEN =1).

Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial port

RCLK Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

TCLK Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serial port
Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

EXEN2 Timer 2 external enable. When set, allows a capture or reload to cccur as a result of a negative transition on T2EX if Timer
2 s not being used to clock the serial port. EXENZ = 0 causes Timer 2 to ignore events at T2EX.

TRz Start'Stop control for Timer 2. TR2 =1 starts the timer.

cT2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. G/TZ = 1 for external event counter (falling edge triggered).

_ | Capture/Reload select. CP/RLE = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CRRLZ = 0
CP/RLZ | causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXENZ = 1. When
elther RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

C-9 Universitas Kristen Maranatha



LAMPIRAN C

s A T89S 52

23. Flash Programming and Verification Characteristics (Parallel Mode)
T, = 20°C 10 30°C, Vg = 4.5t 5.5V

Symbol Parameter Min Max Units
Vep Programming Supply Voltage 1.5 125 V
lop Programming Supply Current 10 mA
lae Ve Supply Current a0 mA
Weorer Oscillator Frequency 3 33 MHz
tavsL Address Setup to PROG Low 481 o

tarae Address Hold After PROG 48ty o

toved Data Setup to PROG Low 4810

tanox Data Hold After PROG Bty

tenan P2.7 (ENABLE) High to Vep 4810

tanaL Ve Setup to PROG Low 10 s
tamst Ve Hold After PROG 10 ps
. PROG Width 0.2 1 us
| Address to Data Valid 481000

teLav ENABLE Low to Data Valid 481500

tenaz Data Float After ENABLE 0 48ty 0

[ PROG High to BUSY Low 1.0 s
twc Byte Write Cycle Time 50 s

Figure 23-1. Flash Programming and Verification Waveforms — Parallel Mode

P10 - P1.7 PROGRAMMING VERIFICATION
P20 - P24 ADDRESS —J ADDRESS
[ tavay
PORT ) —————————— DATA IN " DATA OUT _
—* tovaL  Lanox [
tayaL [+ — o
ALE/PROG
teaL o tamst
_ Vep LOGIC 1
EAVs LOGIC_0 N
1,
i 4" EHSH teLav l— [ tEHQZ
(ENABLE) /|
taneL —
P3.0
(ROY/BSY) BUSY READY
twe ——*
AIMEL 25
181 8C-MICRO-2/05 I
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Table 24-1.  Serial Programming Instruction Set
Instruction
Format
Instruction Byte 1 Byte 2 Byte 3 Byte 4 Operation
1010 1100 0101 0011 0000 X000 0000 X000
) 0110 1001 Enabla Serial Programming
Programming Enable {Qutput on while RST s high
MISO)
Chip Erase 1010 1100 100% 300 WOH 000 WO 0000 Chip Erase Flash memory
array
Read Program Memory | 0010 0000 oY T2 993 96T | 5AS82 3%58 | Read data from Program
{Byte Mode) < << memory in the byte mode
Write Program Memory | 0100 0000 oY T2 O0% 9%e | o83 8358 | Write data to Program
(Byte Mode) € <% memaory in the byte mode
Write Lock Bits" 1010 1100 1110 00&& 000 X0 000 X0 Write Lock bits. See Note (1).
0010 0100 0000 X000 000 2000 ps el o Read back current status of
Read Lock Bits <4 == the lock bits (a programmed
lock bit reads back as a™1")
o O i
Read Signature Bytes 0010 1000 ok I EE“? oK 000 Signature Byte Read Signature Byte
0011 0000 ol T23% Byte 0 Byte 1... Read data from Program
[F;za‘li;g%gm Memory <= Byte 255 memory in the Page Mode
o (256 bytes)
) 0101 0000 oo Toge Byte 0 Byte 1... Write data to Program
‘[.ggtii;n;%r;m Memory < < Byte 255 memory in the Page Mode
o (256 bytes)
Mote: 1. B1=0, B2 = 0---= Mode 1, no lock protection
B1=0,B2=1-->Mode 2, lock bit 1 activated Each of the lock bit modes needs to be activated sequentially
B1=1,B2= 0= Mode 3, lock bit 2 activated before Mode 4 can be exectited.
B1=1,B2 =1 ---= Mode 4, lock bit 3 activated
After Reset signal is high, SCK should be low for at least 64 system clocks before it goes high to
clock in the enable data bytes. No pulsing of Reset signal is necessary. SCK should be no faster
than 1/16 of the system clock at XTAL1.
For Page Read/Write, the data always starts from byte 0 to 255, After the command byte and
upper address byte are latched, each byte thereafter is treated as data until all 256 bytes are
shifted infout. Then the next instruction will be ready to be decoded.
ATMEL 27
1949C-MIGRO-3/05 —
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25. Serial Programming Characteristics

Figure 25-1. Serial Programming Timing

MOSI
t

tovsH fesfe—tsHox SLSH

Y
tapsL

o X XK

gLy

Table 25-1.  Serial Programming Characteristics, Ty =-40°C to 85°C, Ve = 4.0 - 5.5V (Unless Otherwise Noted)

Symbol Parameter Min Typ Max Units
oLoL Oscillator Frequency 3 33 MHz
tereL Oscillator Period 30 ns
tapsL SCK Pulse Width High Bt ns
t51aH SCK Pulse Width Low Biac ns
tovsn MOSI Setup to SCK High tocL ns
- MOSI Hold after SCK High 210 ns
tap SCK Low to MISO Valid 10 16 32 ns
terase Chip Erase Instruction Cycle Time 500 ms
tewe Serial Byte Write Cycle Time 64 15 o +400 s

C-12 Universitas Kristen Maranatha



LAMPIRAN C

s A T89S 52

26. Absolute Maximum Ratings*

Operating Temperature ...

Storage Temperature ...

Maximum Operating Voltage

BE°C

Voltage on Any Pin
with Respect 1o Ground ...,

DC QUEPLE CUIEN. oo veevvvovvvevesesesseiseanas

55°C to +125°C

L0V o +7.0V

*NOTICE:

to +150°C

27. DC Characteristics

The values shown in this table are valid for Ty = -40°C to 85°C and V¢ = 4.0V to 5.5V, unless otherwise noted.

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
aother conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect

device reliability.

Symbol Paramater Condition Min Max. Units
Vi Input Low Voltage (Except ER) -0.5 0.2V 04 W
iy Input Low Voltage (EA) 05 0.2Voe 0.3 v
Vy Input High Violtage (Excapt XTAL1, RST) 0.2Vp+0.9 V05 v
Vi Input High Voltage (XTAL1, RST) 0.7 Vg Vg t05 v
Ve Output Low Voaga!! (Ports 1,22) | lo = 1.6 mA 045 v
Veus %ﬂﬁ%f&%ﬁ lou =22 mA 045 v
lop = 60 P&, Vign =5V £ 10% 24 v
T et S e v
gy = -10 pA 0.9V, v
lop = 800 PA, Vigz = 5V £10% 24 v
UV s e SR o v
oy = 80 pA 0.9V, v
" Legical O Input Current (Ports 1,23) | Vyy =045V 50 HA
e lﬂ:?:f:h;ﬁf Transition Currant Vi =2V, Vg =5V + 10% 300 uA
It Input Leakage Currert {Port 0, EA) 045 <V < Ver Hio HA
RRST Raset Pulldown Resistar 50 300 Kk
Cig Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Power Supply Curtant Active Made, 12 MHz 25 mA
la ldle Mode, 12 MHz 6.5 mA
Power-down Moda! Voo =55V 50 HA
Motes: 1. Under steady state (non-transient) conditions, |5 must be externally limited as follows:

Maximum |, per port pin: 10 mA
Maximum |, per 8-bit port:

Port 0: 26 mA

Ports 1, 2, 3: 15 mA

Maximum total I, for all output pins: 71 mA
If Iy exceeds the test condition, Vi may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.

2. Minimum V.. for Power-down is 2V,

19 9C-MICRO-205

AIMEL
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@ MOTOROLA

QUAD 2-INPUT NAND GATE

+ E3D = 3500 Volts

SN54/74LS00

QUAD 2-INPUT NAND GATE

e LOW POWER SCHOTTKY
[1¢] [re] [2] [n] [1o] [e] [e]
.,-’ J SUFFIX
'ﬁi | | CERAMIC
{ CASE B32-08
U el ] LT L] BT [ “
GND
1? N SUFFIX
'l. PLASTIC
14 CASE B46-06
, D SUFFIX
14\@“ -
1 CASET51A-02
ORDERING INFORMATION
SM54LSXX)  Ceramic
SNT4LSXXN  Plastic
SNT4LSXXD  S0IC
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
Voo Supply Voltage 54 45 5.0 5.5 W
74 475 5.0 535
Ta Operating Ambient Temperature Range 54 -53 25 123 °C
74 0 25 70
loH Qutput Current — High o4, 74 -0.4 ma
loL Qutput Current — Low 54 40 ma
74 a0

FAST AND LS TTL DATA
52

C-14
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
" » " Guarantesd Input HIGH Voltage for
VIH Input HIGH ‘oltage 20 v All Inputs
54 0.7 Guaranteed Input LOW \oltage for
w ey ¥
VIL Input LOW ‘Voftage ” T W All Inputs
VK Input Clamp Diode Voltage -085 -15 v Vo =MIN, g =-18 mA
4 23 35 v Woe = MIN, Igy = MAX, Vipg =V,
o i CcC + I0H + VIN = VIH
VioH Cufput HIGH oltage = > T y or Vi per Truth Table
54,74 0.25 04 v loL=40ma | Voo=VYoo MIN,
VoL Cutput LOW ‘Violtage ViN=YiLerViH
74 0.35 0s W loL =8.0mA per Truth Table
20 ut | voe = Max
¥ input HIGH Current
01 méa Ve = MAX,
L Input LOW Current -D4 méA Voo = MAX, Y
los Short Circuit Current {Note 1) =20 -100 mé Voo = MAX
Power Supply Current
loc Total, Cutput HIGH 16 A Ve = MAX
Tatal, Cutput LOW 4.4
Hote 1: Mot more than one cutput should be shorted at a fime, nor for more than 1 second
AC CHARACTERISTICS (Ty = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Turn-Cff Delay, Input o Cutput 9.0 15 ns Voo =50V
toHL Turn-On Delay, Input to Output 10 15 ns CL=15pF

FAST AND LS TTL DATA
53
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87 L7800
Y/ SERIES

POSITIVE VOLTAGE REGULATORS

OUTPUT CURRENT UPTO 1.5 A
OUTPUT VOLTAGESOF 5;5.2;6; 8, 8.5, 9;
12;15;18; 24V

THERMAL OVERLOAD PROTECTION
SHORT CIRCUIT PROTECTION

» OUTPUT TRANSITION SOA PROTECTION

DESCRIPTION

The L7800 series of three-terminal positive
requlators is available in TO-220 ISOWATT220
TO-3 and D°PAK packages and several fixed
output voltages, making it useful in a wide range
of applications. These regulators can provide local
on-card regulation, eliminating the distribution
prablems associated with single point regulation.
Each type employs internal current limiting,
thermal shut-down and safe area protection,
making it essentially indestructible. If adequate
heat sinking is provided, they can deliver over 1A
output current. Although designed primarily as
fixed voltage regulators, these devices can be
used with external components to obtain
adjustable voltages and currents.

ISOWATTZ220
BLOCK DIAGRAM
ENPUT SERIES OUTRUT
10 PASS z
ELEMENT
CURRENT S0A
GENERATOR PROTECTION
STARTING HEFERENCE ERROR
CIRCWT VOLTAGE AWPLIFIER
PROTECTION
l GND
PRTTRAEE
MNovember 1999 125
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L7800

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
V) |DC inputvoltage (for Vo = Sto 18v) 35 v
(foryo = 20, 24V) 40 v
lo Cutput Current Internally limited
Piot | Power Dissipation Intermally limited
Top Cperating Junction Temperature Range (for L7800) -55 to 130 °c
(for LT800C) 0to 150 °c
Tsig | Storage Temperature Range -65 to 150 °c
THERMAL DATA
Symbol Parameter D°PAK TO-220 |(ISOWATT220( TO-3 Unit
Rinj-case | Thermal Resistance Junction-case Max 2 3 4 4 o
Rtnj-ame | Thermal Resistance Junction-ambient  Max 62.5 50 60 35 ocrw

CONMECTION DIAGRAM AND ORDERING NUMBERS (top view)

L OUTPUT
H—— o —— ouTPUT
@ e GND - GND
INPUT
V[ meut ~ — INPUT
Feraz 3110 ]
5. 15880
TO-220 & ISOWATT 220 DZPAK TO-3
Type T0-220 D?PAK () ISOWATT220 TO3 Output Voltage

L7805 L7B05T 5V
L7805C L7anscy L7a305CD2T L7a05CP L7R0SCT 5V
L7852C L7as2cy L7852CD2T L7852CP L7E52CT 5.2V
L7806 L7B0ET 6
L7806C L7a06Cy L7a806CD2T L7a06CP LT7B06CT BY
L7808 L7808T 8v
L7808C L7anscy L7a808CD2T L7308CP L7B08CT 8V
L78a5C L7aascy L7885CD2T L7385CP L7B85CT 8.5V
L7808C L7anacy L7a09CD2T L7a09CP L7E08CT g
L7812 L7812T 12V
L7812C L7g12Ccv L7812CD2T L7312CP L7812CT 12V
L7815 L7815T 15V
L7815C L7815CY L7815CD2T L7815CF L7815CT 15V
L7818 L7818T 18V
L7818C L7a18Cv L7818CD2T L7318CP L7818CT 18V
L7820 L7820T 20V
L7a20C L7azocy L7a20CD2T L7a320CP L7820CT 20V
L7824 L7247 24y
L7824C L7a24Cv L7824CD2T L7324CP L7824CT 24y

(") AVAILABLE IN TAPE AND REEL WITH "-TR™ SUFFLX

2125 1573
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LAMPIRAN C

L7800
APPLICATION CIRCUIT
U vexx P
Vi Cj 3 Co Vo
0.33pF 0JuF
== 5-2708/2
SCHEMATIC DIAGRAM
—OIN
r]m r18
a
Q12 w3
b—q:b— Q17
i
R
RS RY R
4 -
RE %nm
r CRiY
;m
S~4 858 ——
ar 3125
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C

L7800
ELECTRICAL CHARACTERISTICS FOR L7805 (refer to the test circuits, T; =-55 to 150 °C,
Wi =10V, lo =500 mA, C; =0.33 uF, C; =0.1 uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
' Output Voltage Tj=25°C 4.8 5 52 v
Vo Output Voltage lo=5mAto1 A Py<i15W 4.85 5 5.35 v

Vi=8to20V
AV |Line Regulation Vi=Tto25V Tj=25°C 3 50 my
Vi=8to12V TJ=25°C 1 25 mYy
AVe*  |Load Regulation le=5to1500ma  Tj=25°C 100 mYy
lo=250t0750mA  T;=25°C 25 mYy
ls |Quisscent Cument T=25% 6 mA
Aly Quiescent Cument Change lz=5to 1000 m& 0.5 mé
Alg Quizscent Cument Change WVi=8to25V 0.8 ma
AVy | OutputVoltage Drift la=5ma 0.6 my°C
AT
eN Output Moise Volage B =10Hzto 100KHz Tj=25 c 40 u Ve
SVR |Supply Voltage Rejection Vi=8t018V  f=120Hz 65 dB
Vo Dropout Voltage lzp=14A =25 oc 2 2.5 v
Ro Output Resistance f=1KHz 17 mix
lec | Short Circuit Current Vi=38V  Tj=25°C 0.75 1.2 A
lscp Short Circuit Peak Cumrent T|=25°C 1.3 2.2 3.3 A
ELECTRICAL CHARACTERISTICS FOR L7806 (refer to the test circuits, T =-55 to 150 °C,
Wi =15V, lo =500 mA, Ci =0.33 uF, Co =0.1 uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
' Output Voltage T = 25°C 5.75 8 6.25 v
Vo Output Voltage lo=SmAfe1A Py=13W 5.85 g 6.35 v

Vi=9to 21V
AVo®  |Line Regulation Vi=Bto25V Tj=25°C 60 my
Vi=91013V T;=25°C 30 mY
AVe*  |Load Regulation le=5to1500ma  Tj=25°C 100 mYy
lo=250t0750mA T;=25°C 30 mYy
la  |CQuiescent Cument Tj=25°C 8 ma
Alg Quiescent Cumrent Change la=5to 1000 ma 0.5 ma
Alg Quisscent Cumrent Change Vi=8t025V [1R:] ma
ﬁ Output Voltage Drift la=5ma 0.7 mvi°c
AT
eN Output Moise Voltage B =10Hzto 100KHz T;=25 °c 40 PV g
SVR | Supply Voltage Rejection Vi=9te18V  f=120Hz 85 dB
Vo Dropout Voltage lzp=14A =25 o 2 25 v
Rg Output Registance f=1KHz 19 mix
lzc | Short Circuit Current V=35V TJ=25°C 0.75 1.2 A
Isep | Short Circuit Peak Cumrent Tj=25°C 13 22 33 A

* Load and line regulation are specified at constant junction temperaiure. Changes in Ve due o heating effects must be taken into account
separately. Pulce testing with low duty cycle is used.

&7
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L7800

Figure 4 : Dropout Voltage vs. Junction
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Figure 6 : Supply Voltage Rejection vs.

Frequency.
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Figure 8 : Output Impedance vs. Frequency.

Figure 5 : Peak Output Current vs. Input/output
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Figure 7 : Output Voltage vs. Junction
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Figure 9 : Quiescent Current vs. Junction
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