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LM2596 SIMPLE SWITCHER® Power Converter 150-kHz
3-A Step-Down Voltage Regulator
1 Features 3 Description

« 3.3-V, 5-V, 12-V, and Adjustable Output Versions

* Adjustable Version Output Voltage Range: 1.2-V
to 37-V £ 4% Maximum Over Line and Load
Conditions

» Available in TO-220 and TO-263 Packages

e 3-A Output Load Current

* Input Voltage Range Up to 40 V

» Requires Only 4 External Components

» Excellent Line and Load Regulation Specifications
» 150-kHz Fixed-Frequency Internal Oscillator

e TTL Shutdown Capability

+ Low Power Standby Mode, lg, Typically 80 uA
» High Efficiency

» Uses Readily Available Standard Inductors

* Thermal Shutdown and Current-Limit Protection

* Create a Custom Design Using the LM2596 with
the WEBENCH Power Designer

2 Applications

» Simple High-Efficiency Step-Down (Buck)
Regulator

e On-Card Switching Regulators

» Positive to Negative Converter

The LM2596 series of regulators are monolithic
integrated circuits that provide all the active functions
for a step-down (buck) switching regulator, capable of
driving a 3-A load with excellent line and load
regulation. These devices are available in fixed output
voltages of 3.3V, 5V, 12 V, and an adjustable output
version.

Requiring a minimum number of external
components, these regulators are simple to use and
include internal frequency compensation, and a fixed-
frequency oscillator.

The LM2596 series operates at a switching frequency
of 150 kHz, thus allowing smaller sized filter
components than what would be required with lower
frequency switching regulators. Available in a
standard 7-pin TO-220 package with several different
lead bend options, and a 7-pin TO-263 surface mount
package.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
TO-220 (7) 14.986 mm x 10.16 mm
LM2596
TO-263 (7) 10.10 mm x 8.89 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Typical Application

(Fixed Output Voltage Versions)

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Description (continued)
A standard series of inductors are available from several different manufacturers optimized for use with the
LM2596 series. This feature greatly simplifies the design of switch-mode power supplies.

Other features include a 4% tolerance on output voltage under specified input voltage and output load
conditions, and *15% on the oscillator frequency. External shutdown is included, featuring typically 80 pA
standby current. Self-protection features include a two stage frequency reducing current limit for the output
switch and an overtemperature shutdown for complete protection under fault conditions.

6 Pin Configuration and Functions

NDH Package

7-Pin TO-220 KTT Package
Top View 7-Pin TO-263
Top View

Pins 1, 3, and §
Side ﬁ Pins 2 and 4 Side
View T 1 View x

GND —T1—1T—15 - ON/OFF =135 - ON/OFF
T ——T—T—1 4 - Feed Back Top Metal =TT 4 - Feed Back

v'op O ——T—1—13 - Ground view 1ab =TT 3 - Ground

ew —T1—T1—2 - output GND T 2 - Output

OfF—T—T431 - VIN
o F—T—T—11 -V
Pin Functions
PIN
110 DESCRIPTION
NO. NAME

This is the positive input supply for the IC switching regulator. A suitable input bypass
1 VN | capacitor must be present at this pin to minimize voltage transients and to supply the
switching currents required by the regulator.

Internal switch. The voltage at this pin switches between approximately (+V,y — Vsat) and
2 Output (0] approximately —0.5 V, with a duty cycle of Voyt / V|n. TO minimize coupling to sensitive
circuitry, the PCB copper area connected to this pin must be kept to a minimum.

3 Ground — Circuit ground.

4 Feedback | Senses the regulated output voltage to complete the feedback loop.

Allows the switching regulator circuit to be shut down using logic signals thus dropping the
total input supply current to approximately 80 pA. Pulling this pin below a threshold voltage
of approximately 1.3 V turns the regulator on, and pulling this pin above 1.3V (up to a

5 ON/OFF ! maximum of 25 V) shuts the regulator down. If this shutdown feature is not required, the
ON/OFF pin can be wired to the ground pin or it can be left open. In either case, the
regulator will be in the ON condition.
Copyright © 1999-2016, Texas Instruments Incorporated Submit Documentation Feedback 3
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7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®®

MIN MAX UNIT
Maximum supply voltage (V) 45 \%
SD/SS pin input voltage ® 6 Y
Delay pin voltage ® 15 \Y
Flag pin voltage -0.3 45 \%
Feedback pin voltage -0.3 25 \%
Output voltage to ground, steady-state -1 \%
Power dissipation Internally limited
Vapor phase (60 s) 215
KTW package
Lead temperature Infrared (10 s) 245 °C
NDZ package, soldering (10 s) 260
Maximum junction temperature 150 °C
Storage temperature, Tgyg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and

specifications.

(3) Voltage internally clamped. If clamp voltage is exceeded, limit current to a maximum of 1 mA.

7.2 ESD Ratings

VALUE UNIT
V(EsD) Electrostatic discharge | Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() +2000 \Y;
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
7.3 Operating Conditions
MIN MAX UNIT
Supply voltage 4.5 40 \%
Temperature -40 125 °C
7.4 Thermal Information
LM2596
THERMAL METRIC® KTW (TO-263) NDZ (TO-220) UNIT
7 PINS 7 PINS
See® — 50
) ) ) See® 50 —
Rosa Junction-to-ambient thermal resistance ®@® °C/W
See® 30 —
See® 20 —
Rosc(op) Junction-to-case (top) thermal resistance 2 2 °CIW

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

report, SPRA953.

(2) The package thermal impedance is calculated in accordance to JESD 51-7.
(3) Thermal Resistances were simulated on a 4-layer, JEDEC board.
(4) Junction to ambient thermal resistance (no external heat sink) for the package mounted TO-220 package mounted vertically, with the

leads soldered to a printed circuit board with (1 0z.) copper area of approximately 1 in?.

(5) Junction to ambient thermal resistance with the TO-263 package tab soldered to a single sided printed circuit board with 0.5 in? of 1-0z

copper area.

(6) Junction to ambient thermal resistance with the TO-263 package tab soldered to a single sided printed circuit board with 2.5 in? of 1-0z

copper area.

(7) Junction to ambient thermal resistance with the TO-263 package tab soldered to a double sided printed circuit board with 3 in? of 1-0z
copper area on the LM2596S side of the board, and approximately 16 in? of copper on the other side of the PCB.
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7.5 Electrical Characteristics — 3.3-V Version
Specifications are for T; = 25°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN® TYP® MAX® | UNIT
SYSTEM PARAMETERS® (see Figure 35 for test circuit)
475V <V)<40V T,=25C 3.168 3.3 3.432
Vv Output voltage IN ' \%
ouT P 9 0.2A<loap<3A _40°C < T, < 125°C 3.135 3.465
n Efficiency Vin=12V, lioap =3 A 73%
(1) All room temperature limits are 100% production tested. All limits at temperature extremes are specified via correlation using standard

()
©)

Statistical Quality Control (SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

Typical numbers are at 25°C and represent the most likely norm.

External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2596 is used as shown in Figure 35, system performance is shown in the test conditions column.

7.6 Electrical Characteristics — 5-V Version
Specifications are for T; = 25°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN® TYP® MAX® UNIT
SYSTEM PARAMETERS® (see Figure 35 for test circuit)
7V<Vn<40V Ty=25°C 4.8 5 5.2
V, Output voltage IN g Vv
our P 9 0.2A<lcap <3 A _40°C <T, < 125°C 4.75 5.25
n Efficiency Vin=12V, lloap =3 A 80%
(1) All room temperature limits are 100% production tested. All limits at temperature extremes are specified via correlation using standard

(2
©)

Statistical Quality Control (SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).
Typical numbers are at 25°C and represent the most likely norm.
External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.

When the LM2596 is used as shown in Figure 35, system performance is shown in the test conditions column.

7.7 Electrical Characteristics — 12-V Version
Specifications are for T; = 25°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN® TYP® MAX® UNIT
SYSTEM PARAMETERS® (see Figure 35 for test circuit)
15V < Viw <40V T,=25°C 11.52 12 12.48
V, Output voltage IN J \%
ouT P 9 0.2A<loan<3A _40°C < T, < 125°C 11.4 12.6
n Efficiency Vin=25V, lioap =3 A 90%
(1) All room temperature limits are 100% production tested. All limits at temperature extremes are specified via correlation using standard

()
©)

Statistical Quality Control (SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).
Typical numbers are at 25°C and represent the most likely norm.
External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.

When the LM2596 is used as shown in Figure 35, system performance is shown in the test conditions column.

7.8 Electrical Characteristics — Adjustable Voltage Version
Specifications are for T; = 25°C (unless otherwise noted)

PARAMETER \ TEST CONDITIONS MIN® TYP® MAX® UNIT
SYSTEM PARAMETERS® (see Figure 35 for test circuit)
45V<Vy<40V,02A<]oppS3A 1.23
Ves Feedback voltage Vour programmed for 3 V T;=25°C 1.193 1.267 \
(see Figure 35 for test circuit) —40°C < T, < 125°C 1.18 1.28
n Efficiency Vin=12V,Vour =3V, lloap =3 A 73%
(1) All room temperature limits are 100% production tested. All limits at temperature extremes are specified via correlation using standard

(2)
©)

Statistical Quality Control (SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

Typical numbers are at 25°C and represent the most likely norm.

External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2596 is used as shown in Figure 35, system performance is shown in the test conditions column.
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7.9 Electrical Characteristics — All Output Voltage Versions

Specifications are for T; = 25°C, I oap = 500 MA, V,y = 12 V for the 3.3-V, 5-V, and adjustable version, and V,y = 24 V for the
12-V version (unless otherwise noted).

PARAMETER | TEST CONDITIONS MIN® | TYP@ | MAX®|  uNIT
DEVICE PARAMETERS
i i T;=25°C 10 50
Iy Feedback bias current Adjuftable version only, J nA
Veg =13V —40°C < T; £125°C 100
_ s T;=25°C 127 150 173
fo Oscillator frequency © kHz
—40°C < T;£125°C 110 173
\Y Saturation voltage® ® |15y =3 A Ty =257C 1.16 14 Y
SAT g out _40°C < T, < 125°C 15
- Max duty cycle (ON)® 100%
Min duty cycle (OFF)® 0%
s T, =25°C 3.6 45 6.9
loL Current limit® ©) Peak current A
—40°C < T; £ 125°C 34 75
| Output |eakage Output=0V, V|y=40V 50 pHA
L current™ © Output = -1V 2 30 mA
Operating quiescent ®)
lo Current(59 See 5 10 mA
— T;=25°C 80 200
lgrgy  CUMTeNt standby ON/OFF pin = 5 V (OFF)™ e
quiescent —40°C £ T;<125°C 250 pHA
SHUTDOWN/SOFT-START CONTROL (see Figure 35 for test circuit)
T;=25°C 1.3
Vi - Low (regulator ON) s . \%
ON/OFF pin logic input —40°C =T, =125°C 0.6
threshold voltage ) Ty =25°C 1.3
Vi High (regulator OFF) \%
—40°C £ T;<125°C 2
In ONJ/OFF pin input Vioeic = 2.5 V (regulator OFF) 5 15 HA
I current Viocic = 0.5 V (regulator ON) 0.02 5 pA

(1) All room temperature limits are 100% production tested. All limits at temperature extremes are specified via correlation using standard
Statistical Quality Control (SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

(2) Typical numbers are at 25°C and represent the most likely norm.

(3) The switching frequency is reduced when the second stage current limit is activated. The amount of reduction is determined by the
severity of current overload.

(4) No diode, inductor, or capacitor connected to output pin.

(5) Feedback pin removed from output and connected to 0 V to force the output transistor switch ON.

(6) Feedback pin removed from output and connected to 12 V for the 3.3-V, 5-V, and the adjustable versions, and 15 V for the 12-V
version, to force the output transistor switch OFF.

(7) VIN =40 V.
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7.10 Typical Characteristics
See Figure 35 for test circuit

JUNCTION TEMPERATURE (°C)
Figure 5. Switch Current Limit

1.5 0.4 T T
_ Viy = 20V s Vour = 5V
B 10 lLoap = 3A ¥ loap = 100 mA
w Normalized at w92 Ty = 25°C
Z Ty = 259 2
<[ 0.5 <L
T T 0.1
o (&)
] w I~
re) 0 ] ) 0 ™!
= 7 - “
o o -0.41
> -0.5 >
5 5 -02
= 1o =
a 3 -0.3
-1.5 -0.4
=50 -25 0 25 50 75 100 125 0 5 10 15 20 25 30 35 40
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V)
Figure 1. Normalized Output Voltage Figure 2. Line Regulation
95 T T T =—— 1.4
3A Load | 20V 3 Vin = 12V
90 o =
L Z 4, s,
12V - . / 7
¥ 85 )
E_\/ E 1.1 - 2050 /'/'//
S 4 = — S ol A gid
s SV/ 3 vV
Lo | = 09
Lo 75 <[
b g — = ] //
3.3v/ 2 08 5500 V4
70 f n P 125°C
0.7
v
65 0.6
0 5 10 15 20 25 30 35 40 0 1 2 3 4
INPUT VOLTAGE (V) SWITCH CURRENT (A)
Figure 3. Efficiency Figure 4. Switch Saturation Voltage
5.5 1.6
Vy = 12V . [ L= 33pum
> -
. v = 5v = Rnp = 0.040
= - = 14 Vour = Vgeg —50mV
~ 50 < ouT = YREG m
= =
= 5 I
— (a4
= ot w12 lLoap = 3A
=z L
W45 a
o
3 S5 1.0 =
T '5 \\
2 40 ? hoap = 1A T~
= 5 08 ~——]
o
=
3.5 0.6
-50 -25 0 25 50 75 100 125 =50 -25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C)
Figure 6. Dropout Voltage
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Typical Characteristics (continued)
See Figure 35 for test circuit
24 120 T T T
4.5V < V) < 40V Von,/orF = 5V
| =0 L
20 ~— SWITCH 100 T, = 25°C —
<t \ //‘
= \ e o o
~ 16 < 80 e )
= Switch ON — B —— \
& v T, = -40°C AND 125°C
g 12 =z 60 E
) &
(a4
Z 8 . 3 40
= Switch OFF
(%2}
4 20
0 0
-50 -25 0 25 50 75 100 125 0 10 20 30 40
JUNCTION TEMPERATURE (°C) SUPPLY VOLTAGE (V)
Figure 7. Operating Quiescent Current Figure 8. Shutdown Quiescent Current
S 2.5
Py e = 20
= T~ —_ o OFF
QL 3 51 —_
= o
>
s g T
> 2 1.0
& 2 '
o (%2}
2 & ON
T Vour = 1.23V = 05
our = I+
loap = 120mA
0 — 0
=50 -25 0 25 50 75 100 125 =50 -25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C)
Figure 9. Minimum Operating Supply Voltage Figure 10. ON/OFF Threshold Voltage
8 T 160
, ’ ‘ Viy = 40V
-40°C = T, < 125°C 155
6 —_—
—~ N
< s ES 150 /,
= "] S s A
Z =z
o s |/
= 3 3
o L 140
2 [
135
1
0 130
0 5 10 15 20 25 -50 -25 0 25 50 75 100 125
ON/OFF PIN VOLTAGE (V) JUNCTION TEMPERATURE (°C)
Figure 11. ON/OFF Pin Current (Sinking) Figure 12. Switching Frequency
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Typical Characteristics (continued)
See Figure 35 for test circuit
10
—_ "
Z 75 A\
— / \
g 50
% ADJUSTABLE VERSION ONLY \
o 25
5 \
m
S 0
<L
[aa]
S _2 5 \
. |
-5.0
-50 -25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C)
Figure 13. Feedback Pin Bias Current
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8 Detailed Description

8.1 Overview

The LM2596 SIMPLE SWITCHER® regulator is an easy-to-use, nonsynchronous, step-down DC-DC converter
with a wide input voltage range up to 40 V. The regulator is capable of delivering up to 3-A DC load current with
excellent line and load regulation. These devices are available in fixed output voltages of 3.3-V, 5-V, 12-V and an
adjustable output version. The family requires few external components, and the pin arrangement was designed
for simple, optimum PCB layout.

8.2 Functional Block Diagram

8.3 Feature Description

8.3.1 Delayed Start-Up

The circuit in Figure 14 uses the ON/OFF pin to provide a time delay between the time the input voltage is
applied and the time the output voltage comes up (only the circuitry pertaining to the delayed start-up is shown).
As the input voltage rises, the charging of capacitor C1 pulls the ON/OFF pin high, keeping the regulator OFF.
Once the input voltage reaches its final value and the capacitor stops charging, resistor R, pulls the ON/OFF pin
low, thus allowing the circuit to start switching. Resistor R, is included to limit the maximum voltage applied to the
ON/OFF pin (maximum of 25 V), reduces power supply noise sensitivity, and also limits the capacitor C1
discharge current. When high input ripple voltage exists, avoid long delay time, because this ripple can be
coupled into the ON/OFF pin and cause problems.

This delayed start-up feature is useful in situations where the input power source is limited in the amount of
current it can deliver. It allows the input voltage to rise to a higher voltage before the regulator starts operating.
Buck regulators require less input current at higher input voltages.
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Feature Description (continued)

] LM2596

_L 1 5.0
¢

| 0.1 pF ON/OFF 3 | GND
C\N + b —

680 uf T R1 47k

*Vin

w

e R2
47k

Figure 14. Delayed Start-Up

8.3.2 Undervoltage Lockout

Some applications require the regulator to remain off until the input voltage reaches a predetermined voltage.
Figure 15 shows an undervoltage lockout feature applied to a buck regulator, while Figure 16 and Figure 17
apply the same feature to an inverting circuit. The circuit in Figure 16 features a constant threshold voltage for
turnon and turnoff (Zener voltage plus approximately one volt). If hysteresis is required, the circuit in Figure 17
has a turnon voltage which is different than the turnoff voltage. The amount of hysteresis is approximately equal
to the value of the output voltage. If Zener voltages greater than 25 V are used, an additional 47-kQ resistor is
required from the ON/OFF pin to the ground pin to stay within the 25 V maximum limit of the ON/OFF pin.

| LM2596
1 5.0

5 | ON/QFF 3|GND

+Vy P Py

Oy -
680 uf T~ Q1

2N3904

Figure 15. Undervoltage Lockout
for Buck Regulator

8.3.3 Inverting Regulator

The circuit in Figure 18 converts a positive input voltage to a negative output voltage with a common ground. The
circuit operates by bootstrapping the ground pin of the regulator to the negative output voltage, then grounding
the feedback pin, the regulator senses the inverted output voltage and regulates it.

D1
1N5823

Q in] Lm2596
+V, Py o
U ’L, 5.0
5| ON/OFF 3| GND
71
On 2l 19y
470 uF T

-5V
- - OUTPUT

This circuit has an ON/OFF threshold of approximately 13 V.

Figure 16. Undervoltage Lockout
for Inverting Regulator
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Feature Description (continued)

This example uses the LM2596-5.0 to generate a —-5-V output, but other output voltages are possible by
selecting other output voltage versions, including the adjustable version. Because this regulator topology can
produce an output voltage that is either greater than or less than the input voltage, the maximum output current
greatly depends on both the input and output voltage. Figure 19 provides a guide as to the amount of output load
current possible for the different input and output voltage conditions.

The maximum voltage appearing across the regulator is the absolute sum of the input and output voltage, and
this must be limited to a maximum of 40 V. For example, when converting +20 V to -12 V, the regulator would
see 32 V between the input pin and ground pin. The LM2596 has a maximum input voltage spec of 40 V.

Additional diodes are required in this regulator configuration. Diode D1 is used to isolate input voltage ripple or
noise from coupling through the C,y capacitor to the output, under light or no load conditions. Also, this diode
isolation changes the topology to closely resemble a buck configuration, thus providing good closed-loop stability.
Tl recommends using a Schottky diode for low input voltages, (because of its lower voltage drop) but for higher
input voltages, a fast recovery diode could be used.

Without diode D3, when the input voltage is first applied, the charging current of C,y can pull the output positive
by several volts for a short period of time. Adding D3 prevents the output from going positive by more than a
diode voltage.

D1
1N5823

Q in] Lm2596
+V, Py o
U ’L, 5.0
5| ON/OFF 3| GND
71
On 2l 19y
470 uF T at

2N3904

-5V
OUTPUT

This circuit has hysteresis
Regulator starts switching at Vi = 13V
Regulator stops switching at V,y =8 V

Figure 17. Undervoltage Lockout With Hysteresis for Inverting Regulator

D1

1N5823 FEEDBACK
v
INPUT VOLTAGE_‘] L LM2596-5.0 4 L1 33 uH
+4.5V to +20V L I ] . ouT _
C1 2 |
0.1 5|oN/oFF 3| 6ND N —
S b2 = Cour D3
N —— R1 R2 1N5825 1N5400
47k 47k
-5V

QUTPUT

Cin — 68-uF, 25-V Tant. Sprague 595D
470 -pF, 50-V Elec. Panasonic HFQ
Cout — 47-uF, 20-V Tant. Sprague 595D

220-uF, 25-V Elec. Panasonic HFQ

Figure 18. Inverting =5-V Regulator With Delayed Start-Up
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Feature Description (continued)

L =32 uH -5V Out
16 - ///

1.4 7
. /1 ~-12v out

1.0 /
Y /4
0:6 /

0.4
0.2

70V out

MAXIMUM LOAD CURRENT (A)

NN
\

0 5 10 15 20 25
INPUT VOLTAGE (V)

Figure 19. Inverting Regulator Typical Load Current

Because of differences in the operation of the inverting regulator, the standard design procedure is not used to
select the inductor value. In the majority of designs, a 33-uH, 3.5-A inductor is the best choice. Capacitor
selection can also be narrowed down to just a few values. Using the values shown in Figure 18 will provide good
results in the majority of inverting designs.

This type of inverting regulator can require relatively large amounts of input current when starting up, even with
light loads. Input currents as high as the LM2596 current limit (approximately 4.5 A) are required for at least 2 ms
or more, until the output reaches its nominal output voltage. The actual time depends on the output voltage and
the size of the output capacitor. Input power sources that are current limited or sources that can not deliver these
currents without getting loaded down, may not work correctly. Because of the relatively high start-up currents
required by the inverting topology, the delayed start-up feature (Cl, R4, and R,) shown in Figure 18 is
recommended. By delaying the regulator start-up, the input capacitor is allowed to charge up to a higher voltage
before the switcher begins operating. A portion of the high input current required for start-up is now supplied by
the input capacitor (C,\). For severe start-up conditions, the input capacitor can be made much larger than
normal.

8.3.4 Inverting Regulator Shutdown Methods

Using the ON/OFF pin in a standard buck configuration is simple. To turn the regulator ON, pull the ON/OFF pin
below 1.3 V (at 25°C, referenced to ground). To turn the regulator OFF, pull the ON/OFF pin above 1.3 V. With
the inverting configuration, some level shifting is required, because the ground pin of the regulator is no longer at
ground, but is now setting at the negative output voltage level. Two different shutdown methods for inverting
regulators are shown in Figure 20 and Figure 21.

+V o= R4 6.2k
OFF  sHuTDOWN

0= INPUT
d| Y
+V|N—> ‘J
1N5823 Q1
2N3906

=z

LM2596
1 5.0

w

ON/OFF 3| GND

|-
I

-5y
OUTPUT

Figure 20. Inverting Regulator Ground Referenced Shutdown
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Feature Description (continued)

D1
1N5823

INPUT VOLTAGE

+4.5V to +25V LM2596-5.0

1

R1
47k s |oN/oFF 3| 6ND

+5V - —— o =
| SHUTDOWN
O T INPUT T YYY
R3 R2
470 T 47k
A AN
-5V

QUTPUT

—— OPTO-ISOLATOR

Figure 21. Inverting Regulator Ground Referenced Shutdown Using Opto Device

8.4 Device Functional Modes

8.4.1 Discontinuous Mode Operation

The selection guide chooses inductor values suitable for continuous mode operation, but for low current
applications or high input voltages, a discontinuous mode design may be a better choice. A discontinuous mode
design would use an inductor that would be physically smaller, and would require only one half to one third the
inductance value required for a continuous mode design. The peak switch and inductor currents will be higher in
a discontinuous design, but at these low load currents (1 A and below), the maximum switch current will still be
less than the switch current limit.

Discontinuous operation can have voltage waveforms that are considerably different than a continuous design.
The output pin (switch) waveform can have some damped sinusoidal ringing present (see Figure 36). This
ringing is normal for discontinuous operation, and is not caused by feedback loop instabilities. In discontinuous
operation, there is a period of time where neither the switch nor the diode are conducting, and the inductor
current has dropped to zero. During this time, a small amount of energy can circulate between the inductor and
the switch/diode parasitic capacitance causing this characteristic ringing. Normally this ringing is not a problem,
unless the amplitude becomes great enough to exceed the input voltage, and even then, there is very little
energy present to cause damage.

Different inductor types or core materials produce different amounts of this characteristic ringing. Ferrite core
inductors have very little core loss and therefore produce the most ringing. The higher core loss of powdered iron
inductors produce less ringing. If desired, a series RC could be placed in parallel with the inductor to dampen the
ringing.

Befora
Ripple
Filter

5 mVidiv.
Alter
Ripple
Filter

Figure 22. Post Ripple Filter Waveform

2 psecdiv
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

9.1.1 Input Capacitor (Cy\)

A low ESR aluminum or tantalum bypass capacitor is required between the input pin and ground pin. It must be
placed near the regulator using short leads. This capacitor prevents large voltage transients from occuring at the
input, and provides the instantaneous current required each time the switch turns ON.

The important parameters for the Input capacitor are the voltage rating and the RMS current rating. Because of
the relatively high RMS currents flowing in a buck regulator's input capacitor, this capacitor must be chosen for
its RMS current rating rather than its capacitance or voltage ratings, although the capacitance value and voltage
rating are directly related to the RMS current rating.

The RMS current rating of a capacitor could be viewed as a capacitor's power rating. The RMS current flowing
through the capacitors internal ESR produces power which causes the internal temperature of the capacitor to
rise. The RMS current rating of a capacitor is determined by the amount of current required to raise the internal
temperature approximately 10°C above an ambient temperature of 105°C. The ability of the capacitor to dissipate
this heat to the surrounding air will determine the amount of current the capacitor can safely sustain. For a given
capacitor value, a higher voltage electrolytic capacitor will be physically larger than a lower voltage capacitor, and
thus be able to dissipate more heat to the surrounding air, and therefore will have a higher RMS current rating.

The consequences of operating an electrolytic capacitor above the RMS current rating is a shortened operating
life. The higher temperature speeds up the evaporation of the capacitor's electrolyte, resulting in eventual failure.

Selecting an input capacitor requires consulting the manufacturers data sheet for maximum allowable RMS ripple
current. For a maximum ambient temperature of 40°C, a general guideline would be to select a capacitor with a
ripple current rating of approximately 50% of the DC load current. For ambient temperatures up to 70°C, a
current rating of 75% of the DC load current would be a good choice for a conservative design. The capacitor
voltage rating must be at least 1.25 times greater than the maximum input voltage, and often a much higher
voltage capacitor is required to satisfy the RMS current requirements.

Figure 23 shows the relationship between an electrolytic capacitor value, its voltage rating, and the RMS current
it is rated for. These curves were obtained from the Nichicon PL series of low-ESR, high-reliability electrolytic
capacitors designed for switching regulator applications. Other capacitor manufacturers offer similar types of
capacitors, but always check the capacitor data sheet.

Standard electrolytic capacitors typically have much higher ESR numbers, lower RMS current ratings and
typically have a shorter operating lifetime.

Because of their small size and excellent performance, surface-mount solid tantalum capacitors are often used
for input bypassing, but several precautions must be observed. A small percentage of solid tantalum capacitors
can short if the inrush current rating is exceeded. This can happen at turnon when the input voltage is suddenly
applied, and of course, higher input voltages produce higher inrush currents. Several capacitor manufacturers do
a 100% surge current testing on their products to minimize this potential problem. If high turnon currents are
expected, it may be necessary to limit this current by adding either some resistance or inductance before the
tantalum capacitor, or select a higher voltage capacitor. As with aluminum electrolytic capacitors, the RMS ripple
current rating must be sized to the load current.
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Application Information (continued)
9.1.2 Feedforward Capacitor (Cgg)

NOTE
For adjustable output voltage version only.

A feedforward capacitor, shown across R2 in Table 6, is used when the output voltage is greater than 10 V or
when Cqyr has a very low ESR. This capacitor adds lead compensation to the feedback loop and increases the
phase margin for better loop stability. For Cr selection, see the Detailed Design Procedure section.

2200
2000 | of low ESR Electrolytic .

~

Capacitors. 100kHz, @ 105°c_L~ L/

1800 A/
1600

‘ 7
padiial ,uF'
680 uF 330 uF

1400 -l
1200 / A 27008

4 /I

Typical RMS current ratings

L
1000 7 180 pfF —
800 /// i
/

120 uF

Q

600
400
200

\\\\

0 10 20 30 40 50 60 70
CAPACITOR VOLTAGE RATING (V)

CAPACITOR CURRENT RATING @105°C (RMS mA)

Figure 23. RMS Current Ratings for Low ESR Electrolytic Capacitors (Typical)

9.1.3 Output Capacitor (Coyt)

An output capacitor is required to filter the output and provide regulator loop stability. Low impedance or low-ESR
electrolytic or solid tantalum capacitors designed for switching regulator applications must be used. When
selecting an output capacitor, the important capacitor parameters are the 100-kHz ESR, the RMS ripple current
rating, voltage rating, and capacitance value. For the output capacitor, the ESR value is the most important
parameter.

The output capacitor requires an ESR value that has an upper and lower limit. For low output ripple voltage, a
low ESR value is required. This value is determined by the maximum allowable output ripple voltage, typically 1%
to 2% of the output voltage. But if the selected capacitor's ESR is extremely low, there is a possibility of an
unstable feedback loop, resulting in an oscillation at the output. Using the capacitors listed in the tables, or
similar types, will provide design solutions under all conditions.

If very low output ripple voltage (less than 15 mV) is required, see Output Voltage Ripple and Transients for a
post ripple filter.

An aluminum electrolytic capacitor's ESR value is related to the capacitance value and its voltage rating. In most
cases, higher voltage electrolytic capacitors have lower ESR values (see Figure 24). Often, capacitors with much
higher voltage ratings may be required to provide the low ESR values required for low output ripple voltage.

The output capacitor for many different switcher designs often can be satisfied with only three or four different
capacitor values and several different voltage ratings. See Table 3 and Table 4 for typical capacitor values,
voltage ratings, and manufacturers capacitor types.

Electrolytic capacitors are not recommended for temperatures below —25°C. The ESR rises dramatically at cold
temperatures and is typically 3 times as large at -25°C and as much as 10 times as large at —-40°C. See
Figure 25.

Solid tantalum capacitors have a much better ESR specifications for cold temperatures and are recommended
for temperatures below —25°C.
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Application Information (continued)
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Figure 24. Capacitor ESR vs Capacitor Voltage Rating (Typical Low-ESR Electrolytic Capacitor)

9.1.4 Catch Diode

Buck regulators require a diode to provide a return path for the inductor current when the switch turns off. This
must be a fast diode and must be placed close to the LM2596 using short leads and short printed-circuit traces.

Because of their very fast switching speed and low forward voltage drop, Schottky diodes provide the best
performance, especially in low output voltage applications (5 V and lower). Ultra-fast recovery, or high-efficiency
rectifiers are also a good choice, but some types with an abrupt turnoff characteristic may cause instability or
EMI problems. Ultra-fast recovery diodes typically have reverse recovery times of 50 ns or less. Rectifiers such
as the 1N5400 series are much too slow and should not be used.

500 T T T T T
400 TYPICAL 100 kHz ESR E

300 N\ OF 220 uF 35V LOW ESR |
\ ELECTROLYTIC CAPACITOR

200
\

Cl \
E 00 \
& 80
60 N
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N
40 ~
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-40 -20 0 20 40 60 80 100
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Figure 25. Capacitor ESR Change vs Temperature

9.1.5 Inductor Selection

All switching regulators have two basic modes of operation; continuous and discontinuous. The difference
between the two types relates to the inductor current, whether it is flowing continuously, or if it drops to zero for a
period of time in the normal switching cycle. Each mode has distinctively different operating characteristics,
which can affect the regulators performance and requirements. Most switcher designs will operate in the
discontinuous mode when the load current is low.

The LM2596 (or any of the SIMPLE SWITCHER™ family) can be used for both continuous or discontinuous
modes of operation.

In many cases the preferred mode of operation is the continuous mode, which offers greater output power, lower
peak switch, lower inductor and diode currents, and can have lower output ripple voltage. However, the
continuous mode does require larger inductor values to keep the inductor current flowing continuously, especially
at low output load currents or high input voltages.
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Application Information (continued)

To simplify the inductor selection process, an inductor selection guide (nomograph) was designed (see Figure 27
through Figure 30). This guide assumes that the regulator is operating in the continuous mode, and selects an
inductor that will allow a peak-to-peak inductor ripple current to be a certain percentage of the maximum design
load current. This peak-to-peak inductor ripple current percentage is not fixed, but is allowed to change as
different design load currents are selected (see Figure 26.)

50

40 %
% |lnductance

Region

20

10

Alyp (% OF MAX DESIGN LOAD CURRENT)

05 1.0 15 20 25 3.0
MAXIMUM LOAD CURRENT (A)

Figure 26. (Alp) Peak-to-Peak Inductor
Ripple Current (as a Percentage of the Load Current)
vs Load Current

By allowing the percentage of inductor ripple current to increase for low load currents, the inductor value and size
can be kept relatively low.

When operating in the continuous mode, the inductor current waveform ranges from a triangular to a sawtooth
type of waveform (depending on the input voltage), with the average value of this current waveform equal to the
DC output load current.

Inductors are available in different styles such as pot core, toroid, E-core, bobbin core, and so forth, as well as
different core materials, such as ferrites and powdered iron. The least expensive, the bobbin, rod or stick core,
consists of wire wound on a ferrite bobbin. This type of construction makes for an inexpensive inductor, but
because the magnetic flux is not completely contained within the core, it generates more Electro-Magnetic
Interference (EMI). This magnetic flux can induce voltages into nearby printed-circuit traces, thus causing
problems with both the switching regulator operation and nearby sensitive circuitry, and can give incorrect scope
readings because of induced voltages in the scope probe (see Open-Core Inductors).

When multiple switching regulators are located on the same PCB, open-core magnetics can cause interference
between two or more of the regulator circuits, especially at high currents. A torroid or E-core inductor (closed
magnetic structure) should be used in these situations.

The inductors listed in the selection chart include ferrite E-core construction for Schottky, ferrite bobbin core for
Renco and Coilcraft, and powdered iron toroid for Pulse Engineering.

Exceeding an inductor's maximum current rating may cause the inductor to overheat because of the copper wire
losses, or the core may saturate. If the inductor begins to saturate, the inductance decreases rapidly and the
inductor begins to look mainly resistive (the DC resistance of the winding). This can cause the switch current to
rise very rapidly and force the switch into a cycle-by-cycle current limit, thus reducing the DC output load current.
This can also result in overheating of the inductor or the LM2596. Different inductor types have different
saturation characteristics, so consider this when selecting an inductor.

The inductor manufacturer's data sheets include current and energy limits to avoid inductor saturation.
For continuous mode operation, see the inductor selection graphs in Figure 27 through Figure 30.
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Application Information (continued)
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Figure 29. LM2596-12 Figure 30. LM2596-ADJ
Table 1. Inductor Manufacturers Part Numbers
INDUCTANCE CURRENT SCHOTTKY RENCO PULSE ENGINEERING COILCRAFT
(nH) *) THROUGH- SURFACE- THROUGH- SURFACE- THROUGH- SURFACE- SURFACE-
HOLE MOUNT HOLE MOUNT HOLE MOUNT MOUNT
L15 22 0.99 67148350 67148460 ?§_1284-22- RL1500-22 PE-53815 PE-53815-S D03308-223
L21 |68 0.99 67144070 67144450 | RL-5471-5 | RL1500-68 PE-53821 PE-53821-S | DO3316-683
L22 47 1.17 67144080 67144460 RL-5471-6 — PE-53822 PE-53822-S D03316-473
L23 33 1.40 67144090 67144470 RL-5471-7 — PE-53823 PE-53823-S D0O3316-333
L2415 1.70 67148370 67148480 %‘1283'22' — PE-53824 | PE-53825-S | DO3316-223
L25 15 2.10 67148380 67148490 ‘F:é_-1283-15- — PE-53825 PE-53824-S D03316-153
L26 330 0.80 67144100 67144480 RL-5471-1 — PE-53826 PE-53826-S DO5022P-334
L27 220 1.00 67144110 67144490 RL-5471-2 — PE-53827 PE-53827-S DO5022P-224
L28 150 1.20 67144120 67144500 RL-5471-3 — PE-53828 PE-53828-S DO5022P-154
L29 100 1.47 67144130 67144510 RL-5471-4 — PE-53829 PE-53829-S DO5022P-104
L30 68 1.78 67144140 67144520 RL-5471-5 — PE-53830 PE-53830-S DO5022P-683
L31 |47 2.20 67144150 67144530 | RL-5471-6 — PE-53831 PE-53831-S | DO5022P-473
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Application Information (continued)

Table 1. Inductor Manufacturers Part Numbers (continued)

INDUCTANCE | CURRENT SCHOTTKY RENCO PULSE ENGINEERING COILCRAFT

(1H) ) THROUGH- | SURFACE- | THROUGH- | SURFACE- | THROUGH- | SURFACE- SURFACE-
HOLE MOUNT HOLE MOUNT HOLE MOUNT MOUNT

132 |33 2.50 67144160 67144540 | RL-5471-7 — PE53932 | PE-53932S | DO5022P-333

L33 12 3.10 67148390 6714500 | PL128%2% — PE-53033 | PE-53933-S | DO5022P-223

L34 115 3.40 67148400 67148700 | RL128%15 - PE-53934 | PE-53934-S | DO5022P-153

L35 |220 1.70 67144170 — RL-5473-1 — PE53935 | PE-53935-S _

36 |150 2.10 67144180 — RL-5473-4 _ PE54036 | PE-54036-S _

137|100 2.50 67144190 _ RL-5472-1 _ PE54037 | PE-54037-S —

38 |68 3.10 67144200 — RL-5472-2 — PE54038 | PE-54038-S —

139 |47 3.50 67144210 — RL-5472-3 — PE54039 | PE-54039-S —

L40 |33 3.50 67144220 67148200 | RL-5472-4 — PE54040 | PE-54040-S —

L1 |22 3.50 67144230 67148300 | RL-5472°5 — PE54041 | PE-54041-S _

L42 | 150 2.70 67148410 — RL-5473-4 _ PE54042 | PE-54042°S _

L43 | 100 3.40 67144240 _ RL-5473-2 _ PE-54043 —

L4a |68 3.40 67144250 — RL-5473-3 — PE-54044 —

9.1.6 Output Voltage Ripple and Transients

The output voltage of a switching power supply operating in the continuous mode will contain a sawtooth ripple
voltage at the switcher frequency, and may also contain short voltage spikes at the peaks of the sawtooth
waveform.

The output ripple voltage is a function of the inductor sawtooth ripple current and the ESR of the output
capacitor. A typical output ripple voltage can range from approximately 0.5% to 3% of the output voltage. To
obtain low ripple voltage, the ESR of the output capacitor must be low; however, exercise caution when using
extremely low ESR capacitors because they can affect the loop stability, resulting in oscillation problems. TI
recommends a post ripple filter if very low output ripple voltage is required (less than 20 mV) (see Figure 32).
The inductance required is typically between 1 pH and 5 pH, with low DC resistance, to maintain good load
regulation. A low ESR output filter capacitor is also required to assure good dynamic load response and ripple
reduction. The ESR of this capacitor may be as low as desired, because it is out of the regulator feedback loop.
Figure 22 shows a typical output ripple voltage, with and without a post ripple filter.

When observing output ripple with a scope, it is essential that a short, low inductance scope probe ground
connection be used. Most scope probe manufacturers provide a special probe terminator which is soldered onto
the regulator board, preferably at the output capacitor. This provides a very short scope ground, thus eliminating
the problems associated with the 3-inch ground lead normally provided with the probe, and provides a much
cleaner and more accurate picture of the ripple voltage waveform.

The voltage spikes are caused by the fast switching action of the output switch and the diode, the parasitic
inductance of the output filter capacitor, and its associated wiring. To minimize these voltage spikes, the output
capacitor should be designed for switching regulator applications, and the lead lengths must be kept very short.
Wiring inductance, stray capacitance, as well as the scope probe used to evaluate these transients, all contribute
to the amplitude of these spikes.

When a switching regulator is operating in the continuous mode, the inductor current waveform ranges from a
triangular to a sawtooth type of waveform (depending on the input voltage). For a given input and output voltage,
the peak-to-peak amplitude of this inductor current waveform remains constant. As the load current increases or
decreases, the entire sawtooth current waveform also rises and falls. The average value (or the center) of this
current waveform is equal to the DC load current.

If the load current drops to a low enough level, the bottom of the sawtooth current waveform reaches zero, and
the switcher smoothly changes from a continuous to a discontinuous mode of operation. Most switcher designs
(regardless of how large the inductor value is) is forced to run discontinuous if the output is lightly loaded. This is
a perfectly acceptable mode of operation.
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Figure 31. Peak-to-Peak Inductor
Ripple Current vs Load Current

In a switching regulator design, knowing the value of the peak-to-peak inductor ripple current (Alyp) can be
useful for determining a number of other circuit parameters. Parameters such as peak inductor or peak switch
current, minimum load current before the circuit becomes discontinuous, output ripple voltage, and output
capacitor ESR can all be calculated from the peak-to-peak Alyp. When the inductor nomographs in Figure 27
through Figure 30 are used to select an inductor value, the peak-to-peak inductor ripple current can immediately
be determined. Figure 31 shows the range of (Al\p) that can be expected for different load currents. Figure 31
also shows how the peak-to-peak inductor ripple current (Al,yp) changes as you go from the lower border to the
upper border (for a given load current) within an inductance region. The upper border represents a higher input
voltage, while the lower border represents a lower input voltage.

These curves are only correct for continuous mode operation, and only if the inductor selection guides are used
to select the inductor value.

Consider the following example:
Vout =5V, maximum load current of 2.5 A
Vv = 12 V, nominal, varying between 10 V and 16 V.

The selection guide in Figure 28 shows that the vertical line for a 2.5-A load current and the horizontal line for the
12-V input voltage intersect approximately midway between the upper and lower borders of the 33-puH inductance
region. A 33-uH inductor allows a peak-to-peak inductor current (Alyp), Which is a percentage of the maximum
load current, to flow. In Figure 31, follow the 2.5-A line approximately midway into the inductance region, and
read the peak-to-peak inductor ripple current (Al,np) on the left hand axis (approximately 620 mAp-p).

As the input voltage increases to 16 V, approaching the upper border of the inductance region, the inductor ripple
current increases. Figure 31shows that for a load current of 2.5 A, the peak-to-peak inductor ripple current (Aljyp)
is 620 mA with 12 Vy, and can range from 740 mA at the upper border (16 V/y) to 500 mA at the lower border
(10 V).

Once the Alyp value is known, use these equations to calculate additional information about the switching
regulator circuit.
. = (|LOAD + M) = (2.5A + %) = 281A
1. Peak Inductor or peak switch current 2 2
—Almp _ 952 _ 4414
2. Minimum load current before the circuit becomes discontinuous 2 2

3. Output Ripple Voltage = (Alnp) X (ESR of Coyr) = 0.62 A x 0.1 Q =62 mVp-p
4.
ESR of Coyr = Output Ripple Voltage (AVoyT)
Alinp
_ 0.062V _
"~ 0.62A
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9.1.7 Open-Core Inductors

Another possible source of increased output ripple voltage or unstable operation is from an open-core inductor.
Ferrite bobbin or stick inductors have magnetic lines of flux flowing through the air from one end of the bobbin to
the other end. These magnetic lines of flux will induce a voltage into any wire or PCB copper trace that comes
within the inductor's magnetic field. The strength of the magnetic field, the orientation and location of the PC
copper trace to the magnetic field, and the distance between the copper trace and the inductor determine the
amount of voltage generated in the copper trace. Another way of looking at this inductive coupling is to consider
the PCB copper trace as one turn of a transformer (secondary) with the inductor winding as the primary. Many
millivolts can be generated in a copper trace located near an open-core inductor, which can cause stability
problems or high output ripple voltage problems.

If unstable operation is seen, and an open-core inductor is used, it is possible that the location of the inductor
with respect to other PC traces may be the problem. To determine if this is the problem, temporarily raise the
inductor away from the board by several inches and then check circuit operation. If the circuit now operates
correctly, then the magnetic flux from the open core inductor is causing the problem. Substituting a closed core
inductor such as a torroid or E-core will correct the problem, or re-arranging the PC layout may be necessary.
Magnetic flux cutting the IC device ground trace, feedback trace, or the positive or negative traces of the output
capacitor should be minimized.

Sometimes, placing a trace directly beneath a bobbin inductor will provide good results, provided it is exactly in
the center of the inductor (because the induced voltages cancel themselves out). However, problems could arise
if the trace is off center one direction or the other. If flux problems are present, even the direction of the inductor
winding can make a difference in some circuits.

This discussion on open core inductors is not to frighten users, but to alert users on what kind of problems to
watch out for. Open-core bobbin or stick inductors are an inexpensive, simple way of making a compact, efficient
inductor, and they are used by the millions in many different applications.

9.2 Typical Applications

9.2.1 LM2596 Fixed Output Series Buck Regulator

Ciny — 470-pF, 50-V, Aluminum Electrolytic Nichicon PL Series
Cout — 220-pF, 25-V Aluminum Electrolytic, Nichicon PL Series
D1 — 5-A, 40-V Schottky Rectifier, IN5825

L1 — 68 uH, L38

Figure 32. Fixed Output Voltage Version

9.2.1.1 Design Requirements

Table 2 lists the design parameters for this example.

Table 2. Design Parameters

PARAMETER EXAMPLE VALUE
Regulated Output Voltage (3.3 V, 5V or 12 V), 5V
Vour
Maximum DC Input Voltage, V y(max) 12V
Maximum Load Current, | oap(max) 3A
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9.2.1.2 Detailed Design Procedure

9.2.1.2.1 Inductor Selection (L1)

1. Select the correct inductor value selection guide from Figure 27, Figure 28, or Figure 29 (output voltages of
3.3V, 5V, or 12V respectively). Use the inductor selection guide for the 5-V version shown in Figure 28.

2. From the inductor value selection guide, identify the inductance region intersected by the maximum input
voltage line and the maximum load current line. Each region is identified by an inductance value and an
inductor code (LXX). From the inductor value selection guide shown in Figure 28, the inductance region
intersected by the 12-V horizontal line and the 3-A vertical line is 33 pH, and the inductor code is L40.

3. Select an appropriate inductor from the four manufacturer's part numbers listed in Table 1. The inductance
value required is 33 pH. See row L40 of Table 1 and choose an inductor part number from any of the
manufacturers shown. In most instances, both through-hole and surface-mount inductors are available.

9.2.1.2.2 Output Capacitor Selection (Cgoyt)

1. In the majority of applications, low ESR (Equivalent Series Resistance) electrolytic capacitors between 82 uF
and 820 pF and low ESR solid tantalum capacitors between 10 uF and 470 pF provide the best results. This
capacitor must be placed close to the IC using short capacitor leads and short copper traces. Do not use
capacitors larger than 820 uF .

NOTE
For additional information, see section on output capacitors in Table 3.

2. To simplify the capacitor selection procedure, see Table 3 for quick design component selection. This table
contains different input voltages, output voltages, and load currents, and lists various inductors and output
capacitors that will provide the best design solutions.

From Table 3, locate the 5-V output voltage section. In the load current column, choose the load current line
that is closest to the current required for the application; for this example, use the 3-A line. In the maximum
input voltage column, select the line that covers the input voltage required for the application; in this
example, use the 15-V line. The rest of the line shows recommended inductors and capacitors that will
provide the best overall performance.

Table 3. LM2596 Fixed Voltage Quick Design Component Selection Table

CONDITIONS INDUCTOR OUTPUT CAPACITOR
THROUGH-HOLE ELECTROLYTIC SURFACE-MOUNT TANTALUM
o T roee TWAHAT | ovcance | moucron | FAVSSONE | Moo | aws [ srructe,
V) &) V) et ® ) (FIV) (WFIV) (WFIV)
5 22| L41 470/25 560/16 330/6.3 390/6.3
7 22| L41 560/35 560/35 330/6.3 390/6.3
3 10 22| L41 680/35 680/35 330/6.3 390/6.3
3.3 40 33| L40 560/35 470/35 330/6.3 390/6.3
6 22| L33 470/25 470/35 330/6.3 390/6.3
2 10 33| L32 330/35 330/35 330/6.3 390/6.3
40 47 | L39 330/35 270/50 220/10 330/10
8 22| L41 470/25 560/16 220/10 330/10
10 22| L41 560/25 560/25 220/10 330/10
3 15 33| L40 330/35 330/35 220/10 330/10
5 40 47 | L39 330/35 270/35 220/10 330/10
9 22| L33 470/25 560/16 220/10 330/10
2 20 68 | L38 180/35 180/35 100/10 270/10
40 68 | L38 180/35 180/35 100/10 270/10
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Table 3. LM2596 Fixed Voltage Quick Design Component Selection Table (continued)

OUTPUT CAPACITOR
CONDITIONS INDUCTOR
THROUGH-HOLE ELECTROLYTIC | SURFACE-MOUNT TANTALUM
OUTPUT LOAD MAX INPUT PANASONIC NICHICON AVX TPS SPRAGUE
VOLTAGE | CURRENT | VOLTAGE 'NDU((:TH";NCE 'NDT;TOR HFQ SERIES PL SERIES SERIES 595D SERIES
V) (A) V) . (nF/V) (nF/V) (nF/V) (nF/V)
15 22| La1 470125 470125 100/16 180/16
, 18 33| L40 330/25 330125 100/16 180/16
30 68| L4a 180/25 180/25 100/16 120120
12 40 68| L44 180/35 180/35 100/16 120120
15 33| 132 330/25 330125 100116 180/16
2 20 68| L38 180125 180/25 100/16 120120
40 150 | L42 82125 82125 68120 68125

The capacitor list contains both through-hole electrolytic and surface-mount tantalum capacitors from four
different capacitor manufacturers. Tl recommends that both the manufacturers and the manufacturer's series
that are listed in Table 3.

In this example aluminum electrolytic capacitors from several different manufacturers are available with the
range of ESR numbers required.

— 330-puF, 35-V Panasonic HFQ Series

— 330-uF, 35-V Nichicon PL Series

The capacitor voltage rating for electrolytic capacitors should be at least 1.5 times greater than the output
voltage, and often require much higher voltage ratings to satisfy the low ESR requirements for low output
ripple voltage.

For a 5-V output, a capacitor voltage rating of at least 7.5 V is required. But even a low ESR, switching
grade, 220-uF, 10-V aluminum electrolytic capacitor would exhibit approximately 225 mQ of ESR (see
Figure 24 for the ESR vs voltage rating). This amount of ESR would result in relatively high output ripple
voltage. To reduce the ripple to 1% or less of the output voltage, a capacitor with a higher value or with a
higher voltage rating (lower ESR) must be selected. A 16-V or 25-V capacitor will reduce the ripple voltage
by approximately half.

9.2.1.2.3 Catch Diode Selection (D1)

1. The catch diode current rating must be at least 1.3 times greater than the maximum load current. Also, if the
power supply design must withstand a continuous output short, the diode must have a current rating equal to
the maximum current limit of the LM2596. The most stressful condition for this diode is an overload or
shorted output condition. See Table 4. In this example, a 5-A, 20-V, 1N5823 Schottky diode will provide the
best performance, and will not be overstressed even for a shorted output.

Table 4. Diode Selection Table
3-A DIODES 4-A TO 6-A DIODES
VR SURFACE-MOUNT THROUGH-HOLE SURFACE-MOUNT THROUGH-HOLE
ULTRA FAST ULTRA FAST ULTRA FAST ULTRA FAST
SCHOTTKY EEATEE SCHOTTKY Ay SCHOTTKY RV SCHOTTKY e
All of 1N5820 All of All of SR502 All of
these these these these
20V | SK32 diodes SR302 diodes diodes 1IN5823 diodes
are MBR320 are are SB520 are
rated to rated to rated to rated to
30WQ03 at least IN5821 at least at least at least
30V | SK33 50V. MBR330 50V. 50WQ03 50V. SR503 50V.
31DQ03 1N5824
1N5822 SB530
40V | SK34 SR304 50WQ04 SR504
MBRS340 MBR340 1N5825
30WQ04 MURS320 31DQ04 MUR320 MURS620 SB540 MUR620
50V | SK35 30WF10 SR305 50WF10 HER601
or MBRS360 MBR350 50WQ05 SB550
More |30WQ05 31DQ05 50SQ080
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2. The reverse voltage rating of the diode must be at least 1.25 times the maximum input voltage.

3. This diode must be fast (short reverse recovery time) and must be placed close to the LM2596 using short
leads and short-printed circuit traces. Because of their fast switching speed and low forward voltage drop,
Schottky diodes provide the best performance and efficiency, and must be the first choice, especially in low
output voltage applications. Ultra-fast recovery, or high-efficiency rectifiers also provide good results. Ultra-
fast recovery diodes typically have reverse recovery times of 50 ns or less. Rectifiers such as the 1N5400
series must not be used because they are too slow.

9.2.1.2.4 Input Capacitor (Cy)

A low ESR aluminum or tantalum bypass capacitor is required between the input pin and ground pin to prevent
large voltage transients from appearing at the input. This capacitor must be placed close to the IC using short
leads. In addition, the RMS current rating of the input capacitor should be selected to be at least % the DC load
current. The capacitor manufacturers data sheet must be checked to assure that this current rating is not
exceeded. Figure 23 shows typical RMS current ratings for several different aluminum electrolytic capacitor
values.

For an aluminum electrolytic, the capacitor voltage rating must be approximately 1.5 times the maximum input
voltage. Exercise caution if solid tantalum capacitors are used (see Input Capacitor (Cyy)). The tantalum capacitor
voltage rating should be 2 times the maximum input voltage and Tl recommends that they be surge current
tested by the manufacturer.

Use caution when using ceramic capacitors for input bypassing, because it may cause severe ringing at the Vg
pin.

The important parameters for the Input capacitor are the input voltage rating and the RMS current rating. With a
nominal input voltage of 12 V, an aluminum electrolytic capacitor with a voltage rating greater than 18 V
(1.5 x V) is necessary. The next higher capacitor voltage rating is 25 V.

The RMS current rating requirement for the input capacitor in a buck regulator is approximately %2 the DC load
current. In this example, with a 3-A load, a capacitor with a RMS current rating of at least 1.5 A is required.
Figure 23 can be used to select an appropriate input capacitor. From the curves, locate the 35-V line and note
which capacitor values have RMS current ratings greater than 1.5 A. A 680-uF, 35-V capacitor could be used.

For a through-hole design, a 680-uF, 35-V electrolytic capacitor (Panasonic HFQ series or Nichicon PL series or
equivalent) would be adequate. Other types or other manufacturers' capacitors can be used provided the RMS
ripple current ratings are adequate.

For surface-mount designs, solid tantalum capacitors can be used, but exercise caution with regard to the
capacitor surge current rating (see Input Capacitor (Cyy) in this data sheet). The TPS series available from AVX,
and the 593D series from Sprague are both surge current tested.
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9.2.1.3 Application Curves

Continuous Mode Switching Waveforms Viy =20V, Voyr =5V,
lLoap =2 A, L =32 uH, Coyt = 220 pF, Coyt ESR =50 mQ

A: Output Pin Voltage, 10 V/div.

B: Inductor Current 1 A/div.

C: Output Ripple Voltage, 50 mV/div.

Figure 33. Horizontal Time Base: 2 ps/div

100 mV
A AC/
dhy.

2A

1A
0A

Load Transient Response for Continuous Mode V,y =20 V, Vout =
5V, loap = 500 mAto2 A, L=32 uH, COUT =220 uF, COUT ESR =
50 mQ

A: Output Voltage, 100 mV/div. (AC)

B: 500-mA to 2-A Load Pulse

Figure 34. Horizontal Time Base: 100 ps/div

9.2.2 LM2596 Adjustable Output Series Buck Regulator

Ra
Vout = VRer {1+ 7=
1

where Vggg = 1.23 V

V,
e i)
REF

Select R, to be approximately 1 kQ, use a 1% resistor for best stability.
Cin — 470-puF, 50-V, Aluminum Electrolytic Nichicon PL Series
Cout — 220-pF, 35-V Aluminum Electrolytic, Nichicon PL Series

D1 — 5-A, 40-V Schottky Rectifier, IN5825
L1 — 68 uH, L38

R1 —1kQ, 1%

Crr — See Feedforward Capacitor (Cgg)

Figure 35. Adjustable Output Voltage Version
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9.2.2.1 Design Requirements
Table 5 lists the design parameters for this example.

Table 5. Design Parameters

PARAMETER EXAMPLE VALUE
Regulated output voltage (3.3V, 5V or 12V), Vout 20V
Maximum DC input voltage, V y(max) 28V
Maximum load current, I gap(max) 3A
Switching frequency, F Fixed at a nominal 150 kHz

9.2.2.2 Detailed Design Procedure

9.2.2.2.1 Custom Design with WEBENCH Tools
Click here to create a custom design using the LM2596 device with the WEBENCH® Power Designer.

1. Start by entering your V|y, Vout and lgyt requirements.
2. Optimize your design for key parameters like efficiency, footprint and cost using the optimizer dial and
compare this design with other possible solutions from Texas Instruments.

3. WEBENCH Power Designer provides you with a customized schematic along with a list of materials with real
time pricing and component availability.

4. In most cases, you will also be able to:

Run electrical simulations to see important waveforms and circuit performance,

Run thermal simulations to understand the thermal performance of your board,

Export your customized schematic and layout into popular CAD formats,

Print PDF reports for the design, and share your design with colleagues.

5. Get more information about WEBENCH tools at www.ti.com/webench.

9.2.2.2.2 Programming Output Voltage
Select R; and R,, as shown in Table 6
Use Equation 1 to select the appropriate resistor values.

R
VouTt = VREF (1 + —2) where Vger = 1.23V
M &

Select a value for Ry between 240 Q and 1.5 kQ. The lower resistor values minimize noise pickup in the sensitive
feedback pin. (For the lowest temperature coefficient and the best stability with time, use 1% metal film
resistors.). Calculate R, with Equation 2.

RZ:R1(://2—E:—1) @
Select Ry to be 1 kQ, 1%. Solve for R, in Equation 3.

-y (Y20 1) - (2L ) o
R, = 1k (16.26 - 1) = 15.26k, closest 1% value is 15.4 kQ.
R, = 15.4 kQ.

9.2.2.2.3 Inductor Selection (L1)
1. Calculate the inductor Volt « microsecond constant E x T (V x pus), with Equation 4:

Vout + Vp 1000

EeT = (ViN — Vour — VsaT) ® Vin = Vear + VD. TookHz Vo #S)
where
e Vgt = internal switch saturation voltage = 1.16 V
+ Vp = diode forward voltage drop = 0.5 V 4)
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2.

Calculate the inductor Volt « microsecond constant
(E xT),

20405 1000
EeT=(28—20—1.16)® «—(Vepus)

28—1.16+05 150

20.5
2734 ®6.67 (Ve pus)=342(Vepus) (5)

Use the E x T value from the previous formula and match it with the E x T number on the vertical axis of the
Inductor Value Selection Guide shown in Figure 30.

ExT=234.2(V xpus)
On the horizontal axis, select the maximum load current.

EeT = (6.84)0

lLoap(max) = 3 A

Identify the inductance region intersected by the E x T value and the maximum load current value. Each
region is identified by an inductance value and an inductor code (LXX). From the inductor value selection
guide shown in Figure 30, the inductance region intersected by the 34 (V < ps) horizontal line and the 3-A
vertical line is 47 uH, and the inductor code is L39.

Select an appropriate inductor from the manufacturers' part numbers listed in Table 1. From the table in
Table 1, locate line L39, and select an inductor part number from the list of manufacturers part numbers.

9.2.2.2.4 Output Capacitor Selection (Cgoyr)

1.

In the majority of applications, low ESR electrolytic or solid tantalum capacitors between 82 uF and 820 pF
provide the best results. This capacitor must be placed close to the IC using short capacitor leads and short
copper traces. Do not use capacitors larger than 820 pF.

NOTE
For additional information, see section on output capacitors in Output Capacitor (Coyt)
section.

To simplify the capacitor selection procedure, see Table 6 for a quick design guide. This table contains
different output voltages, and lists various output capacitors that will provide the best design solutions.

From Table 6, locate the output voltage column. From that column, locate the output voltage closest to the
output voltage in your application. In this example, select the 24-V line. Under the Output Capacitor (Coyr)
section, select a capacitor from the list of through-hole electrolytic or surface-mount tantalum types from four
different capacitor manufacturers. Tl recommends that both the manufacturers and the manufacturers' series
that are listed in Table 6 be used.

In this example, through hole aluminum electrolytic capacitors from several different manufacturers are
available.

— 220-puF, 35-V Panasonic HFQ Series

— 150-pF, 35-V Nichicon PL Series

The capacitor voltage rating must be at least 1.5 times greater than the output voltage, and often much
higher voltage ratings are required to satisfy the low ESR requirements required for low output ripple voltage.

For a 20-V output, a capacitor rating of at least 30 V is required. In this example, either a 35-V or 50-V
capacitor would work. A 35-V rating was chosen, although a 50-V rating could also be used if a lower output
ripple voltage is required.

Other manufacturers or other types of capacitors may also be used, provided the capacitor specifications
(especially the 100-kHz ESR) closely match the types listed in Table 6. Refer to the capacitor manufacturers
data sheet for this information.

9.2.2.2.5 Feedforward Capacitor (Cgr)
See Table 6.

For output voltages greater than approximately 10 V, an additional capacitor is required. The compensation
capacitor is typically between 100 pF and 33 nF, and is wired in parallel with the output voltage setting resistor,
R,. It provides additional stability for high output voltages, low input or output voltages, or very low ESR output
capacitors, such as solid tantalum capacitors. Calculate the value for Cgr with Equation 6:
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Coe — 1
FF ™31 x 108 x Ry (6)

This capacitor type can be ceramic, plastic, silver mica, and so forth. Because of the unstable characteristics of
ceramic capacitors made with Z5U material, they are not recommended.

Table 6 contains feedforward capacitor values for various output voltages. In this example, a 560-pF capacitor is
required.

Table 6. Output Capacitor and Feedforward Capacitor Selection Table

OUTPUT THROUGH-HOLE OUTPUT CAPACITOR SURFACE-MOUNT OUTPUT CAPACITOR
T | hsoNe | NCHEONPL | recororwaro | AXTES | (SERACUE. | recororwaro
(nF/V) (rF/V) (nF/V) (nF/V)
2 820/35 820/35 33 nF 330/6.3 470/4 33 nF
4 560/35 470/35 10 nF 330/6.3 390/6.3 10 nF
6 470/25 470/25 3.3nF 220/10 330/10 3.3nF
9 330/25 330/25 1.5 nF 100/16 180/16 1.5 nF
12 330/25 330/25 1nF 100/16 180/16 1nF
15 220/35 220/35 680 pF 68/20 120/20 680 pF
24 220/35 150/35 560 pF 33/25 33/25 220 pF
28 100/50 100/50 390 pF 10/35 15/50 220 pF

9.2.2.2.6 Catch Diode Selection (D1)

1. The catch diode current rating must be at least 1.3 times greater than the maximum load current. Also, if the
power supply design must withstand a continuous output short, the diode must have a current rating equal to
the maximum current limit of the LM2596. The most stressful condition for this diode is an overload or
shorted output condition. See Table 4. Schottky diodes provide the best performance, and in this example a
5-A, 40-V, 1N5825 Schottky diode would be a good choice. The 5-A diode rating is more than adequate and
will not be overstressed even for a shorted output.

2. The reverse voltage rating of the diode must be at least 1.25 times the maximum input voltage.

3. This diode must be fast (short reverse recovery time) and must be placed close to the LM2596 using short
leads and short-printed circuit traces. Because of their fast switching speed and low forward voltage drop,
Schottky diodes provide the best performance and efficiency, and must be the first choice, especially in low
output voltage applications. Ultra-fast recovery or high-efficiency rectifiers are also good choices, but some
types with an abrupt turnoff characteristic may cause instability or EMI problems. Ultra-fast recovery diodes
typically have reverse recovery times of 50 ns or less. Rectifiers such as the 1N4001 series must not be
used because they are too slow.

9.2.2.2.7 Input Capacitor (Cy)

A low ESR aluminum or tantalum bypass capacitor is required between the input pin and ground to prevent large
voltage transients from appearing at the input. In addition, the RMS current rating of the input capacitor should
be selected to be at least % the DC load current. The capacitor manufacturers data sheet must be checked to
assure that this current rating is not exceeded. Figure 23 shows typical RMS current ratings for several different
aluminum electrolytic capacitor values.

This capacitor must be placed close to the IC using short leads and the voltage rating must be approximately 1.5
times the maximum input voltage.

If solid tantalum input capacitors are used, Tl recommends that they be surge current tested by the
manufacturer.

Use caution when using a high dielectric constant ceramic capacitor for input bypassing, because it may cause
severe ringing at the V,y pin.
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The important parameters for the input capacitor are the input voltage rating and the RMS current rating. With a
nominal input voltage of 28 V, an aluminum electrolytic aluminum electrolytic capacitor with a voltage rating
greater than 42 V (1.5 x V) is required. Because the the next higher capacitor voltage rating is 50 V, a 50-V
capacitor must be used. The capacitor voltage rating of (1.5 x V) is a conservative guideline, and can be
modified somewhat if desired.

The RMS current rating requirement for the input capacitor of a buck regulator is approximately % the DC load
current. In this example, with a 3-A load, a capacitor with a RMS current rating of at least 1.5 A is required.

Figure 23 can be used to select an appropriate input capacitor. From the curves, locate the 50-V line and note
which capacitor values have RMS current ratings greater than 1.5 A. Either a 470 uF or 680 pF, 50-V capacitor
could be used.

For a through hole design, a 680-uF, 50-V electrolytic capacitor (Panasonic HFQ series or Nichicon PL series or
equivalent) would be adequate. Other types or other manufacturers' capacitors can be used provided the RMS
ripple current ratings are adequate.

For surface mount designs, solid tantalum capacitors can be used, but exercise caution with regard to the
capacitor surge current rating (see Input Capacitor (Cyy) in this data sheet). The TPS series available from AVX,
and the 593D series from Sprague are both surge current tested.

9.2.2.3 Application Curves

100 mV
A AC/
div.

2A

1A
0A

Load Transient Response for Discontinuous Mode V5 =20V,
Vout =5V, lLoap =500 mA to 2 A, L = 10 uH, Coyt = 330 uF,
COUT ESR =45 mQ

Discontinuous Mode Switching Waveforms Vi =20 V, Vour =5 A: Output Voltage, 100 mV/div. (AC)

\nﬁ‘éLOAD =500 AL =10 uH, Cour = 330 uF, Couyr ESR =45 B: 500-mA to 2-A Load Pulse

A: Output Pin Voltage, 10 V/div.
B: Inductor Current 0.5 A/div.
C: Output Ripple Voltage, 100 mV/div.

Figure 36. Horizontal Time Base: 2 ps/div Figure 37. Horizontal Time Base: 200 ps/div
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10 Power Supply Recommendations

The LM2596 is designed to operate from an input voltage supply up to 40 V. This input supply must be well
regulated and able to withstand maximum input current and maintain a stable voltage.

11 Layout

11.1 Layout Guidelines

As in any switching regulator, layout is very important. Rapidly switching currents associated with wiring
inductance can generate voltage transients which can cause problems. For minimal inductance and ground
loops, the wires indicated by heavy lines must be wide printed-circuit traces and must be kept as short as
possible. For best results, external components must be placed as close to the switcher IC as possible using
ground plane construction or single point grounding.

If open core inductors are used, take special care selecting the location and positioning of this type of inductor.
Allowing the inductor flux to intersect sensitive feedback, IC groundpath and Cqyr wiring can cause problems.

When using the adjustable version, take special care selecting the location of the feedback resistors and the
associated wiring. Physically place both resistors near the IC, and route the wiring away from the inductor,
especially an open-core type of inductor (see Open-Core Inductors for more information).

11.2 Layout Examples

Copper Side Component Side

REGULATED
QUTPUT

VOLTAGE
— +

l«— ON/OFF

le—— -

GROUND

le—— -
DC INPUT
VOLTAGE

— +

Cyy — 470-pF, 50-V, Aluminum Electrolytic Panasonic, HFQ Series
Cout — 330-pF, 35-V, Aluminum Electrolytic Panasonic, HFQ Series
D1 — 5-A, 40-V Schottky Rectifier, IN5825

L1 — 47-uH, L39, Renco, Through Hole

Thermalloy Heat Sink #7020

Figure 38. Typical Through-Hole PCB Layout, Fixed Output (1x Size), Double-Sided
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Layout Examples (continued)

Copper Side Component Side

REGULATED
QUTPUT
VOLTAGE

GROUND

le—y -
DC INPUT
VOLTAGE
— +

CiN— 470-pF, 50-V, Aluminum Electrolytic Panasonic, HFQ Series
Cout—220-pF, 35-V Aluminum Electrolytic Panasonic, HFQ Series
D1—5-A, 40-V Schottky Rectifier, LIN5825

L1—A47-pH, L39, Renco, Through Hole

R1—1 kQ, 1%

R,—Use formula in Design Procedure

Cr—See Table 6.

Thermalloy Heat Sink #7020

Figure 39. Typical Through-Hole PCB Layout, Adjustable Output (1x Size), Double-Sided
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11.3 Thermal Considerations
The LM2596 is available in two packages: a 7-pin TO-220 (T) and a 7-pin surface mount TO-263 (S).

The TO-220 package requires a heat sink under most conditions. The size of the heat sink depends on the input
voltage, the output voltage, the load current and the ambient temperature. Figure 40 shows the LM2596T
junction temperature rises above ambient temperature for a 3-A load and different input and output voltages. The
data for these curves was taken with the LM2596T (TO-220 package) operating as a buck switching regulator in
an ambient temperature of 25°C (still air). These temperature rise numbers are all approximate and there are
many factors that can affect these temperatures. Higher ambient temperatures require more heat sinking.

The TO-263 surface mount package tab is designed to be soldered to the copper on a printed-circuit board
(PCB). The copper and the board are the heat sink for this package and the other heat producing components,
such as the catch diode and inductor. The PCB copper area that the package is soldered to must be at least 0.4
in?, and ideally must have 2 or more square inches of 2-0z. (0.0028 in.) copper. Additional copper area improves
the thermal characteristics, but with copper areas greater than approximately 6 in?, only small improvements in
heat dissipation are realized. If further thermal improvements are required, Tl recommends double-sided,
multilayer PCB with large copper areas and airflow.

Figure 41 shows the LM2596S (TO-263 package) junction temperature rise above ambient temperature with a 2-
A load for various input and output voltages. This data was taken with the circuit operating as a buck switching
regulator with all components mounted on a PCB to simulate the junction temperature under actual operating
conditions. This curve can be used for a quick check for the approximate junction temperature for various
conditions, but be aware that there are many factors that can affect the junction temperature. When load currents
higher than 2 A are used, double-sided or multilayer PCB with large copper areas or airflow might be required,
especially for high ambient temperatures and high output voltages.

For the best thermal performance, wide copper traces and generous amounts of PCB copper must be used in
the board layout. (One exception to this is the output (switch) pin, which should not have large areas of copper.)
Large areas of copper provide the best transfer of heat (lower thermal resistance) to the surrounding air, and
moving air lowers the thermal resistance even further.

Package thermal resistance and junction temperature rise numbers are all approximate, and there are many
factors that will affect these numbers. Some of these factors include board size, shape, thickness, position,
location, and even board temperature. Other factors are trace width, total printed-circuit copper area, copper
thickness, single- or double-sided multilayer board, and the amount of solder on the board. The effectiveness of
the PCB to dissipate heat also depends on the size, quantity, and spacing of other components on the board, as
well as whether the surrounding air is still or moving. Furthermore, some of these components such as the catch
diode will add heat to the PCB and the heat can vary as the input voltage changes. For the inductor, depending
on the physical size, type of core material, and the DC resistance, it could either act as a heat sink taking heat
away from the board, or it could add heat to the board.
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Thermal Considerations (continued)
% 70 T0-220 Package
o 65 Thermalloy Heat N
E 60 [3x Load — \\ N Vour = 20V
> T, = 25°C, Still air -
8 55 \ ——]
I\ N
2 s L Vour = 12V
u \
2 N T
= 35
& \ N
$ \\\\ Vour = V1"H
PRI —
2 0 5 10 15 20 25 30 35 40
3 INPUT VOLTAGE (V)
CIRCUIT DATA FOR TEMPERATURE RISE CURVE TO-220 PACKAGE (T)
Capacitors Through-hole electrolytic
Inductor Through-hole, Renco
Diode Through-hole, 5-A 40-V, Schottky
PCB 3-square inch, single-sided, 2-0z. copper (0.0028")
Figure 40. Junction Temperature Rise, TO-220
% Zg T0-263 Package \ Vl _'20\/'
o 2A Load outT 7
% 859 in coplper /7
; 80 1o = 25°¢C, still air
8 75
w70 ’a
2 s N\ Vour =12 ,//
& 60 ,A
550 Yoy =9V /
% i \ oyt '///
F 40 No L T )i =33v]
S 35 |
e 0 5 10 15 20 25 30 35 40
3 INPUT VOLTAGE (V)
CIRCUIT DATA FOR TEMPERATURE RISE CURVE TO-263 PACKAGE (S)
Capacitors Surface-mount tantalum, molded D size
Inductor Surface-mount, Pulse Engineering, 68 puH
Diode Surface-mount, 5-A 40-V, Schottky
PCB 9-square inch, single-sided, 2-0z. copper (0.0028")
Figure 41. Junction Temperature Rise, TO-263
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12 Device and Documentation Support

12.1 Custom Design with WEBENCH Tools

Click here to create a custom design using the LM2596 device with the WEBENCH® Power Designer.

1. Start by entering your V|y, Vour and lgyt requirements.
2. Optimize your design for key parameters like efficiency, footprint and cost using the optimizer dial and
compare this design with other possible solutions from Texas Instruments.

3. WEBENCH Power Designer provides you with a customized schematic along with a list of materials with real
time pricing and component availability.
4. In most cases, you will also be able to:
— Run electrical simulations to see important waveforms and circuit performance,
— Run thermal simulations to understand the thermal performance of your board,
— Export your customized schematic and layout into popular CAD formats,
— Print PDF reports for the design, and share your design with colleagues.
5. Get more information about WEBENCH tools at www.ti.com/webench.

12.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

12.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TlI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.4 Trademarks

E2E is a trademark of Texas Instruments.
SIMPLE SWITCHER, WEBENCH are registered trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

12.5 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘h\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 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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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
o Drawing Qty 0) (6) ®3) (415)
LM2596S-12/NOPB ACTIVE DDPAK/ KTT 5 45 Pb-Free (RoHS CU SN Level-3-245C-168 HR LM2596S K srralE
TO-263 Exempt) 12 P+ s S
LM2596S-3.3 NRND DDPAK/ KTT 5 45 TBD Call Tl Call Tl LM2596S
TO-263 3.3 P+
LM2596S-3.3/NOPB ACTIVE DDPAK/ KTT 5 45  Pb-Free (RoHS CU SN Level-3-245C-168 HR LM2596S Samnles
TO-263 Exempt) 33 P+ R
LM2596S-5.0 NRND DDPAK/ KTT 5 45 TBD Call Tl Call Tl LM2596S
TO-263 -5.0 P+
LM2596S-5.0/NOPB ACTIVE DDPAK/ KTT 5 45  Pb-Free (RoHS CU SN Level-3-245C-168 HR LM2596S Samples
TO-263 Exempt) 5.0P+ s
LM2596S-ADJ/NOPB ACTIVE DDPAK/ KTT 5 45 Pb-Free (RoHS CU SN Level-3-245C-168 HR -40to 125 LM2596S Kl
TO-263 Exempt) -ADJ P+ e
LM2596SX-12/NOPB ACTIVE DDPAK/ KTT 5 500 Pb-Free (RoHS CU SN Level-3-245C-168 HR LM2596S el
TO-263 Exempt) 12 P+ —"
LM2596SX-3.3 NRND DDPAK/ KTT 5 500 TBD Call Tl Call Tl LM2596S
TO-263 -3.3 P+
LM2596SX-3.3/NOPB ACTIVE DDPAK/ KTT 5 500 Pb-Free (RoHS CU SN Level-3-245C-168 HR LM2596S ol
TO-263 Exempt) -3.3P+ 23mp-2
LM2596SX-5.0/NOPB ACTIVE DDPAK/ KTT 5 500 Pb-Free (RoHS CU SN Level-3-245C-168 HR LM2596S Samples
TO-263 Exempt) -5.0 P+ -
LM2596SX-ADJ NRND DDPAK/ KTT 5 500 TBD Call Tl Call Tl -40 to 125 LM2596S
TO-263 -ADJ P+
LM2596SX-ADJ/NOPB ACTIVE DDPAK/ KTT 5 500 Pb-Free (RoHS CU SN Level-3-245C-168 HR -40 to 125 LM2596S T
TO-263 Exempt) -ADJ P+ s 2
LM2596T-12/LF03 ACTIVE TO-220 NDH 5 45 Green (RoHS CU SN Level-1-NA-UNLIM LM2596T K srralE
& no Sh/Br) -12 P+ sample
LM2596T-12/NOPB ACTIVE TO-220 NDH 5 45 Green (RoHS CU SN Level-1-NA-UNLIM LM2596T Samnles
& no Sh/Br) -12 P+ sample
LM2596T-3.3/LF03 ACTIVE TO-220 NDH 5 45 Green (RoHS CU SN Level-1-NA-UNLIM LM2596T
& no Sh/Br) 3.3 P+ a =
LM2596T-3.3/NOPB ACTIVE TO-220 NDH 5 45 Green (RoHS CU SN Level-1-NA-UNLIM LM2596T Samnles
& no Sh/Br) 3.3 P+ sample
LM2596T-5.0 NRND TO-220 NDH 5 45 TBD Call Tl Call Tl LM2596T
-5.0 P+
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty 2 (6) ®3) (415)
LM2596T-5.0/LF03 ACTIVE TO-220 NDH 45 Green (RoHS CU SN Level-1-NA-UNLIM LM2596T m
& no Sh/Br) -5.0 P+
LM2596T-5.0/NOPB ACTIVE TO-220 NDH 45 Green (RoHS CU SN Level-1-NA-UNLIM LM2596T Samples
& no Sh/Br) -5.0 P+
LM2596T-ADJ NRND TO-220 NDH 45 TBD Call Tl Call Tl -40 to 125 LM2596T
-ADJ P+
LM2596T-ADJ/LBO5 NRND TO-220 NEB 45 TBD Call Tl Call Tl LM2596T
-ADJ P+
LM2596T-ADJ/LF02 ACTIVE TO-220 NEB 45 Green (RoHS CU SN Level-1-NA-UNLIM LM2596T Samples
& no Sh/Br) -ADJ P+
LM2596T-ADJ/NOPB ACTIVE TO-220 NDH 45 Green (RoHS CU SN Level-1-NA-UNLIM -40 to 125 LM2596T Samples
& no Sh/Br) -ADJ P+

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability

information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between

the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight

in homogeneous material)

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a

of the previous line and the two combined represent the entire Device Marking for that device.

will appear on a device. If a line is indented then it is a continuation

Addendum-Page 2
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© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl'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 Tl 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.
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i3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 15-Feb-2016
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LM2596SX-12/NOPB | DDPAK/| KTT 5 500 330.0 24.4 10.75114.85| 5.0 16.0 | 24.0 Q2
TO-263
LM2596SX-3.3 DDPAK/| KTT 5 500 330.0 24.4 10.75|14.85| 5.0 16.0 | 24.0 Q2
TO-263
LM2596SX-3.3/NOPB | DDPAK/| KTT 5 500 330.0 24.4 10.75|14.85| 5.0 16.0 | 24.0 Q2
TO-263
LM2596SX-5.0/NOPB | DDPAK/| KTT 5 500 330.0 24.4 10.75|14.85| 5.0 16.0 | 24.0 Q2
TO-263
LM2596SX-ADJ DDPAK/| KTT 5 500 330.0 24.4 10.75|1485| 5.0 16.0 | 24.0 Q2
TO-263
LM2596SX-ADJ/NOPB | DDPAK/| KTT 5 500 330.0 24.4 10.75114.85| 5.0 16.0 | 24.0 Q2
TO-263

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 15-Feb-2016
TAPE AND REEL BOX DIMENSIONS
,/”?/
;
e ~.
/\g\ /)i\
™~ e
- //' "\.\ 7
T s
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM2596SX-12/NOPB DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
LM2596SX-3.3 DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
LM2596SX-3.3/NOPB DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
LM2596SX-5.0/NOPB DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
LM2596SX-ADJ DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
LM2596SX-ADJ/NOPB DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0

Pack Materials-Page 2
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MECHANICAL DATA
KTTO005B
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2016, Texas Instruments Incorporated
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4N25, AN2G, AN27, 4N28B
OPTOCOUPLERS

S005035 D2493 SEPTEMBER 1978 - REVISED MARCH 1983

COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS

® Gallium Arsenida Diode Infrared Source Optically Coupled to a
Silicon N-P-N Phototransistor

High Direct-Current Transfer Ratio
High-Voitage Electrical Isolation . . . 2.5-kV, 1.5-kV, or 0.5-kV Rating

Plastic Dual-in-Line Package

High-Speed Switching . . . t; = 2 us, tf = 2 us Typical

mechanical data

The package consists of a gallium arsenide intrared-emitting diode and an n-p-n silicon phototransistor mounted on
a B-lead frame encapsulated within an electrically nonconductive plastic compound. The case wilt withstand soldering
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity
conditions. Unit weight is approximately 0.52 grams.

Y16 32y
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FALLS WITHIN JEDEC MD-001AM DIMENSIONS
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN tNCHES

absolute maximum ratings at 25°C free-air tempaerature (unless otherwise noted)

*Peak Input-to-Qutput Voltage: 4AN25 . . . . . . ... +2.5 kV
AN26, N27 . *1.5 kV
ANZB +0.5 kV
*Collector-Base Voltage .. .. . ... .. e 70V
*Collector-Emitter Voltage (See Note Th ... . . 30V
*Emitter-Collector VOltage . .. . ... . . 7V
Emitter-Base Voltage . . .. . .. L 7V
*Input-Diode Reverse Voltage ... ... .. .. . .. .. ... ... v
*Input-Diode Continuous Forward Current at lor below) 26°C Free-Air Temperature (See Note 2} . ... 80 mA
*Input-Diode Peak Farward Current (ty, = 300 as, duty cycle = 2%) .. ... ... . ........ ... ... . 3A
*Continuous Power Dissipation at (or below) 256°C Free-Air Temperature:
Infrared-Ermitting Diode {See Note 31 ... .. ... .. . 150 mw
Phototransistor {See Note 31 ... .. ... L 150 mw
Total, infrared-Emitting Diode plus Phototransistor (See Note d) . .. . . .. ... ... ......... 250 mwW
“Storage Temperature Range . ... ... ... ... .. ... ... -55°C to 150°C
*Lead Temperature 1,6 mm (1716 inch) from Case for 10 Seconds . . .. .. ... . ... . ... .......... 260°C

*JEDEC roguatered data. This date sheet contains all applicable JEDEC-registered data in etfect at the time of publication.
NOTES t. This value applies when the base-amittar diods is open-circulated.

2. Derate linearly to 100 °C free-air tamperature at the rate of 1.33 mA/°C.

3. Dorate linsarly to 100 °C free-air temperature at the rate of 2 mwW.°C.

4. Derste linearly 10 100 °C free-air tamparatura at the rate of 3.33 mw/°C.

curronl ss of n date. Preducts contorm to
por tha torms of Toxas Instruments

specifications
standani warranty, Production procegsing does not
nacassarity include testing ef a)f "ﬂ."‘tll’t IN STRUMENTS
PQST OFFICE BOX 655303 - DALLAS TEXAS 75285

PRODUCTION DATA dacumaets cantain information b Copyright & 1983, Texas Instrumants incorporated



4N25, 4N26, 4N27, 4N28
OPTOCOUPLERS

electrical characteristics at 25°C free-air temperature {unless otherwise noted)

- 4N25. 4N26 AN27 AN28
PA TEST CONDITIONS UNIT
RAMETER MIN TYP MAX ] MIN TYP MAX
*V(gRiCBO Collector-Base Breakdown Voltage |lg = 100 uA lg = 0, I =0 70 70 v
*Vigriceo Collector-Emitter Breakdown Voltagellc = 1mA, Ig = 0, Ig =0 30 30 v
*VigRJECO Emitter-Collector Breakdown Voltage[lg = 100 pA. Ig = 0. r = 0 7 7 v
IR Input Diode Static Revarse Current Vg = 3V 100 100 | uA
. On-State Collector Current v 10V ia = 0. k = 10 mA 2 5 1 3 ma
Clon [Phatotransistor Operation| CE B
On-5State Collector Currant
1 \ =10V, Ig =0 k = 10 mA 20 20 A
Ctonl {Photodiode Operation} cB E F m »
Off-State Coliector Current
M \Y =10V, Ig=0,Ig=20 1 50 1 50| nA
Cloff) |Phototransistor Operation) CE 8 F
Off-State Collector currant
1 \Y =1CV, g =0 1 =0 (0] 20 0.1 20| nA
Cloff) {Photodiode Operation} cB E F
*VE Input Diode Static Forward Voltage [If = 10 mA 1.25 1.5 1.25 1.5 v
*V(CE(san Coliector-Emitter Saturation Voltage [Ic = 2 mA, ig = 0. [ = 50 mA 0.25 0.5 0.256 05| Vv
Vin-gut = +2.5 kV for 4N25,
= 1.5 kV for 4N26, AN27, o 5
"o Input-to-Output Internal resistance £ 05KV for 4N28. 10! 10 10m 1012 u
See Note b
Cip Input-to-Output Capacitance Vinout = 0. f = 1 MHz, See Note 5 1 1 pF

*JECEC registerad data
NQTE 5. Tnese parameters are measured batween both inpul dicde leads shorted together and all the phototransistor leads shorted together

switching characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS TYP UNIT
tr Rise Time Phototransistor Veg = HOV, g = 0, ICiopn) = 2 mA, 2
tf Fall Time Operation RL = 100 @, See Test Circuit A of Figure 1 2 #e
t Rise Time Photodiode Voo = 1OV, g = Q. icion) = 20 kA, 1
tf Fall Time Operation RL = 1 kL Sea Test Circuit B of Figure 1 1 #s

PARAMETER MEASUREMENT INFORMATION

Adjust amplitude of input pulse for:
ician) = 2 mA (Test Circuit &) ar
ICign) ~ 20 uA (Test Circuit B1

INPUT
ar 0 o l
INPLIT NEUT
p—0 CUTPUT
(See Note b) po—at— 1
= R, 10001 SUTPUT OUTFUT
= vgg - 10V L

f ISee Naten)
p

1 0%
TEST CIRCUIT A TEST CIRCLIT B

PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OFERATION

NOTES & The input waveforrm is supplied by a pgenerator with the {oliowing characteristics: Zout = BO ML, 1 € 16 ne, duty cycle = 1%,
U, - 100 ps.
b. The output waveform is maonitorad on ah 0scilloscopé with the following character istics 1S 12 Ajp =+ 1 MO, Cy < 20 pF.

FIGURE 1 — SWITCHING TIMES
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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

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

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications™).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

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

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright ® 1996, Texas Instruments Incorporated



PACKAGE OPTION ADDENDUM

www.ti.com 8-Apr-2005

PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
4N25 OBSOLETE PDIP N 6 TBD Call TI Call Tl
4N26 OBSOLETE PDIP N 6 TBD Call Tl Call Tl
4AN27 OBSOLETE PDIP P 6 TBD Call Tl Call Tl
4N28 OBSOLETE PDIP N 6 TBD Call Tl Call Tl

O The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS) or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI'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 TI
to Customer on an annual basis.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2005, Texas Instruments Incorporated
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MOC3020 THRU MOC3023
OPTOCOUPLERS/OPTOISOLATORS

SOES025A — OCTOBER 1986 — REVISED APRIL 1998

400 V Phototriac Driver Output MOC3020 - Q/IT%CP?’\%ZESW)' . PACKAGE
® Gallium-Arsenide-Diode Infrared Source
an_d Optically_-CoupIed Silicon Traic Driver ANODE Ci 6 [| MAIN TERM
(Bilateral Switch) CATHODE [] 2 5 [] TRIAC SUBT
® UL Recognized . . . File Number E65085 NC 3 4 ] MAIN TERM
® High Isolation ... 7500V Peak
® Output Driver Designed for 220 Vac Lg"_”’\?; Tr‘]’tr;’r‘s;‘ é@:;g;’;‘(‘;a'
® Standard 6-Terminal Plastic DIP
® Directly Interchangeable with logic diagram

Motorola MOC3020, MOC3021, MOC3022,
and MOC3023

1— — 6
typical 115/240 Vac(rms) applications —»
® Solenoid/Valve Controls g

® | amp Ballasts

® |Interfacing Microprocessors to 115/240 Vac
Peripherals

® Motor Controls
® Incandescent Lamp Dimmers

absolute maximum ratings at 25 °C free-air temperature (unless otherwise noted) T

Input-to-output peak voltage, 5 s maximum duration, 60 Hz (see Note 1) ........................ 7.5 kV
INPUL dIOdE FEVEISE VOIAGE . . oot e e e e e e e e e e e e e e 3V
Input diode forward current, CONLINUOUS . . . . ...ttt et e e e e e e e 50 mA
Output repetitive peak off-state voltage ... ... e 400 V
Output on-state current, total rms value (50-60 Hz, full sine wave): Tpo =25°C ................... 100 mA
TA=T70°C oo 50 mA
Output driver nonrepetitive peak on-state current (t,, = 10 ms, duty cycle = 10%, see Figure 7) ...... 12A
Continuous power dissipation at (or below) 25°C free-air temperature:
Infrared-emitting diode (See NOtE 2) ... ... it e 100 mw
PhototriaC (SEE NOLE 3) ...ttt e e e e e 300 mW
Total device (SEE NOTE 4) ... it e e e e e e 330 mW
Operating junction temperature range, T .. ...ttt —40°C to 100°C
Storage temperature range, Totg oo —40°C to 150°C
Lead temperature 1,6 (1/16 inch) from case for 10 seconds ........ ...t 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Input-to-output peak voltage is the internal device dielectric breakdown rating.

2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mW/°C.
3. Derate linearly to 100°C free-air temperature at the rate of 4 mW/°C.
4. Derate linearly to 100°C free-air temperature at the rate of 4.4 mW/°C.

Copyright 0 1998, Texas Instruments Incorporated

PRODUCTION DATA information is current as of publication date. N

Products conform to specifications per the terms of Texas Instruments l

standard warranty. Production processing does not necessarily include

testing of all parameters. EXAS
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MOC3020 THRU MOC3023

OPTOCOUPLERS/OPTOISOLATORS

SOES025A — OCTOBER 1986 — REVISED APRIL 1998

electrical characteristics at 25 °C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
IR Static reverse current VR=3V 0.05 100 HA
VE Static forward voltage IF =10 mA 1.2 15 \Y
I(DrRM)  Repetitive off-state current, either direction V(DRM) =400V, See Note 5 10 100 nA
dv/dt Critical rate of rise of off-state voltage See Figure 1 100 V/us
dv/dt(c) Critical rate of rise of commutating voltage lo =15 mA, See Figure 1 0.15 V/us

MOC3020 15 30
Input trigger current, MOC3021 _ 8 15
IET either direction 10C3022 Output supply voltage = 3 V : T mA
MOC3023 3
VTM Peak on-state voltage, either direction ITmM =100 mA 14 \Y
IH Holding current, either direction 100 pA
NOTE 5: Test voltage must be applied at a rate no higher than 12 V/us.
PARAMETER MEASUREMENT INFORMATION
vVce
1 6
—» Vin =30 Vrms
> YA
2 a R
10 kQ
Input 2N3904

(see Note A)

NOTE A. The critical rate of rise of off-state voltage, dv/dt, is measured with the input at 0 V. The frequency of Vj is increased until the
phototriac turns on. This frequency is then used to calculate the dv/dt according to the formula:

dv/dt = 22 1V,

The critical rate of rise of commutating voltage, dv/dt(c), is measured by applying occasional 5-V pulses to the input and increasing
the frequency of Vj, until the phototriac stays on (latches) after the input pulse has ceased. With no further input pulses, the
frequency of Vj,, is then gradually decreased until the phototriac turns off. The frequency at which turn-off occurs may then be used
to calculate the dv/dt(c) according to the formula shown above.

Figure 1.

Critical Rate of Rise Test Circuit

{’f TeEXAS
INSTRUMENTS
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Emitting-Diode Trigger Current (Normalized)

TYPICAL CHARACTERISTICS

EMITTING-DIODE TRIGGER CURRENT (NORMALIZED)

'S
FREE-AIR TEMPERATURE ON-STATE CHARACTERISTICS
1.4 800 T T
Output t ,, = 800 ps /
| IF=20mA
13 600 I - 60 Hz
< Tp = 25°C
€ 400
1.2 £ /
)
5 200
®)
1.1 % 0
?
\ S
1 < —200 /
[5)
a
I —400
=
0.9 L
—-600 /
0.8 —-800
-50 -25 0 25 50 75 100 _3 _2 1 0 1 2 3
Tp — Free-Air Temperature — °C V1M — Peak On-State Voltage — V
Figure 2 Figure 3
NONREPETITIVE PEAK ON-STATE CURRENT
VS
PULSE DURATION
ST rTITm
e Ta =25°C
I
€
g
5
O
Q
8 2
©
7 U
5 T~
Afé ‘ —
fg.) \\‘~.
o T
Ié 1 T
= S
Qo
()
c
o
2
I
=
0
'_
- 0
0.01 0.1 1 10 100

ty — Pulse Duration — ms

Figure 4
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APPLICATIONS INFORMATION

5 MOC3020, MOC3023 RL
in 1 6 180 Q
Vce
—’I VA 220V, 60 Hz
Figure 5. Resistive Load
MOC3020, MOC3023
Rin 180Q  2.4kQ

1 6

Vce

_’ ;_
> !I 0.1 uF 220V, 60 Hz

IcT<15mA

Figure 6. Inductive Load With Sensitive-Gate Triac

MOC3020, MOC3023

Rin
1 6 180 Q 1.2 kQ

Vee

—» VA 0.2 uF = 220V, 60 Hz

ISmA<IgT <50 mA

Figure 7. Inductive Load With Nonsensitive-Gate Triac

{’? TeEXAS
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MOC3020 THRU MOC3023
OPTOCOUPLERS/OPTOISOLATORS

SOES025A — OCTOBER 1986 — REVISED APRIL 1998

MECHANICAL INFORMATION

Each device consists of a gallium-arsenide infrared-emitting diode optically coupled to a silicon phototriac mounted
on a 6-terminal lead frame encapsulated within an electrically nonconductive plastic compound. The case can
withstand soldering temperature with no deformation and device performance characteristics remain stable when
operated in high-humidity conditions.

9,40 (0.370)
8,38 (0.330)
009
Index Dot —
(see Note B) x.
—  S—  S—
¢
| 7,62(0.300) T.P. OGN ORO
(see Note A)
e 5,46 (0.215) 1,78 (0.070)
| 6,61(0.260) T LT 0,51 (0.020) 1,78 (0.070) MAX
6,09 (0.240 2,95 (0.116) —» ©.079
,09 (0.240) B 6 Places
a [
. A
— Seating Plane -
105° A
— 1,01 (0.040) MIN
90° ? _4 P_ ( )
2,03 (0.080) AJL 0,534 (0.021
0,305 (0.012)4& p % 152(0.060) 0,381 Eo 015;
0,203 (0.008) ’ ' 4 Places 6 Places

2,54 (0.100) T.P.
(see Note A)

NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) with maximum material condition and unit installed.
Pin 1 identified by index dot.

The dimensions given fall within JEDEC MO-001 AM dimensions.

All linear dimensions are given in millimeters and parenthetically given in inches.

OCOow

Figure 8. Packaging Specifications

{‘ TEXAS
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PACKAGE OPTION ADDENDUM
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
MOC3020 OBSOLETE PDIP N 6 TBD Call TI Call Tl
MOC3021 OBSOLETE PDIP N 6 TBD Call Tl Call Tl
MOC3022 OBSOLETE PDIP N 6 TBD Call Tl Call Tl
MOC3023 OBSOLETE PDIP N 6 TBD Call Tl Call Tl

O The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS) or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI'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 TI
to Customer on an annual basis.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2005, Texas Instruments Incorporated
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DS18S20 High-Precision 1-Wire Digital Thermometer

General Description

The DS18S20 digital thermometer provides 9-bit Celsius
temperature measurements and has an alarm function
with nonvolatile user-programmable upper and lower trig-
ger points. The DS18520 communicates over a 1-Wire
bus that by definition requires only one data line (and
ground) for communication with a central microprocessor.
In addition, the DS18S20 can derive power directly from
the data line (“parasite power”), eliminating the need for
an external power supply.

Each DS18S20 has a unique 64-bit serial code, which
allows multiple DS18S20s to function on the same 1-Wire
bus. Thus, it is simple to use one microprocessor to
control many DS18S20s distributed over a large area.
Applications that can benefit from this feature include
HVAC environmental controls, temperature monitoring
systems inside buildings, equipment, or machinery, and
process monitoring and control systems.

Applications

e Thermostatic Controls
Industrial Systems
Consumer Products
Thermometers

Thermally Sensitive Systems

Ordering Information appears at end of data sheet.

1-Wire is a registered trademark of Maxim Integrated Products, Inc.

19-5474; Rev 3; 4/15

Benefits and Features

Unique 1-Wire® Interface Requires Only One Port
Pin for Communication

Maximize System Accuracy in Broad Range of

Thermal Management Applications

* Measures Temperatures from -55°C to +125°C
(-67°F to +257°F)

» 10.5°C Accuracy from -10°C to +85°C

* 9-Bit Resolution

* No External Components Required

Parasite Power Mode Requires Only 2 Pins for
Operation (DQ and GND)

Simplifies Distributed Temperature-Sensing

Applications with Multidrop Capability

» Each Device Has a Unique 64-Bit Serial Code
Stored in On-Board ROM

Flexible User-Definable Nonvolatile (NV) Alarm Settings
with Alarm Search Command Identifies Devices with
Temperatures Outside Programmed Limits

Available in 8-Pin SO (150 mils) and 3-Pin TO-92
Packages

Pin Configurations

TOP VIEW
+
NC.[ 1 8 | NC.
DS18S20 . ¢ ]
NC.| 2 DS18S20 7 | NnC.
1 2 3
voo[ 3 6 | NC.
Q[ 4 | EER e
SO (150 mils)
(DS185202)
GND DQ Vpp
BOTTOM VIEW
TO-92
(DS18S20)

integrated.



DS18S20

Absolute Maximum Ratings

Voltage Range on Any Pin Relative to Ground....-0.5V to +6.0V
Continuous Power Dissipation (Tp = +70°C)

8-Pin SO (derate 5.9mW/°C above +70°C).............. 470.6mwW
3-Pin TO-92 (derate 6.3mW/°C above +70°C)............ 500mw
Operating Temperature Range............ccccoccee.e -55°C to +125°C

High-Precision 1-Wire Digital Thermometer

Storage Temperature Range...............cccceeeees -55°C to +125°C
Lead Temperature (soldering, 10S) ......cccccecvveeerivvireeninnns +260°C
Soldering Temperature (reflow)
Lead(Ph)-free....ccciiiiiiieiie e +260°C
Containing lead(Pb).........c.cccooviiiiiiiiiiiiie e, +240°C

These are stress ratings only and functional operation of the device at these or any other conditions above those indicated in the operation sections of this specification is not implied. Exposure

to absolute maximum rating conditions for extended periods of time may affect reliability.

DC Electrical Characteristics

(Vpp = 3.0V to 5.5V, Tp = -55°C to +125°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Voltage Vbbb Local Power (Note 1) +3.0 +5.5 \%
PUllub SUbDIV Volt v Parasite Power (Note 1, 2) +3.0 +5.5 v

ullup Su oltage ote 1,
P SUpPY g PU Local Power +3.0 Vbbb

-10°C to +85°C 0.5

Thermometer Error tERR (Note 3) °C
-55°C to +125°C +2

Input Logic-Low VL (Note 1, 4, 5) -0.3 +0.8 \%
Local Power +2.2 The lower of

Input Logic-High ViH (Note 1, 6) ————  550rVpp \%
Parasite Power +3.0 +0.3

Sink Current IL V|0 = 0.4V (Note 1) 4.0 mA

Standby Current IbDs (Note 7, 8) 750 1000 nA

Active Current Ibp Vpp = 5V (Note 9) 1 15 mA

DQ Input Current Ipo (Note 10) 5 MA

Drift (Note 11) +0.2 °C

Note 1: All voltages are referenced to ground.

Note 2: The Pullup Supply Voltage specification assumes that the pullup device is ideal, and therefore the high level of the pul-
lup is equal to Vpy. In order to meet the V| spec of the DS18S20, the actual supply rail for the strong pullup transistor
must include margin for the voltage drop across the transistor when it is turned on; thus: Vpy_acTuaL = VPU_IDEAL *

VTRANSISTOR-
Note 3: See typical performance curve in Figure 1.

Note 4: Logic-low voltages are specified at a sink current of 4mA.

Note 5: To guarantee a presence pulse under low voltage parasite power conditions, VILMAX may have to be reduced to as

low as 0.5V.

Note 6: Logic-high voltages are specified at a source current of ImA.

Note 7: Standby current specified up to +70°C. Standby current typically is 3pA at +125°C.

Note 8: To minimize Ipps, DQ should be within the following ranges: GND < DQ < GND + 0.3V or Vpp — 0.3V =< DQ < Vpp.
Note 9: Active current refers to supply current during active temperature conversions or EEPROM writes.

Note 10: DQ line is high (“high-Z” state).

Note 11: Drift data is based on a 1000-hour stress test at +125°C with Vpp = 5.5V.

www.maximintegrated.com
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DS18S20 High-Precision 1-Wire Digital Thermometer

DS18S20 TYPICAL ERROR CURVE

05

04
S o3 +3s ERROR
L 02
[a
g 01
50
m 0.1
5
5 0.2 / -3s ERROR
£ o3 f}b—— N
o MEAN ERROR

0.4 i

-0.5 1

0 10 20 30 40 50 60 70
TEMPERATURE (°C)

Figure 1. Typical Performance Curve

AC Electrical Characteristics—NV Memory
(Vpp = 3.0V to 5.5V, Tp = -55°C to +100°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
NV Write Cycle Time twR 2 10 ms
EEPROM Writes NEEWR -55°C to +55°C 50k writes
EEPROM Data Retention tEEDR -55°C to +55°C 10 years

AC Electrical Characteristics
(Vpbp = 3.0V to 5.5V, Tp = -55°C to +125°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Temperature Conversion Time tcony (Note 12) 750 ms
Time to Strong Pullup On tspoN Start Convert T Command Issued 10 ps
Time Slot tsLoT (Note 12) 60 120 ps
Recovery Time tREC (Note 12) 1 Hs
Write O Low Time tLowo (Note 12) 60 120 ps
Write 1 Low Time fLow1 (Note 12) 1 15 ps
Read Data Valid tRDV (Note 12) 15 ps
Reset Time High tRSTH (Note 12) 480 ps
Reset Time Low tRSTL (Note 12, 13) 480 ps
Presence-Detect High tppHiIGH | (Note 12) 15 60 ps
Presence-Detect Low trpLow | (Note 12) 60 240 ps
Capacitance Cin/ouT 25 pF

Note 12: See the timing diagrams in Figure 2.
Note 13: Under parasite power, if trgT > 960US, a power-on reset may occur.

www.maximintegrated.com Maxim Integrated | 3



DS18S20 High-Precision 1-Wire Digital Thermometer
1-Wire WRITE ZERO TIME SLOT
P tsLot i |
Rec 11y = | START OF NEXT CYCLE
e i |
L fLowo J
- 73
1-Wire READ ZERO TIME SLOT
| tstot > | START OF NEXT CYCLE
fREC _ !! I
> |
| |
| |
| |
|
} |
| tRDV |
>
1-Wire RESET PULSE
RESET PULSE FROM HOST
L tRSTL i tRSTH J
i PRESENCE DETECT i
1-Wire PRESENCE DETECT ! !
—»| [PDHOH la— ! !
‘ L tPDLOW J ‘
Figure 2. Timing Diagrams
Pin Description
PIN
NAME FUNCTION
TO-92 SO
1 5 GND Ground
5 4 DQ Data Input/Output. Open-drain 1-Wire interface pin. Also provides power to the
device when used in parasite power mode (see the Powering the DS18S20 section.)
3 3 VpbD Optional Vpp. Vpp must be grounded for operation in parasite power mode.
— 1,2,6,7,8 N.C. No Connection

www.maximintegrated.com
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Overview

Figure 3 shows a block diagram of the DS18S20, and
pin descriptions are given in the Pin Description table.
The 64-bit ROM stores the device’s unique serial code.
The scratchpad memory contains the 2-byte temperature
register that stores the digital output from the temperature
sensor. In addition, the scratchpad provides access to the
1-byte upper and lower alarm trigger registers (TH and
TL). The Ty and T|_ registers are nonvolatile (EEPROM),
so they will retain data when the device is powered down.

The DS18S20 uses Maxim’s exclusive 1-Wire bus proto-
col that implements bus communication using one control
signal. The control line requires a weak pullup resistor
since all devices are linked to the bus via a 3-state or
open-drain port (the DQ pin in the case of the DS18S20).
In this bus system, the microprocessor (the master
device) identifies and addresses devices on the bus
using each device’s unique 64-bit code. Because each
device has a unique code, the number of devices that
can be addressed on one bus is virtually unlimited. The
1-Wire bus protocol, including detailed explanations of the
commands and “time slots,” is covered in the 1-Wire Bus
System section.

Another feature of the DS18S20 is the ability to operate
without an external power supply. Power is instead sup-
plied through the 1-Wire pullup resistor via the DQ pin
when the bus is high. The high bus signal also charges an

High-Precision 1-Wire Digital Thermometer

internal capacitor (Cpp), which then supplies power to the
device when the bus is low. This method of deriving power
from the 1-Wire bus is referred to as “parasite power.” As
an alternative, the DS18S20 may also be powered by an
external supply on Vpp.

Operation—Measuring Temperature

The core functionality of the DS18S20 is its direct-to-dig-
ital temperature sensor. The temperature sensor output
has 9-bit resolution, which corresponds to 0.5°C steps.
The DS18S20 powers-up in a low-power idle state; to
initiate a temperature measurement and A-to-D conver-
sion, the master must issue a Convert T [44h] command.
Following the conversion, the resulting thermal data is
stored in the 2-byte temperature register in the scratch-
pad memory and the DS18S20 returns to its idle state.
If the DS18S20 is powered by an external supply, the
master can issue ‘read-time slots” (see the 1-Wire Bus
System section) after the Convert T command and the
DS18S20 will respond by transmitting O while the tem-
perature conversion is in progress and 1 when the con-
version is done. If the DS18S20 is powered with parasite
power, this notification technique cannot be used since
the bus must be pulled high by a strong pullup during the
entire temperature conversion. The bus requirements for
parasite power are explained in detail in the Powering The
DS18S20 section.

Vpy

4.7kQ PARASITE POWER CIRCUIT
DQ

INTERNAL Vpp
GND o

|G

Vbb POWER-
SUPPLY SENSE

A4

64-BIT ROM

1-Wire PORT

MEMORY
CONTROL LOGIC

!

DS18S20

A
Y

TEMPERATURE
SENSOR

A

| ALARM HIGH TRIGGER (TH)
"|  REGISTER (EEPROM)

A

SCRATCHPAD

| ALARMLOW TRIGGER (T1)
REGISTER (EEPROM)

8-BIT CRC
GENERATOR

A
\

Figure 3. DS18S20 Block Diagram
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The DS18S20 output data is calibrated in degrees cen-
tigrade; for Fahrenheit applications, a lookup table or
conversion routine must be used. The temperature data is
stored as a 16-bit sign-extended two’s complement num-
ber in the temperature register (see Figure 4). The sign
bits (S) indicate if the temperature is positive or negative:
for positive numbers S = 0 and for negative numbers S =
1. Table 1 gives examples of digital output data and the
corresponding temperature reading.

Resolutions greater than 9 bits can be calculated using the
data from the temperature, COUNT REMAIN and COUNT
PER °C registers in the scratchpad. Note that the COUNT
PER °C register is hard-wired to 16 (10h). After reading
the scratchpad, the TEMP_READ value is obtained by
truncating the 0.5°C bit (bit 0) from the temperature data
(see Figure 4). The extended resolution temperature can
then be calculated using the following equation:

TEMPERATURE = TEMP_READ - 0.25
, COUNT_PER_C - COUNT_REMAIN
COUNT_PER_C

High-Precision 1-Wire Digital Thermometer

Operation—Alarm Signaling

After the DS18S20 performs a temperature conversion,
the temperature value is compared to the user-defined
two's complement alarm trigger values stored in the
1-byte Ty and T_registers (see Figure 5). The sign bit (S)
indicates if the value is positive or negative: for positive
numbers S = 0 and for negative numbers S = 1. The Ty
and T|_ registers are nonvolatile (EEPROM) so they will
retain data when the device is powered down. Ty and T
can be accessed through bytes 2 and 3 of the scratchpad
as explained in the Memory section.

Only bits 8 through 1 of the temperature register are used
in the Ty and T comparison since Ty and T are 8-bit
registers. If the measured temperature is lower than or
equal to T or higher than Ty, an alarm condition exists
and an alarm flag is set inside the DS18S20. This flag is
updated after every temperature measurement; therefore,
if the alarm condition goes away, the flag will be turned off
after the next temperature conversion.

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
LSBYTE| 26 [ 25 | 240 | | 22 | 22 | 20 | 21 |
BIT 15 BIT 14 BIT 13 BIT 12 BIT 11 BIT 10 BIT 9 BIT 8
MSBYTE| s | s | s | | s | s | s | s |
S=SIGN
Figure 4. Temperature Register Format
BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
| s | 26 | 25 | 25 25 22 21 20

Figure 5. Ty and T Register Format

Table 1. Temperature/Data Relationship

TEMPERATURE (°C) DIGITAL OUTPUT (BINARY) DIGITAL OUTPUT (HEX)

+85.0* 0000 0000 1010 1010 00AAh

+25.0 0000 0000 0011 0010 0032h

+0.5 0000 0000 0000 0001 0001h

0 0000 0000 0000 0000 0000h

0.5 1111 1111 1111 1111 FFFFh

-25.0 1111 1111 1100 1110 FFCEh

-55.0 1111 1111 1001 0010 FF92h

*The power-on reset value of the temperature register is +85°C.

www.maximintegrated.com
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The master device can check the alarm flag status of
all DS18S20s on the bus by issuing an Alarm Search
[ECh] command. Any DS18S20s with a set alarm flag will
respond to the command, so the master can determine
exactly which DS18S20s have experienced an alarm
condition. If an alarm condition exists and the Ty or T
settings have changed, another temperature conversion
should be done to validate the alarm condition.

Powering The DS18S20

The DS18S20 can be powered by an external supply on
the Vpp pin, or it can operate in “parasite power” mode,
which allows the DS18S20 to function without a local
external supply. Parasite power is very useful for applica-
tions that require remote temperature sensing or those
with space constraints. Figure 3 shows the DS18S20’s
parasite-power control circuitry, which “steals” power from
the 1-Wire bus via the DQ pin when the bus is high. The
stolen charge powers the DS18S20 while the bus is high,
and some of the charge is stored on the parasite power
capacitor (Cpp) to provide power when the bus is low.
When the DS18S20 is used in parasite power mode, the
Vpp pin must be connected to ground.

In parasite power mode, the 1-Wire bus and Cpp can
provide sufficient current to the DS18S20 for most opera-
tions as long as the specified timing and voltage require-
ments are met (see the DC Electrical Characteristics
and the AC Electrical Characteristics). However, when
the DS18S20 is performing temperature conversions or
copying data from the scratchpad memory to EEPROM,
the operating current can be as high as 1.5mA. This
current can cause an unacceptable voltage drop across
the weak 1-Wire pullup resistor and is more current than
can be supplied by Cpp. To assure that the DS18S20
has sufficient supply current, it is necessary to provide a
strong pullup on the 1-Wire bus whenever temperature

High-Precision 1-Wire Digital Thermometer

conversions are taking place or data is being copied from
the scratchpad to EEPROM. This can be accomplished
by using a MOSFET to pull the bus directly to the ralil
as shown in Figure 6. The 1-Wire bus must be switched
to the strong pullup within 10us (max) after a Convert T
[44h] or Copy Scratchpad [48h] command is issued, and
the bus must be held high by the pullup for the duration
of the conversion (tcony) or data transfer (tyr = 10ms).
No other activity can take place on the 1-Wire bus while
the pullup is enabled.

The DS18S20 can also be powered by the conventional
method of connecting an external power supply to the
Vpp pin, as shown in Figure 7. The advantage of this
method is that the MOSFET pullup is not required, and
the 1-Wire bus is free to carry other traffic during the tem-
perature conversion time.

The use of parasite power is not recommended for tem-
peratures above 100°C since the DS18S20 may not be
able to sustain communications due to the higher leak-
age currents that can exist at these temperatures. For
applications in which such temperatures are likely, it is
strongly recommended that the DS18S20 be powered by
an external power supply.

In some situations the bus master may not know whether
the DS18S20s on the bus are parasite powered or pow-
ered by external supplies. The master needs this informa-
tion to determine if the strong bus pullup should be used
during temperature conversions. To get this information,
the master can issue a Skip ROM [CCh] command fol-
lowed by a Read Power Supply [B4h] command followed
by a “read-time slot”. During the read-time slot, parasite
powered DS18S20s will pull the bus low, and externally
powered DS18S20s will let the bus remain high. If the
bus is pulled low, the master knows that it must supply
the strong pullup on the 1-Wire bus during temperature
conversions.

Vpy
DS18S20
Vey GND DQ Vop
pP L
4.7kQ
1-Wire BUS TO OTHER
1-Wire DEVICES

DS18S20 Voo
(EXTERNAL SUPPLY)
Vey GND DQ Vop
uP
4.7kQ $
1-Wire BUS TO OTHER
h 1-Wire DEVICES

Figure 6. Supplying the Parasite-Powered DS18S20 During
Temperature Conversions

www.maximintegrated.com
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64-Bit Lasered ROM Code

Each DS18S20 contains a unigue 64-bit code (see
Figure 8) stored in ROM. The least significant 8 bits of the
ROM code contain the DS18S20’s 1-Wire family code:
10h. The next 48 bits contain a unique serial number.
The most significant 8 bits contain a cyclic redundancy
check (CRC) byte that is calculated from the first 56 bits
of the ROM code. A detailed explanation of the CRC bits
is provided in the CRC Generation section. The 64-bit
ROM code and associated ROM function control logic
allow the DS18S20 to operate as a 1-Wire device using
the protocol detailed in the 1-Wire Bus System section.

Memory

The DS18S20's memory is organized as shown in
Figure 9. The memory consists of an SRAM scratch-
pad with nonvolatie EEPROM storage for the high and
low alarm trigger registers (Ty and T|). Note that if the
DS18S20 alarm function is not used, the Ty and T|_ reg-
isters can serve as general-purpose memory. All mem-
ory commands are described in detail in the DS18S20
Function Commands section.

High-Precision 1-Wire Digital Thermometer

Byte 0 and byte 1 of the scratchpad contain the LSB and
the MSB of the temperature register, respectively. These
bytes are read-only. Bytes 2 and 3 provide access to TH
and T registers. Bytes 4 and 5 are reserved for internal
use by the device and cannot be overwritten; these bytes
will return all 1s when read. Bytes 6 and 7 contain the
COUNT REMAIN and COUNT PER °C registers, which
can be used to calculate extended resolution results as
explained in the Operation—Measuring Temperature
section.

Byte 8 of the scratchpad is read-only and contains the
CRC code for bytes 0 through 7 of the scratchpad.
The DS18S20 generates this CRC using the method
described in the CRC Generation section.

Data is written to bytes 2 and 3 of the scratchpad using
the Write Scratchpad [4Eh] command; the data must be
transmitted to the DS18S20 starting with the least signifi-
cant bit of byte 2. To verify data integrity, the scratchpad
can be read (using the Read Scratchpad [BEh] command)
after the data is written. When reading the scratchpad,
data is transferred over the 1-Wire bus starting with the
least significant bit of byte 0. To transfer the Ty and T
data from the scratchpad to EEPROM, the master must
issue the Copy Scratchpad [48h] command.

8-BIT CRC 48-BIT SERIAL NUMBER 8-BIT FAMILY CODE (10h) |
MSB LSB MSB LSB MSB LSB
Figure 8. 64-Bit Lasered ROM Code
SCRATCHPAD
(POWER-UP STATE)
BYTEO | TEMPERATURE LSB (AAh)
BYTE1 | TEMPERATURE MSB (00h) ] °C) EEPROM
BYTE2 | TuREGISTER OR USER BYTE 1* - » T REGISTER OR USER BYTE 1
BYTE3 | TLREGISTER OR USER BYTE 2* - » TLREGISTER OR USER BYTE 2
BYTE4 | RESERVED (FFh)
BYTES | RESERVED (FFh)
BYTE6 | COUNT REMAIN (OCh)
BYTE7 | COUNT PER °C (10h)
BYTES | CRC*

*POWER-UP STATE DEPENDS ON VALUE(S) STORED IN EEPROM.

Figure 9. DS18S20 Memory Map
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Data in the EEPROM registers is retained when the
device is powered down; at power-up the EEPROM data
is reloaded into the corresponding scratchpad locations.
Data can also be reloaded from EEPROM to the scratch-
pad at any time using the Recall E2 [B8h] command.
The master can issue “read-time slots” (see the 1-Wire
Bus System section) following the Recall E2 command
and the DS18S20 will indicate the status of the recall by
transmitting O while the recall is in progress and 1 when
the recall is done.

CRC Generation

CRC bytes are provided as part of the DS18S20’s 64-bit
ROM code and in the 9th byte of the scratchpad memory.
The ROM code CRC is calculated from the first 56 bits
of the ROM code and is contained in the most significant
byte of the ROM. The scratchpad CRC is calculated from
the data stored in the scratchpad, and therefore it chang-
es when the data in the scratchpad changes. The CRCs
provide the bus master with a method of data validation
when data is read from the DS18S20. To verify that data
has been read correctly, the bus master must re-calculate
the CRC from the received data and then compare this
value to either the ROM code CRC (for ROM reads) or
to the scratchpad CRC (for scratchpad reads). If the cal-
culated CRC matches the read CRC, the data has been
received error free. The comparison of CRC values and
the decision to continue with an operation are determined
entirely by the bus master. There is no circuitry inside the
DS18S20 that prevents a command sequence from pro-
ceeding if the DS18S20 CRC (ROM or scratchpad) does
not match the value generated by the bus master.

High-Precision 1-Wire Digital Thermometer

The equivalent polynomial function of the CRC (ROM or
scratchpad) is:

CRC=X8+X5+X4+1

The bus master can re-calculate the CRC and compare it
to the CRC values from the DS18S20 using the polyno-
mial generator shown in Figure 10. This circuit consists
of a shift register and XOR gates, and the shift register
bits are initialized to 0. Starting with the least significant
bit of the ROM code or the least significant bit of byte 0O
in the scratchpad, one bit at a time should shifted into the
shift register. After shifting in the 56th bit from the ROM or
the most significant bit of byte 7 from the scratchpad, the
polynomial generator will contain the re-calculated CRC.
Next, the 8-bit ROM code or scratchpad CRC from the
DS18S20 must be shifted into the circuit. At this point, if
the re-calculated CRC was correct, the shift register will
contain all Os. Additional information about the Maxim
1-Wire cyclic redundancy check is available in Application
Note 27: Understanding and Using Cyclic Redundancy
Checks with Maxim jButton Products.

1-Wire Bus System

The 1-Wire bus system uses a single bus master to con-
trol one or more slave devices. The DS18S20 is always a
slave. When there is only one slave on the bus, the sys-
tem is referred to as a “single-drop” system; the system is
“multidrop” if there are multiple slaves on the bus.

All data and commands are transmitted least significant
bit first over the 1-Wire bus.

The following discussion of the 1-Wire bus system is
broken down into three topics: hardware configuration,
transaction sequence, and 1-Wire signaling (signal types
and timing).

> ] -
’_» (MSB)

INPUT

Ol

(LSB)

Figure 10. CRC Generator
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Hardware Configuration

The 1-Wire bus has by definition only a single data line.
Each device (master or slave) interfaces to the data line via
an open drain or 3-state port. This allows each device to
“release” the data line when the device is not transmitting
data so the bus is available for use by another device. The
1-Wire port of the DS18S20 (the DQ pin) is open drain with
an internal circuit equivalent to that shown in Figure 11.

The 1-Wire bus requires an external pullup resistor of
approximately 5kQ; thus, the idle state for the 1-Wire
bus is high. If for any reason a transaction needs to be
suspended, the bus MUST be left in the idle state if the
transaction is to resume. Infinite recovery time can occur
between bits so long as the 1-Wire bus is in the inactive
(high) state during the recovery period. If the bus is held
low for more than 480us, all components on the bus will
be reset.

Transaction Sequence

The transaction sequence for accessing the DS18S20 is
as follows:

Step 1. Initialization

Step 2. ROM Command (followed by any required data
exchange)

Step 3. DS18S20 Function Command (followed by any
required data exchange)

It is very important to follow this sequence every time the
DS18S20 is accessed, as the DS18S20 will not respond
if any steps in the sequence are missing or out of order.
Exceptions to this rule are the Search ROM [FOh] and
Alarm Search [ECh] commands. After issuing either of
these ROM commands, the master must return to Step 1
in the sequence.

Veu

4.7kQ \%
1-Wire BUS DQ

DS18S20
1-Wire PORT

R—XOQ
o

Figure 11. Hardware Configuration

5pA
TYP 100Q

MOSFET

Rx = RECEIVE
Tx = TRANSMIT

jButton is a registered trademark of Maxim Integrated Products, Inc.
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Initialization

All transactions on the 1-Wire bus begin with an initializa-
tion sequence. The initialization sequence consists of a
reset pulse transmitted by the bus master followed by
presence pulse(s) transmitted by the slave(s). The pres-
ence pulse lets the bus master know that slave devices
(such as the DS18S20) are on the bus and are ready
to operate. Timing for the reset and presence pulses is
detailed in the 1-Wire Signaling section.

ROM Commands

After the bus master has detected a presence pulse, it
can issue a ROM command. These commands operate
on the unique 64-bit ROM codes of each slave device and
allow the master to single out a specific device if many
are present on the 1-Wire bus. These commands also
allow the master to determine how many and what types
of devices are present on the bus or if any device has
experienced an alarm condition. There are five ROM com-
mands, and each command is 8 bits long. The master
device must issue an appropriate ROM command before
issuing a DS18S20 function command. A flowchart for
operation of the ROM commands is shown in Figure 16.

Search Rom [FOh]

When a system is initially powered up, the master must
identify the ROM codes of all slave devices on the bus,
which allows the master to determine the number of
slaves and their device types. The master learns the ROM
codes through a process of elimination that requires the
master to perform a Search ROM cycle (i.e., Search ROM
command followed by data exchange) as many times as
necessary to identify all of the slave devices. If there is
only one slave on the bus, the simpler Read ROM com-
mand (see below) can be used in place of the Search
ROM process. For a detailed explanation of the Search
ROM procedure, refer to the jButton® Book of Standards
at www.maximintegrated.com/ibuttonbook. After every
Search ROM cycle, the bus master must return to Step 1
(Initialization) in the transaction sequence.

Read ROM [33h]

This command can only be used when there is one slave
on the bus. It allows the bus master to read the slave’s
64-bit ROM code without using the Search ROM proce-
dure. If this command is used when there is more than
one slave present on the bus, a data collision will occur
when all the slaves attempt to respond at the same time.

Maxim Integrated | 10
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Match ROM [55h]

The match ROM command followed by a 64-bit ROM
code sequence allows the bus master to address a
specific slave device on a multidrop or single-drop bus.
Only the slave that exactly matches the 64-bit ROM code
sequence will respond to the function command issued
by the master; all other slaves on the bus will wait for a
reset pulse.

Skip ROM [CCh]

The master can use this command to address all devices
on the bus simultaneously without sending out any ROM
code information. For example, the master can make all
DS18S20s on the bus perform simultaneous temperature
conversions by issuing a Skip ROM command followed by
a Convert T [44h] command.

Note that the Read Scratchpad [BEh] command can fol-
low the Skip ROM command only if there is a single slave
device on the bus. In this case, time is saved by allowing
the master to read from the slave without sending the
device's 64-bit ROM code. A Skip ROM command followed
by a Read Scratchpad command will cause a data collision
on the bus if there is more than one slave since multiple
devices will attempt to transmit data simultaneously.

Table 2. DS18S20 Function Command Set

High-Precision 1-Wire Digital Thermometer

Alarm Search [ECh]

The operation of this command is identical to the operation
of the Search ROM command except that only slaves with
a set alarm flag will respond. This command allows the
master device to determine if any DS18S20s experienced
an alarm condition during the most recent temperature
conversion. After every Alarm Search cycle (i.e., Alarm
Search command followed by data exchange), the bus
master must return to Step 1 (Initialization) in the transac-
tion sequence. See the Operation—Alarm Signaling sec-
tion for an explanation of alarm flag operation.

DS18S20 Function Commands

After the bus master has used a ROM command to
address the DS18S20 with which it wishes to communi-
cate, the master can issue one of the DS18S20 function
commands. These commands allow the master to write
to and read from the DS18S20’s scratchpad memory,
initiate temperature conversions and determine the power
supply mode. The DS18S20 function commands, which
are described below, are summarized in Table 2 and illus-
trated by the flowchart in Figure 17.

1-Wire BUS ACTIVITY AFTER

conversion.

COMMAND DESCRIPTION PROTOCOL COMMAND IS ISSUED NOTES
TEMPERATURE CONVERSION COMMANDS
Initiates temperature DS18S20 transmits conversion status
Convert T P to master (not applicable for parasite- 1

powered DS18S20s).

MEMORY COMMANDS

Reads the entire scratchpad

DS18S20 transmits up to 9 data

Read Scratchpad including the CRC byte. BEh bytes to master. 2
. Writes data into scratchpad Master transmits 2 data bytes to

Write Scratchpad | o6 5 and 3 (T and T,). 4EN DS18S20. 3
Copies Ty and T data from the

Copy Scratchpad scratchpad to EEPROM. None !
Recalls Ty and T data from DS18S20 transmits recall status to

2 H L

Recall E EEPROM to the scratchpad. B8h master.

Read Power Signals DS18S20 power supply B4h DS18S20 transmits supply status to

Supply mode to the master. master.

Note 1: For parasite-powered DS18S20s, the master must enable a strong pullup on the 1-Wire bus during temperature conver-
sions and copies from the scratchpad to EEPROM. No other bus activity may take place during this time.
Note 2: The master can interrupt the transmission of data at any time by issuing a reset.

Note 3: Both bytes must be written before a reset is issued.

www.maximintegrated.com
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Convert T [44h]

This command initiates a single temperature conversion.
Following the conversion, the resulting thermal data is
stored in the 2-byte temperature register in the scratch-
pad memory and the DS18S20 returns to its low-power
idle state. If the device is being used in parasite power
mode, within 10us (max) after this command is issued the
master must enable a strong pullup on the 1-Wire bus for
the duration of the conversion (tcony) as described in the
Powering The DS18S20 section. If the DS18S20 is pow-
ered by an external supply, the master can issue read-
time slots after the Convert T command and the DS18S20
will respond by transmitting O while the temperature con-
version is in progress and 1 when the conversion is done.
In parasite power mode this notification technique cannot
be used since the bus is pulled high by the strong pullup
during the conversion.

Write Scratchpad [4Eh]

This command allows the master to write 2 bytes of data
to the DS18S20's scratchpad. The first byte is written into
the Ty register (byte 2 of the scratchpad), and the second
byte is written into the T|_ register (byte 3 of the scratch-
pad). Data must be transmitted least significant bit first.
Both bytes MUST be written before the master issues a
reset, or the data may be corrupted.

Read Scratchpad [BEh]

This command allows the master to read the contents of
the scratchpad. The data transfer starts with the least sig-
nificant bit of byte 0 and continues through the scratchpad
until the 9th byte (byte 8 — CRC) is read. The master may
issue a reset to terminate reading at any time if only part
of the scratchpad data is needed.

www.maximintegrated.com
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Copy Scratchpad [48h]

This command copies the contents of the scratchpad Ty
and T|_registers (bytes 2 and 3) to EEPROM. If the device
is being used in parasite power mode, within 10us (max)
after this command is issued the master must enable
a strong pullup on the 1-Wire bus for at least 10ms as
described in the Powering The DS18S20 section.

Recall E2 [B8h]

This command recalls the alarm trigger values (T and
Tp) from EEPROM and places the data in bytes 2 and
3, respectively, in the scratchpad memory. The master
device can issue read-time slots following the Recall E2
command and the DS18S20 will indicate the status of the
recall by transmitting O while the recall is in progress and
1 when the recall is done. The recall operation happens
automatically at power-up, so valid data is available in
the scratchpad as soon as power is applied to the device.

Read Power Supply [B4h]

The master device issues this command followed by a
read-time slot to determine if any DS18S20s on the bus
are using parasite power. During the read-time slot, para-
site powered DS18S20s will pull the bus low, and exter-
nally powered DS18S20s will let the bus remain high. See
the Powering The DS18S20 section for usage information
for this command.

1-Wire Signaling

The DS18S20 uses a strict 1-Wire communication pro-
tocol to ensure data integrity. Several signal types are
defined by this protocol: reset pulse, presence pulse,
write O, write 1, read 0, and read 1. All these signals, with
the exception of the presence pulse, are initiated by the
bus master.
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Initialization Procedure—Reset And
Presence Pulses

All communication with the DS18S20 begins with an ini-
tialization sequence that consists of a reset pulse from the
master followed by a presence pulse from the DS18S20.
This is illustrated in Figure 12. When the DS18S20 sends
the presence pulse in response to the reset, it is indicating
to the master that it is on the bus and ready to operate.

During the initialization sequence the bus master trans-
mits (Tx) the reset pulse by pulling the 1-Wire bus low
for a minimum of 480us. The bus master then releases
the bus and goes into receive mode (Rx). When the bus
is released, the 5kQ pullup resistor pulls the 1-Wire bus
high. When the DS18S20 detects this rising edge, it waits
15us to 60us and then transmits a presence pulse by pull-
ing the 1-Wire bus low for 60us to 240us.

Read/Write Time Slots

The bus master writes data to the DS18S20 during write
time slots and reads data from the DS18S20 during read-
time slots. One bit of data is transmitted over the 1-Wire
bus per time slot.

Write Time Slots

There are two types of write time slots: “Write 1” time slots
and “Write 0” time slots. The bus master uses a Write 1
time slot to write a logic 1 to the DS18S20 and a Write
0 time slot to write a logic 0 to the DS18S20. All write
time slots must be a minimum of 60us in duration with a
minimum of a 1us recovery time between individual write
slots. Both types of write time slots are initiated by the
master pulling the 1-Wire bus low (see Figure 13).

To generate a Write 1 time slot, after pulling the 1-Wire
bus low, the bus master must release the 1-Wire bus
within 15us. When the bus is released, the 5kQ pullup
resistor will pull the bus high. To generate a Write 0 time
slot, after pulling the 1-Wire bus low, the bus master must
continue to hold the bus low for the duration of the time
slot (at least 60ps). The DS18S20 samples the 1-Wire
bus during a window that lasts from 15us to 60us after the
master initiates the write time slot. If the bus is high during
the sampling window, a 1 is written to the DS18S20. If the
line is low, a O is written to the DS18S20.

—— BUS MASTER PULLING LOW
DS18S20 PULLING LOW
—— RESISTOR PULLUP

MASTER Tx RESET PULSE B MASTER Rx _
480ps MINIMUM s 480ps MINIMUM >
DS18520 Tx
DS18S20 —— PRESENCEPULSE —»
Veu WAITS 15-60ps — e 60-240s ;
1-Wire BUS f /
ep-——f————-tro— e —_———— —_—_—_———————_—_—_—_———
LINE TYPE LEGEND

Figure 12. Initialization Timing
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START START
OF SLOT OF SLOT
| ! |
! MASTER WRITE “0" SLOT ! ! MASTER WRITE “" SLOT
| |
! — — 1us<Trec <
-——— 60ps < Tx “0” < 120us —_— i !
} } —N‘ — >1ps
VPU ————— o ______ L L - -
1-Wire BUS
GND ————~— ’ e
|
I
! DS18520 SAMPLES i DS18520 SAMPLES
i MIN TYP MAX | MIN TYP MAX
|
! |
| | | | | | |
- 1545 —-ia— 1545 e 308 — < 1515 —>le— 1515 —>le— 30pS —p)
I | I I
! |
! |
! |
| i
| MASTER READ “0" SLOT ! MASTER READ “1" SLOT
! i
| |
! — lu— 1us < TREC < =
VPU ————— L ____ i __
1-Wire BUS
GND ————~— !
| > 1us — -
b MASTER SAMPLES } | MASTER SAMPLES
> 1ps—>% - | ‘
I ! , }
i ! |
la— 15us *:“— 45Hs ———————>>1 - 1505 —
| | |
! i
] |
LINE TYPE LEGEND
——— BUS MASTER PULLING LOW
DS18520 PULLING LOW
—— RESISTOR PULLUP

Figure 13. Read/Write Time Slot Timing Diagram
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Read-Time Slots

The DS18S20 can only transmit data to the master when
the master issues read-time slots. Therefore, the master
must generate read-time slots immediately after issuing
a Read Scratchpad [BEh] or Read Power Supply [B4h]
command, so that the DS18S20 can provide the request-
ed data. In addition, the master can generate read-time
slots after issuing Convert T [44h] or Recall EZ [B8h] com-
mands to find out the status of the operation as explained
in the DS18S20 Function Commands section.

All read-time slots must be a minimum of 60us in duration
with a minimum of a 1us recovery time between slots. A
read-time slot is initiated by the master device pulling the
1-Wire bus low for a minimum of 1us and then releasing
the bus (see Figure 13). After the master initiates the

High-Precision 1-Wire Digital Thermometer

read-time slot, the DS18S20 will begin transmitting a 1
or 0 on bus. The DS18S20 transmits a 1 by leaving the
bus high and transmits a 0 by pulling the bus low. When
transmitting a 0, the DS18S20 will release the bus by the
end of the time slot, and the bus will be pulled back to
its high idle state by the pullup resister. Output data from
the DS18S20 is valid for 15us after the falling edge that
initiated the read-time slot. Therefore, the master must
release the bus and then sample the bus state within
15us from the start of the slot.

Figure 14 illustrates that the sum of TNT, TRc, and
TsampLE Must be less than 15us for a read-time slot.
Figure 15 shows that system timing margin is maximized
by keeping TnjT and Trc as short as possible and by
locating the master sample time during read-time slots
towards the end of the 15us period.

VPU —— = —— - m e — —
1-Wire BUS VIH OF MASTER
GnNp-—----bii———--—-—-—-—-—.—4—<+"—-- -\~~~ ———
| | | !
I ! | !
e Tnr>lps e Tre —— ™ MASTER SAMPLES |
| | | !
| |
| |
- 15us =i
|
Figure 14. Detailed Master Read 1 Timing
VPU === mmmmmmmqmmmmmm e
' VIH OF MASTER
1-Wire BUS
GND === === e oo oo oo
| | | !
B S |
D TnT= | Tre= | MASTER SAMPLES i
| | |
I SMALL SMALL |
- 15us :3
|
LINE TYPE LEGEND
—— BUS MASTER PULLING LOW
—— RESISTOR PULLUP

Figure 15. Recommended Master Read 1 Timing
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Maxim Integrated | 16



DS18S20 High-Precision 1-Wire Digital Thermometer

44n 48h

MASTER Tx CONVERT N COPY N
FUNCTION > _SCRATCHPAD
COMMAND X

PARASITE PARASITE

POWER POWER
? ?
\/ \
DS18520 BEGINS v MASTER ENABLES
CONVERSION MASTER ENABLES STRONG PULL- UP ON DQ
STRONG PULLUP ON DQ
> o \4
v Y Y DATA COPIED FROM
DS18520 CONVERTS SCRATCHPAD TO EEPROM
DEVICE TEMPERATURE COPY IN N
CONVERTING N PROGRESS
TEMPERATURE i ? y
? A MASTER DISABLES
MASTER DISABLES Y STRONG PULLUP
v STRONG PULLUP
v \ 4
v v MASTER MASTER
MASTER MASTER Rx 40" Ry 1"
Rx “0s” Rx “1s"
- A4 \ 4 - \

RECALL E2
?

SCRATCH PAD
?

Y

»
>

v MASTER Tx TH BYTE
PARASITE MASTER Rx DATA BYTE T0 SCRATCHPAD
FROM SCRATCHPAD
POWERED MASTER BEGINS DATA
? RECALL FROM E2 PROM I
MASTER Tx T BYTE
> TO SCRATCHPAD
MASTER MASTER VASTER
Rxls RX0s” Y Tx RESET
DEVICE
BUSY RECALLING >N
DATA
?
Y HAVE 8 BYTES
BEEN READ
A4 \
MASTER MASTER
Rx 08" Rx “1s"
MASTER Rx SCRATCHPAD
CRCBYTE

\

Y

RETURN TO INITIALIZATION SEQUENCE
(FIGURE 16) FOR NEXT TRANSACTION

A

www.maximintegrated.com

Figure 17. DS18S20 Function Commands Flowchart
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DS18S20

Ds18S20 Operation Example 1

In this example there are multiple DS18S20s on the bus and they are using parasite power. The bus master initiates a
temperature conversion in a specific DS18S20 and then reads its scratchpad and recalculates the CRC to verify the data.

High-Precision 1-Wire Digital Thermometer

MASTER MODE DATA (LSB FIRST) COMMENTS

TX Reset Master issues reset pulse.

Rx Presence DS18S20s respond with presence pulse.

Tx 55h Master issues Match ROM command.

Tx 64-bit ROM code Master sends DS18S20 ROM code.

Tx 44h Master issues Convert T command.

Tx DQ line held high by Master qpplies strong pullup to DQ for the duration of the

strong pullup conversion (tcony)-

TX Reset Master issues reset pulse.

Rx Presence DS18S20s respond with presence pulse.

Tx 55h Master issues Match ROM command.

Tx 64-bit ROM code Master sends DS18S20 ROM code.

Tx BEh Master issues Read Scratchpad command.
Master reads entire scratchpad including CRC. The master then

Rx 9 data bytes recalculates the CRC of the first eigh_t data bytes from the scratchpad
and compares the calculated CRC with the read CRC (byte 9). If they
match, the master continues; if not, the read operation is repeated.

DS18S20 Operation Example 2

In this example there is only one DS18S20 on the bus and it is using parasite power. The master writes to the Ty and
T registers in the DS18S20 scratchpad and then reads the scratchpad and recalculates the CRC to verify the data. The

master then copies the scratchpad contents to EEPROM.

MASTER MODE DATA (LSB FIRST) COMMENTS

Tx Reset Master issues reset pulse.

Rx Presence DS18S20 responds with presence pulse.

TX CCh Master issues Skip ROM command.

TX 4Eh Master issues Write Scratchpad command.

TX 2 data bytes Master sends two data bytes to scratchpad (TH and T)

TX Reset Master issues reset pulse.

Rx Presence DS18S20 responds with presence pulse.

TX CCh Master issues Skip ROM command.

TX BEh Master issues Read Scratchpad command.
Master reads entire scratchpad including CRC. The master then

Rx 9 data bytes recalculates the CRC of the first eigh.t data bytes from the scratchpad
and compares the calculated CRC with the read CRC (byte 9). If they
match, the master continues; if not, the read operation is repeated.

TX Reset Master issues reset pulse.

Rx Presence DS18S20 responds with presence pulse.

Tx CCh Master issues Skip ROM command.

Tx 48h Master issues Copy Scratchpad command.

T DQ line held high by Master ap!oligs strong pullup to DQ for at least 10ms while copy

strong pullup operation is in progress.

www.maximintegrated.com
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DS18S20 High-Precision 1-Wire Digital Thermometer

DS18S20 Operation Example 3

In this example there is only one DS18S20 on the bus and it is using parasite power. The bus master initiates a tempera-
ture conversion then reads the DS18S20 scratchpad and calculates a higher resolution result using the data from the
temperature, COUNT REMAIN and COUNT PER °C registers.

MASTER MODE DATA (LSB FIRST) COMMENTS

Tx Reset Master issues reset pulse.

TX Presence DS18S20 responds with presence pulse.

TX CCh Master issues Skip ROM command.

Tx 44h Master issues Convert T command.

DQ line held high by . . .

TX strong pullup Master applies strong pullup to DQ for the duration of the conversion (tcony)-

TX Reset Master issues reset pulse.

Rx Presence DS18S20 responds with presence pulse.

TX CCh Master issues Skip ROM command.

TX BEh Master issues Read Scratchpad command.
Master reads entire scratchpad including CRC. The master then recalculates
the CRC of the first eight data bytes from the scratchpad and compares
the calculated CRC with the read CRC (byte 9). If they match, the master

Rx 9 data bytes . . L
continues; if not, the read operation is repeated. The master also calculates
the TEMP_READ value and stores the contents of the COUNT REMAIN and
Count Per °C registers.

TX Reset Master issues reset pulse.

Rx Presence DS18S20 responds with presence pulse.

. . CPU calculates extended resolution temperature using the equation in
the Operation—Measuring Temperature section.

www.maximintegrated.com Maxim Integrated | 19



DS18S20

Ordering Information

PART TEMP RANGE PIN-PACKAGE
DS18S20+ -55°C to +125°C 3 TO-92
DS18S20+T&R —55°C to +125°C 3 TO-92 (2000 Piece)

DS18S20-SL+T&R

-55°C to +125°C

3 TO-92 (2000 Piece)*

High-Precision 1-Wire Digital Thermometer

Package Information

For the latest package outline information and land patterns
(footprints), go to www.maximintegrated.com/packages. Note
that a “+”, “#”, or “-” in the package code indicates RoHS status
only. Package drawings may show a different suffix character, but
the drawing pertains to the package regardless of RoHS status.

DS18S520Z —-55°C to +125°C 8 SO
DS18S20Z+ —55°C to +125°C 8 SO
DS18S20Z/T&R —55°C to +125°C 8 SO (2500 Piece)
DS18S20Z+T&R  -55°C to +125°C 8 SO (2500 Piece)

+Denotes a lead(Pb)-free/RoHS-compliant package. A “+”
appears on the top mark of lead(Pb)-free packages.

T&R = Tape and reel.

*T0O-92 packages in tape and reel can be ordered with straight
or formed leads. Choose “SL” for straight leads. Bulk TO-92
orders are straight leads only.

www.maximintegrated.com

PACKAGE PACKAGE | OUTLINE LAND
TYPE CODE NO. PATTERN NO.
8 SO S8-2 21-0041 90-0096
3TO-92
(straight leads) Q31 21-0248 -
3TO-92
(formed leads) Q3-4 21-0250 -

Maxim Integrated | 20
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DS18S20 High-Precision 1-Wire Digital Thermometer

Revision History

REVISION REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED

In the Ordering Information table, added TO-92 straight-lead packages and
0 4/08 included a note that the TO-92 package in tape and reel can be ordered with either 2
formed or straight leads

Removed the Top Mark column from the Ordering Information table; added the
1 8/10 continuous power dissipation and lead and soldering temperatures to the Absolute 2,20
Maximum Ratings section

Updated General Description and Benefits and Features section and added

2 115 Applications section

3 4/15 Revised Pin Configuration and Ordering Information 1,20

For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642, or visit Maxim Integrated’s website at www.maximintegrated.com.

Maxim Integrated cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim Integrated product. No circuit patent licenses
are implied. Maxim Integrated reserves the right to change the circuitry and specifications without notice at any time. The parametric values (min and max limits)
shown in the Electrical Characteristics table are guaranteed. Other parametric values quoted in this data sheet are provided for guidance.

Maxim Integrated and the Maxim Integrated logo are trademarks of Maxim Integrated Products, Inc. © 2015 Maxim Integrated Products, Inc. | 21



Digole

128x64Dots Serial/Parallel LCD

ST7920 Chinese Fonts built in LCD controller/driver

Main Features

Operation Voltage Range:

@ 45Vto5.5V

Support 8-bit, 4-bit and serial bus MPU interface
64 x 16-bit display RAM (DDRAM)

@  Supports 16 words x 4 lines (Max)

@ LCD display range 16 words x 2 lines

64 x 256-bit Graphic Display RAM (GDRAM)
2M-bits Character Generation ROM (CGROM):
Support 8192 Chinese words (16x16 dot matrix)
16K-bit half-width Character Generation ROM
(HCGROM):

Supports 126 characters (16x8 dot matrix)
32-common x 64-segment (2 lines of character)
LCD drivers

Automatic power on reset (POR)

External reset pin (XRESET)

With the extension segment drivers, the display
area can up to 16x2 lines

Built-in RC oscillator:

Low power consumption design

@  Normal mode (450uA Typ VDD=5V)
@  Standby mode (30uA Max VDD=5V)
VLCD (VO to Vss): max 7V

Graphic and character mixed display mode
Multiple instructions:

Display Clear

Return Home

Display ON/OFF

Cursor ON/OFF

Display Character Blink

Cursor Shift

Display Shift

Vertical Line Scroll

Reverse Display (by line)

Standby Mode

Built-in voltage booster (2 times)

VOUT: max 7V

1/33 Duty (with ICON)

(SENROENRNRCENRNRN RN

Frequency is adjusted by an external resistor

Function Description

ST7920 LCD controller/driver IC can display alphabets, numbers, Chinese fonts and self-defined characters. It
supports 3 kinds of bus interface, namely 8-bit, 4-bit and serial. All functions, including display RAM, Character
Generation ROM, LCD display drivers and control circuits are all in a one-chip solution. With a minimum system
configuration, a Chinese character display system can be easily achieved.

ST7920 includes character ROM with 8192 16x16 dots Chinese fonts and 126 16x8 dots half-width alphanumerical
fonts. Besides, it supports 64x256 dots graphic display area for graphic display (GDRAM). Mix-mode display with
both character and graphic data is possible. ST7920 has built-in CGRAM and provide 4 sets software programmable
16x16 fonts.

ST7920 has wide operating voltage range (2.7V to 5.5V). It also has low power consumption. So ST7920 is suitable
for battery-powered portable device.

ST7920 LCD driver consists of 32-common and 64-segment. Company with the extension segment driver (ST7921)
ST7920 can support up to 32-common x 256-segment display.

Part Number Font Code
ST7920-0A BIG-5 Code Set (Traditional Chinese)
ST7920-0B GB Code Set (Simplified Chinese)
ST7920-0C Chinese (Traditional/Simplified) & Japanese
ST7920-0F Chinese (Traditional/Simplified), Japanese & Korean
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System Block Diagram

RESI RESO . CL1
- QL2
Reset L l—, M
Circuit ! —
CLK »| Timing
Generator
PSB
DOUT
Instruction i OOVIl'
; to
» Register (IR) Y
RS_,| wmpu Display 33/49-bit| | Common cavB2
RW Interface Data RAM Ly shift [ Signal +—
— (DDRAM) register Driver
A 4 .
E_’ Ir:)struc;ion 64‘X ]‘.‘6 bits 7 S )
ecoder [
] SEGL to
v SEG64
64-bit 64-bit Segment
shift latch Signal  |—
Address register | | circuit Driver
DB4 to Counter 'y 5
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Pin Description

Name

No.

1/O

Connects to

Function

RST

17

System reset input (low active).

PSB

15

Interface selection:
0: serial mode;
1: 8/4-bit parallel bus mode.

RS(CS*)

MPU

Parallel Mode: Register select.

0: Select instruction register (write)

or busy flag, address counter (read);

1: Select data register (write/read).
Serial mode: Chip select.

1: chip enabled,;

0: chip disabled.

When chip is disabled, SID and SCLK
should be set as “H” or “L”. Transcient
of SID and SCLK is not allowed.

RW(SID*)

MPU

Parallel Mode: Read/Write control.
0: Write;

1: Read.

Serial Mode: Sserial data input.

E(SCLK¥)

MPU

Parallel Mode: 1: Enable trigger.
Serial Mode: Serial clock.

D4 to D7

11~14

I/0

MPU

Higher nibble data bus of 8-bit interface
and data bus for 4-bit interface

DO to D3

7~10

I/O

MPU

Lower nibble data bus of 8-bit interface.

Voo

Power

Vpp : 4.5V 10 5.5V.

Vss

Power

VSS: 0V.

VOUT

18

Resistors

LCD voltage doubler output.

VOUT = 7V.
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Function Description

System interface

ST7920 supports 3 kinds of bus interface to communicate with MPU: 8-bit parallel, 4-bit parallel and clock
synchronized serial interface. Parallel interface is selected by PSB="1" and serial interface is by PSB="0". 8-bit / 4-bit
interface is selected by function set instruction DL bit.

Two 8-bit registers (Data Register DR and Instruction Register IR) are used in ST7920 to access DRAM or Register.
Data Register (DR) can access DDRAM, CGRAM and GDRAM through the address pointer implemented by Address
Counter (AC). Instruction Register (IR) stores the instruction sent by MPU to ST7920.

4 kinds of parallel interface access mode can be selected through RS and RW:

RS RwW Description

L L MPU write instruction to instruction register (IR)

L H MPU read busy flag (BF) and address counter (AC)
H L MPU write data to data register (DR)

H H MPU read data from data register (DR)

* The serial interface access modes do not have Read operation.

Busy Flag (BF)

ST7920 needs a process time for any received instruction. Before finishing the received instruction, any further
instruction is not accepted. The process time of each instruction is not equal and the internal process is finished or
not can be determined by the BF. Internal operation is in progress while BF="1", that means ST7920 is in busy state.
No further instructions will be accepted until BF="0". MPU must check BF to determine whether the internal operation
is finished or not before issuing instruction.

Address Counter (AC)

Address Counter (AC) is used as the address pointer of DDRAM, CGRAM and GDRAM. (AC) can be set by
instruction. After that, accesses (Read/Write operations) to the memories, such as DDRAM, CGRAM or GDRAM,
(AC) will be increased or decreased by 1 (according to the setting in “Entry Mode Set” Register). When RS="0",
RW="1" and E="1" the value of (AC) will be output to DB6~DBO.

Character Generation ROM (CGROM) and Half-width Character Generation ROM (HCGROM)

ST7920 is built in a Character Generation ROM (CGROM) to provide 8192 16x16 character fonts and a Half-width
Character Generation ROM to provide 126 8x16 alphanumeric characters. It is easy to support multi-language
applications such as Chinese and English. Two consecutive bytes are used to specify one 16x16 character or two
8x16 half-width characters. Character codes are written into DDRAM and the corresponding fonts are mapped from
CGROM or HCGROM to the display drivers.

Character Generation RAM (CGRAM)

ST7920 is built in a Character Generation RAM (CGRAM) to support user-defined fonts. Four sets of 16x16
bit-maped RAM spaces are available. These user-defined fonts are displayed the same ways as CGROM fonts by
writing the related character code into the DDRAM.
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Display Data RAM (DDRAM)

There are 64x2 bytes RAM spaces for the Display Data RAM. It can store display data such as 16 characters (16x16)
by 4 lines or 32 characters (8x16) by 4 lines. However, only 2 character-lines (maximum 32 common outputs) can be
displayed at one time. Character codes stored in DDRAM will refer to the fonts specified by CGROM, HCGROM and
CGRAM.

ST7920 can display half-width HCGROM fonts, user-defined CGRAM fonts and full 16x16 CGROM fonts. The
character codes in 0000H~0006H will use user-defined fonts in CGRAM. The character codes in 02H~7FH will use
half-width alpha numeric fonts. The character code larger than A1H will be treated as 16x16 fonts and will be
combined with the next byte automatically. The 16x16 BIG5 fonts are stored in A140H~D75FH while the 16x16 GB
fonts are stored in ALIAOH~F7FFH. In short:
1. To display HCGROM fonts:

Write 2 bytes of data into DDRAM to display two 8x16 fonts. Each byte represents 1 character.

The data is among 02H~7FH.
2. To display CGRAM fonts:

Write 2 bytes of data into DDRAM to display one 16x16 font.

Only 0000H, 0002H, 0004H and 0006H are acceptable.
3. Todisplay CGROM fonts:

Write 2 bytes of data into DDRAM to display one 16x16 font.

A140H~D75FH are BIG5 code, A1AOH~F7FFH are GB code.

The higher byte (D15~D8) is written first and the lower byte (D7~D0) is the next.
Please refer to Table 5 for the relationship between DDRAM and the address/data of CGRAM.

CGRAM fonts and CGROM fonts can only be displayed in the start position of each address. (Refer toTable 4)

80 81 82 83 84 85 86 87 88 89 8A 8B 8C 8D 8E 8F
HI{L|H|L|H|L|H|L|H|L|H|L|H|L|H|L|H|L|H|L|H|L|H|L|H|L|H|L|H|L|H]|L
S|lijt|lrjo|ln]i|X S|T|7]9]2]0

A O - PO PO < L I O I - (] = | & |)

AR AR AEaNNEERERE AR ]

/ Table 4

Incorrect start position
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Graphic RAM (GDRAM)

Graphic Display RAM has 64x256 bits bit-mapped memory space. GDRAM address is set by writing 2 consecutive
bytes of vertical address and horizontal address. Two-byte data (16 bits) configures one GDRAM horizontal address.
The Address Counter (AC) will be increased by one automatically after receiving the 16-bit data for the next operation.
After the horizontal address reaching OFH, the horizontal address will be set to 00H and the vertical address will not
change. The procedure is summarized below:

1. Set vertical address (Y) for GDRAM

2. Set horizontal address (X) for GDRAM

3. Write D15~D8 to GDRAM (first byte)

4. Write D7~DO0 to GDRAM (second byte)

Please refer to Table 7 for Graphic Display RAM mapping.

LCD driver

ST7920 embedded LCD driver has 33 commons and 64 segments to drive the LCD panel. Segment data from
CGRAM, CGROM and HCGROM are shifted into the 64 bits segment latche to display. Extended segment driver
(ST7921) can be used to extend the segment outputs upto 256 segments.
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DDRAM data

(char. code

0

0

s ]2 o HIEEEEEEEEEEEEEEE EE EEEEEEEEEEEEERE
= ol0 =EEE R EEEEEEEEEEEE G E EEEEEEEEEEEEERE
dyD2 OO d|d[d| dH| O| OO0 0| O0|0|0(O0|0o|ld|d|dA|d|d| | d| | | | | | | | O| O
MWD3 o|o|ofd|olold[d|o|o|o|o|o|o|o|o]o|o|o|ojo|o|o|o|o|o|o|o|oldd] o
< o0 <« o|lo|old|o|o|lo|oldldo|lo|o|o|o|o|o|ofdo|olo|o|o|lo|o|o|o|old| oo
A alT) SRR EEEEEE G R EEEEEE G G RS —| ool o
%ﬂO\DG e EE R EEE G EEE EE EEEEEEEEEEEEEEE
O~ EEEE G R EEEEEEE G EE EEE G R EEEEEE G R AR
© O o o|lo|o|o|olo[d/olo|o|o|o|olold|olololdld| olaa a4 o]+ o]+ o] o
2 80 o HEEEEEE I EEEEEEEEE R EEE A E I E R E G EEEEE
dWDlO11001111111110001001010101010100
s |0« doldlololo|d|olo]o|o|o|d|o|o|o|o|d[d|o[dlo|ld[old|o|d[o[d|o[-[o]o
AmD1201110100000100000101010101010100
Dnngoo01001111111110000010010101011110
%mD1401000010000000000001011111110000
AT E G EEEEE R EEEEEEEE EEEE R EEEEEEE G G A
m o SR EEEEEEEEEEEEE EEE EE EEEEEEEEEEE
M.Bl O O[dA dA| OO dA| HA[O|O|HA|H| O| O HA| dH| O|O| Hd|H|O|O|HA| dH| O|O|Hd| H| O|O| H|
M.mBZ o|lo|olodd|d|d|o|lo|o|loddldd|o|olo|o|dldd[d|o|olo|od[d[ [ d
G.AOnBS o|lo|lo|lo|o|o|o|o|d|d|d|d|d|d|d|d|o|o|o|o|o|o|o|O| dA| | | d| | | |
O Qs o -
BS o o
m o X X
o - o —
m o o
m m X X
<
m
!
o)
—
m

Table 5: DDRAM data (character code) vs. CGRAM data/address map

Note:
1.

DDRAM data (character code) bitl and bit2 are identical with CGRAM address bit4 and bit5.

CGRAM address bit0 to bit3 specify total 16 rows. Row-16 is for cursor display. The data in Row-16 will be logically OR to the cursor.

CGRAM data for each address is 16 bits.

2.

3.

To select the CGRAM font, the bit4 through bit15 of DDRAM data must be “0” while bit0 and bit3 are “don’t care”.

4.
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Sl IS [ 9] 4
G A EE LS
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Table 6 16x8 half-width characters
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GDRAM Horizontal address ( X)

0 1 15

©O~NOUNAWNER Ol

CA) ssaippe [edILBA INVHAD

|b15|b14|b13| ........... |bo|

Table 7 GDRAM display coordinates and corresponding address
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Instructions

ST7920 offers basic instruction set and extended instruction set:

Instruction Set 1: (RE=0: Basic Instruction)

Code L Exec time
Inst. Description
RS | RW |DB7|DB6 |DB5|DB4|DB3|DB2|DB1|DBO (540KH2Z)
Display Fill DDRAM with "20H" and set DDRAM address counter (AC)
0 0 0| O 0 0| O 0 0 1 1.6 ms
Clear to "00H".
Return Set DDRAM address counter (AC) to "00H", and put cursor
0 0 0| O 0 0| O 0 1 (X . 72 us
Home to origin : the content of DDRAM are not changed
Entry Mode Set cursor position and display shift when doing write or read
0 0 0| O 0 0| O 1 |IID| S . 72 us
Set operation
. D=1: Display ON
Display
0 0 0 0 0 0 1 D C B |C=1: Cursor ON 72 us
Control )
B=1: Character Blink ON
Cursor = . .
. Cursor position and display shift control; the content of
Display 0 0 0 0 0 1 |SIC|RIL| X | X 72 us
DDRAM are not changed
Control
DL=1 8-bit interface
Function 0 DL=0 4-bit interface
0 0 0 0 1 |[DL| X X X ) ) 72 us
Set RE RE=1: extended instruction
RE=0: basic instruction
Set Set CGRAM address to address counter (AC)
CGRAM 0 0 0 1 |AC5|AC4|AC3|AC2|AC1|ACO|Make sure that in extended instruction SR=0 (scroll or 72 us
Address. RAM address select)
Set
0 Set DDRAM address to address counter (AC)
DDRAM 0 0 1 AC5|AC4|AC3|AC2|ACL1|ACO o 72 us
AC6 ACE6 is fixed to 0
Address.
Read ) ) )
Read busy flag (BF) for completion of internal operation, also
Busy Flag | O 1 | BF |[AC6|AC5|AC4|AC3|AC2|AC1|ACO Ous
Read out the value of address counter (AC)
(BF) & AC.
) Write data to internal RAM
Write RAM | 1 O |D7 | D6 |D5 | D4 | D3 | D2 | D1 | DO 72 us
(DDRAM/CGRAM/GDRAM)
Read data from internal RAM
Read RAM | 1 1 |D7 | D6 |D5|D4|D3|D2|D1| DO 72 us
(DDRAM/CGRAM/GDRAM)
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Instruction set 2: (RE=1: extended instruction)

Code L Exec time
Inst. Description
RS | RW |DB7|DB6|DB5|DB4|DB3|DB2|DB1|DB0 (540KHZ)
Enter standby mode, any other instruction can terminate.
Standby 0 0 0 0 0 0 0 0 0 1 72 us
COML1...32 are halted.
Scroll or
RAM SR=1: enable vertical scroll position
0 0 0 0 0 0 0 0 1 |SR o . 72 us
Address. SR=0: enable CGRAM address (basic instruction)
Select
R Select 1 out of 4 line (in DDRAM) and decide whether to
everse
(by line) 0 0 0 0 0 0 0 1 | R1 | RO [reverse the display by toggling this instruction 72 us
ine
y R1,R0 initial value is 0,0
DL=1 :8-bit interface
DL=0 :4-bit interface
Extended . .
] 1 RE=1: extended instruction set
Function 0 0 0 0 1 [DL| X G 0 T - 72 us
Set RE RE=0: basic instruction set
e
G=1 :graphic display ON
G=0 :graphic display OFF
Set Scroll _
Add 0 0 0 1 |AC5|AC4|AC3|AC2|AC1|ACO|SR=1: AC5~ACO0 the address of vertical scroll 72 us
ress
. Set GDRAM address to address counter (AC)
Set Graphic . ) .
) Set the vertical address first and followed the horizontal
Display 0 0 0 |AC3|AC2|AC1|ACO . .
0 0 1 address by consecutive writings 72 us
RAM 0 |AC5|AC4|AC3|AC2|AC1|ACO .
Vertical address range: AC5...ACO
Address .
Horizontal address range: AC3...ACO
Note:

1. Make sure that ST7920 is not in busy state by reading the busy flag before sending instruction or data. If using delay loop instead, please

make sure the delay time is enough. Please refer to the instruction execution time.

2. “RE” is the selection bit of basic and extended instruction set. After setting the RE bit, the value will be kept. So that the software doesn’t

have to set RE every time when using the same instruction set.
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Initial Setting (Register flag) (RE=0: basic instruction)

Code _
Inst. Description
RS |RW |DB7|DB6|DB5 |DB4|DB3|DB2|DB1|DB0

0 0 0 0 0 0 0 1 |(IID| S

Entry Mode .
Cursor move to right , DDRAM address counter (AC) plus 1
Set
1 0
. 0 0 0| O 0 0 1| D|C|B
Display . .
Display, cursor and blink are ALL OFF
Control

CURSOR [ 0 | O | O | O | O] 1 |SIC|RL| X | X

DISPLAY No cursor or display shift operation
SHIFT X X
0 0 0 0 1 |(DL| X 0 X X
FUNCTION RE

8-bit MPU interface , basic instruction set
SET

Initial Setting (Register flag) (RE=1: extended instruction set)

Code _
Inst. Description
RS |RW |DB7|DB6|DB5|DB4 |(DB3|DB2|DB1|DB0
SCROLL 0 0 0 0 0 0 0| o0 1 [SR
OR RAM .
Allow vertical scroll or set CGRAM address
ADDR. 0
SELECT
0 0 0 0 0 0 0 1 |R1|RO
REVERSE Begin with normal and toggle to reverse
0 0
1
EXTENDED| 0 | 0 | 0 | O | 1 |DL| X RE G| o
FUNCTION Graphic display OFF
SET 0
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Description of basic instruction set

Display Clear

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

codel0|ofofofofofofo|o]1

This instruction will change the following items:

1. Fill DDRAM with "20H"(space code).

2. Set DDRAM address counter (AC) to"00H".

3. Set Entry Mode 1I/D bit to be "1". Cursor moves right and AC adds 1 after write or read operation.
Return Home

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

coge| Ol0fofofo]oflofof1]x

Set address counter (AC) to "00H". Cursor moves to origin. Then content of DDRAM is not changed.
Enry Mode Set

RS RWwW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

codel0]ofofofofof[o]1[|m]s

Set the cursor movement and display shift direction when doing write or read operation.
I/D: Address Counter Control: (Increase/Decrease)

When I/D ="1", cursor moves right, address counter (AC) is increased by 1.
When I/D ="0", cursor moves left, address counter (AC) is decreased by 1.
S: Display Shift Control: (Shift Left/Right)

S I/D DESCRIPTION

H H Entire display shift left by 1
H L Entire display shift right by 1
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Display Control

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

codel0]ofofofofo[1]D|[cC]|B

Controls display, cursor and blink ON/OFF.

D: Display ON/OFF control bit

When D ="1", display ON

When D ="0", display OFF, the content of DDRAM is not changed

C: Cursor ON/OFF control bit

When C ="1", cursor ON.

When C ="0", cursor OFF.

B: Character Blink ON/OFF control bit

When B = "1", cursor position blink ON. Then display data (character) in cursor position will blink.
When B = "0", cursor position blink OFF

Cursor/Display Shift Control

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

code| OJO0Jofo]o]1[sclrL]x]x

This instruction configures the cursor moving direction or the display shifting direction. The content of DDRAM is
not changed.

S/C R/L Description AC Value
L L Cursor moves left by 1 position AC=AC-1
L H Cursor moves right by 1 position AC=AC+1
H L Display shift left by 1, cursor also follows to shift. AC=AC
H H Display shift right by 1, cursor also follows to shift. AC=AC
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Function Set

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Code| 0|0 O[O0O] 21 |DL|X|RElX]X

DL: 4/8-bit interface control bit

When DL ="1", 8-bit MPU bus interface
When DL ="0", 4-bit MPU bus interface
RE: extended instruction set control bit
When RE ="1", extended instruction set
When RE ="0", basic instruction set

In same instruction cannot alter DL and RE at once. Make sure that change DL first then RE.
Set CGRAM Address

RS RwW DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

0 0 0 1 |AC5|AC4[AC3|AC2|AC1|ACO

Code

Set CGRAM address into address counter (AC)
AC range is O0H...3FH
Make sure that in extended instruction SR=0 (scroll address or RAM address select)

Set DDRAM Address

RS RwW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 1 |AC6|AC5[AC4|AC3[AC2|AC1|ACO

Code

Set DDRAM address into address counter (AC).

First line AC range is 80H...8FH

Second line AC range is 90H...9FH

Third line AC range is AOH...AFH

Fourth line AC range is BOH...BFH

Please note that only 2 lines can be display with one ST7920.

Read Busy Flag (BF) and Address

RS RwW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 1 BF | AC6| AC5| AC4 | AC3 [AC2 | AC1|ACO

Code

Read busy flag (BF) can check whether the internal operation is finished or not. At the same time, the value of
address counter (AC) is also read. When BF =“1”, further instruction(s) will not be accepted until BF =“0”.
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Write Data to RAM

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Code| 1| O |D7|D6|D5|D4|D3|D2|D1|DO0

Write data to the internal RAM and increase/decrease the (AC) by 1

Each RAM address (CGRAM, DDRAM and GDRAM...) must write 2 consecutive bytes for 16-bit data. After
receiving the second byte, the address counter will increase or decrease by 1 according to the entry mode set
control bit.

Read RAM Data

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Code| 1| 1 |D7|D6|D5(D4|D3|D2|D1)|D0

Read data from the internal RAM and increase/decrease the (AC) by 1
After the operation mode changed to Read (CGRAM, DDRAM and GDRAM...), a “Dummy Read” is required.
There is no need to add a “Dummy Read” for the following bytes unless a new address set instruction is issued.
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Description of extended instruction set

Standby

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

code| 0] 0loflo]ofofo|lo|o]1

This Instruction will set ST7920 entering the standby mode. Any other instruction follows this instruction will
terminate the standby mode.
The content of DDRAM remains the same.

Vertical Scroll or RAM Address Select

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

coge| Ol0fofofofoflofo]1]sr

When SR ="1", the Vertical Scroll mode is enabled.
When SR ="0", “Set CGRAM Address” instruction (basic instruction) is enabled.

Reverse

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

codel 0[O0 fofoflofo|o]1[rL]|RO

Select 1 out of 4 lines to reverse the display and to toggle the reverse condition by repeating this instruction.
R1, RO initial vale is 00. The first time issuing this instruction, the display will be reversed while the second time
will return the display become normal.

R1 RO Description
L L First line normal or reverse

L H Second line normal or reverse

H L Third line normal or reverse

H H

Fourth line normal or reverse

Please note that only 2 lines out of 4 lines of display data can be displayed with one ST7920.
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Extended Function Set

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

code| Ol O0]o]o|1|o|x]|RE|]G]X

DL: 4/8-bit interface control bit

When DL ="1", 8-bit MPU interface.
When DL = "0", 4-bit MPU interface.

RE: extended instruction set control bit
When RE = "1", extended instruction set
When RE = "0", basic instruction set

G: Graphic display control bit

When G ="1", Graphic Display ON

When G ="0", Graphic Display OFF

In same instruction cannot alter DL, RE and G at once. Make sure that change DL or G first and then RE.

Set Scroll Address

RS RwW DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

0 0 0 1 |AC5|AC4[AC3|AC2|AC1|ACO

Code

SR=1: AC5~ACQO is vertical scroll displacement address

Set Graphic RAM Address

RS RwW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 1 0 |AC5|AC4|AC3|AC2|AC1|ACO

Code

RS RwW DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

0 0 1 0 0 0 |AC3|AC2|AC1|ACO

Code

Set GDRAM address into address counter (AC). This is a 2-byte instruction.

The first instruction sets the vertical address while the second one sets the horizontal address (write 2
consecutive bytes to complete the vertical and horizontal address setting).

Vertical address range is AC5...ACO

Horizontal address range is AC3...ACO

The address counter (AC) of graphic RAM (GRAM) will be increased automatically after the vertical and
horizontal addresses are set. After horizontal address is increased upto OFH, it will automatically return to O0H.
However, the vertical address will not increase as the result of the same action.
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Parallel interface:

ST7920 is in parallel mode by pulling up PSB pin. ST7920 can select 8-bit or 4-bit bus interface by setting the DL
control bit in “Function Set” instruction. MPU can control RS, RW, E and DBO...DB7 pins to complete the data
transmission.

In 4-bit transfer mode, every 8-bit data or instruction is separated into 2 parts. The higher 4 bits (bit-7~bit-4) data will
be transfered first through data pins (DB7~DB4). The lower 4 bits (bit-3~bit-0) data will be transfered second through
data pins (DB7~DB4). The (DB3~DB0) data pins are not used during 4-bit transfer mode.

RS /
RW / \
- /[ \ [N/ \
DBO-DB7 X X X X X

Instruction write Dummy read RAM read

Timing Diagram of 8-bit Parallel Bus Mode Data Transfer

RS /
RW / \

e /N SN NN

Upper Lower Upper Lower Upper Lower
DBO-DB7 X o X amn X X oo X X an Xan X
Instruction write Dummy read RAM read

Timing Diagram of 4-bit Parallel Bus Mode Data Transfer
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Serial interface:

ST7920 is in serial interface mode when pulling down PSB pin. Two pins (SCLK and SID) are used to complete the
data transfer. Only write data is available in the serial interface mode.

When chip select (CS) is low, ST7920 serial clock counter and serial data will be reset. Serial transfer counter is set
to the first bit and data register is cleared. After CS is “L”, any further change on SID or SCLK is not allowed. It is
recommended to keep SCLK at “L” and SID at the last status before set CS to “L”. For a minimal system with only
one ST7920 and one MPU, only SCLK and SID pins are necessary. CS pin should pull to high.

ST7920’s serial clock (SCLK) is asynchronous to the internal clock and is generated by MPU. When multiple
instruction/data is transferred, the instruction execution time must be considered. MPU must wait till the previous
instruction is finished and then send the next instruction. ST7920 has no internal instruction buffer area.

When starting a transmission, a start byte is required. It consists of 5 consecutive “1” (sync character). Serial transfer
counter will be reset and synchronized. Followed by 2-bit flag that indicates: read/write (RW) and register/data
selected (RS) operation. Last 4 bits are filled by “0”.

After receiving the sync character, RW and RS bits, every 8 bits instruction/data will be separated into 2 groups.
Higher 4 bits (DB7~DB4) will be placed in the first section followed by 4 “0”s. And lower 4 bits (DB3~DB0) will be
placed in the second section followed by 4 “0”s.

< L

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

SALK
[1 1 1 1 1wam>o<07><DsX|:EXD4>o 0 0 0<EBXI:2XD1XII)>O 00 0

a/nchronl Zi ng (_H gher
. Bt string { data

Lower
data

<— 1 byte —><_ 2™ byte _,

Timing Diagram of Serial Mode Data Transfer
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8051 demo program for serial interface

; Write data from A into INSTRUCTION Register

WRINS:

SETB
SETB
CLR
SETB
CLR
SETB
CLR
SETB
CLR
SETB
CLR
SETB
CLR
CLR
SETB
CLR
SETB
CLR
SETB
CLR
MOVBIT
SETB
CLR
MOVBIT
SETB
CLR
MOVBIT
SETB
CLR
MOVBIT
SETB
CLR
CLR
SETB
CLR
SETB
CLR
SETB
CLR
SETB
CLR
MOVBIT
SETB
CLR
MOVBIT
SETB
CLR
MOVBIT
SETB
CLR
MOVBIT
SETB
CLR
CLR
SETB
CLR
SETB
CLR
SETB
CLR
SETB
CLR
CLR
CALL
RET

(]
SID
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SID
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SID, A7
SCLK
SCLK
SID, A.6
SCLK
SCLK
SID, A5
SCLK
SCLK
SID, A4
SCLK
SCLK
SID
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SID, A3
SCLK
SCLK
SID, A.2
SCLK
SCLK
SID, Al
SCLK
SCLK
SID, A.0
SCLK
SCLK
SID
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
CS
DLY8

;SID=1

; READ DATA FROM SID
; READ DATA FROM SID
; READ DATA FROM SID
; READ DATA FROM SID
; READ DATA FROM SID

;SID=0
; READ DATA FROM SID

; READ DATA FROM SID
; READ DATA FROM SID

;SID=A7
; READ DATA FROM SID

;SID=A.6
; READ DATA FROM SID

;SID=A5
; READ DATA FROM SID

;SID=A4
; READ DATA FROM SID

;SID=0
; READ DATA FROM SID

; READ DATA FROM SID
; READ DATA FROM SID
; READ DATA FROM SID

;SID=A3
; READ DATA FROM SID

;SID=A.2
; READ DATA FROM SID

;SID=A1
; READ DATA FROM SID

;SID=A.0
; READ DATA FROM SID

;SID=0
; READ DATA FROM SID

; READ DATA FROM SID
; READ DATA FROM SID

; READ DATA FROM SID

; Write data from A into DATA Register

WRDATA:

SETB
SETB
CLR
SETB
CLR
SETB
CLR
SETB
CLR
SETB
CLR
SETB
CLR
CLR
SETB
CLR
SETB
SETB
CLR
CLR
SETB
CLR
MOVBIT
SETB
CLR
MOVBIT
SETB
CLR
MOVBIT
SETB
CLR
MOVBIT
SETB
CLR
CLR
SETB
CLR
SETB
CLR
SETB
CLR
SETB
CLR
MOVBIT
SETB
CLR
MOVBIT
SETB
CLR
MOVBIT
SETB
CLR
MOVBIT
SETB
CLR
CLR
SETB
CLR
SETB
CLR
SETB
CLR
SETB
CLR
CLR
CALL
RET

CS
SID
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SID
SCLK
SCLK
SID
SCLK
SCLK
SID
SCLK
SCLK
SID, A7
SCLK
SCLK
SID, A.6
SCLK
SCLK
SID, A5
SCLK
SCLK
SID, A4
SCLK
SCLK
SID
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SID, A3
SCLK
SCLK
SID, A.2
SCLK
SCLK
SID, Al
SCLK
SCLK
SID, A.0
SCLK
SCLK
SID
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
SCLK
CSs
DLY8

;SID=1

; READ DATA FROM SID
; READ DATA FROM SID
; READ DATA FROM SID
; READ DATA FROM SID
; READ DATA FROM SID

;SID=0
; READ DATA FROM SID

;SID=1
; READ DATA FROM SID

;SID=0
; READ DATA FROM SID

;SID=A7
; READ DATA FROM SID

;SID=A.6
; READ DATA FROM SID

;SID=A5
; READ DATA FROM SID

;SID=A4
; READ DATA FROM SID

;SID=0
; READ DATA FROM SID

; READ DATA FROM SID
; READ DATA FROM SID
; READ DATA FROM SID

;SID=A3
; READ DATA FROM SID

;SID=A.2
; READ DATA FROM SID

;SID=A.1
; READ DATA FROM SID

; SID=A.0
; READ DATA FROM SID

;SID=0
; READ DATA FROM SID

; READ DATA FROM SID
; READ DATA FROM SID

; READ DATA FROM SID
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Application circuit for testing CGROM and HCGROM:

We can use the function of “CHECK SUM” to check the CGROM is right or error.
See the following notes: Useing IC Pad (Pind&CLK, Pin5&TT1, Pin6&TT2) to do the “CHECK SUM” function.
The application circuit is at Page49.

Timing Diagram for checking CGROM (TT1=0, TT2=1)

The ST7920 check sum process: (DDRAM must be cleared by 0x00 before this process)

In the first place: Resetting the internal counter (set TT1 and TT2 to Height)

In the second place: Setting CGROM mode (set TT1 to Low, TT2 to Height).

In the third place: CLK starts to count 655362 times.

In the final place: Finishing the counting, read the last four bytes to CHECK SUM (reading only when the CLK is
Height).

ST7920 check sum circuit: Data is available when CLK is height; if CLK is low then the data is always FFH. The last
four bytes are YO, Y1, Y2, and Y3.

=1
e
o &l
83
2 ! CLK START
TTI |4
TTZI"‘-.‘,: -~ -~ -~ -~
i 1 2 3 4 655359 655360  65536) 655362
CLK ] | | | | | | | | _____ = < = < = < = <
| / \ \ \ \
Databus_ % FF X DO X FF X D1 XFF X D2 X FF X D3 XFF FFXYOYIYZYS)
T N - 7 N N
The fatest execution time is: tCYC=1us (1MHz at 5V).
The table below is a comparing table of CGROM for different versions.
Version CGROM Last four bytes
(Font) YO yvi | vy2 [ v3
1 Big5 (0A) 38 88 CC F1
2 GB (0B) 9D 81 79 29
3 0oC FD 6F B5 85
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Timing Diagram for checking HCGROM (TT1=1, TT2=0)

The ST7920 check sum process: (DDRAM must be cleared by 0x00 before this process)

In the first place: Resetting the internal counter (set TT1 and TT2 to Height)
In the second place: Setting CGROM mode (set TT1 to Height, TT2 to Low).
In the third place: CLK starts to count 10242 times.

In the final place: Finishing the counting, read the last four bytes to CHECK SUM (reading only when the CLK is

Height).

ST7920 check sum circuit: Data is available when CLK is height; if CLK is low then the data is always FFH. The last

four bytes are YO, Y1, Y2, and Y3.

=
IO
A=
e
&g  CLKSTART
T A
12} R N
T 2 3 z T0230)  10240)  '10241)
CLK o 7 L7 L= fo~ =Z

R ~
N / \ / \ / \ /
Databus__ X FF X DO X FF X D1 X FF X D2 X FEX D3 XFF FF (Y0 Y FF Y Y1 XFFy Y2 XFFY Y3

L
The fatest execution time is: tCYC=2us (0.5MHz at 5V).

The table below is a comparing table of HCGROM for different versions.

Version HCGROM last four bytes
(Font) o | vyi [ v Y3
1 | Big5 (0A) B5 11 B5 11
2 | GB(0B) B5 11 B5 11
3 |oc B5 11 B5 11
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Testing Step:

Clear whole DDRAM area by writing data 0x00.

Composing TT1 and TT2 to make the ‘Reset’ action, and clear the internal counter.

Selecting the test mode by setting TT1 and TT2 (CGROM or HCGROM).

After setpl and setp2, entering some impulse signals through Pin4 (CLK).

Reading the CHECK SUM data through DO to D7.

Comparing CHECK SUM with the Code Table (upper table) to check if the data is correct or not.

o0k wN PR

No. of counts Status

RESET

655362 CGROM

10242 HGROM

Test process flow:

Clear whole DDRAM
(by writing data 0x00)

Set TT1= TT2=HIGH
(reset internal counter)

v

Select ROM mode
(HCGROM or CGROM)

v

Start CLK to count

v

Check the last 4 bytes
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8051 CGROM ~ HCGROM illustrative test program

3* CHECK_ROM *;

;*  Definition of outside Pin *;

CLK REG P3.5 ;
71 REG P3.0 ;
T2 REG P3.1 ;
173 REG P3.2 ;CHECK CGROM FLAG
T4 REG P3.3 ;CHECK HCGROM FLAG

TT5 REG P3.4 ;ERROR FLAG

;* Definition of internal RAM *;

DINZ R3,CN5 ;

STACK EQU 6FH ;
FUNC EQU 20H ;
; Interrupt set *;
ORG 00H ;
AJMP RESET ;
3 PROGRAM START *;
RESET: MOV SP,#STACK ;
MoV P1,#FFH ;
MoV P3,#FFH ;
* CHECK_CGROM =
3* Initial DDRAM *;
CALL WROx00 ;Write 0x00 to whole DDRAM
3 Initial setting *;
CGROM:  SETB TT1 ;
SETB T2 ;TT1,TT2 SET HIGH (RESET)
CALL DELAY_100US ;Wait Reset 100us
CLR TT1 ;TT1=LOW TT2=HIGH ( CHECK CGROM)
SETB CLK ;
CALL DELAY_100US ;
e start counter *;
MoV R3,#9 ;
CN4: MoV R2,#0 ;<
CN3: MoV R1,#0 ; |
CN2: CLR CLK ; |
SETB  CLK ; |
DINZ R1,CN2 ; |
DINZ  R2,CN3 ; |
DINZ  R3,CN4 ; |
; |
MoV R3,#0 ; |
CN5: MoV R2,#255 ; |
CN6:  CLR CLK ; |
SETB  CLK ; |
DINZ R2,CN6 ; |
|
|
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MoV R3,#63 ; |
CN7: MoV R2,#2 ; |
CN8: MoV R1,#2 ; |
CN9: CLR CLK ; |
SETB CLK ; |
DINZ R1,CN9 ; |
DINZ R2,CN8 ; |
DINZ R3,CN7 ; |
CLR CLK ; |
SETB CLK ; |
CLR CLK ; |
SETB CLK ;<----  Counter 655356
CLR CLK ;Counter 655357
SETB CLK ;
MoV A,P1 ;A=Y0
CINE A,#FDH,ERRORC ;COMPARE YO DATA
CLR CLK ;Counter 655358
SETB CLK ;
MoV A,P1 ;A=Y1
CJINE A,#6FH,ERRORC ;COMPARE Y1 DATA
CLR CLK ;Counter 655359
SETB CLK ;
MoV A,P1 ;A=Y2
CJINE A,#B5H,ERRORC ;COMPARE Y2 DATA
CLR CLK ;Counter 655360
SETB CLK ;
MOV A,P1 ;A=Y3
CINE A,#85H,ERRORC ;COMPARE Y3 DATA
CLR CLK ;
CLR T3 ;IF OK CLR TT3
CALL HCGROM ;
ERRORC: ;
CLR TT5 ;IF CGROM CHECK ERROR CLR TT5
el CHECK_HCGROM *;
3* Initial setting *;
HCGROM: SETB TT1 ;
SETB T2 ;TT1,TT2 SET HIGH (RESET)
CALL DELAY_100US ;Wait Reset 100us
CLR TT2 ;TT2=LOW TT1=HIGH ( CHECK HCGROM)
SETB CLK ;
CALL DELAY_100US ;
e start counter *;
MoV R3,#9 ;
N4: MOV R2,#32 pp——
N3: MoV R1,#32 ; |
N2: CLR CLK ; |
SETB CLK ; |
DINZ R1,N2 ; |
DINZ R2,N3 ; |
DINZ R3,N4 ; |
; |
MOV R3,#32 ; |
N5: MoV R2,#31 ; |
N6: CLR CLK ; |
SETB CLK ; |
DINZ R2,N6 ; |
DINZ R3,N5 ; |
|
|

MoV R2,#30 ;
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N7: CLR CLK ; |
SETB CLK ; |
DINZ R2,N7 ; |
e e T ;<----  Counter 10236
CLR CLK ;Counter 10237
SETB CLK ;
MoV A,P1 ;A=Y0
CINE A,#B5H,ERROR ;COMPARE YO DATA
CLR CLK ;Counter 10238
SETB CLK ;
MOV A,P1 ;A=Y1
CINE A,#11H,ERROR ;COMPARE Y1 DATA
CLR CLK ;Counter 10239
SETB CLK ;
MOV A,P1 ;A=Y2
CINE A,#B5H,ERROR ;COMPARE Y2 DATA
CLR CLK ;Counter 10240
SETB CLK ;
MOV A,P1 ;A=Y3
CINE A,#11H,ERROR ;COMPARE Y3 DATA
CLR CLK ;
CLR TT4 ; IF HCGROM CHECK OK THEN CLR TT4
AJMP $ ;
ERROR: ;
CLR TT5 ;IF HCGROM CHECK ERROR THEN CLR TT5
AJMP $ ;
el DELAY TIME 100US *;
DELAY_100US ;
DEL_10 MoV R6,#5 ;
DEL 9 MoV R7,#3 ;
DINZ R7,$ >
DINZ R6,DEL_9 ;
RET ;

END ;
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8-bit interface:

POWER ON

¥

XRESET LOW —» HIGH

Wait time >40ms

v
Function set
RS |RW |DB7|DB6|DB5|DB4|DB3|DB2|DB1|DBO
o|lo0j]O0|O0O|1|1|X]|]0]|X]|X
v
Wait time >100uS
v
Function set
RS |RW |DB7|DB6|DB5|DB4|DB3|DB2|DB1|DBO
o|lo0j]0|O0O|1|1|X]|]0]|X]|X
\ 4
Wait time >37uS
v
Display ON/OFF control
RS |RW |DB7|DB6|DB5|DB4|DB3|DB2|DB1|DBO
o/o0;]0|0|O0O]|]O0O|1|D|C]|B
\4
Wait time >100uS
v
Display clear
RS |RW |DB7|DB6|DB5|DB4|DB3|DB2|DB1|DBO
oyjo0jo0jo0o|O0O]|]O|lO]O]O]|1
v
Wait time >10mS
v
Entry mode set
RS |RW |DB7|DB6|DB5|DB4|DB3|DB2|DB1|DBO
o|o0j]0|0O0O|O0O]|JO|O0O]| 1 |I/ID|S

A4

Initialization end
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4-bit interface:

C

POWER ON

)

v

Wait time > 40mS
(for VDD stable)
XRESET: LOW — HIGH

Function set

RS [R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0 1 0| X | X | X | X
0 0 [ X |Oo | X | X[ X ]| X[ X]X
Y
Wait time > 100 ¢« S
v
Function set
RS [R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0 1 0| X | X | X | X
0 0 [ X |Oo | X | X[ X ]| X[ X]X
Y
| Wait time > 100 ¢/ S |
Display ON/OFF Control
RS [R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0 0 0 [ X | X | X | X
0 0 1| bD|jc|B|X]|X|[X]X
Y
Wait time > 100 ¢« S
Display Clear
RS [R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0 0 0 [ X | X | X | X
0 0 0 0 0 1| X [ X | X | X
Y
| Wait time > 10mS |
Entry Mode Set
RS [R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0 0 0 X X X X
0 0 0 1 || s | X[ X | X[ X

y

/

< INITIALIZATION END >
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Built in voltage booster

VOUT A

Voltage Doubler
Reference Voltage

VD2 —x—

SS

External reset timing

VOUT

Voltage Doubler
Reference Voltage

Vss

CAP1M

CAP1P

CAP2M

CAP2P

CAP3M

VOUT

VD2

]

v...

Trw
XRESET pulse width Trw 10us
RESET start time Tres 50ns
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LCD driving wave form (1/33 duty, 1/5 bias )

When oscillation frequency is 540KHZ, 1 clock cycle time = 1.85us
1 frame = 1.85us x 300 x 33 = 18315us=18.3ms

COoM1

COM2

COMS33

SEGxX
off

300 clocks

r—1>|2|3|4| ...................... |33|1|2|3|4| |33|1|2|3|4| ...................... |33|
VO _
V1 _i_ + -
V2 —F—f————————————— ——F === e
v3 - _ Y}V - -
V4 - __ : - __
57 T S S
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Absolute Maximum Ratings

Characteristics Symbol Value

Power Supply Voltage Voo -0.3V to +6.0V

LCD Driver Voltage V\ cp or VO -0.3V to +7.0V

Voltage Doubler Output Vout -0.3V to +7.0V

Input Voltage Vin -0.3V to Vpp+0.3V
Operating Temperature Ta -30C to +85TC
Storage Temperature Tsto -65C to +150C
DC Characteristics (Ta =-30C ~85C, Vpp=2.7V-4.5V)

Symbol Characteristics Test Condition Min. | Typ. | Max. Unit
Vpp Operating Voltage - 2.7 - 5.5 V
Vicp LCD Voltage V0-VSS 3.0 - 7 \Y

fogc = 530KHZ, VDD:3.OV
lcc Power Supply Current Rf=18K Q) - 0.20 | 0.45 mA
Input High Voltage
Vina (Except OSC1) 0-7Voo Voo v
Input Low Voltage
V - - 0. - . \%
- (Except OSC1) 0.3 0.6
Input High Voltage
Vi P osel) . Voo—1| - | Voo |V
Input Low Voltage
V - - - 1. \%
-2 (OSC1) 0
Output High Voltage
Vor ?DBO 9 D g lon = -0.1mA 0.8Von| - | Voo | V
Output Low Voltage =
Vo1 (DBO - DBY) lo. =0.1mA 0.1 V
Output High Voltage _
Vo2 (Except DBO - DB?) lon = -0.04mA 0.8Vpp Vb V
Output Low Voltage _
Vo|_2 (EXCGpt DBO - DB?) |o|_ = 0.04mA 0-1VDD \/
Input Leakage _
lLeak Current Vin =0V to Vpp 1 1 mA
Ipup Pull Up MOS Current Vpp = 3V 22 27 32 A
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DC Characteristics (Ta=-30C ~85C, Vpp=4.5V-5.5V)

Symbol Characteristics Test Condition Min. | Typ. | Max. Unit
o Operating Voltage - 4.5 - 55 V
Vicp LCD Voltage V0-Vss 3.0 - 7 \

le  |Power Supply Current| ¢~ iﬁg*;g;gw:w - | o045 | 075 | mA
o | T | Jome] < [ | v
o | e | e | e |
Vi Input (I—(I)lgé hc\ll)oltage i Vop-1 i Voo Vv
Vi Input(lg)gvc\i;)ltage i i i 10 Vv
Vor OUt‘Z;tB'gi?rE)\ég')tage low = -0.1MA 08Voo| - | Voo Vv
Vous O“t'é’g;'(‘)o_WD\g;')tage lo = 0.1mA . - o4 | v
Vo ?;;Elejgtk'[i)g;o\{ogg% low = -0.04mA 0.8Veo| - | VoD v
Vous ?E‘j(tf:; t"g‘l’s"ov_ogaé‘; lo, = 0.04mA . - [0Ves| vV
leax 'npuctu';?::tage Vin = OV 10 Vop 1 - 1 mA
loue | Pull Up MOS Current Voo = 5V 75 | 80 | 85 mA
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AC Characteristics (Ta =-30C ~857C, Vpp = 4.5V) Parallel Mode Interface

Symbol | Characteristics | Test Condition | Min. | Typ. | Max. Unit
Internal Clock Operation
fosc | OSC Frequency | R = 33KW | 480 | 540 | 600 | KHz
External Clock Operation

fex External Frequency - 480 540 600 KHz
Duty Cycle - 45 50 55 %
Tr,Te Rise/Fall Time - - - 0.2 ns

Write Mode (Writing data from MPU to ST7920)
Tc Enable Cycle Time Pin E 1200 - - ns
Tew Enable Pulse Width Pin E 140 - - ns
Tr, T |Enable Rise/Fall Time Pin E - - 25 ns
Tas Address Setup Time Pins: RS,RW,E 10 - - ns
Tan Address Hold Time Pins: RS,RW,E 20 - - ns
Tosw Data Setup Time Pins: DBO - DB7 40 - - ns
Th Data Hold Time Pins: DBO - DB7 20 - - ns
Read Mode (Reading Data from ST7920 to MPU)
Tc Enable Cycle Time Pin E 1200 - - ns
Tew Enable Pulse Width Pin E 140 - - ns
Tr,Te |Enable Rise/Fall Time Pin E - - 25 ns
Tas Address Setup Time Pins: RS,RW,E 10 - - ns
Tan Address Hold Time Pins: RS,RW,E 20 - - ns
Toor Data Delay Time Pins: DBO - DB7 - - 100 ns
Th Data Hold Time Pins: DBO - DB7 20 - - ns
Interface Mode with LCD Driver(ST7921)

Tcwn | Clock Pulse with High Pins: CL1, CL2 800 - - ns
Tewe Clock Pulse with Low Pins: CL1, CL2 800 - - ns
Test Clock Setup Time Pins: CL1, CL2 500 - - ns
Tsu Data Setup Time Pin: D 300 - - ns
Ton Data Hold Time Pin: D 300 - - ns
Towm M Delay Time Pin: M -1000 - 1000 ns
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AC Characteristics (Ta =-30C ~857C, Vpp = 2.7V) Parallel Mode Interface

Symbol | Characteristics | Test Condition | Min. | Typ. | Max. Unit
Internal Clock Operation
fosc | OSC Frequency | R = 18KW | 470 | 530 | 500 | KHz
External Clock Operation

fex External Frequency - 470 530 590 KHz
Duty Cycle - 45 50 55 %
Tr,Te Rise/Fall Time - - - 0.2 ns

Write Mode (Writing data from MPU to ST7920)
Tc Enable Cycle Time Pin E 1800 - - ns
Tew Enable Pulse Width Pin E 160 - - ns
Tr, T |Enable Rise/Fall Time Pin E - - 25 ns
Tas Address Setup Time Pins: RS,RW,E 10 - - ns
Tan Address Hold Time Pins: RS,RW,E 20 - - ns
Tosw Data Setup Time Pins: DBO - DB7 40 - - ns
Th Data Hold Time Pins: DBO - DB7 20 - - ns
Read Mode (Reading Data from ST7920 to MPU)
Tc Enable Cycle Time Pin E 1800 - - ns
Tew Enable Pulse Width Pin E 320 - - ns
Tr,Te |Enable Rise/Fall Time Pin E - - 25 ns
Tas Address Setup Time Pins: RS,RW,E 10 - - ns
Tan Address Hold Time Pins: RS,RW,E 20 - - ns
Toor Data Delay Time Pins: DBO - DB7 - - 260 ns
Th Data Hold Time Pins: DBO - DB7 20 - - ns
Interface Mode with LCD Driver(ST7921)

Tcwn | Clock Pulse with High Pins: CL1, CL2 800 - - ns
Tewe Clock Pulse with Low Pins: CL1, CL2 800 - - ns
Test Clock Setup Time Pins: CL1, CL2 500 - - ns
Tsu Data Setup Time Pin: D 300 - - ns
Ton Data Hold Time Pin: D 300 - - ns
Towm M Delay Time Pin: M -1000 - 1000 ns
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8-bit interface timing diagram

I MPU write data to ST7920

Vi HL N
RS ViL1 L
< TAs < TAH
R'W J
Tew ¢ T
E / g
= «— Tosw TH
DB0- DB7 Valid data
Tc
I  MPU read data from ST7920
Vi HL N
RS ViL1 “
L, TAs L TAH
RIW AT
TR ™ Ty € TAH )
E ] A L
Toor TH
DBO- DB7 Valid data

Tc
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AC Characteristics (Ta =-30C ~85C, Vpp = 4.5V) Serial Mode Interface

Symbol Characteristics Test Condition Min. | Typ. | Max. Unit
Internal Clock Operation
fosc OSC Frequency R = 33KwW 470 530 590 KHz
External Clock Operation
fex External Frequency - 470 530 590 KHz
Duty Cycle - 45 50 55 %
Tr/Tr Rise/Fall Time - - - 0.2 ns
Tscve Serial clock cycle Pin E 400 - - ns
SCLK high pulse .
Tshuw width PinE 200 ns
Tsiw  |SCLK low pulse width Pin E 200 - - ns
Tsps SID data setup time Pins RW 40 - - ns
TspH SID data hold time Pins RW 40 - - ns
Tcss CS setup time Pins RS 60 - - ns
TcsH CS hold time Pins RS 60 - - ns
AC Characteristics (Ta =-30C ~ 85T, Vpp = 2.7V) Serial Mode Interface
Symbol Characteristics Test Condition Min. | Typ. | Max. Unit
Internal Clock Operation
fosc OSC Frequency R = 18KW 470 530 590 KHz
External Clock Operation
fex External Frequency - 470 530 590 KHz
Duty Cycle - 45 50 55 %
Tr/Tr Rise/Fall Time - - - 0.2 ns
Tscyc Serial clock cycle Pin E 600 - - ns
SCLK high pulse .
TSHW width Pin E 300 ns
Tsiw  |SCLK low pulse width Pin E 300 - - ns
Tsps SID data setup time Pins RW 40 - - ns
TspH SID data hold time Pins RW 40 - - ns
Tcss CS setup time Pins RS 60 - - ns
Tcsh CS hold time Pins RS 60 - - ns
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Serial interface timing diagram

I MPU write data to ST7920

)

TCss TCSH
s /'; > |-
Tscyc
P
TsLw v
SCLK
;/ TSHwW
Tf g T
r
TsDS > < TSDH

SID Valid data
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I/O pin diagram

FRE R
T -

Input PAD: E (No Pull-up) Input PAD: RS, RW (with Pull-up)

AN

ul

]

Output PAD: CL1, CL2, M, D

080 18 S

I/0 PAD: DBO — DB7
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T E TR R A
EVERREDTRONICS LIMITED
T X AR 89 5 201907
No 89 Julian Road, Baoshan, Shanghai 201907 China.

Tel:+86-21-6049 5160 Fax:+86-21-6531 1544
URL: www.everredtronics.com E-mail: sales@everredtronics.com

SPECIFICATIONS

Thermoelectric Module: TEC1-12709T125 62*62*5.6mm

1. Dimensions

. 62£0.25m .
- 41 (+)
£
3
&=
B
H
w £ 0. 05m
Bl P E
T 1% —
1 HE
£Z7 0. 05nm
2. Electrical Parameters
Specifications Conditions
Imax 9.0A Th=30C
Vmax 16.0V Th=30C
AT max =67C Qc=0, Th=30"C
Qcmax 80.0W AT=0C, Th=30TC
Tr -50~100°C
Wire 18AWG, Length: 150mm

No 89 Julian Road, Shanghai 201907 China.
Tel:+86-21-6049 5160 Fax:+86-21-6531 1544
URL: www.everredtronics.com E-mail: sales@everredtronics.com
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No 89 Julian Road, Baoshan, Shanghai 201907 China.

Tel:+86-21-6049 5160 Fax:+86-21-6531 1544
URL: www.everredtronics.com E-mail: sales@everredtronics.com

SPECIFICATIONS

Performance Curves
Tc (C)

Th-Tc ('C)

No 89 Julian Road, Shanghai 201907 China.
Tel:+86-21-6049 5160 Fax:+86-21-6531 1544
URL: www.everredtronics.com E-mail: sales@everredtronics.com



Esquematicos y circuitos impresos




Circuito de Activacion de la resistencia

Ri — R2

ENTRADA-1 O—L 1+ e - (O CARGA-2

220 V4 360 s

7} o —( CARGA-1
| F. R3

ENTRADA-2 ) A1 e By MAgrises () 220v-2
360

MOC3021M ¢l :

— —( 220v-1

0,1uF

L
.D L
Y
L
J

22QV




Circuito de la pantalla LCD

OS
Of INPUTS] ARDUINO

L) —QVCC-GND-1

P I Y [

— &

%
e
ol | |-
|-\:.‘T|T.:JJI
ﬁ|_"— -

| INPUTS

STBAZ

VCC-GND

5




Circuito de cruce por cero

INPUT _TRAFC-1
D, D2 [ VCC-OUTPUT-1
1N4004

4004
oK1 .
R . E
- ==
E#ZﬁK 2 Y VCC-OUTPUT-2
ik
03 0 ; )
TNA00d T Th4004 O vCC-CUTPUT-3
M
INPUT_TRAFQ-2

VCC- OUTPUT~TNPUT_TRAF

Flf JIHH'{ *_I Ll_u W::‘




Circuito del teclado matricial

L2
2/ O
1K
o
o 22K
Q =
o 33K
8 Bhagos
Ot o
3 250 N4qo4
Py
TECLADO a5 IN4qo4




Rectificador de onda completa con filtro para celdas peltier

x2-1-O 5
ﬁ‘é L FELE D1 D3 (o [o7) 4 . [C3
D K
iNatdgpoas10 L] e Pheasos  Pheazes # .%'. Sl

T1 ™

]
-’
x1-2-0O— H};—Q X1-1

el D2 e D4
=l BA296(5 ~1BA296

R1
- ~
X2-3 I

X3-1

>




Circuito para sensores de temperatura DS18B20

—( SENSORA-2

R1
— 11
—( SENSORB-2 | 3p4
SENSORA-1 {)}—— %
SENSORA-3 =0
SENSORB-1 € )—

SENSORB-3 )




Circuito con relés

i 9]
R2 Jr
X6-1 X8-1
X6-3 X8-3
-
&
=

R4

X3-1

X4-1
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