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# 4-1. Pin Functions
PIN
TYPE DESCRIPTION
NAME NO.
CONT 5 Input/Output | Controls comparator thresholds. Outputs 2/3 Vpp by default, or can be driven externally
DISCH 7 Output Open collector output to discharge timing capacitor
GND 1 Power Ground reference voltage
ouT 3 Output Timer output signal
RESET 4 Input Active low reset input forces output and discharge low
THRES 6 Input End of timing input. THRES > CONT sets output low and discharge low
TRIG 2 Input Start of timing input. TRIG < 1/2 CONT sets output high and discharge open
VvDD 8 Power Input supply voltage, 1.5V to 18V
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5 Specifications
5.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) (V)

MIN MAX UNIT
Voo Supply voltage @) -0.3 20 \Y
Input voltage on TRIG, THRES, CONT, RESET pins -0.3 Vpp +0.3 \

loL Sink current, discharge or output 225 mA
lon Source current, output 60 mA
Ta Operating free-air temperature -55 125 °C
T, Junction temperature -55 150 °C
Tstg Storage temperature -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply

functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If

used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.
(2) All voltage values are with respect to network GND.

5.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per AEC Q100-002 () +2000
V(esp) Electrostatic discharge - \%
Charged-device model (CDM), per AEC Q100-011 +500
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
5.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Vpp Supply voltage 15 18 \%
Ta Operating free-air temperature -40 125 °C
5.4 Thermal Information
TLC3555-Q1
THERMAL METRICS(") 8 PINS UNIT
D (SOIC) DDF (SOT-23-THIN)
Rgya Junction-to-ambient thermal resistance 138.9 211.3 °C/W
ReaJctop) Junction-to-case (top) thermal resistance 78.8 118.0 °C/W
Reus Junction-to-board thermal resistance 87.9 112.1 °C/W
Wyt Junction-to-top characterization parameter 23.2 15.2 °C/W
Wis Junction-to-board characterization parameter 86.9 111.7 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance N/A N/A °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.
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5.5 Electrical Characteristics

at Tp = 25°C and Vpp = 5V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
0.95 1.0 1.05
VDD =1.5V
—40°C to +125°C 0.8 1.0 1.15
21 2.2 2.3
VDD =3.3V
—40°C to +125°C 2 2.2 24
v Threshold volt v oy 3.28 3.33 3.38 v
reshold voltage =
I(THRES) 9 oo ~40°C to +125°C 32 333 3.46
7.92 8 8.08
VDD =12V
—40°C to +125°C 7.7 8 8.3
9.9 10 10.1
VDD =15V
—40°C to +125°C 9.6 10 10.4
| Threshold t V 1.5V to 15V 19 A
reshold curren =15V to
I(THRES) ep ~40°C to +125°C 1000 P
0.48 0.5 0.52
VDD =1.5V
—40°C to +125°C 0.42 0.5 0.58
1.06 1.1 1.14
VDD =3.3V
—40°C to +125°C 1 1.1 1.2
v T | v iy 1.64 1.67 1.70 v
rigger voltage =
TRIG) 9 g oo ~40°C to +125°C 16 1,67 175
3.95 4 4.05
VDD =12V
—40°C to +125°C 3.85 4 4.15
4.94 5 5.06
VDD =15V
—40°C to +125°C 4.8 5 52
| T V 1.5V to 15V 10 A
rigger current =1.5Vto p
(TRIS) 9 oo ~40°C to +125°C 1000
0.35 0.6 0.8
VDD =1.5V
—40°C to +125°C 0.3 0.6 1
0.5 0.77 1.05
VDD =3.3V
—40°C to +125°C 0.4 0.77 1.2
v Reset volt v oy 0.65 0.86 1.3 v
eset voltage =
RESED 9 oo ~40°C to +125°C 05 0.86 14
0.67 0.89 1.3
VDD =12V
—40°C to +125°C 0.5 0.89 1.4
0.67 0.89 1.3
VDD =15V
—40°C to +125°C 0.5 0.89 1.4
Vpp = 1.5V to 15V, 10 oA
RESET = Vpp —40°C to +125°C 1000
1.8
Vpp = 1.5V, RESET = 0V
—40°C to +125°C 1.9
3.9
Vpp = 3.3V, RESET = 0V
—40°C to +125°C 4
Il(RESET) Reset current 59
Vpp = 5V, RESET = 0V i A
—40°C to +125°C 6
14.2
Vpp = 12V, RESET = 0V
—40°C to +125°C 14.4
17.8
Vpp = 15V, RESET = 0V
—40°C to +125°C 18
Vicon) Control voltage Open circuit, expressed as a percentage of supply voltage 66.7 %
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5.5 Electrical Characteristics (¥tX)

at Ty = 25°C and Vpp = 5V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
loL = 1mA, 0.025 0.2
Vpp = 1.5V to 15V —40°C to +125°C 0.03 0.25
Discharge switch on-stage |lg. = 10mA, 0.08 0.3 v
voltage Vpp =3.3Vto 15V —40°C to +125°C 0.28 0.35
|0|_= 100mA, 0.82 1.5
Vpp =5V to 15V —40°C to +125°C 1.3 1.7
- : y 0.01
Discharge switch off-stage Vpp = 1.5V to 15V nA
current —40°C to +125°C @ 70
| A Ve = 15y 1.05 1.29
=—1mA, =1.
of ep —40°C to +125°C 1.05 1.25
| RV 2.9 3.25
= —1mA, Vpp = 3.
ont Bp Z40°C to +125°C 29 3.1
| A Ve 5y 467 4.91
= —1mA, Vpp =
ont po Z40°C to +125°C 46 488
V, High-level out It I 10mA, Vpp = 5V 42 458 v
igh-level output voltage =—10mA, =
on 9 P 9 |lon eP —40°C to +125°C 4.00 435
| OmA Ve = 12V 1.2 11.54
=—-10mA, =
ot eP —40°C to +125°C 1 1.4
| oA Ve = 15V 14.2 14.54
= —10mA, Vpp =
ont ep Z40°C to +125°C 14 142
| SOmA. Ve = 15V 10.5 1.5
= _50mA, Vpp =
ont eo Z40°C to +125°C @ 9
0.1 0.25
loL= 1mA, 1.5V
—40°C to +125°C 0.2 0.35
0.09 0.25
loL= 1mA, 3.3V
—40°C to +125°C 0.2 0.35
loL = 1mA, 0.08 0.2
Vpp =5V to 15V —40°C to +125°C 0.2 0.35
vV Low-level output volt loL = 10mA, Vpp = 3.3V 025 03 Y
Oow-level output voltage = mA, = 9.
o o ep Z40°C to +125°C 03 0.4
IOL= 10mA, 0.17 0.3
Vpp =5V to 15V —40°C to +125°C 0.25 0.4
loL = 100mA, 2.1 2.8
Vpp =5V to 15V @) —40°C to +125°C 25 3.2
loL = 200mA, Vpp = 15V @) ° 6
= 200mA, Vpp =
o bo Z40°C to +125°C 7
Trigger, threshold
Ci capacitance (each pin) 21 PF
Power dissipation
Cep capacitance (1) @) 50 PF
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5.5 Electrical Characteristics (¥tX)

at Ty = 25°C and Vpp = 5V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
150 200
VDD =1.5V
—40°C to +125°C 180 285
180 250
VDD =3.3V
—40°C to +125°C 210 330
200 270
la Quiescent current Vpp = 5V uA
—40°C to +125°C 240 365
240 310
VDD =12V
—40°C to +125°C 290 425
260 330
VDD =15V
—40°C to +125°C 310 465
(1) Cpp is used to determine the dynamic power consumption.
(2) Pp=Vpp2f,(Cpp + CL) where f, = output frequency, C, = output load capacitance, Vpp = supply voltage.
(3) Leakage increases with temperature, approximately doubling in magnitude with each 10°C rise in temperature. Value specified for Full
Range is measured at Ty = 125°C.
(4) Sustained operation at this output current results in self-heating that can cause the device to go into protective thermal shutdown,

depending on the supply voltage and ambient temperature. Limit operation at high output current to only short durations, such as
transient events.

5.6 Switching Characteristics
at Ty = 25°C and Vpp = 5V (unless otherwise noted); characteristic values are specified by design, characterization, or both

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Temperature sensitivity of | Ta =_—40iC to +125°C, Ct = 0.1pF, 75 ppm/C
timing internal Ra = Rg = 1kQ to 100kQ @)
ff“t’i’r‘;'i‘r’];"i’:taegrs:lensm"“y V+ =33V to 15V, Cr = 0.1uF, Ry = Rg = 1kQ to 100kQ 0.17 %V
t, Output pulse rise time R = 10MQ, C_ = 10pF 7.8 ns
t Output pulse fall time R_ =10MQ, C_ = 10pF 4.7 ns
Maximum frequency, EA: gggQF Rs =2000, - = >
fmax astable mode (1) T p Vpp = 15V 3.1 MHz
Free-running oscillator, THRES = TRIG = OUT 7.2
Vpp = 3.3V 85
Rising Vpp =5V 75
tpp Trigger propagation delay Voo = 15V 60 ns
Vpp = 3.3V 70
Falling Vpp = 5V 50
Vpp = 15V 50
(1)  This measurement is significantly impacted by board parasitics.
(2) Calculated as (fios:c — f_agec) / (ATa * fosec) x 108 where fr = output frequency at temperature T, and T = —40°C to +125°C.
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5.7 Typical Characteristics

at Tp = 25°C and Vpp = 5V (unless otherwise noted)
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TRIG, THRES, and OUT shorted together in this test, such
that fax = 7.2MHz

5-1. Output Voltage vs Time as Free-Running Oscillator
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5-2. Propagation Delay to Discharge Output
vs Supply Voltage

5-5. Output Voltage vs Output Current, Sinking
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5-6. Output Voltage vs Output Current, Sinking
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5.7 Typical Characteristics (continued)

at Tp = 25°C and Vpp = 5V (unless otherwise noted)

V)

Output Voltage
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15 —— Ta= -40°C
—— Ta=25°C
1 —— TA=85C
05 —— Ta=105°C
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50 -45 -40 -35 -30 -26 -20 -15 -10 -5 0
Output Current (mA)

5-7. Output Voltage vs Output Current, Sourcing
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5-8. Output Voltage vs Output Current, Sourcing
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5-9. Supply Current vs Supply Voltage
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6 Detailed Description
6.1 Overview

The TLC3555-Q1 next-generation timer is useful for both general-purpose and precise timing applications, with
astable mode periods from 325ns to hours, and frequencies to 3MHz or even beyond. In nearly all cases, the
tolerances of the passive components used to implement the application circuit contribute more error than the
TLC3555-Q1 tolerance. The improved precision of the TLC3555-Q1 as compared to previous-generation timers
provides a performance benefit to the trigger and threshold tolerances when using the same grade of passive
components, or can enable similar end tolerances while using lower-grade passives for a cost benefit.

6.2 Functional Block Diagram

VDD TRIG RESET
4 4 A
‘ vV » OUT
R;(.es.ljtor c e | Trigger » Latch > %u;s:t
ivider Logic Stage » DISCH
A
% Vop
y
CONT > Threshold
THRES Logic

6.3 Feature Description
6.3.1 Monostable Operation

For monostable operation, connect the TLC3555-Q1 as in [%| 6-1. If the output is low, application of a negative-
going pulse to the trigger (TRIG) sets the internal flip-flop, drives the output high, and turns off DISCH. Capacitor
Ct charges through Rp until the voltage across the capacitor reaches the threshold voltage of the threshold
(THRES) input. If TRIG returns to a high level, the output of the threshold comparator resets the flip-flop, drives
the output low, and discharges C+ through DISCH.

Input ———» TRIG VDD Voo
RESET

Output «— OUT DISCH
THRES

CONT ——  —g,

GND

GND

Eq 6-1. Circuit for Monostable Operation

Monostable operation initiates when the TRIG voltage is less than the trigger threshold. After initialization, the
sequence ends only if TRIG is high for at least 500ns before the end of the timing interval. When the trigger is
grounded, the comparator storage time can be as long as 500ns, which limits the minimum monostable pulse
width to 500ns. As a result of the threshold level and saturation voltage of the discharge transistor, the output
pulse duration is approximately t, = 1.1 x Ry x C+. [X] 6-3 is a plot of the nominal pulse width for various values
of Ra and C+. The threshold levels and charge rates are directly proportional to the supply voltage (Vpp). As a
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result, the timing interval is independent of the supply voltage if the supply voltage is constant during the time
interval.

Apply a negative-going trigger pulse simultaneously to RESET and TRIG during the timing interval to discharge
Ct and reinitiate the cycle, commencing on the positive edge of the reset pulse. The output is held low for as
long as the reset pulse is low.

3
107 — Ra=1kQ
102 — Ra = 10kQ
= —— Ra = 100kQ
= 10| =/ Ra=1MQ
[| [| [l £ — Ra=10MO
o o o g g
Input Voltage Q
g o
> - ] - — o
¢ 2 102
@
E "E 10-3
) 2
Output Voltage § 104
/| /] { /] 10
/ / / 6
 Canacitor Voltage 1073 1072 10" 100 101 102
Time - 0.1 ms/div Timing Capacitance (uF)
Ra = 9.1kQ Cr=0.01pF
6-2. Typical Monostable Waveforms EJ 6-3. Simulated Output Pulse Width vs
Capacitance

6.3.2 Astable Operation

6-4 shows that adding a second resistor (Rg) to the circuit and connecting the trigger input to the threshold
input causes the timer to self-trigger and run as a multivibrator. The Ct capacitor charges through Ry and Rg
and then only discharges through Rg. As a result, the values of Ry and Rg control the duty cycle. Dg is optional
and typically used only when a duty cycle below 50% is required, as the diode bypasses Rg to allow faster
charging of Cr.

This astable connection results in the Ct capacitor charging and discharging between the threshold-voltage level
(= 0.67 x Vpp) and the trigger-voltage level (= 0.33 x Vpp). Driving the CONT pin externally shifts the threshold-
voltage and trigger-voltage levels to Veont and 0.5 x VeonT, respectively. As in the monostable circuit, charge
and discharge times (and as a result, the frequency and duty cycle) are independent of the supply voltage.

Reset ———»{ RESET VDD Voo
2-
DISCH
%DB § Re
Output «— OUT TRIG 2
THRES
CONT ] o
GND
GND

B 6-4. Circuit for Astable Operation

10 NS5 71— RN 2 (DRSBTS P) 55 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TLC3555-Q1
English Data Sheet: SLFS083


https://www.ti.com/product/jp/tlc3555-q1?qgpn=tlc3555-q1
https://www.ti.com/jp/lit/pdf/JAJSV12
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSV12A&partnum=TLC3555-Q1
https://www.ti.com/product/jp/tlc3555-q1?qgpn=tlc3555-q1
https://www.ti.com/lit/pdf/SLFS083

13 TEXAS

INSTRUMENTS TLC3555-Q1
www.ti.comlja-jp JAJSV12A — JULY 2024 — REVISED OCTOBER 2024
| le— te()
) *‘? }
tPHLM ;
\
|

/8,
S
d
Z
N
P

“— Output Voltage } ‘
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Capacitor Voltage

Time - 0.5 ms/div
Ra = 5kQ Rg = 3kQ Cr=0.15pF
K 6-6. Trigger and Threshold Voltage Waveform

6-5. Typical Astable Waveforms

6-6 shows typical waveforms generated during astable operation. The output high-level duration (t4) and low-
level duration t; can be calculated as follows:

tg = 0.693 X (RA + RB) X Cr (1)
L, = 0.693 x Rp X CT (2)

Other useful relationships for period, frequency, and driver-referred and waveform-referred duty cycle are shown
as follows:

T =ty +t, = 0.693 X (Ry + 2Rg) X Ct (3)
_1. 1.44
f=1= (Rp + 2Rp) X Ct “)
t R
Output driver duty cycle = TL = M+—]32R13 (5)

_ ty _ Rp _ Ra +Rp
Output waveform duty cycle = - = 1 — RAT2Rg — Ry F2Rg (6)

These equations do not account for any propagation delay times from the TRIG and THRES inputs to DISCH
output. These delay times add directly to the period and overcharge the capacitor, creating differences between
calculated and actual values that increase with frequency. In addition, the discharge on-state resistance rg,
during the discharge event contributes another source of timing error in the calculation when Rg is very low. The
following equations provide better agreement with measured values. 5\ 7 and = 8 represent the actual low and
high times when used at higher frequencies (at 100kHz and beyond) because propagation delay and discharge
on resistance is added to the formulas. The value of Ct includes both the nominal or deliberate timing
capacitance, as well as parasitic capacitance on the PCB. Decoupling capacitance on CONT also affects the
duty cycle, with an error contribution that depends on the capacitor leakage resistance. For additional
discussion, see the Design low-duty-cycle timer circuits article.

—tPD rising
te) = Cr X (R + Rp) X In| 3 —e\Crx (Rg + ropy) ) | + tPD falling (7)
( —tpD falling )
ter) = Cr % (Rp+rop) XIn| 3 —e Ct % (Ry +Rp)/ | T tPD rising (8)
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These equations and those given earlier are similar in that a time constant is multiplied by the logarithm of a
number or function. The limit values of the logarithmic terms must be between In(2) at low frequencies, and In(3)
at extremely high frequencies. For a duty cycle close to 50%, an appropriate constant for the logarithmic terms
can be substituted with good results. Output waveform duty cycles less than 50% require that tep) / te) < 1 and
possibly that Ry < ron. These conditions can be difficult to obtain. Dg can be used to reduce the effective Rg
during the capacitor charging event, but has a nonlinear response. If using Dg, verify performance through
simulation and bench evaluation before selecting final timing component values.

6-7 and [X| 6-8 show the nominal free-running frequency associated with various combinations of C+ and Rp +
2 x Rg for a 66% duty cycle (such that Ry = Rg). The values of rq,, tpp faling @nd tpp ising vVary according to the
device supply voltage and temperature. Tolerances of Ra, Rg, and Ct also contribute variation. The difference of
simulation results calculated using the simplified and detailed equations becomes apparent by 100kHz, with
approximately 2.15% error at Vpp = 15V and 2.6% error at Vpp = 5V. This error manifests as nonlinearity in the
following curves. For applications where sub-1% error is required, use = 7 and = 8 for frequencies greater than
10kHz at Vpp = 5V, or greater than 30kHz at Vpp = 15V.

5000
1000

5000
1000

100 100
10

1

Astable Frequency (kHz)

Astable Frequency (kHz)

01 0.1
— Ra+2xRg = 1kQ — Ra+2xRg = 1kQ
0.01] — Ry+2xRg = 10kQ 0.01] — R,+2xRg = 10kQ
—— Ra+2xRg = 100kQ —— Ra+2xRg = 100kQ
0.001 | — Rp+2xRg = 1MQ 0.001 | — Rap+2xRg = 1MQ
—— Ra+2xRg = 10MQ —— Ra+2xRg = 10MQ
0.0001 0.0001
0.0001 0.001 0.01 0.1 1 10 0.0001 0.001 0.01 0.1 1 10
Timing Capacitance (uF) Timing Capacitance (uF)
VDD =5V VDD =15V

Eq 6-7. Simulated Astable Frequency 6-8. Simulated Astable Frequency

6.3.3 Power-on Reset

The TLC3555-Q1 includes a power-on reset feature, which holds the output high-impedance until the power-up
is complete and the output flip-flop state machine has achieved a valid state. Previous generations of 555 timers
lacked this feature, meaning the output state as the power supply ramped was unpredictable. The power-on
reset of the TLC3555-Q1 asserts to hold the output in a high-impedance (Hi-Z) state during the ramp event. After
the supply voltage has reached the minimum threshold, the power-on reset is released, and the state machine
and logic table described in % 6-1 apply. The RESET pin of the TLC3555-Q1 includes a weak pullup resistance
to Vpp, so if the RESET pin is not driven externally, the device exits the reset state after the power-on reset
event is complete. The device then enters whatever state is dictated by the values of THRES, TRIG, and CONT.
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6.3.4 Thermal Shutdown

The TLC3555-Q1 is capable of sourcing and sinking more current than previous CMOS-based 555 timers, such
as the TLC555-Q1. To help protect the device from overstress due to self-heating, the TLC3555-Q1 includes a
thermal shutdown feature. If the junction temperature rises beyond the shutdown limit, a thermal event is
asserted and the output enters a high-impedance state, similar to a power-on reset. The device exits the
shutdown state after the junction temperature has sufficiently reduced.

In the event of a very fast, extremely high-current transient, the die temperature can rise too quickly for the
thermal shutdown feature to activate in time. If a load at the output is capable of pulling more current than the
absolute maximum current rating of the device output, use a resistor in series with the output to limit the
maximum current of the device.

6.4 Device Functional Modes

% 6-1 lists the device functional modes. While the TLC3555-Q1 features a weak internal pullup resistor to Vpp,
the pullup can be overpowered by coupled noise due to a fast transient signal edge or noisy circuit environment.
To improve reliability, use an external pullup resistor to Vpp (if using the RESET functionality), or short the
RESET pin directly to Vpp (if the RESET functionality is not used).

& 6-1. Function Table

RESET TRIGGER VOLTAGE(") THRESHOLD VOLTAGE(") OUTPUT DISCHARGE SWITCH
Low Irrelevant Irrelevant Low On
High <1/3V¢e Irrelevant High Off
High > 1/3 Vee > 2/3 Ve Low On
High > 1/3 Vee <2/3V¢e As previously established

(1) Voltage levels shown are nominal.
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7 Application and Implementation

-
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7.1 Application Information

The TLC3555-Q1 timer device uses resistor and capacitor charging delay to provide a programmable time delay
or operating frequency. The TLC3555-Q1 can directly drop-in or upgrade most 555 timer applications. The
reduced propagation delays and tighter tolerances of the TLC3555-Q1 can lead to slightly discrepant results
when directly replacing legacy CMOS timers for high-frequency astable and monostable applications. Assess
board-level parasitics before selecting final values for timing components. While the TLC3555-Q1 output sinking
current rating is comparable to a bipolar timer, the sourcing limit must be respected and considered when the
TLC3555-Q1 is used as a drop-in replacement for a bipolar 555 timer.

The following section presents a simplified discussion of the design process for some unique applications of the
TLC3555-Q1.

7.2 Typical Applications
7.2.1 Missing-Pulse Detector

The circuit shown in [X| 7-1 can be used to detect a missing pulse or abnormally long spacing between
consecutive pulses in a train of pulses. The timing interval of the monostable circuit is triggered continuously by
the input pulse train as long as the pulse spacing is less than the timing interval. A longer pulse spacing, missing
pulse, or terminated pulse train permits the timing interval to be completed, thereby generating an output pulse,
asin [¥] 7-2.

Output «— OUT VDD Voo

RESET
2 n

Input » TRIG DISCH
THRES

CONT — 1 ——=Cr
1

GND

.~ GND

@ 2N3906

GND

7-1. Circuit for Missing-Pulse Detector

7.2.1.1 Design Requirements

Input fault (missing pulses) must be input high. An input stuck low condition cannot be detected because the
timing capacitor (Ct) remains discharged.

7.2.1.2 Detailed Design Procedure

Select Ra and C+ so that Ry x Ct > the maximum normal input high time.
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7.2.1.3 Application Curve

Input Voltage

Voltage - 2 V/div

Output Voltage

A/ /////\_//////'

lCapalcitor yoltage

Time - 0.1 ms/div
Vpp =5V Ra = 1kQ C=0.1pF

B 7-2. Application Waveform

7.2.2 Pulse-Width Modulation

To modify timer operation, apply an external voltage (or current) to CONT to modulate the internal threshold and
trigger voltages. 7-3 shows a circuit for pulse-width modulation. A continuous input pulse train triggers the
monostable circuit, and a control signal modulates the threshold voltage. [X| 7-4 shows the resulting duty cycle
versus control voltage transfer function. Attempting to run under 10% duty cycle can result in inconsistent output
pulses. Attempting to run close to 100% duty cycle results in frequency division by 2, then 3, then 4.

Clock Input ——» TRIG VDD Voo

RESET
2

Modulation Input —————» CONT DISCH
THRES
p—
Output «—— OUT GND
<~ GND

7-3. Circuit for Pulse-Width Modulation

7.2.2.1 Design Requirements

The clock input must have Vg and Vgy levels that are less than and greater than 1/3 Vpp, respectively. Clock
input Vo, time must be less than minimum output high time; therefore, a high (positive) duty cycle clock is
recommended. The minimum recommended modulation voltage is 1V, as a lower CONT voltage can increase
threshold comparator propagation delay and storage time. The application must be tolerant of a nonlinear
transfer function; the relationship between modulation input and pulse duration is not linear because the
capacitor charge is RC-based with an negative exponential curve.
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The modulating signal can be directly or capacitively coupled to CONT. For direct coupling, consider the effects
of modulation source voltage and impedance on the bias of the timer.

7.2.2.2 Detailed Design Procedure

Select Ry and Ct so that Ry x Ct is same as or less than the clock input period. 7-4 shows the nonlinear
relationship between control voltage and output duty cycle. The duty cycle is a function of the control voltage and
clock period relative to the Ry x Ct time constant.

7.2.2.3 Application Curve

100

80 / /
60 / /
40 /

L~

Output Duty Cycle (%)

20

—— Clock period = 1xRaxCt
—— Clock period = 2.5xRpxCt

0
1.0 1.5 2.0 25 3.0 3.5 4.0 4.5
Control Voltage (V)

BJ 7-4. Application Waveform

7.3 Power Supply Recommendations

The TLC3555-Q1 requires a voltage supply from 1.5V to 18V. Adequate power supply bypassing is required to
protect associated circuitry. The minimum recommended decoupling capacitance value is 0.1uF, preferably in
parallel with a 1uF electrolytic. Place the bypass capacitors as close as possible to the TLC3555-Q1 and
minimize the trace length. During a start-up condition, keep the supply ramp below 1V/us for proper functionality
of the power-on reset feature.

7.4 Layout
7.4.1 Layout Guidelines

Standard best practices for PCB layout apply to routing the TLC3555-Q1. A 0.1uF decoupling capacitor,
preferably in parallel with a 1uF electrolytic bulk decoupling capacitor, must be placed as close as possible to the
TLC3555-Q1 supply pins. The capacitor used for the time delay must be placed as close to the discharge pin as
possible. A ground plane on the bottom layer can provide better noise immunity and signal integrity.

For circuits operating at or in excess of 100kHz, parasitic capacitance can significantly impact circuit
performance and must be carefully controlled. Increase space between adjacent traces where possible, cut out
power and ground planes above and below critical traces, and minimize the use of vias on critical traces. Shorter
traces have less capacitance due to capacitance per unit length, so minimize component-to-component trace
lengths for the timing resistor (or resistors) and timing capacitor. Simulate, calculate, or manually measure board
capacitance before selecting a timing capacitor value because the effective timing capacitance Crt is the sum of
the deliberate timing capacitance and parasitic capacitance. Be aware that the timing capacitor value as
measured at the frequency of interest can differ from the nominal value; confirm with an LCR meter.
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7.4.2 Layout Example

7-5 and [¥| 7-6 show the basic layout for monostable and astable applications. Use COG (NPO) capacitors to

improve stability and repeatability.

* C1—CO0G (NPO) ceramic timing capacitance, based on time delay calculations

* C1-CO0G (NPO) ceramic bypass capacitor for control voltage pin, 0.1uF
* (C2 - CO0G (NPO) ceramic bypass capacitor for supply pin, 0.1uF

* C3 - electrolytic bypass capacitor for supply pin, 1uF
* Rp —timing resistor, based on time delay calculations
* Rg - timing resistor (astable mode), based on time delay calculations

(0]
Z
O

TRIG

ouT

RESET

GND

7-5. Recommended Layout, Monostable Configuration

Vop

.©

F

If reset feature is not
used, connect

HH

/ RESET to Vip

S um—
110 g ]
. — ;R’*
R 6 ]
‘LC
] — | T
-
%F cienr GND
C4
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7-6. Recommended Layout, Astable Configuration
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8 Device and Documentation Support
8.1 Documentation Support
8.1.1 Related Documentation

For related documentation see the following:

* Texas Instruments, TLC3555EVM evaluation module

» Texas Instruments, TLC555-Q1 Used as a Positive and Negative Charge Pump application note

» Texas Instruments, EMC Compatible Automotive LED Rear Lamp With Sequential-Turn Animation Reference
Design

» Texas Instruments, Precision PWM Dimming LED Driver Reference Design for Automotive Lighting
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10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 8-Nov-2025

PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TLC3555QDRQ1 Active Production SOIC (D) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 3555Q
TLC3555QDRQ1.A Active Production SOIC (D) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 3555Q
XTL3555QDDFRQ1 Active  Preproduction SOT-23-THIN (DDF) | 8 3000 | LARGE T&R - Call Tl Call Tl -40 to 125

XTL3555QDDFRQ1.A Active  Preproduction SOT-23-THIN (DDF) | 8 3000 | LARGE T&R - Call Tl Call Tl -40 to 125

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1
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i3 TEXAS PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 24-Oct-2024
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TLC3555QDRQ1 SoIC D 8 3000 330.0 125 6.4 5.2 2.1 8.0 12.0 Q1

Pack Materials-Page 1



i3 TExAs PACKAGE MATERIALS INFORMATION
INSTRUMENTS

www.ti.com 24-Oct-2024

TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLC3555QDRQ1 SOIC D 8 3000 340.5 336.1 25.0

Pack Materials-Page 2



J’f PACKAGE OUTLINE
‘)J_)

DDFOOO08A SOT-23-THIN - 1.1 mm max height
PLASTIC SMALL OUTLINE
2.95 SEATING PLANE
265 1YP T
PIN 1 ID o.1lc -
PN T (D ]oa[c]
— | | .
ox[065] |
(- I i
T
o ] = i
2.85 2X
NOTE 3 1.95 ‘% ‘
L | |
|
4 - — - — L 4x 0°-15° ‘; ‘
5 gy 0-38 L L | J
0.22 -
5] J 165 (% |0a@ [c[A]B] |
MAX
)\ ~—ax 415
. ~
/ =
/ [
0.20
i [ \‘ [ \[ 0.08 TYP
| L /
\ : \f
S /\\
— SEE DETAIL A
GAGE PLANE
0°-8
DETAIL A
TYPICAL
4222047/E  07/2024
NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.
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EXAMPLE BOARD LAYOUT
DDFOOO08A SOT-23-THIN - 1.1 mm max height

PLASTIC SMALL OUTLINE

8X (1.05) ﬁ SYMM
¢

| 6
N I
8X (0.45) —
SYMM
— _ - a
ey 1 (]
6X (0.65) | ‘
o N
| |
(R0.05) ‘ ‘
TYP | (2.6) |
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X
SOLDER MASK
SOLDER MASK METAL UNDER
OPENING \ METAL SOLDER MASK ~ \ fOPEN'NG
”””” \
| |
0.05 MAX AL ERPOSED 0.05 MIN JL EXPOSED
ALL AROUND ALL AROUND METAL
NON SOLDER MASK SOLDER MASK

DEFINED DEFINED

SOLDER MASK DETAILS

4222047/E 07/2024

NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS
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DDFOO08A

EXAMPLE STENCIL DESIGN
SOT-23-THIN - 1.1 mm max height

PLASTIC SMALL OUTLINE

8X (1.05) —1

8X (0.45) —

—-
6X (0.65)

sy

(2.6)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

4222047/E 07/2024

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.

7. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N

(G200 w N
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS

www.ti.com
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