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LM555

Timer

General Description

The LM555 is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting if desired. In the time delay mode of
operation, the time is precisely controlled by one external
resistor and capacitor. For astable operation as an oscillator,
the free running frequency and duty cycle are accurately
controlled with two external resistors and one capacitor. The
circuit may be triggered and reset on falling waveforms, and
the output circuit can source or sink up to 200mA or drive
TTL circuits.

(D>Tmy 2) 3 NHNRYY /R NAD)
779VN 2°aN ,711001 ONWH

Features

m Direct replacement for SE555/NE5S55

m Timing from microseconds through hours

m Operates in both astable and monostable modes
m Adjustable duty cycle

m Output can source or sink 200 mA

= Qutput and supply TTL compatible

m Temperature stability better than 0.005% per °C
m Normally on and normally off output

m Available in 8-pin MSOP package

Applications

m Precision timing

m Pulse generation

m Sequential timing

= Time delay generation

m Pulse width modulation

= Pulse position modulation
m Linear ramp generator

Schematic Diagram
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Applications Information The charge time (output high) is given by:
t; = 0.693 (Rs + Rg) C
ASTABLE OPERATION And the discharge time (output low) by:
If the circuit is connected as shown in Figure 4 (pins 2 and 6 t, = 0.693 (Rg) C
connected) it will trigger itself and free run as a multivibrator. Thus the total period is:
The external capacitor charges through R, + Rg and dis- T=t, +t,=0693 (R, +2Rg) C

charges through Rg. Thus the duty cycle may be precisely

set by the ratio of these two resistors. The frequency of cscdlation is:

(- 1 1.44
i ! e T (Rat2Rg)C
= _ > Figure 6 may be used for quick determination
Ra
| 3 of these RC values.
4 8
§ R 2 7
| R 100
{ LMS555 6 10
| 2
—s = 8
-5 <
A 1 g n
i _IEM,F %
(_la 0.01 —+—1
= {Ra + 2Rg)
0.001 ‘
FIGURE 4. Astable 01 1 10 100 1k 10k 100k

f — FREE-RUNNING FREQUENCY (Hz)
In this mode of operation, the capacitor charges and dis-
charges between 1/3 V¢ and 2/3 Vgc. As in the triggered
mode, the charge and discharge times, and therefore the
frequency are independent of the supply voltage.

FIGURE 6. Free Running Frequency

Figure 5 shows the waveforms generated in this mode of

operation.

| ¥

i i

- A\ L
1/ NZEA U4
4 x T

Voo =5V Top Trace: Output 5V/Div.
TIME = 20ps/DIV. Bottom Trace: Capacitor Voltage 1V/Div.
Ra = 3.9kQ
Rg = 3kQ
C = 0.01pF

FIGURE 5. Astable Waveforms
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- C8051F340/1/2/3/4/5/6/7/8/9/A/B/CI/D

SILICON LABS

Full Speed USB Flash MCU Family

Analog Peripherals

- 10 Bit ADC (C8051F340/1/2/3/4/5/6/7/A/B only)
Up to 200 ksps
Built-in analog multiplexer with single-ended and
differential mode
VREF from external pin, internal reference, or Vpp

Built-in temperature sensor
External conversion start input option

- Two comparators

- Internal voltage reference
(C8051F340/1/2/3/4/5/6/7/A/B only)

- Brown-out detector and POR Circuitry

USB Function Controller

- USB specification 2.0 compliant

- Full speed (12 Mbps) or low speed (1.5 Mbps) operation

- Integrated clock recovery; no external crystal required for
full speed or low speed

- Supports eight flexible endpoints

- 1 kB USB buffer memory

- Integrated transceiver; no external resistors required

On-Chip Debug

- On-chip debug circuitry facilitates full speed, non-intru-
sive in-system debug (No emulator required)

- Provides breakpoints, single stepping,
inspect/modify memory and registers

- Superior performance to emulation systems using
ICE-chips, target pods, and sockets

Voltage Supply Input: 2.7 to 5.25 V

- Voltages from 3.6 to 5.25 V supported using On-Chip
Voltage Regulator

High Speed 8051 uC Core

- Pipelined instruction architecture; executes 70% of
Instructions in 1 or 2 system clocks

- 48 MIPS and 25 MIPS versions available.

- Expanded interrupt handler

Memory

- 4352 or 2304 Bytes RAM

- 64 or 32 kB Flash; In-system programmable in 512-byte
sectors

Dlgltal Peripherals
40/25 Port 1/O; All 5 V tolerant with high sink current

- Hardware enhanced SPI™, SMBus™, and one or two
enhanced UART serial ports

- Four general purpose 16-bit counter/timers

- 16-bit programmable counter array (PCA) with five cap-
ture/compare modules

- External Memory Interface (EMIF)

Clock Sources

- Internal Oscillator: +0.25% accuracy with clock recovery
enabled. Supports all USB and UART modes

- External Oscillator: Crystal, RC, C, or clock (1 or 2 Pin
modes)

- Low Frequency (80 kHz) Internal Oscillator

- Can switch between clock sources on-the-fly

Packages

- 48-pin TQFP (C8051F340/1/4/5/8/C)

- 32-pin LQFP (C8051F342/3/6/7/9/A/B/D)

- 5x5 mm 32-pin QFN (C8051F342/3/6/7/9/A/B)

Temperature Range: —40 to +85 °C

ANALOG
PERIPHERALS |[TErTo s
r i UART1® %
A 10-bit : SPI ™| Fort1
i oy =
\[‘f 200 ksps Fp swBus |4 |B——
@
' g 4 Timers 2| Port3
TEMP +
{sensorff VREF - ul
WWMMy
PRECISION INTERNAL |  USB Controller /
OSCILLATORS Transceiver
64/32 kB 8051 CPU
ISPELASH | (48/25 Mips) | #/2 KB RAM
FLEXIBLE DEBUG
INTERRUPTS | circurtRy | POR | WET

Rev. 1.6 10/22
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D

1. System Overview

C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D devices are fully integrated mixed-signal System-on-a-Chip MCUs.
Highlighted features are listed below. Refer to Table 1.1 for specific product feature selection.

* High-speed pipelined 8051-compatible microcontroller core (up to 48 MIPS)

* In-system, full-speed, non-intrusive debug interface (on-chip)

* Universal Serial Bus (USB) Function Controller with eight flexible endpoint pipes, integrated trans-
ceiver, and 1 kB FIFO RAM

e Supply Voltage Regulator

*  True 10-bit 200 ksps differential / single-ended ADC with analog multiplexer

*  On-chip Voltage Reference and Temperature Sensor

*  On-chip Voltage Comparators (2)

*  Precision internal calibrated 12 MHz internal oscillator and 4x clock multiplier

* Internal low-frequency oscillator for additional power savings

*  Up to 64 kB of on-chip Flash memory

*  Up to 4352 Bytes of on-chip RAM (256 + 4 kB)

» External Memory Interface (EMIF) available on 48-pin versions.

*  SMBus/I2C, up to 2 UARTSs, and Enhanced SPI serial interfaces implemented in hardware

*  Four general-purpose 16-bit timers

*  Programmable Counter/Timer Array (PCA) with five capture/compare modules and Watchdog Timer
function

*  On-chip Power-On Reset, Vpp Monitor, and Missing Clock Detector

*  Upto40 Port I/O (5 V tolerant)

With on-chip Power-On Reset, Vpp monitor, Voltage Regulator, Watchdog Timer, and clock oscillator,
C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D devices are truly stand-alone System-on-a-Chip solutions. The
Flash memory can be reprogrammed in-circuit, providing non-volatile data storage, and also allowing field
upgrades of the 8051 firmware. User software has complete control of all peripherals, and may individually
shut down any or all peripherals for power savings.

The on-chip Silicon Labs 2-Wire (C2) Development Interface allows non-intrusive (uses no on-chip
resources), full speed, in-circuit debugging using the production MCU installed in the final application. This
debug logic supports inspection and modification of memory and registers, setting breakpoints, single
stepping, run and halt commands. All analog and digital peripherals are fully functional while debugging
using C2. The two C2 interface pins can be shared with user functions, allowing in-system debugging with-
out occupying package pins.

Each device is specified for 2.7-5.25 V operation over the industrial temperature range (—40 to +85 °C).
For voltages above 3.6 V, the on-chip Voltage Regulator must be used. A minimum of 3.0 V is required for
USB communication. The Port /0 and RST pins are tolerant of input signals up to 5 V. C8051F340/1/2/3/
4/5/6/7/8/9/A/B/C/D devices are available in 48-pin TQFP, 32-pin LQFP, or 32-pin QFN packages. See
Table 1.1, “Product Selection Guide,” on page 18 for feature and package choices.
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CMOS Presettable

Up/Down Counters
High-Voltage Types {20-Voit Rating}
CDA45108B — — — BCD Type

CD4516B — — — Binary Type

@ CD4510B Presettable BCD Up/Down
Counter and the CD4516 Presettable Binary
Up/Down Counter. consist of four synchron-
ously clocked D-type flip-fiops (with a gating
structure to provide T-type flip-flop capa-
bility) connected as counters. These counters
can be cleared by a high level on the RESET
line, and can be preset to any binary number
present on the jam inputs by a high level on
the PRESET ENABLE line. The CD45108
will count out of non-BCD counter states in a
maximum of two clock pulses in the up
mode, and a maximum of four clock pulses
in the down mode. :

if the CARRY-IN input is held low, the
counter advances up or down on each

positive-going clock transition. Synchronous .

cascading is accomplished by connecting all
clock inputs in parallel and connecting the
CARRY-OUT of a less significant stage to
the CARRY-IN of a more significant stage.

The CD45108B and CD4516B can be cascaded
in the ripple mode by connecting the CARRY-
OUT to the clock of the next stage. If the
UP/DOWN input changes during a terminal
count, the CARRY-OUT must be gated with
the clock, and the UP/DOWN input must
change while the clock is high. This method
provides a clean clock signal to the subse-
quent counting stage. (See Fig. 15).

These devices are similar to types MC14510
and MC14516.

The CD4510B and CD4516B types are supplied
in 16-lead dual-in-line plastic packages (E
suffix), 16-lead small-outline packages (NSR
suffix), and 16-lead thin shrink small-outline
packages (PW and PWR suffixes). The CD4516B
types also are supplied in 16-lead hermetic
dual-in-line ceramic packages (F3A suffix).

PRESET

®
2
3
4
L]
6
7
8

(TOP VIEW}
92C5-27015

CD4510B, CD45168B
TERMINAL ASSIGNMENT
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CD4510B, CD4516B Types

Features:

& Medium-speed operation --
fcL =8 MHz typ.at 10V

® Synchronous internal carry propagation
® Reset and Preset capability
8 100% tested for quiescent current at 20 V

® 5.V, 10-V, and 15-V parametric ratings
& Standardized symmetrical output characteristics

® Maximum input current of 1 uA at 18 V
over full package temperature range;
100 nA at 18 V and 25°C

® Noise margin {full package-temperature
range): 1VatVpp=5V
2VatVpp=10V-
25VatVpp=15V
u Meets all requirements of JEDEC Tentative
Standard No. 13B, “‘Standard Specifications
for Description of ‘B’ Series CMOS Devices’’

PRESET
ENABLE 'ﬁl
2l _‘ 6__ Ql
2 —2, F— a2
ps—23] LAY
pa —} 12 oe
Vpp* 16
croek —2 “:Z .
up/0OWN —2 .
CARRY N [Oo— TARAY oUT
RESET e
CD45108B, CD4516B
FUNCTIONAL DIAGRAM
92Cs-24824
Applications:

¥ Up/Down difference counting
| Multistage synchronous counting
® Multistage ripple counting

& Synchronous frequency dividers

g
(3]
. 2
OPERATING CONDITIONS AT Tp = 25°C, Unless Otherwise Specified 2
wi
For maximum reliability, nominal operating conditions should be selected so that operation ;
is always within the following ranges. 8
Characteristic Vpp | Min.| Max.|Units
Supply Voltage Range (At T a = Full Package-Temperature Range) 318 Vv
5 150 | -
Clock Pulse Width, tw 10 75| - ns
15 60 | -
5 - | 2
Clock Input Frequency, for 10 - 4 MHz
15 - |55
5 150 | —
Preset Enable or Reset Removal Time® 10 80| - | ns
15 60 | -
5 - |15
Clock Rise and Fall Time, t,CL, t,CL" 10 | 8] ms
15 = 5
5 130 | -
Carry-In Setup Time, tg 10 60| — | ns
15 45 | —
5 360 | -
Up-Down Setup Time, tg 10 160{ — | ns
15 10| -
5 220 | -
Preset Enable or Reset Pulse Width, tw 10 100 - I ns
15 7% | -

®Time required after the falling edge of the reset or preset enable inputs before the rising edge
of the clock will trigger the counter (similar to setup time).

*If more than one unit is cascaded in the parallel clocked application, t,CL should be made less
than or equal to the sum of the fixed propagation delay at 15 pF and the transition time of the
carry output driving stage for the estimated capacitive load.

Copyright © 2003, Texas Instruments Incorporated
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CD4510B Types

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Vpp)

Voltages referenced to Vgg Terminal) ... Slerele -0.5Vto +20V
INPUT VOLTAGE RANGE, ALL INPUTS ... ..oiitiiiiiiiniaiiaaeiieeiaeannnns ..... =0.5VioVpp +0.5V
DC INPUT CURRENT, ANY ONE INPUT .. ..ottt ee e aiive e anea e e e nanns . £10mA
POWER DISSIPATION PER PACKAGE (Pp):

FOrTo=-550Ct04+1000C .....oivvnniieennneniinnnneanans R COEe S NS AR SN S SRR RRA R 500mwW

ForTa=+1009Cto+125°C........... N Derate Linearity at 12mW/9C to 200mW

DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR Tp = FULL PACKAGE-TEMPERATURE RANGE (All Package Types)
OPERATING-TEMPERATURERANGE (TA) . .. .. .oveviiiiniiiiiiann
STORAGE TEMPERATURE RANGE (Tgig)
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/18 £ 1/32inch (1.59 £ 0.79mm) from case for 108 max .........ccoivuveeenaonnan +265°C
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Fig.3 — Logic Diagram for CD45108.
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Fig.6 — Typical transition time vs. load
capacitance.

Fig.§ — Minimum output high (source) current
characteristics.
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Fig.1 — Typical output low (sink) current

AMBIENT TEMPERATURE (Tp)=23°C
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Fig.2 — Minimum output Jow (sink) current
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Fig.4 — Typical output high (source) current
characteristics.
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