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Tabel Uji Coba Sistem Pengendalian Secara Lokal

Uji Coba 4 - Pengendali Tidak Memasukkan Kode Perintah Selama 30 Detik

No Urutan Proses Uji Coba Percobaan

1 2 3 4 5
1 | Gagang telepon diangkat v v v v v
2 | Memasukkan password dengan benar g v g g vV
3 | Sinyal berpindah ke tegangan 12 volt DC oY vV vV g !
4 | Muncul Nada 1 vV vV g vV v
5 | Muncul Nada 3 g v g g o\
6 | Tidak menekan tombol apapun selama 30 detik v v v v v
7 | Muncul Nada 4 o v g g o\
8 | sinyal berpindah ke jaringan telepon o vV g g v
Uji Coba 5 - Pengendali Menekan Tombol # Sebagai Tombol Pertama Dalam Memasukkan

Kode Perintah

No Urutan Proses Uji Coba Percobaan

1 2 3 4 5
1 | Gagang telepon diangkat o vV g g o
2 | Memasukkan password dengan benar v v v v v
3 | Sinyal berpindah ke tegangan 12 volt DC g g g ! v
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4 | Muncul Nada 1 g v v vV v
5 | Muncul Nada 3 o g vV vV vV
6 | Menekan tombol # sebanyak 1 kali o g g o v
7 | Muncul Nada 4 V V \ o \
8 | Sinyal berpindah ke jaringan telepon \ g g g !
Uji Coba 6 - Pengendali Salah Dalam Memasukkan Password Sebanyak 3 Kali

No Urutan Proses Uji Coba SE=So0eT

1 2 3 4 5
1 | Gagang telepon diangkat v v g v v
2 | Memasukkan password o g g g vV
3 |Muncul Nada 2 o v o o v

Ujicoba 7 - Pengendali Melakukan Panggilan Keluar

No Urutan Proses Uji Coba Pegfpbgan

1 2 3 4 5
1 | Gagang telepon diangkat g v vV v v
2 | Memasukkan nomor telepon yang dituju g g g v vV
3 | Sistem tidak bekerija o v v v v
4 | sambungan telepon dimatikan / Gagang diletakkan v v v v v
5 | Sistem kembali bekerja o v vV g vV
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Lampiran 5. Foto Perangkat Keras Sistem Pengendali

(a) Tampak Atas

(b) Tampak Depan
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(c) Tampak Belakang

(d) Rangkaian Perangkat Keras
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(e) Rangkaian Catu Daya (f) Rangkaian Penggerak
Nada Tanggapan

(g) Rangkaian Pendeteksi (h) Rangkaian
Dering Pendeteksi Off-Hook

GT-96016
GENTO
L]
.

(1) Rangkaian Penerima (j) Rangkaian Penerima

Nada DTMF (1) Nada DTMF (2)
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(k) Rangkaian Pengendali Utama

(1) Rangkaian Pengangkat (m) Rangkaian Pemilih

Gagang Telepon Sumber Sinyal Telepon
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(n) Rangkaian Penggerak Relay Beban

231



Features

e Compatible with MCS®-51 Products

¢ 4K Bytes of In-System Programmable (ISP) Flash Memory
— Endurance: 10,000 Write/Erase Cycles

* 4.0V to 5.5V Operating Range

¢ Fully Static Operation: 0 Hz to 33 MHz

¢ Three-level Program Memory Lock

* 128 x 8-bit Internal RAM

¢ 32 Programmable I/O Lines

* Two 16-bit Timer/Counters

¢ Six Interrupt Sources

¢ Full Duplex UART Serial Channel

* Low-power Idle and Power-down Modes

¢ Interrupt Recovery from Power-down Mode

¢ Watchdog Timer

¢ Dual Data Pointer

* Power-off Flag

* Fast Programming Time

¢ Flexible ISP Programming (Byte and Page Mode)

¢ Green (Pb/Halide-free) Packaging Option

1. Description

The AT89S51 is a low-power, high-performance CMOS 8-bit microcontroller with 4K
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 on-chip Flash allows the program
memory 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 monolithic chip, the Atmel AT89S51 is a powerful microcontroller which provides a
highly-flexible and cost-effective solution to many embedded control applications.

The AT89S51 provides the following standard features: 4K bytes of Flash, 128 bytes
of RAM, 32 I/O lines, Watchdog timer, two data pointers, two 16-bit timer/counters, a
five-vector two-level interrupt architecture, a full duplex serial port, on-chip oscillator,
and clock circuitry. In addition, the AT89S51 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 external
interrupt or hardware reset.
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2. Pin Configurations

2.1 40-lead PDIP 2.3 44-lead PLCC

8588
P1.001 40 [1VCC LI
P1.12 39 [0 P0.0 (ADO) E;;§§%§§§§§
P1.20]3 38 [1P0.1 (AD1) Ooonoooonon
P1.304 37 [1P0.2 (AD2) cbvToON-IQ YT Q
o=l o T Tuprmavon
(Mosil) P15 E 6 35 3 PO.4 (AD4) (SCK) P1.7 ]9 37 [1P0.6 (AD6)
(MISO) P1.6 ] 7 34 L1P0.5 (ADS) RST | 10 361 P0.7 (AD7)
(SCK) P1.7 (8 33 [ P0.6 (AD6) (RXD) P3.0 [} 11 35 0 EAVPP
RST ]9 320 FB.7 (AD7) NC O] 12 34NC
(RXD) P3.0 | 10 31 [1 EA/VPP (TXD) P3.1 ] 13 33 [J ALE/PROG
(TXD) P3.1 ] 11 30 [ ALE/PROG (INTO) P3.2 ] 14 32 [1PSEN
(INTO) P3.2[[ 12 29 [1 PSEN (INT1) P3.30 15 31 [ P2.7 (A15)
(INT1) P3.3 ] 13 28 [1P2.7 (A15) (To)P3.4[1 16 30 [1P2.6 (A14)
(T0) P3.4 ] 14 27 1 P2.6 (A14) (T1) P3.5 [ 179 PSENDIREN a29392.5(/«13)
(T1) P3.5] 15 26 [1P2.5(A13) I
(WR) P3.6 | 16 25 [1P2.4 (A12) ggggggﬁgﬁ
(RD) P3.7 |17 24 [1P2.3 (A11) E‘a;;‘f‘ ceooa
XTAL2[] 18 23[1P2.2 (A10) B T2z
XTAL1 [ 19 22 [1P2.1 (A9)
GND [] 20 21 [1P2.0 (A8)
2.2 44-lead TQFP
Sraa
[alalya)
<<
<t M AN - O Qo -~ m
~rrrr~rOQOO0Oocococo
o000 Z2>0000
OO0 00O
329358885883
(MOSI) P1.5 ] 1 33 [1P0.4 (AD4)
(MISO) P1.6 (12 32 [1P0.5 (AD5)
(SCK) P1.7 13 31 [1 P0.6 (AD6)
RST |4 30 [0 P0.7 (AD7)
(RXD) P3.0[]5 29 [1 EA/VPP
NC O 6 28 [1NC
(TXD) P3.1 7 27 [1 ALE/PROG
(INTO) P3.2[] 8 26 [1 PSEN
(INT1) P3.3009 25 [1P2.7 (A15)
(TO) P3.4 ] 10 24 [1P2.6 (A14)
(T1) P35 11 23[1P2.5 (A13)
N M TWON0DOO -~ N
ffffffff SR
OOoOoOoOO0oO0oO0oOoOogdg
ONAN-OOQOQ - NO
oo dFZZadaaad
[ IO B G M« W W W
e [ [ e
544 $8LES
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3. Block Diagram

P0.0 - P0.7 P2.0 - P2.7
! | PORT 0 DRIVERS PORT 2 DRIVERS | ;
GND A T A T
! :
= 1 RAM ADDR. PORT 0 PORT 2 :
! REGISTER [# RAM LATCH LATCH FLASH !
} A Y }
} 4 y 4 4 }
‘ 4 A ‘
| A !
: 0 T :
! REGISTER ACC POINTER REGISTER !
: i
: A v !
< BUFFER > |
! TMP2 TMP1 :
! PC < » i
’ ALU INCREMENTER i
: :
; INTERRUPT, SERIAL PORT,
| AND TIMER BLOCKS !
| PROGRAM N 1
PSW COUNTER
PSEN 44—
TIMING !
EA / Vpp — P CONTROL A 4 A ‘
RST —W !
i 3 |
WATCH PORT 3 PORT 1 ISP PROGRAM
: DOG LATCH LATCH poRT [€ LOGIC !
s A :
0sC 3 1
1 | PORT 3 DRIVERS PORT 1 DRIVERS
P3.0 - P3.7 P1.0 - P17

“

ATMEL ;
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4. Pin Description

4.1

4.2

4.3

4.4

4.5

4.6

4

VCC

GND

Port 0

Port 1

Port 2

Port 3

Supply voltage.

Ground.

Port 0 is an 8-bit open drain bi-directional I/O port. As an output port, each pin can sink eight TTL
inputs. When 1s are written to port O 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 internal 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 verification.

Port 1 is an 8-bit bi-directional 1/0 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.

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

Port Pin Alternate Functions

P1.5 MQOSI (used for In-System Programming)

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

P1.7 SCK (use_d fo_rln-System Programming) Ji

Port 2 is an 8-bit bi-directional 1/0O port with internal pull-ups. The Port 2 output 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 externally being pulled low
will source current (I, ) because of the internal pull-ups.

Port 2 emits the high-order address byte during fetches from external program memory and dur-
ing accesses to external data memory that use 16-bit addresses (MOVX @ DPTR). In this
application, Port 2 uses strong internal pull-ups when emitting 1s. During accesses to external
data memory 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.

Port 3 is an 8-bit bi-directional 1/0 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-

A T 80 S 5 1 1 —
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4.7 RST

4.8 ALE/PROG

49 PSEN

410 EA/VPP

2487D-MICRO-6/08

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 AT89S51, 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 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)

P3.7 RD (external data memory read strobe) P

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 DIS-
RTO bit in SFR AUXR (address 8EH) can be used to disable this feature. In the default state of
bit DISRTO, the RESET HIGH out feature is enabled.

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

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.

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

When the AT89S51 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 external program memory locations starting at 0000H up to FFFFH. Note, however,
that if lock bit 1 is programmed, EA will be internally latched on reset.

ATMEL ;
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EA should be strapped to V¢ for internal program executions.

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

411 XTAL1
Input to the inverting oscillator amplifier and input to the internal clock operating circuit.

412 XTAL2

Output from the inverting oscillator amplifier

5. 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 on the chip. Read accesses to these addresses will in general return random data, and
write accesses will have an indeterminate effect.

6 AT SOS 5 1 s —
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Table 5-1. AT89S51 SFR Map and Reset Values
OF8H OFFH
OFOH 5 OF7H
00000000
OE8H OEFH
ACC
OEOH | 0005000 OE7H
0D8H ODFH
PSW
ODOH | 0050000 0D7H
0C8H OCFH
0COH 0C7H
0B8H o OBFH
XX000000
P3
OBOH 1 44411111 0B7H
0A8H - 0AFH
0X000000
P2 AUXR1 WDTRST
OAOH 1 44411111 XXXXXXXO0 XXXXXXXX OA7H
SCON SBUF
98H | 00000000 | XXXXXXXX 9FH
P1
OH | 41111111 o7H
88H TCON TMOD TLO TLA THO TH1 AUXR 8FH
00000000 | 00000000 00000000 00000000 | 00000000 | 00000000 XXXO00XXO0
80H PO SP DPOL DPOH DP1L DP1H PCON 87H
11111111 00000111 00000000 00000000 | 00000000 | 00000000 0XXX0000

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

Interrupt Registers: The individual interrupt enable bits are in the IE register. Two priorities can be set for each of the five
interrupt sources in the IP register.

ATMEL 7
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Table 5-2. AUXR: Auxiliary Register
AUXR Address = 8EH Reset Value = XXX00XX0B
Not Bit Addressable
- - - WDIDLE | DISRTO - - DISALE
Bit 7 6 5 4 3 2 1 0
- Reserved for future expansion
DISALE Disable/Enable ALE
DISALE
Operating Mode
0 ALE is emitted at a constant rate of 1/6 the oscillator frequency
1 ALE is active only during a MOVX or MOVC instruction
DISRTO Disable/Enable Reset-out
DISRTO
0 Reset pin is driven High after WDT times out
1 Reset pin is input only
WDIDLE Disable/Enable WDT in IDLE mode
WDIDLE
0 WDT continues to count in IDLE mode
1 WDT halts counting in IDLE mode

Dual Data Pointer Registers: To facilitate accessing both internal and external data memory,
two banks of 16-bit Data Pointer Registers are provided: DPO at SFR address locations 82H-
83H and DP1 at 84H-85H. Bit DPS = 0 in SFR AUXR1 selects DPO and DPS = 1 selects DP1.
The user should ALWAYS initialize the DPS bit to the appropriate value before accessing the
respective Data Pointer Register.

Power Off Flag: The Power Off Flag (POF) is located at bit 4 (PCON.4) in the PCON SFR. POF
is set to “1” during power up. It can be set and rest under software control and is not affected by

reset.

A T 80 S 5 1 1 —
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Table 5-3. AUXR1: Auxiliary Register 1

AUXR1 Address = A2H Reset Value = XXXXXXX0B
Not Bit Addressable

- - - - - - - DPS

Bit 7 6 5 | 4 3 2 1 0

- Reserved for future expansion

DPS Data Pointer Register Select
DPS
0 Selects DPTR Registers DPOL, DPOH
il Selects DPTR Registers DP1L, DP1H

6. Memory Organization

MCS-51 devices have a separate address space for Program and Data Memory. Up to 64K
bytes each of external Program and Data Memory can be addressed.

6.1 Program Memory

6.2 Data Memory

If the EA pin is connected to GND, all program fetches are directed to external memory.

On the AT89S51, if EA is connected to V¢, program fetches to addresses 0000H through FFFH
are directed to internal memory and fetches to addresses 1000H through FFFFH are directed to
external memory.

The AT89S51 implements 128 bytes of on-chip RAM. The 128 bytes are accessible via direct
and indirect addressing modes. Stack operations are examples of indirect addressing, so the
128 bytes of data RAM are available as stack space.

7. Watchdog Timer (One-time Enabled with Reset-out)

The WDT is intended as a recovery method in situations where the CPU may be subjected to
software upsets. The WDT consists of a 14-bit counter and the Watchdog Timer Reset
(WDTRST) SFR. The WDT is defaulted to disable from exiting reset. To enable the WDT, a user
must write 01EH and OE1H in sequence to the WDTRST register (SFR location 0A6H). When
the WDT is enabled, it will increment every machine cycle while the oscillator is running. The
WDT timeout period is dependent on the external clock frequency. There is no way to disable
the WDT except through reset (either hardware reset or WDT overflow reset). When WDT over-
flows, it will drive an output RESET HIGH pulse at the RST pin.

7.1 Using the WDT

2487D-MICRO-6/08

To enable the WDT, a user must write 01EH and OE1H in sequence to the WDTRST register
(SFR location 0A6H). When the WDT is enabled, the user needs to service it by writing 01EH
and OE1H to WDTRST to avoid a WDT overflow. The 14-bit counter overflows when it reaches
16383 (8FFFH), and this will reset the device. When the WDT is enabled, it will increment every
machine cycle while the oscillator is running. This means the user must reset the WDT at least

ATMEL ;
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every 16383 machine cycles. To reset the WDT the user must write 0O1EH and OE1H to
WDTRST. WDTRST is a write-only register. The WDT counter cannot be read or written. When
WDT overflows, it will generate an output RESET pulse at the RST pin. The RESET pulse dura-
tion is 98xTOSC, where TOSC = 1/FOSC. To make the best use of the WDT, it should be
serviced in those sections of code that will periodically be executed within the time required to
prevent a WDT reset.

7.2 WDT During Power-down and lIdle

8. UART

9. Timer 0 and 1

In Power-down mode the oscillator stops, which means the WDT also stops. While in Power-
down mode, the user does not need to service the WDT. There are two methods of exiting
Power-down mode: by a hardware reset or via a level-activated external interrupt, which is
enabled prior to entering Power-down mode. When Power-down is exited with hardware reset,
servicing the WDT should occur as it normally does whenever the AT89S51 is reset. Exiting
Power-down with an interrupt is significantly different. The interrupt is held low long enough for
the oscillator to stabilize. When the interrupt is brought high, the interrupt is serviced. To prevent
the WDT from resetting the device while the interrupt pin is held low, the WDT is not started until
the interrupt is pulled high. It is suggested that the WDT be reset during the interrupt service for
the interrupt used to exit Power-down mode.

To ensure that the WDT does not overflow within a few states of exiting Power-down, it is best to
reset the WDT just before entering Power-down mode.

Before going into the IDLE mode, the WDIDLE bit in SFR AUXR is used to determine whether
the WDT continues to count if enabled. The WDT keeps counting during IDLE (WDIDLE bit = 0)
as the default state. To prevent the WDT from resetting the AT89S51 while in IDLE mode, the
user should always set up a timer that will periodically exit IDLE, service the WDT, and reenter
IDLE mode.

With WDIDLE bit enabled, the WDT will stop to count in IDLE mode and resumes the count
upon exit from IDLE.

The UART in the AT89S51 operates the same way as the UART in the AT89C51. For further
information on the UART operation, please click on the document link below:

http://www.atmel.com/dyn/resources/prod_documents/DOC4316.PDF

Timer 0 and Timer 1 in the AT89S51 operate the same way as Timer 0 and Timer 1 in the
AT89C51. For further information on the timers’ operation, please click on the document link
below:

http://www.atmel.com/dyn/resources/prod_documents/DOC4316.PDF

10 AT SOS 5 1 s —

2487D-MICRO-6/08


http://www.atmel.com/dyn/resources/prod_documents/DOC4316.PDF
http://www.atmel.com/dyn/resources/prod_documents/DOC4316.PDF

s A T89S51

10. Interrupts

2487D-MICRO-6/08

The AT89S51 has a total of five interrupt vectors: two external interrupts (INTO and INT1), two
timer interrupts (Timers 0 and 1), and the serial port interrupt. These interrupts are all shown in
Figure 10-1.

Each of these interrupt sources can be individually enabled or disabled by setting or clearing a
bit in Special Function Register IE. IE also contains a global disable bit, EA, which disables all
interrupts at once.

Note that Table 10-1 shows that bit positions IE.6 and IE.5 are unimplemented. User software
should not write 1s to these bit positions, since they may be used in future AT89 products.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at S5P2 of the cycle in which the timers
overflow. The values are then polled by the circuitry in the next cycle.

Table 10-1. Interrupt Enable (IE) Register

(MSB) (LSB)

‘ EA ‘ - ’ - ’ ES ’ ET1 EX1 | ETO EX0

Enable Bit = 1 enables the interrupt.

Enable Bit = 0 disables the interrupt.

Symbol Position Function
Disables all interrupts. If EA = 0, no interrupt is

EA E7 acknowledged. If EA = 1, each interrupt source is

’ individually enabled or disabled by setting or clearing its

enable bit.

- IE.6 Reserved

- IE.5 Reserved

ES IE.4 Serial Port interrupt enable bit

ET1 IE.3 Timer 1 interrupt enable bit

EX1 IE.2 External interrupt 1 enable bit

ETO IE.1 Timer O interrupt enable bit

EXO0 IE.O External interrupt O enable bit

User software should never write 1s to reserved bits, because they may be used in future AT89
products.

ATMEL Y



Figure 10-1. Interrupt Sources

INTO IE0 |—»

TFO

v

INT1

TF1

Tl
RI

11. Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively, of an inverting amplifier that can be
configured for use as an on-chip oscillator, as shown in Figure 11-1. Either a quartz crystal or
ceramic resonator may be used. To drive the device from an external clock source, XTAL2
should be left unconnected while XTAL1 is driven, as shown in Figure 11-2. There are no
requirements on the duty cycle of the external clock signal, since the input to the internal clock-
ing circuitry is through a divide-by-two flip-flop, but minimum and maximum voltage high and low
time specifications must be observed.

Figure 11-1. Oscillator Connections

I—Ii XTAL2
S
XTAL1

GND

Note: Ct1,C2 30 pF £10 pF for Crystals

40 pF £10 pF for Ceramic Resonators

12 AT SOS 5 1 s —



12. Idle Mode

AT89S51

Figure 11-2. External Clock Drive Configuration

NC ——{ XTAL2

EXTERNAL
OSCILLATOR

SIGNAL

XTAL1

In idle mode, the CPU puts itself to sleep while all the on-chip peripherals remain active. The
mode is invoked by software. The content of the on-chip RAM and all the special function regis-
ters remain unchanged during this mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware reset, the device normally resumes pro-
gram execution from where it left off, up to two machine cycles before the internal reset
algorithm takes control. On-chip hardware inhibits access to internal RAM in this event, but
access to the port pins is not inhibited. To eliminate the possibility of an unexpected write to a
port pin when idle mode is terminated by a reset, the instruction following the one that invokes
idle mode should not write to a port pin or to external memory.

13. Power-down Mode

2487D-MICRO-6/08

In the Power-down mode, the oscillator is stopped, and the instruction that invokes Power-down
is the last instruction executed. The on-chip RAM and Special Function Registers retain their
values until the Power-down mode is terminated. Exit from Power-down mode can be initiated
either by a hardware reset or by activation of an enabled external interrupt (INTO or INT1). Reset
redefines the SFRs but does not change the on-chip RAM. The reset should not be activated
before V is restored to its normal operating level and must be held active long enough to allow
the oscillator to restart and stabilize.

Table 13-1.  Status of External Pins During Idle and Power-down Modes

Mode Program Memory ALE PSEN l PORTO | PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data

ATMEL 1
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14. Program Memory Lock Bits

The AT89S51 has three lock bits that can be left unprogrammed (U) or can be programmed (P)
to obtain the additional features listed in Table 14-1.

Table 14-1. Lock Bit Protection Modes

Program Lock Bits

LB1 LB2 LB3 Protection Type

1 U U U No program lock features

MOVC instructions executed from external program memory

o P U U are disabled from fetching code bytes from internal memory,
EA is sampled and latched on reset, and further programming
of the Flash memory is disabled

3 P P U Same as mode 2, but verify is also disabled

4 P P P Same as mode 3, but external execution is also disabled

When lock bit 1 is programmed, the logic level at the EA pin is sampled and latched during reset.
If the device is powered up without a reset, the latch initializes to a random value and holds that
value until reset is activated. The latched value of EA must agree with the current logic level at
that pin in order for the device to function properly.

15. Programming the Flash — Parallel Mode

The AT89S51 is shipped with the on-chip Flash memory array ready to be programmed. The
programming interface needs a high-voltage (12-volt) program enable signal and is compatible
with conventional third-party Flash or EPROM programmers.

The AT89S51 code memory array is programmed byte-by-byte.

Programming Algorithm: Before programming the AT89S51, the address, data, and control
signals should be set up according to the Flash Programming Modes table (Table 17-1) and Fig-
ure 17-1 and Figure 17-2. To program the AT89S51, take the following steps:

Input the desired memory location on the address lines.
Input the appropriate data byte on the data lines.
Activate the correct combination of control signals.
Raise EA/Vpp to 12V.

Pulse ALE/PROG once to program a byte in the Flash array or the lock bits. The byte-
write cycle is self-timed and typically takes no more than 50 ps. Repeat steps 1

through 5, changing the address and data for the entire array or until the end of the

object file is reached.

Data Polling: The AT89S51 features Data Polling to indicate the end of a byte write cycle. Dur-
ing a write cycle, an attempted read of the last byte written will result in the complement of the
written data on P0.7. Once the write cycle has been completed, true data is valid on all outputs,
and the next cycle may begin. Data Polling may begin any time after a write cycle has been
initiated.

O - RO

Ready/Busy: The progress of byte programming can also be monitored by the RDY/BSY output
signal. P3.0 is pulled low after ALE goes high during programming to indicate BUSY. P3.0 is
pulled high again when programming is done to indicate READY.
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Program Verify: If lock bits LB1 and LB2 have not been programmed, the programmed code
data can be read back via the address and data lines for verification. The status of the individ-
ual lock bits can be verified directly by reading them back.

Reading the Signature Bytes: The signature bytes are read by the same procedure as a nor-
mal verification of locations 000H, 100H, and 200H, except that P3.6 and P3.7 must be pulled to
a logic low. The values returned are as follows.

(000H) = 1EH indicates manufactured by Atmel
(100H) = 51H indicates AT89S51
(200H) = 06H

Chip Erase: In the parallel programming mode, a chip erase operation is initiated by using the
proper combination of control signals and by pulsing ALE/PROG low for a duration of 200 ns -
500 ns.

In the serial programming mode, a chip erase operation is initiated by issuing the Chip Erase
instruction. In this mode, chip erase is self-timed and takes about 500 ms.

During chip erase, a serial read from any address location will return O0H at the data output.

16. Programming the Flash — Serial Mode

The Code memory array can be programmed using the serial ISP interface while RST is pulled
to V... The serial interface consists of pins SCK, MOSI (input) and MISO (output). After RST is
set high, the Programming Enable instruction needs to be executed first before other operations
can be executed. Before a reprogramming sequence can occur, a Chip Erase operation is
required.

The Chip Erase operation turns the content of every memory location in the Code array into
FFH.

Either an external system clock can be supplied at pin XTAL1 or a crystal needs to be connected
across pins XTAL1 and XTAL2. The maximum serial clock (SCK) frequency should be less than
1/16 of the crystal frequency. With a 33 MHz oscillator clock, the maximum SCK frequency is
2 MHz.

16.1 Serial Programming Algorithm

2487D-MICRO-6/08

To program and verify the AT89S51 in the serial programming mode, the following sequence is
recommended:
1. Power-up sequence:
a. Apply power between VCC and GND pins.
b. Set RST pin to “H".

If a crystal is not connected across pins XTAL1 and XTAL2, apply a 3 MHz to 33 MHz clock to
XTAL1 pin and wait for at least 10 milliseconds.

2. Enable serial programming by sending the Programming Enable serial instruction to pin
MOSI/P1.5. The frequency of the shift clock supplied at pin SCK/P1.7 needs to be less
than the CPU clock at XTAL1 divided by 16.

3. The Code array is programmed one byte at a time in either the Byte or Page mode. The
write cycle is self-timed and typically takes less than 0.5 ms at 5V.

4. Any memory location can be verified by using the Read instruction that returns the con-
tent at the selected address at serial output MISO/P1.6.

ATMEL 1



ATMEL

5. Atthe end of a programming session, RST can be set low to commence normal device
operation.

Power-off sequence (if needed):
1. Set XTAL1 to “L” (if a crystal is not used).
2. Set RST to “L.
3. Turn Vg power off.

Data Polling: The Data Polling feature is also available in the serial mode. In this mode, during
a write cycle an attempted read of the last byte written will result in the complement of the MSB
of the serial output byte on MISO.

16.2 Serial Programming Instruction Set

The Instruction Set for Serial Programming follows a 4-byte protocol and is shown in the
”Serial Programming Instruction Set” on page 20.

17. Programming Interface — Parallel Mode

Every code byte in the Flash array can be programmed by using the appropriate combination of
control signals. The write operation cycle is self-timed and once initiated, will automatically time
itself to completion.

Most major worldwide programming vendors offer worldwide support for the Atmel AT89 micro-
controller series. Please contact your local programming vendor for the appropriate software
revision.

Table 17-1.  Flash Programming Modes
ALE/ EA/ P0.7-0 P2 & P1.7:0
Mode Vec | RST | PSEN | PROG Vep P26 | P27 | P33 | P3.6 | P3.7 Data Address
@
Write Code Data 5V H L ~ 12V L H H H H D Al1-8 A7-0
Read Code Data | 5V H L H H L L L H H Dout Al1-8 A7-0
| T TN | ¥ o
@®)
Write Lock Bit 1 5V H | L - 12V H H H H H X X X
' @
Write Lock Bit 2 5V H L T 12V H H H L L X X X
. ' ' @
Write Lock Bit 3 5V H | L - 12V H L H H L X X X
. PO.2
Read Lock Bit '
ead Lock Bits 5V H L H H H H L H L PO.3, X X
1.2,3 PO.4
_ (1)
Chip Erase 5V H L —~ 12v H L H L L X X X
Read Atmel ID 5V H L H H L L L L L 1EH 0000 00H
Read Device ID 5V H L H H L L L L L 51H 0001 00H
Read Device ID | 5V H | L H H L L L L L 06H 0010 00H

Notes:

akrwh=

Each PROG pulse is 200 ns - 500 ns for Chip Erase.
Each PROG pulse is 200 ns - 500 ns for Write Code Data.
Each PROG pulse is 200 ns - 500 ns for Write Lock Bits.
RDY/BSY signal is output on P3.0 during programming.

X =don’t care.
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Figure 17-1. Programming the Flash Memory (Parallel Mode)
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Figure 17-2. Verifying the Flash Memory (Parallel Mode)
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18. Flash Programming and Verification Characteristics (Parallel Mode)
T, = 20°C t0 30°C, Vg = 4.5 0 5.5V

Symbol Parameter Min Max Units
Vpp Programming Supply Voltage 11.5 12.5 \Y
lpp Programming Supply Current 10 mA
lee Ve Supply Current 30 mA
1tcLoL Oscillator Frequency 3 33 MHz
tavaL Address Setup to PROG Low AT Bz
tanax Address Hold After PROG 48 to oL
tovaL Data Setup to PROG Low 48 to oL
taHDxX Data Hold After PROG 48 to o
tensH P2.7 (ENABLE) High to Vpp 48 to oL
tshalL Vep Set-ub_to PROG Low 10 L us
tansL Vpp Hold After PROG 10 us
taLan PROG Width 0.2 1 us
tavav Address to Data Valid 48tc oL
teLay ENABLE Low to Data Valid 48tc o1
tenaz Data Float After ENABLE 0 48tc oL
tanaL ] PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 50 ys
Figure 18-1. Flash Programming and Verification Waveforms — Parallel Mode
o P17 e
*+— tavav
PORT 0 | DATA IN \ ( DATA OUT
tAVGL « ﬁ—> tDVGL tGHDX :—" ~ tGHAX
ALE/PROG
tshaL tanst
_ LOGIC 1
EANe o ___lo-_--h wGic o _________I________
P2.7 terav j [ oo
(ENABLE)
toHBL —* N
P3.0
(RDY/BSY) BUSY READY
“— twe
18 AT89S51
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Figure 18-2. Flash Memory Serial Downloading

AT89S51 T
VCC
INSTRUCTION

DATA OUTPUT +—— P1.6/MISO
CLOCK IN —» P1.7/SCK

— @ — | XTAL2

3-33 MHz | —

XTALA RST |[¢—— V,

4‘—\.7
e

19. Flash Programming and Verification Waveforms — Serial Mode

Figure 19-1. Serial Programming Waveforms
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20. Serial Programming Instruction Set

Instruction Format

Instruction Byte 1 Byte 2 Byte 3 Byte 4 Operation
XXXX  XXXX
. 0110 1001 Enable Serial Programming
Programming Enable 1010 1100 0101 0011 XXXX  XXXX (Output on while RST is high
MISO)
Chip Erase 1010 1100 100x  Xxxx XXXX  XXXX XXXX  XXXX ;)rf:g;Erase Flash memory
Read Program Memory XXXX —Oo0n NOWY VAT NOWY OO Read data from Program
(Byte Mode) 0010 0000 R O <L <L [alalalalalalala S| memory in the byte mode
Write Program Memory XXXX 2R e GRIES NOWY OO Write data to Program
(Byte Mode) | oy g << LTI LI e memory in the byte mode
Write Lock Bits(") 1010 1100 1110 0@& XXXX  XXXX XXXX  XXXX Write Lock bits. See Note (1).
| |
i o qz | Read back current status of
Read Lock Bits | 0010 0100 XXXX  XXXX XXXX  XXXX xod 53 xx the lock bits (a programmed
: lock bit reads back as a “1”)
l
Read Signature Bytes | 0010 1000 XXX 2222 = el Signature Byte Read Signature Byte
Read data from Program
— OO0
Read ProgragiigIay 0011 0000 oo 222< Byte 0 R memory in the Page Mode
(Page Mode) Byte 255 (256 bytes)
. Write data to Program
Write Program Memory 0101 0000 XXXX Z22% Byte 0 T U memory in the Page Mode
(Page Mode) == Byte 255 (256 bytes)

Note: 1.

B1 =0, B2 =0 —Mode 1, no lock protection

B1 =0, B2 =1 —Mode 2, lock bit 1 activated
B1 =1, B2 =0 —Mode 3, lock bit 2 activated
B1 =1, B2 =1 —Mode 4, lock bit 3 activated

Each of the lock bit modes need to be activated sequentially be-
fore Mode 4 can be executed.

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 in/out. Then the next instruction will be ready

to be decoded.

20 AT SOS 5 1 s —
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21. Serial Programming Characteristics

AT89S51

Figure 21-1. Serial Programming Timing
mosi X X X
lovsH (<>}« > tsHox lsLsH
sok N\ /q_/_\
tshsL
miso X X
tsLiv
Table 21-1.  Serial Programming Characteristics, T, = -40- C to 85- C, V¢ = 4.0 - 5.5V (Unless Otherwise Noted)
Symbol Parameter Min Typ Max Units
1cLoL Oscillator Frequency 3 33 MHz
toLoL Oscillator Period 30 ns
tsHsL SCK Pulse Width High 81tcLcL ns
tsisH SCK Pulse Width Low 8 teroL ns
tovsH MOSI Setup to SCK High toLcl ns
tsHoX MOSI Hold after SCK High 2oL ns
tsi v SCK Low to MISO Valid 10 16 32 ns
tERASE Chip Erase Instruction Cycle Time 500 ms
tswe Serial Byte Write Cycle Time 64 tg oL + 400 us
22. Absolute Maximum Ratings*
Operating Temperature.............c.cocooovvvee..... -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
Storage Temperature ........cc.ccoeeioeiieieeeenenne -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
Voltage on Any Pin other conditions beyond those indicated in the
with Respect to Ground ..........ccocoeviiiiiiiiienienn, -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximum Operating Voltage .........ccccoeveeiiiiiiieiie 6.6V conditions for extended periods may affect
device reliability.
DC Output CUITENT.....eeiiiiiiiiiiie e 15.0 mA

2487D-MICRO-6/08
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23. DC Characteristics

The values shown in this table are valid for T,

ATMEL

=-40°C to 85°C and V; = 4.0V to 5.5V, unless otherwise noted.

Symbol Parameter Condition Min Max Units
Vi Input Low Voltage (Except EA) -0.5 0.2 V0.1 \Y,
7 Input Low Voltage (EA) -0.5 0.2 V0.3 \%
Viy Input High Voltage (Except XTAL1, RST) 0.2 V+0.9 Vct0.5 \
Viu Input High Voltage (XTAL1, RST) 0.7 Ve Vect0.5 \
VoL Output Low Voltage!” (Ports 1,2,3) | lo = 1.6 mA 0.45 v
Output Low Voltage'" B
Vous (Port 0, ALE, PSEN) loL=8:2mA 045 v
loy = -60 pA, Voo =5V £10% 2.4 \
Output High Voltage =2
Von (Ports 1,2,3, ALE, PSEN) lon = -25 pA 0-75 Voo v
lOH = '10 HA 09 VCC V
loy = -800 pA, Voo =5V £10% 2.4 \Y
Output High Voltage _
Vors (Port 0 in External Bus Mode) lon = -300 pA 0.75 &8 v
lOH = '80 UA 09 VCC V
I Logical 0 Input Current (Ports 1,2,3) | V= 0.45V -50 HA
Logical 1 to 0 Transition Current _ _ o i
I (Ports 1,2,3) Vin=2V, Vg =5V £10% 300 pA
I Input Leakage Current (Port 0, EA) 0.45 <V |y < Ve +10 pA
RRST Reset Pulldown Resistor 50 300 KQ
Co Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current
lec Idle Mode, 12 MHz 6.5 mA
Power-down Mode® Ve = 5.5V 50 A
Notes: 1. Under steady state (non-transient) conditions, |5, must be externally limited as follows:
Maximum Iy, per port pin: 10 mA
Maximum Il per 8-bit port:
Port 0: 26 mA Ports 1, 2, 3: 15 mA
Maximum total I, for all output pins: 71 mA
If 15 exceeds the test condition, Vo, 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.
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24. AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
outputs = 80 pF.

24.1 External Program and Data Memory Characteristics

12 MHz Oscillator Variable Oscillator
Symbol Parameter Min Max Min Max Units
1/tcLoL Oscillator Frequency 0 33 MHz
o ALE Pulse Width 127 2 tc 40 ns
taviL Address Valid to ALE Low 43 i toLcL-25 ns
tLLax Address Hold After ALE Low 48 torcL-25 ns
v ALE Low to Valid Instruction In | 233 4t ¢ -65 ns
ey ALE Low to PSEN Low 43 toLcL-25 ns
tpLpH PSEN Pulse Width g | 205 | 3 tCLCL-:ts ns
toLv PSEN Low to Valid Instruction In 145 3 tg ¢ -60 ns
texix Input Instruction Hold After PSEN 0 0 ns
tpxiz Input Instruction Float After PSEN 59 toLcL-25 ns
tpyay PSEN to Address Valid 75 tolcl-8 ns
taviv Address to Valid Instruction In 312 5 tg o -80 ns
tpLaz | PSEN Low to Address Float | | 10 10 ns
tRLRH RD Pulse Width 400 6 to c -100 ns
twiwn WR Pulse Width 400 6 tc c -100 ns
trLoy RD Low to Valid Data In . 252 5 to o.-90 ns
truDX Data Hold After RD 0 0 ns
trHDz Data Float After RD 97 2to c-28 ns
tpov AL_E Low—to Valid Data In ' | 517 _ES_tC_LC,_-qSO ns
tavov Address to Valid Data In | : 585 9 tg o165 ns
tw ALE Low to RD or WR Low | 200 300 3 tg o-50 3 tg o +50 ns
tavwiL Address to RD or WR Low 203 4 to o -75 ns
tavvx Data Valid to WR Transition 23 toLoL-30 ns
tovwH Data Valid to WR High 433 7 toLcm130 ns
twHax Data Hold After WR | 33 -I toLc-25 ns
taLaz RD Low to Address Float 0 0 ns
twhLy RD or WR High to ALE High 43 123 toLcL-25 to oL +25 ns

ATMEL 2

2487D-MICRO-6/08



25. External Program Memory Read Cycle

i, —
ALE L
’ o ) - * oL Py
tavie [ OF >ty
—* LpL [
PSEN N > toy
t
—>{ fe—to az N Y\Y%
toxiz
tLAx >
toxix—>1 [«
PORT 0 > A0-A7 —— INSTRIN A0-A7 >
— tayy ——
PORT 2 X A8 - A15 X A8-A15

26. External Data Memory Read Cycle

b —
ALE
—> [ twhin
PSEN
tLLDV
o tRLRH —
e— tw —>
Al — 1t ax —> t t
ter — <«—> lpipy RHDZ
AVEE tRLAz t
—> RHDX
PORT 0 _ »>KA0 - A7 FROM RI OR DPL K DATA IN A0 - A7 FROM PCLO— INSTR IN
I — tAVWL —¥
— oy ———
PORT 2 . P2.0 - P27 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH
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27. External Data Memory Write Cycle

PORT 2 ),

L]
ALE

N
tWHLH
PSEN
et —>le—twwp —>
WR
Tt Ax
— tay L —> tavwx N > twax
«— tovwH —>
PORT 0 _ »KA0 - A7 FROM RI OR DPL DATA OUT A0 - A7 FROM PCLY—INSTR IN

‘ tAVWL ’

P2.0 - P2.7 OR A8 - A15 FROM DPH

X A8 - A15 FROM PCH

28. External Clock Drive Waveforms

0.2 Vg - 0.1V

29. External Clock Drive

tCLCH

tCHCX
tCHCL

torcL

AT89S51

Symbol Parameter Min Max Units
1eLoL Oscillator Frequency 0 33 MHz
tolel Clock Period 30 ns
tohex High Time 12 ns
toLex Low Time 12 ns
toLcH | Rise Time 5 ns
teHeL | Fall Time 5 ns

2487D-MICRO-6/08
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30. Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for V ;= 4.0V to 5.5V and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
tyxe Serial Port Clock Cycle Time 1.0 12 to oL ps
tQuxH Output Data Setup to Clock Rising Edge 700 10 tg  -133 ns
txHax Output Data Hold After Clock Rising Edge 50 2t c.-80 ns
tyHDx Input Data Hold After Clock Rising Edge 0 0 ns
txnpv Clock Rising Edge to Input Data Valid \ 700 10 tg ¢ -133 ns

31. Shift Register Mode Timing Waveforms

32.

INSTRUCTION | 0 | 1 | 2 | 3 | 4 | 15) | 6 | 7 | 8 |

ALE
HtXLXL
O t | L L L 1 I N
QVXH
—> }4— tXH‘QX
WRITE TO SBUF, 0 [ X 1 X 2 X3 X 4 X5 X &6 X 7/
; —p t
OUTPUT DATA tyrioy [+ boox serm |
_ CLEARRI |
: f
INPUT DATA SETRI

AC Testing Input/Output Waveforms'"

Voo~ 0.5V
oo™ 05 0.2 Vgg + 0.9V

TEST POINTS

0.2 Vg - 0.1V
0.45V Le
Note: 1. AC Inputs during testing are driven at V¢ - 0.5V for a logic 1 and 0.45V for a logic 0. Timing measurements are made at V|
min. for a logic 1 and V,_ max. for a logic 0.
33. Float Waveforms'"
oL 0.1V
Vi oap Timing Reference
Points
Vioap 0.1V VOU 0.1V

Note: 1. Fortiming purposes, a port pin is no longer floating when a 100 mV change from load voltage occurs. A port pin begins to
float when a 100 mV change from the loaded Vo /Vq, level occurs.
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34. Ordering Information

34.1 Green Package Option (Pb/Halide-free)

Speed Power
(MHz) Supply Ordering Code Package Operation Range
AT89S51-24AU 44A i
Industrial
24 4.0Vto 5.5V | AT89S51-24JU 44J (-40°C to 85°C)
AT89S51-24PU 40P6
AT89S51-33AU 44A .
Industrial
33 4.5Vto 55V | AT89S51-33JU 44J (-40°C to 85°C)
AT89S51-33PU 40P6
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44J 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)

2487D-MICRO-6/08
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35. Packaging Information

35.1 44A-TQFP

T A TR ATA T
PIN1 —[ ¢ -
= S gg{ |
g PIN 1 IDENTIFIER %l ‘
= =1
eﬁgﬁi i?ié El E
. =
T T J
- D -

Cj 0-7 . | 1
47//ﬁ—_mmpmﬂw AT ! —
> ad e ta

— - *L

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL| MIN NOM MAX | NOTE
A — - 1.20
Al 0.05 - 0.15
A2 0.95 1.00 1.05
D 11.75 12.00 12.25
D1 9.90 10.00 10.10 | Note 2
E 11.75 12.00 12.25
Notes: 1. This package conforms to JEDEC reference MS-026, Variation ACB.
2. Dimensions D1 and E1 do not include mold protrusion. Allowable E1 9.90 10.00 | 10.10 | Note 2
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B 0.30 — 0.45
plastic body size dimensions including mold mismatch.
3. Lead coplanarity is 0.10 mm maximum. © 0.09 — 020
L 0.45 - 0.75
e 0.80 TYP
10/5/2001
o TITLE DRAWING NO. |REV.
ATMEL éﬁ‘r’ Josrghgrg F;aSrmay 44A, 44-lead, 10 x 10 mm Body Size, 1.0 mm Body Thickness, A4A 5
© ’ 0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)
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35.2 44J-PLCC

1.14(0.045) X 45°

1.14(0.045) X 45° PIN NO. 1 L || g 0:318(0.0125)
* / IDENTIFIER ‘ ‘u 0.191(0.0075)
Moo \w\"r—\ | B
@
d g
B 0
0 g
L . E1 E D2/E2
N 4
g 0
—0 0
—[[ 0
e )
LT T T 0C & &g
- A2
[ A1
0.51(0.020)MAX
45° MAX (3X)
COMMON DIMENSIONS
i— | (Unit of Measure = mm)
? SYMBOL| MIN NOM MAX | NOTE
A 4.191 - 4.572
Al 2.286 - 3.048
A2 0.508 - -
D 17.399 - 17.653
D1 16.510 — 16.662 | Note 2
E 17.399 - 17.653
Notes: 1. This package conforms to JEDEC reference MS-018, Variation AC.
2. Dimensions D1 and E1 do not include mold protrusion. Et 16.510 = 16.662 | Note 2
Allowable protrusion is .010"(0.254 mm) per side. Dimension D1 D2/E2 | 14.986 - 16.002
E1i i
and : |nc|ud_e_ mold mismatch and are mea_sure@ at the extreme B 0.660 _ 0813
material condition at the upper or lower parting line.
3. Lead coplanarity is 0.004" (0.102 mm) maximum. B1 0.330 - 0.533
e 1.270 TYP
10/04/01
o TITLE DRAWING NO. |REV.
‘I— 2325 Orchard Parkway . . .
44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC
AMEL .. .. ch 95131 P (PLCO) 44J B

ATMEL 29
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35.3 40P6 — PDIP

A
K
SEATING PLANE 4 * Wﬁj Wir

.

i

[ \
C\/\—/\ 0°~ 15° REF

P PIN
mi=IN =l =ini=lal=TN =0z
f
( E1
\
I B !

COMMON DIMENSIONS
(Unit of Measure = mm)

- o SYMBOL| MIN NOM | MAX | NOTE
‘H eB 4>‘ A - - 4.826
A1 0.381 - -
52.070 - 52.578 | Note 2
E 15.240 — 15.875
E1 13.462 - 13.970 | Note 2
B 0.356 = 0.559
Notes: 1. This package conforms to JEDEC reference MS-011, Variation AC. = 1.044 _ 1.651
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 3.048 - 3.556
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010"). c 0203 B 0381
eB 15.494 - 17.526
e 2.540 TYP
09/28/01
TITLE DRAWING NO. |REV.
AIMEL 520 oo Py | 40ps, 40-load (0.600/15.24 mm Wide) Plastic Dua 40P6 5
Inline Package (PDIP)
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ACALIFORNIA MICRO DEVICES

CM8870/70C

CMOS Integrated

Features

« Full DTMF receiver

¢ Less than 35mW power consumption

« Industrial temperature range

¢ Uses quartz crystal or ceramic resonators
« Adjustable acquisition and release times

+ 18-pin DIP, 18-pin DIP EIAJ, 18-pin SOIC, 20-pin
PLCC

« CM8870C

— Power down mode
— Inhibit mode
— Buffered OSC3 output (PLCC package only)

¢« CM8870C is fully compatible with CM8870 for 18-pin
devices by grounding pin 5 and pin 6.

DTMF Receiver

Applications

* PABX

» Central office

» Mobile radio

* Remote control

* Remote data entry

e Call limiting

e Telephone answering systems
e Paging systems

Product Description

The CAMD CM8870/70C provides full DTMF receiver
capability by integrating both the band-split filter and
digital decoder functions into a single 18-pin DIP, SOIC,
or 20-pin PLCC package. The CM8870/70C is manufac-
tured using state-of-the-art CMOS process technology
for low power consumption (35mW, MAX) and precise
data handling. The filter section uses a switched capaci-
tor technique for both high and low group filters and dial

tone rejection. The CM8870/70C decoder uses digital
counting techniques for the detection and decoding of all
16 DTMF tone pairs into a 4-bit code. This DTMF
receiver minimizes external component count by provid-
ing an on-chip differential input amplifier, clock genera-
tor, and a latched three-state interface bus. The on-chip
clock generator requires only a low cost TV crystal or
ceramic resonator as an external component.

Block Diagram

===
' 1INH!
I_ _____ : l__|_..
1
| pp BIAS
I CIRCUIT
O H Q1
+ + CHIP
e o REF HIGH
POWER  BIAS CF"IFE(T)E: L }» Q2
DIGITAL CODE
+ DIAL
N+ ZERO DETECTION | |CONVERTER| ¢
TONE CROSSING DETECTORS | Al GORITHM AND
IN— - FILTER LATCH Q3
= roU
GS GRrROUP — LT 1
FILTER
TO ALL + + q
CHIP

J AAA | CLOCKS

St STEERING

S|

| osc 1| | oscC 2| 1 H
'LOSC 3 St/GT|

_____

GT LOGIC
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ACALIFORNIA MICRO DEVICES

CM8870/70C

Absolute Maximum Ratings: (Note 1)

Absolute Maximum Ratings
Symbol Parameter Value
Vpb Power Supply Voltage (Vpp/Vss) 6V MAX
Vdc Voltage on any Pin Vgs — 0.3V to Vpp + 0.3V
) Current on any Pin 10mA MAX
Ta Operating Temperature —40°C to 85°C
Tg Storage Temperature —65°C to 150°C

This device contains input protection
against damage due to high static
voltages or electric fields; however,
precautions should be taken to avoid
application of voltages higher than the
maximum rating.

Notes:

1. Exceeding these ratings may cause
permanent damage, functional
operation under these conditions is
not implied.

DC Characteristics: All voltages referenced to Vgg, Vpp = 5V £5%, T, = —40°C to 85°C unless otherwise noted.

DC Characteristics
Symbol Parameter Test Conditions MIN TYP MAX UNIT
Vpp Operating Supply Voltage 4.75 .29 \%
Ibp Operating Supply Current 3.0 7.0 mA
Ipbo Standby Supply Current PD =Vpp 25 HA
Po Power Consumption f=3.579 MHz; Vpp =5V 15 35 mwW
Vi Low Level Input Voltage Vpp =5V 15 \Y,
ViH High Level Input Voltage Vpp =5V 3.5 \%
/b Input Leakage Current VN = Vgg = Vpp (Note 1) 0.1 HA
Iso Pull Up (Source) Current on TOE | TOE = 0V, Vpp = 5V 6.5 20 pA
Rin Input Impedance, (IN+, IN-) @ 1KHz 8 10 MQ
Vst Steering Threshold Voltage Vpp =5V 2.2 25 \%
VoL Low Level Output Voltage Vpp = 5V, No Load 0.03 \Y;
VoH High Level Output Voltage Vpp =5V, No Load 4.97 \Y,
loL Output Low (Sink) Current VouT = 0.4V 1.0 25 mA
lon Output High (Source) Current Vourt = 4.6V 0.4 0.8 mA
VREE Output Voltage Veer Vpp = 5.0V, No Load 2.4 2.7 \Y,
Ror Output Resistance 10 kQ
Operating Characteristics: All voltages referenced to Vgsg, Vpp = 5V 5%, T, = —40°C to 85°C unless otherwise noted.
Gain Setting Amplifier
Operating Characteristics
Symbol Parameter Test Conditions MIN TYP MAX UNIT
IIN Input Leakage Current Vss <Vin <Vpp +100 nA
Rin Input Resistance 10 MQ
Vos Input Offset Voltage +25 mV
PSRR Power Supply Rejection 1 KHz (Note 12) 50 dB
CMRR Common Mode Rejection -3V <V|y <3V 40 dB
AvoL DC Open Loop Voltage Gain 32 dB
fc Open Loop Unity Gain Bandwidth 0.3 MHz
Vo Output Voltage Swing R > 100 KW to Vgg 4 Vp_p
CL Maximum Capacitive Load (GS) 100 pF
R Maximum Resistive Load (GS) 50 KQ
vVem Common Mode Range (No Load) No Load 25 Vp_p

©2001 California Micro Devices Corp. All rights reserved.

215 Topaz Street, Milpitas, California 95035

A Tel: (408) 263-3214 A Fax: (408) 263-7846 A www.calmicro.com

12/18/2001



IACALIFORNIA MICRO DEVICES CM8870/70C

AC Characteristics: All voltages referenced to Vgg, Vpp = 5.0V £5%, T, = —40°C to +85°C, f; « = 3.579545 MHz
using test circuit in Figure 1 unless otherwise noted.

AC Characteristics
Symbol Parameter Notes MIN TYP MAX UNIT
Valid Input Signal Levels 123458 -29 1 dBm
each tone of composite signal AT e
( posite signal) 275 869 | MVews
Positive Twist Accept 10 dB
- - P 2,3,4,8
Negative Twist Accept 10 dB
Freq. Deviation Aceept Limit 2,3,5,8,10 1.5%+2Hz| Norm.
Freq. Deviation Reject Limit 2,8, % +3.5% Norm.
Third Tone Tolerance 2,3,4,5,8,9, 13, 14 -16 dB
Noise Tolerance 2,3,4,5,6,8,9 -12 dB
Dial Tone Tolerance 2,3,45,7,8,9 22 dB
top Tone Present Detection Time Refer to Timing Diagram 5 8 14 ms
tba Tone Absent Dectection Time Refer to Timing Diagram 0.5 8] 8.5 ms
¢ MIN Tone Duration Accept 15 40 ms
REC 5 3
MAX Tone Duration Reject 15 20 ms
tip MIN Interdigit Pause Accept 15 40 ms
tbo MAX Interdigit Pause Reject 15 20 ps
tpo Propagation Delay (St to Q) TOE =Vpp 6 11 us
tpstp Propagation Delay (St to StD) TOE =Vpp 9 16 ps
tostp Output Data Set Up (Q to StD) TOE =Vpp 3.4 Us
t . Enable | R, = 10KQ 50 ns
PTE Propagation Delay (TOE to Q) : L
tpTD Disable | C, = 50pf 300 ns
folk Crystal/Clock Frequency 3.5759 | 3.5795 | 3.5831 MHz
Cio Clock Ouput (OSC 2) | Capacitive Load 30 pF
Notes:
1. dBm = decibels above or below a reference power 9. Referenced to lowest level frequency component
of ImW into a 600Q load. in DTMF signal.
2. Digit sequence consists of all 16 DTMF tones. 10. Minimum signal acceptance level is measured with
3. Tone duration = 40ms. Tone pause = 40ms. specified maximum frequency deviation.
4. Nominal DTMF frequencies are used. 11. Input pins defined as IN+, IN—, and TOE.
5. Both tones in the composite signal have 12. External voltage source used to bias Vggr.
an equal amplitude. 13. This parameter also applies to a third tone injected onto
6. Bandwidth limited (0 to 3KHz) Gaussian Noise. the power supply.
7. The precise dial tone frequencies are 14. Referenced to Figure 1. Input DTMF tone level
(350Hz and 440Hz) +2%. at —28dBm.
8. For an error rate of better than 1 in 10,000 15. Times shown are obtained with circuit in

Figure 1 (User adjustable).

© 2001 California Micro Devices Corp. All rights reserved.
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IACALIFORNIA MICRO DEVICES CM8870/70C

Timing Diagram
oo |
EVENTS | A | B | c | E | F | G

INTERDIGIT PAUSE

tREC tREC tiD tDO TONE DROPOUT
T I e

ViN [ [] TONE # N TONE # N+1 TONE # N+1
[ I
P —> |« —| |«—1oa
ESt |_| |_|
tGTP —> > l«— tGTA
St/Gt | IRNEEEERNE
1 1 [
DATA —>| |<«—tro
OUT(;Ugi DECODED TONE # N+1 ><DECODEDTONE# N> DECODED TONE # n+1
. T HIGH IMPEDANCE

StD | |
OUTPUT I

PTD PTE
4L —> J—1t —> |1t
—>  |«— tQstD | I

Explanation of Events Explanation of Symbols
A. Tone bursts detected, tone duration invalid, outputs Vi DTMF composite input signal.

not updated. ESt Early Steering Output. Indicates detection
B. Tone #n detected, tone duration valid, tone decoded of valid tone frequencies.

and latched in outputs. St/GT Steering input/guard time output. Drives

external RC timing circuit.

C. End of tone #n detected, tone absent duration valid, )
Q1-Q4  4-bit decoded tone output.

outputs remain latched until next valid tone.

) e StD Delayed Steering Output. Indicates that
D. Outputs switched,to highimpedance state. valid frequencies have been present/absent
E. Tone #n + 1 detected, tone duration valid, tone for the required guard time, thus constituting
decoded and latched in outputs (currently high a valid signal.
impedance). TOE Tone Output Enable (input). A low level
F. Acceptable dropout of tone #n + 1, tone absent shifts Q1-Q4 to its high impedance state.
duration invalid, outputs remain latched. toce Maximum DTMF signal duration not
G. End of tone #n + 1 detected, tone absent duration detected as valid.
valid, outputs remain latched until next valid tone. t Minimum DTMF signal duration required

for valid recognition.
Minimum time between valid DTMF signals.

too Maximum allowable drop-out during valid
DTMF signal.

toe Time to detect the presence of valid
DTMF signals.

toa Time to detect the absence of valid
DTMF signals.

tere Guard time, tone present.

tom Guard time, tone absent.

©2001 California Micro Devices Corp. All rights reserved.
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ACALIFORNIA MICRO DEVICES

CM8870/70C

Functional Description

The CAMD CM8870/70C DTMF Integrated Receiver
provides the design engineer with not only low power
consumption, but high performance in a small 18-pin
DIP, SOIC, or 20-pin PLCC package configuration. The
CM8870/70C’s internal architecture consists of a
band-split filter section which separates the high and low
tones of the received pair, followed by a digital decode
(counting) section which verifies both the frequency and
duration of the received tones before passing the
resultant 4-bit code to the output bus.

Filter Section

Separation of the low-group and high-group tones is
achieved by applying the dual-tone signal to the inputs of
two 9"-order switched capacitor bandpass filters. The
bandwidths of these filters correspond to the bands
enclosing the low-group and high-group tones (See
Figure 3). The filter section also incorporates notches at
350Hz and 440Hz which provides excellent dial tone
rejection. Each filter output is followed by a single order
switched capacitor section which smooths the signals
prior to limiting. Signal limiting is performed by high-gain
comparators. These comparators are provided with a
hysteresis to prevent detection of unwanted low-level
signals and noise. The outputs of the comparators
provide full-rail logic swings at the frequencies of the
incoming tones.

Decoder Section

The CM8870/70C decoder uses a digital counting
technique to determine the frequencies of the limited
tones and to verify that these tones correspond to
standard DTMF frequencies. A complex averaging
algorithm is used to protect against tone simulation by
extraneous signals (such as voice) while providing
tolerance to small frequency variations. The averaging
algorithm has been developed to ensure an optimum
combination of immunity to “talk-off” and tolerance to the
presence of interfering signals (third tones) and noise.
When the detector recognizes the simultaneous pres-
ence of two valid tones (known as “signal condition”), it
raises the “Early Steering” flag (ESt). Any subsequent
loss of signal condition will cause ESt to fall.

Steering Circuit

Before the registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred to as
“character-recognition-condition”). This check is per-
formed by an external RC time constant driven by E_. A
logic high on ESt causes V. (See Figure 4) to rise as the
capacitor discharges. Providing signal condition is
maintained (ESt remains high) for the validation period

© 2001 California Micro Devices Corp. All rights reserved.

(terp)s V. reaches the threshold (V. ) of the steering logic
to register the tone pair, thus latching its corresponding
4-bit code (See Figure 2) into the output latch. At this
point, the GT output is activated and drives VC to V..
GT continues to drive high as long as ESt remains high,
signaling that a received tone pair has been registered.
The contents of the output latch are made available on
the 4-bit output bus by raising the three-state control
input (TOE) to a logic high. The steering circuit works in
reverse to validate the interdigit pause between signals.
Thus, as well as rejecting signals too short to be consid-
ered valid, the receiver will tolerate signal interruptions
(drop outs) too short to be considered a valid pause.
This capability together with the capability of selecting
the steering time constants externally, allows the de-
signer to tailor performance to meet a wide variety of
system requirements.

Guard Time Adjustment

In situations which do not require independent selection
of receive and pause, the simple steering circuit of
Figure 4 is applicable. Component values are chosen
according to the following formula:

tREC = tDP i tGTF’
t.,, = 0.67 RC

The value of t_, is a parameter of the device and t___ is
the minimum signal duration to be recognized by the
receiver. A value for C of 0.1uF is recommended for
most applications, leaving R to be selected by the
designer. For example, a suitable value of R for a t of
40ms would be 300K. A typical circuit using this steering
configuration is shown in Figure 1. The timing require-
ments for most telecommunication applications are
satisfied with this circuit. Different steering arrange-
ments may be used to select independently the
guard-times for tone-present (t_,,) and tone absent (t_,,).
This may be necessary to meet system specifications
which place both accept and reject limits on both tone
duration and interdigit pause.

Guard time adjustment also allows the designer to tailor
system parameters such as talk-off and noise immunity.
Increasing t...improves talk-off performance, since it
reduces the probability that tones simulated by speech
will maintain signal condition for long enough to be
registered. On the other hand, a relatively short t___ with
along t,, would be appropriate for extremely noisy
environments where fast acquisition time and immunity
to drop-outs would be requirements. Design information
for guard time adjustment is shown in Figure 5.

215 Topaz Street, Milpitas, California 95035 A Tel: (408) 263-3214 A Fax: (408) 263-7846 A www.calmicro.com



ACALIFORNIA MICRO DEVICES

CM8870/70C

Input Configuration

The input arrangement of the CM8870/70C provides a
differential input operational amplifier as well as a bias

source (V) which is used to bias the inputs at mid-rail.

Provision is made for connection of a feedback resistor to
the op-amp output (GS) for adjustment of gain.

In a single-ended configuration, the input pins are con-
nected as shown in Figure 1, with the op-amp connected
for unity gain and VREF biasing the input at %2 V. Figure

Clock Circuit

The internal clock circuit is completed with the addition
of a standard television color burst crystal or ceramic
resonator having a resonant frequency of

3.579545MHz. The CM8870C in a PLCC package has a
buffered oscillator output (OSC3) that can be used to
drive clock inputs of other devices such as a micropro-
cessor or other CM887X’s as shown in Figure 7. Mul-
tiple CM8870/70Cs can be connected as shown in figure

6 shows the differential configuration, which permits the

8 such that only one crystal or resonator is required.

adjustment of gain with the feedback resistor R5.

Pin Function
Name Function Discription

IN+ Non-inverting input Connection to the front-end differential amplifier

IN— Inverting input Connection to the front-end differential amplifier

GS Gain select Gives access to output of front-end differential amplifier for connection
of feedback resistor.

VREE Reference output Voltage May be used to bias the inputs at mid-rail.
(nominally VDD/2)
INH Inhibits detection of tones Represents keys A, B, C, and D
0OSC3 Digital buffered oscillator output
PD Power down Logic high powers down the device and inhibits the oscillator.
OSC1 Clock input 3.579545MHz crystal connected between these pins
completes internal oscillator
0OSC2 Clock output 3.579545MHz crystal connected between these pins
completes internal oscillator

Vss Negative power supply Normally connected to OV

TOE Three-state output enable (Input) | Logic high enables the outputs Q1-Q4. Internal pull-up.

Q1 Three-state ouputs When enabled by TOE, provides the code corresponding to the last valid

Q2 tone pair received. (See Figure 2).

Qs

Q4

StD Delayed Steering output Presents a logic high when a received tone pair has been registered and the
output latch is updated. Returns to logic low shen the voltage on St/GT
falls below Vt.

ESt Early steering output Presents logic high immediately when the digital algorithm detects a
recongnizable tone pair (signal condition). Any momentary loss of signal
condition will cause ESt to return to a logic low.

St/Gt Steering input/guard A voltage greater than V1g; detected at St causes the device to register
time output (bidirectional) the dectected tone pair. The GT output acts to reset the external steering
time constrant, and its state is a function of ESt and the voltage on St.
(See Figure 2).
Vpp Positve power supply
IC Internal connection Must be tied to Vgg (for 8870 configuration only).

©2001 California Micro Devices Corp. All rights reserved.
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IACALIFORNIA MICRO DEVICES CM8870/70C

5V

O—
CM8870 0.1uF
1 N4 18
0.1yF 100KQ S| Voor T
\ " IN- SUGT P ETTe
\r GS ESt ’\/\/\,J
100KQ 4 Veer sip 118 o
St iNH Q4 14 O
6l pp Qs|i8 o
7 12
358 0SC1 Q2 O
s |
MHzS2__ 8| gcn Q1 11 O
2 Vss ToE 2
=i 5v
Oo—y
CM8870C 0.1uF
Une & w28
0.1uF  100KQ 2 + e T
O—it AV IN-  StGT
3 16 |300KQ
\r GS ESt
100KQ 4 Veer L o
51 INH Q4 L O
61pp Qafis o)
7 12
358_——0SC1 Q2 O
s |
MHzEE__8] 5gc o o1 11 ®)
S Vss ToE A2
ol All resistors are 1% tolerance.

= All capacitors are +5% tolerance.

Figure 1. Single Ended Input Configuration

Functional Diode Table
FLow FaicH KEY TOW 04 O3 0, (o]

697 1209 1 H 0 0 0 1
697 1336 2 H 0 0 1 0
697 1477 3 H 0 0 1 1
770 1209 4 H 0 1 0 0
770 1336 5 H 0 1 0 1
770 1477 6 H 0 1 1 0
852 1209 7 H 0 il 1 1
852 1336 8 H 1 0 0 0
852 1477 9 H 1 0 0 1
941 1336 0 H 1 0 1 0
941 1209 * H 1 0 1 1
941 1477 # H 1 1 0 0
697 1633 A H 1 1 0 1
770 1633 B H 1 1 1 0
852 1633 C H 1 1 1 1
941 1633 D H 0 0 0 0

- - ANY L A A VA VA

L Logic Low, H = Logic, Z = High Impedance

Figure 2. Functional Decode Table

© 2001 California Micro Devices Corp. All rights reserved.
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/ CALIFORNIA MICRO DEVICES CM8870/70C

0 — N Vpp
II \\ / N tGTP = (R1C) In (v V_D\E; )
10 / \ C DD~ VTST
2 /
° Vop
z tGTA = (RpC) In [ -22
S 20 I '. sticT O (RpC) In (VTST
> / \
2 / I\
Z 30 R2
= , \ Ry = 1Rz
= P= o0
< 0 1 \ R1+Ry
Aamnd L
yARAY /\ Est O
50 7~/ ' N\ (A.) Decreasing tGTA (tGTP > tGTA)
A
0 ft e 1R X
XY ABC D EF G H
FREQUENCY Hz Voo
tGTP = (RpC) In (V&)
PRECISE DIAL TONES DTMF TONES c Voo - VTsT
X = 350Hz A =607Hz E = 1209Hz
y = 440Hz B = 770Hz  F = 1336Hz Vobp
C = 852Hz G = 1477Hz sticT O tGTA = (R.C) In (V_TST
D =841Hz H =1633Hz
. . . W A RqR
Figure 3. Typical Filter Characteristic Rp == 1+F2{
i, 2
Est O
(B.) Decreasing tGTP (tGTP < tGTA)
Figure 5. Guard Time Adjustment
VDD
~ ©
Vop
St/GT Ve
R
ESt
sto et \N
— I
_|| M IN+
tGTA = (RC) In (\\//ﬂ —
TST
c2 4 IN— CM8870
tGTP = (RC) In Voo = lVV\I RS GS
V
op - V1sT — W—O——
Figure 4. Basic Steering Circuit R3§ R2
VREF
)

All resistors are —1% tolerance.
All capacitors are -5% tolerance.

DIFFERENTIAL INPUT AMPLIFIER

C1=C2=10nF
R1=R4=R4 =100 KQ
R2 = 60KQ, R3 = 37.5KQ

R2R5

" R2+R5

VOLTAGE GAIN (Av diff) = %

IMPUT IMPEDANCE

000 =2 Vo (ﬁ)z

Figure 6. Differential Input Configuration
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IACALIFORNIA MICRO DEVICES CM8870/70C

0SC1 0SC2 0SC3 OSC1 0sc2 OSC1 0scC2 0OSC1 0Osc2

[— OSC1 of other CM887X's L
[] — Clock input of other devices [”_‘

30pF 3.58MHz  30pF 30pF
Figure 7. CM8870C Crystal Connection Figure 8. CM8870/70C Crystal Connection
(PLCC Package Only)
Pin Assignments
Q G [a) G
g2:23 82223
A\ J m N -+ O O m N +4 O O
IN+[]1 181 Vpp IN+ |1 181 Vvpp N SR~
IN-[]2 17[] st/GT IN-[]2 171 st/GT ° °
es[]3 8 16[ ] Est es[]3 o 16[JEst
Veree []4 o’B 15[] stp Veer []4 g 15[] stD GS |4 18| Est Gs |4 18| Est
INH[C]5 © 14[ 04 ic*[5 g 14704 Vier |5 CM8870 17| stp Vrer |5 CM8870C 17| stp
icx[]6 LE) 13[1 Q3 ics[]6 O 13[Jq3 ic* |6 16| NC PD (6 16| NC
osci1[]7 12[M Q2 osci1[]7 12 Q2 Ic+|7 15| Q4 osc3|7 15| Q4
osc2[]8 111 oscz2[]8 11 Q1 osc1|s 141 Q3 osc1i|s 14| Q3
Vss []9 10[] ToE Vss []9 10[]ToE >3 d 4993 Srs 5 N
§ 2 5 oo § 8 § o o
(@] (@]
P — Plastic DIP (18) P — Plastic DIP (18) PE — PLCC (20) PE — PLCC (20)
F — Plastic SOP F — Plastic SOP *—  Connected to Vg
EIAJ (18) EIAJ (18)
S — SPIC (18) S — SOIC (18)
Ordering Information
CM8870
Example: CM8870C P
Product Identification Number

Package

P — Plastic Dip (18)

F — Plastic SOP EIAJ (18)
PE — PLCC (20)

S — SOIC (18)

Temperature/Processing

None — 0°C to 70°C, +5% P.S. Tol.
| — —40°C to 85°C, +5% P.S. Tol.

© 2001 California Micro Devices Corp. All rights reserved.
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MOTOROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by 4N25/D

HENE OO OO 4N25 *

4N25A*
6-Pin DIP Optoisolators
4N26*

Transistor Output (TR = 2008 1

The 4N25/A, 4N26, 4N27 and 4N28 devices consist of a gallium arsenide 4N27
infrared emitting diode optically coupled to a monolithic silicon phototransistor

detector. 4N 28

* Most Economical Optoisolator Choice for Medium Speed, Switching Applications [CTR = 10% Min]
¢ Meets or Exceeds All JEDEC Registered Specifications

« To order devices that are tested and marked per VDE 0884 requirements, the
suffix "V" must be included at end of part number. VDE 0884 is a test option.

*Motorola Preferred Devices

Applications STYLE 1 PLASTIC
¢ General Purpose Switching Circuits

» Interfacing and coupling systems of different potentials and impedances
¢ 1/O Interfacing
e Solid State Relays

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted) STANDARD THRU HOLE
Rating | Symbol | Value | Unit | CqSi= Tl

INPUT LED
Reverse Voltage VR 3 Volts
Forward Current — Continuous Ig 60 mA SCHEMATIC
LED Power Dissipation @ Tp = 25°C PD 120 mwW

with Negligible Power in Output Detector 1 6
Derate above 25°C 141 mw/°C %

OUTPUT TRANSISTOR 2 N 5
Collector-Emitter Voltage VCEO 30 Volts 30— 4
Emitter—Collector Voltage VECO 7 Volts

PIN 1. LED ANODE
Collector-Base Voltage VcBO 70 Volts 5 LED CATHODE
Collector Current — Continuous Ic 150 mA 3. N.C.
T 4. EMITTER
Detector Power Dissipation @ Tpa = 25°C Pp 150 mw 5 COLLECTOR
with Negligible Power in Input LED 6l BASE
Derate above 25°C 1.76 mw/°C '

TOTAL DEVICE

Isolation Surge Voltage(1) Viso 7500 Vac(pk)
(Peak ac Voltage, 60 Hz, 1 sec Duration)

Total Device Power Dissipation @ Tp = 25°C Pp 250 mwW
Derate above 25°C 2.94 mwW/°C
Ambient Operating Temperature Range(2) TA —55 to +100 °C
Storage Temperature Range(2) Tstg —55 to +150 °C
Soldering Temperature (10 sec, 1/16" from case) TL 260 °C

1. Isolation surge voltage is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
2. Refer to Quality and Reliability Section in Opto Data Book for information on test conditions.

Preferred devices are Motorola recommended choices for future use and best overall value.
GlobalOptoisolator is a trademark of Motorola, Inc.

REV 5

@ MOTOROLA
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4N25 4N25A 4N26 4N27 4N28

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)(1)

| Characteristic Symbol Min Typ (1) Max | Unit |
INPUT LED
Forward Voltage (I = 10 mA) Ta =25°C VF — 1.15 15 Volts
Tp =-55°C — 1.3 —
Ta =100°C — 1.05 —
Reverse Leakage Current (VR =3 V) IR — — 100 pA
Capacitance (V =0V, f =1 MHz) CJ — 18 — pF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current 4N25,25A,26,27 IcEO — 1 50 nA
(VCE =10V, Tp = 25°C 4N28 - 1 100
(Vce =10V, Tp = 100°C) All Devices ICEO — 1 — HA
Collector-Base Dark Current (Vcg = 10 V) IcBO — 0.2 — nA
Collector-Emitter Breakdown Voltage (Ic = 1 mA) V(BR)CEO 30 45 — Volts
Collector-Base Breakdown Voltage (Ic = 100 pA) V(BR)CBO 70 100 — Volts
Emitter—Collector Breakdown Voltage (Ig = 100 pA) V(BR)ECO 7 7.8 — Volts
DC Current Gain (Ic =2 mA, Vcg =5V) hFe — 500 — —
Collector-Emitter Capacitance (f = 1 MHz, Vcg = 0) CecE — 7 — pF
Collector-Base Capacitance (f = 1 MHz, Vcg = 0) CcB — 19 — pF
Emitter—Base Capacitance (f = 1 MHz, Vgg = 0) CeB — 9 — pF
COUPLED
Output Collector Current (I = 10 mA, Vg = 10 V) Ic (CTR)(2) mA (%)
4AN25,25A,26 2 (20) 7 (70) LE
4N27,28 1(10) 5 (50) —
Collector—Emitter Saturation Voltage (Ic =2 mA, Iz = 50 mA) VCE(sat) = 0.15 0.5 Volts
Turn—On Time (I = 10 mA, Ve = 10V, R = 100 Q)(3) ton — 2.8 — us
Turn—Off Time (Ig = 10 mA, Vo = 10V, R = 100 Q)(3) toff — 45 — us
Rise Time (I = 10 mA, Ve = 10V, R = 100 Q)(3) i = 1.2 — Hs
Fall Time (Ig = 10 mA, Vcc = 10 V, R = 100 Q)(3) tf — 1.3 — us
Isolation Voltage (f = 60 Hz, t = 1 sec)(4) Viso 7500 — - Vac(pk)
Isolation Resistance (V = 500 V)(4) RisO 1011 — — Q
Isolation Capacitance (V =0V, f = 1 MHz)(4) Ciso — 0.2 = pF

1. Always design to the specified minimum/maximum electrical limits (where applicable).

2. Current Transfer Ratio (CTR) = Ic/Ig x 100%.
3. For test circuit setup and waveforms, refer to Figure 11.

4. For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

Motorola Optoelectronics Device Data



4N25 4N25A 4N26 4N27 4N28
TYPICAL CHARACTERISTICS
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4N25 4N25A 4N26 4N27 4N28
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Figure 11. Switching Time Test Circuit and Waveforms
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4N25 4N25A 4N26 4N27 4N28
PACKAGE DIMENSIONS

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.

INCHES MILLIMETERS
| DIM[ MIN [ MAX [ MIN [ MAX
0320 | 0350 | 813 | 889
0240 | 0260 | 6.10 | 6.60
0115 | 0200 | 293 | 508
0016 | 0020 | 041 | 050
0040 | 0070 | 1.02 | 177
0010 | 0014 | 025 | 036
0.100 BSC 254 BSC
0008 [ 0012 | 021 [ 030
0100 [ 0450 | 254 | 381
0300 BSC 7.62 BSC
0°[ 15°] oo 15°
0015 [ 0400 | 038 | 254

=4

¢ L
| |

i —

SEATING

PLANE G 1 —>\\<— J 6PL
M \5/

[9]0130005®@|T[B @[A®]

EepPL

i
ZIZ|r|R|«|Ommo|O|m|>

D 6 PL

[9] 013 0.005)@|T[A ®[B®| STYLE L
PIN1. ANODE
2. CATHODE
NC
EMITTER
COLLECTOR
BASE

ED G dgy (5

CASE 730A-04
ISSUE G

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.

INCHES MILLIMETERS
| o [ WIN_ | MAX | MIN | MAX_|
0.320 | 0.350 8.13 8.89
0.240 | 0.260 6.10 6.60
0.115 | 0.200 2.93 5.08
0.016 | 0.020 0.41 0.50
0.040 | 0.070 1.02 1.77
0.010 | 0.014 0.25 0.36
0.100 BSC 2.54 BSC
0.020 | 0.025 0.51 0.63
0.008 | 0.012 0.20 0.30
0.006 | 0.035 0.16 0.88
0.320 BSC 8.13 BSC
0.332 ‘ 0.390 8.43 ‘ 9.90

o

R I N
_y °© _{
T LR

SEATING
PLANE

Ee6pPL

[~ (Rl |Z@mmo|o | |(>

DepL [@[0.130.005®@[T][B @[ AD]
|]0.13(0005)@[T| A @[B @

*Consult factory for leadform

option availability
CASE 730C-04

ISSUE D

Motorola Optoelectronics Device Data 5



4N25 4N25A 4N26 4N27 4N28

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1082,
2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.
INCHES MILLIMETERS
| DIM[ MIN_ | MAX | MIN | MAX
A | 0320 | 0.350 | 813 | 8.9
B | 0240 | 0260 | 6.10 | 660
L c [ o5 | 0200 | 293 | 508
FapL—><— N— ¢ D | 0.016 | 0020 | 041 | 050
E | 0040 | 0070 | 1.02 | 177
= \ \ F | 0010 | 0014 | 025 | 036
! ! G | 0100BSC 254 BSC
%JL J | 0008 | 0012 | 021 ] 030
) f K | 0100 | 0150 | 254 | 381
SEATING — L | 0400 | 0425 | 1016 | 1080
PLANE G Lk —ll— 3 N [ 0015 | 0040 | 038 [ 102
- D 6 pPL
Eeri—> <— [&[013(0.005\®[T[A ®[B @]

*Consult factory for leadform
option availability

CASE 730D-05
ISSUE D

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters can and do vary in different
applications. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. Motorola does
not convey any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

How to reach us:
USA/EUROPE: Motorola Literature Distribution; JAPAN : Nippon Motorola Ltd.; Tatsumi~SPD-JLDC, Toshikatsu Otsuki,
P.O. Box 20912; Phoenix, Arizona 85036. 1-800-441-2447 6F Seibu—Butsuryu—Center, 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-3521-8315

MFAX: RMFAX0@email.sps.mot.com — TOUCHTONE (602) 244-6609  HONG KONG: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park,
INTERNET: http://Design—-NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298

@ MOTOROLA
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HIGH DENSITY MOUNTING
PHOTOTRANSISTOR

OPTICALLY COUPLED ISOLATORS

TLP521GB, TLP521-2GB, TLP521-4GB, TLP521, TLP521-2, TLP521-4
TLP521XGB, TLP521-2XGB, TLP521-4XGB
TLP521X, TLP521-2X, TLP521-4X

APPROVALS
e UL recognised, FileNo.E91231

'X'SPECIFICATIONAPPROVALS

e VDEO0884in3availableleadform:-
-STD
-Gform
- SMD approvedto CECC 00802

e  BSI approved - Certificate No. 8001

DESCRIPTION
TheTLP521, TLP521-2, TLP521-4 seriesof

optically coupled isolators consist of infrared
light emitting diodes and NPN silicon photo
transistors in space efficient dual in line plastic
packages.

FEATURES
e Options :-

10mm lead spread - add G after part no.

Surface mount - add SM after part no.

Tape&reel - add SMT&R after part no.
High Current Transfer Ratio ( 50% min)
75KV, )

High Isolation Voltage (5.3kV
High BV ., (55Vmin )

All electrical parameters 100% tested
Custom electrical selectionsavailable

RMS’

APPLICATIONS
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e  Computer terminals TLPs21-4
e Industrial systems controllers
e Measuring instruments 54
e Signa transmission between systems of :h ﬁ: ..
different potentials and impedances
°

SURFACE MOUNT 7.62 M2

20.32

19.32

[9 06 Q\ r -
125
$O.1 _H 0.75 4’

10.46
9.86

WHW@“

3.35

)«
0.5

10
20

0.5

Dimensionsin mm

L
™
3

7.62

|

.026

7.0
6.0

40
T30

1Sy

\/I\/I ax

40

ISOCOM COMPONENTSLTD

Unit 25B, Park View Road West,
Park View Industrial Estate, Brenda Road

Hartlepool, Cleveland, TS25 1YD
Tel: (01429) 863609 Fax :(01429) 863581

714103

DB92546m-AAS/A3




ABSOLUTE MAXIMUM RATINGS
(25°C unless otherwise specified)

Storage Temperature -55°C to + 125°C
Operating Temperature -30°Cto+100°C
Lead Soldering Temperature

(2/16 inch (1.6mm) from casefor 10 secs)  260°C

INPUT DIODE

Forward Current - 50mA
Reverse Voltage S Y
Power Dissipation ~— 70mW

OUTPUT TRANSISTOR

Collector-emitter Voltage BV ., 55V
Emitter-collector Voltage BV, 6V
Power Dissipation 150mw

POWER DISSIPATION

Total Power Dissipation 200mw
(derate linearly 2.67mW/°C above 25°C)

ELECTRICAL CHARACTERISTICS( T, = 25°C Unless otherwise noted )

PARAMETER MIN | TYP | MAX|UNITS| TEST CONDITION
Input Forward Voltage (V,) 10 | 115 13 |V I. = 10mA
ReverseCurrent (1) 10 A V. =4V
Output Collector-emitter Breakdown (BV ) = 55 | V I.=0.5mA
(Note2) |
Emitter-collector Breakdown (BV__.) 6 \% I. = 100puA
Collector-emitter Dark Current (I ) 100 | nA V=20V
Coupled | Current Transfer Ratio (CTR) (Note 2) |
TLP521, TLP521-2, TLP521-4 50 | 600 | % 5mA I, 5V V
CTR selection available  BL 200 600 | %
GB 100 600 | %
GB 30 % ImA |, 0.4V V
Collector-emitter Saturation VoltageV - 04 |V 8mA I_, 24mA |
-GB 04 |V ImA 1_, 0.2mA I
Input to Output Isolation Voltage V 5300 Vs See note 1
7500 Vo Seenote 1
Input-output Isolation Resistance R ., |5x10%° Q V,,=500V (notel)
Response Time (Rise), tr 4 us V=2V,
Response Time (Fall), tf 3 us [.=2mA,R =100Q

Note 1 Measured with input leads shorted together and output |eads shorted together.
Note 2 Special Selections are available on request. Please consult the factory.

714103 DB92546m-AAS/A3
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Collector Power Dissipation vs. Ambient Temperature

200
=z
S
n® 150
c
i)
i} \
7 AN
5 100 \
()
2 \
o
% 50 N
)
O
0

30 0 25 50 75 100 125
Ambient temperature T, ( °C)

Forward Current vs. Ambient Temperature

60
50
<
£ 4 \
_u \
: N
§ 30
©
g 20 \
o
LL
10
0
30 0 25 50 75 100 125
Ambient temperature T, ( °C)
Collector-emitter Saturation
S Voltage vs. Ambient Temperature
=0.28
2
©0.24
= l_=5mA
g’ 0.20 [.=1mA
©
> /
s 0.16
w®
. —
£ 008 —
5
5 0.04
3
5 O
@)

-30 0 25 50 75 100
Ambient temperature T, ( °C)

Collector current | (mA) Collector current I (mA)

Current transfer ratio CTR (%)

Collector Current vs. Low
Collector-emitter Voltage

- L; 25°C
50
20 40
— 30
15 20
10 > =
5 /}/ l, =2mA|—

0 &

0 0.2 0.4 0.6 0.8 1.0

Collector-emitter voltage V. (V)

Collector Current vs. Collector-emitter Voltage

50 20 T, =25°C
' 30
40 / e
30 / = -
/// / w0
20 S ¥
10 / — [ I.=5mA] |
F
0
0 2 4 6 8 10
Collector-emitter voltage V __ (V)
Current Transfer Ratio vs. Forward Current
320
280
i
240 A \\
200 /
/
160 / N
120
80 _ ——
V=5V
40 T,=25°C | | |
0
1 2 5 10 20 50

Forward current 1_ (mA)

DB92546m-AAS/A3



IS72

ULN2001A-ULN2002A
ULN2003A-ULN2004A

SEVEN DARLINGTON ARRAYS

SEVEN DARLINGTONS PER PACKAGE

OUTPUT CURRENT 500mA PER DRIVER

(600mA PEAK)

OUTPUT VOLTAGE 50V

» INTEGRATED SUPPRESSION DIODES FOR
INDUCTIVE LOADS

» OUTPUTS CAN BE PARALLELED FOR
HIGHER CURRENT

» TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS

» INPUTS PINNED OPPOSITE OUTPUTS TO

SIMPLIFY LAYOUT

DESCRIPTION

The ULN2001A, ULN2002A, ULN2003 and
ULN2004A are high voltage, high current darlington
arrays each containing seven open collector dar-
lington pairs with common emitters. Each channel
rated at 500mA and can withstand peak currents of
600mA. Suppression diodes are included for induc-
tive load driving and the inputs are pinned opposite
the outputs to simplify board layout.

The four versions interface to all common logic fami-
lies :

ULN2001A General Purpose, DTL, TTL, PMOS,
CMOS

ULN2002A 14-25V PMOS

ULN2003A 5V TTL, CMOS

ULN2004A 6-15V CMOS, PMOS

These versatile devices are useful for driving a wide
range of loads including solenoids, relays DC mo-
tors, LED displays filament lamps, thermal print-
heads and high power buffers.

The ULN2001A/2002A/2003A and 2004A are sup-
plied in 16 pin plastic DIP packages with a copper
leadframe to reduce thermal resistance. They are
available also in small outline package (SO-16) as
ULN2001D/2002D/2003D/2004D.

February 2002

DIP16

ORDERING NUMBERS: ULN2001A/2A/3A/4AA

ORDERING NUMBERS: ULN2001D/2D/3D/4D

PIN CONNECTION

IN 2 2 15 OUT 2
b
N3 3 % out 3
IN 4 4 13 OUT 4
4
IN5 § 12 OUT 5
N 4
NG 6 11 ouT 6
N7 7 10 OUT 7
COMMON FREE
GND 8 9 WHEELING DIODES
$-197711

1/8




ULN2001A - ULN2002A - ULN2003A - ULN2004A

SCHEMATIC DIAGRAM

EACH DRIVER S- 349

Series ULN-2001A
(each driver)

27k0 +—oour

EACH DRIVER 5- 1989

Series ULN-2003A
(each driver)

EACH DRIVER

Series ULN-2002A
(each driver)

EACH DRIVER 5-2574

Series ULN-2004A
(each driver)

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vo Output Voltage 50 \Y,
Vin Input Voltage (for ULN2002A/D - 2003A/D - 2004A/D) 30 \Y

le Continuous Collector Current 500 mA

Ip Continuous Base Current 25 mA
Tamb Operating Ambient Temperature Range — 20 to 85 °C
Tstg Storage Temperature Range —55to 150 °C
Tj Junction Temperature 150 °C

THERMAL DATA

Symbol Parameter DIP16 SO16 Unit

Rih j-amb Thermal Resistance Junction-ambient Max. 70 120 °C/IW

2/8

9




ULN2001A - ULN2002A - ULN2003A - ULN2004A

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

Symbol Parameter Test Conditions Min. Typ. Max.  Unit Hig.
lcex Output Leakage Current Vce = 50V 50 HA la
Tamb = 70°C, Vce = 50V 100 A la
Tamb = 70°C
for ULN2002A
Vce = 50V, Vi = 6V 500 HA 1b
for ULN2004A
Vce = 50V, V; = 1V 500 A 1b
VCE(sat) Collector-emitter Saturation Ic = 100mA, Ig = 250pA 0.9 1.1 \Y 2
Voltage Ic = 200 mA, Ig = 350pA 1.1 1.3 \Y 2
Ic = 350mA, Ig = 500pA 1.3 1.6 \Y 2
liion) Input Current for ULN2002A, V; = 17V 0.82 1.25 mA 3
for ULN2003A, V; = 3.85V 0.93 1.35 mA 3
for ULN2004A, V; = 5V 0.35 0.5 mA 3
Vi =12V il 1.45 mA 3
lioff) Input Current Tamb = 70°C, Ic = 500pA 50 65 HA 4
Vi(on) Input Voltage Vce = 2V v 5
for ULN2002A
Ic = 300mA 13
for ULN2003A
Ic = 200mA 2.4
Ic = 250mA 2.7
Ic = 300mA 3
for ULN2004A
Ilc = 125mA 5
Ic = 200mA 6
Ilc = 275mA 7
Ic = 350mA 8
hre DC Forward Current Gain for ULN2001A
Vce = 2V, Ic = 350mA 1000 2
Ci Input Capacitance 15 25 pF
tpLH Turn-on Delay Time 0.5Vito 0.5V, 0.25 1 us
tpHL Turn-off Delay Time 0.5 Vito 0.5V, 0.25 1 us
IR Clamp Diode Leakage Current | Vg = 50V 50 A 6
Tamb = 70°C, Vg = 50V 100 HA 6
Ve Clamp Diode Forward Voltage e = 350mA 1.7 2 \% 7

9
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

TEST CIRCUITS

Figure 1a. Figure 1b.
OPEN VcE OPEN Vce
lcex
OPEN
S$-5725
Figure 2. Figure 3.
OPEN OPEN
]
hrE = ,—c
B
> e L OPEN
Vi e
S-1980 l $-1986
Figure 4.

Figure 5.

l 5-5728

S -1987

Figure 6.

Figure 7.

VR

OPEN

$-56727
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

Figure 8: Collector Current versus Input Current
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Figure 9: Collector Current versus Saturation
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Figure 11: Peak Collector Current versus Duty
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

DIM. mm ineh OUTLINE AND

MIN. | TYP. | MAX. | MIN. | TYP. | MAX. MECHANICAL DATA
a1 | 051 0.020
B | 077 1.65 | 0.030 0.065
b 05 0.020
b1 0.25 0.010
D 20 0.787 /
E 8.5 0.335 ) Tnnmnm
e 2.54 0.100
e3 17.78 0.700
F 71 0.280
I 5.1 0.201
L 3.3 0.130

DIP16

z 1.27 0.050
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

mm inch
DIM. OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. MECHANICAL DATA
A 1.75 0.069
al 0.1 0.25 | 0.004 0.009
a2 1.6 0.063
b 0.35 0.46 | 0.014 0.018
bl 0.19 0.25 | 0.007 0.010
C 0.5 0.020
cl 45 (typ.)
D (1) 9.8 10 0.386 0.394
E 5.8 6.2 | 0.228 0.244
e 1.27 0.050
e3 8.89 0.350
F@) | 38 4 |0.150 0.157
G 4.6 5.3 [ 0.181 0.209
L 0.4 1.27 | 0.016 0.050
: s - SO16 Narrow
S 8°(max.)

(1) D and F do not include mold flash or protrusions. Mold flash or potrusions shall not exceed 0.15mm (.006inch).
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conse-
quences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this
publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. STMi-
croelectronics products are not authorized for use as critical components in life support devices or systems without express written
approval of STMicroelectronics.
The ST logo is a registered trademark of STMicroelectronics
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@ MOTOROLA

HEX INVERTER

GUARANTEED OPERATING RANGES

SN54/74LS04

HEX INVERTER

LOW POWER SCHOTTKY

N,

—_T 1
y— 7/

f’

J SUFFIX

CERAMIC
CASE 632-08

PLASTIC
" CASE 646-06

]F, N SUFFIX

CASE 751A-02

D SUFFIX
14\ SOIC
1

ORDERING INFORMATION

SN54LSXXJ Ceramic
SN74LSXXN Plastic
SN74LSXXD SoIC

Symbol Parameter Min Typ Max Unit

Vce Supply Voltage 54 4.5 5.0 55 \%
74 4.75 5.0 5.25

TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70

IoH Output Current — High 54,74 -04 mA

loL Output Current — Low 54 4.0 mA
74 8.0

FAST AND LS TTL DATA




SN54/74L.S04

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
VIH Input HIGH Voltage 2.0 \Y Al Inputs
54 0.7 Guaranteed Input LOW Voltage for
VL Input LOW Voltage \ Al Inout
74 0.8 puts
ViK Input Clamp Diode Voltage -0.65 | -15 \ Vce = MIN, |y =—-18 mA
54 25 35 \ Ve = MIN, IgH = MAX, VN =V
CcC  IOH » VIN = VIH
VOH Output HIGH Voltage " bE B} v or Vj__ per Truth Table
54,74 0.25 0.4 \Y loL =4.0mA Vce =Vec MIN,
VoL Output LOW Voltage VIN = VL or VIH
74 0.35 0.5 \Y loL =8.0mA per Truth Table
20 HA Vee = MAX, VN =27V
IIH Input HIGH Current
0.1 mA Vce = MAX, VN=T7.0V
L Input LOW Current -0.4 mA Vce = MAX, VN =04V
los Short Circuit Current (Note 1) -20 -100 mA Vce = MAX
Power Supply Current
Icc Total, Output HIGH 2.4 mA Ve = MAX
Total, Output LOW 6.6
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp =25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Turn-Off Delay, Input to Output 9.0 15 ns Vee=5.0V
tPHL Turn-On Delay, Input to Output 10 15 ns CL=15pF

FAST AND LS TTL DATA
5-11




