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ULN2801A, ULN2802A,
ULN2803A, ULN2804A

Eight Darlington arrays

Datasheet - production data

Features

 Eight Darlington transistors with common 
emitters

 Output current to 500 mA

 Output voltage to 50 V

 Integral suppression diodes

 Versions for all popular logic families

 Output can be paralleled

 Inputs pinned opposite outputs to simplify 
board layout

Description

The ULN2801A, ULN2802A, ULN2803A and 
ULN2804A each contain eight Darlington 
transistors with common emitters and integral 
suppression diodes for inductive loads. Each 
Darlington features a peak load current rating of 
600 mA (500 mA continuous) and can withstand 
at least 50 V in the OFF state. Outputs may be 
paralleled for higher current capability.

Four versions are available to simplify interfacing 
to standard logic families: the ULN2801A is 
designed for general purpose applications with a 
current limit resistor; the ULN2802A has a 10.5 
k input resistor and Zener for 14-25 V PMOS; 
the ULN2803A has a 2.7 k input resistor for 5 V 
TTL and CMOS; the ULN2804A has a 10.5 k 
input resistor for 6-15 V CMOS.

All types are supplied in an 18-lead plastic DIP 
with a copper lead form and feature the 
convenient input-opposite-output pinout to 
simplify board layout.

DIP-18

Table 1. Device summary

Order codes Package

ULN2801A

DIP-18
ULN2802A

ULN2803A

ULN2804A

www.st.com
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1 Diagram

Figure 1. Schematic diagrams
         

For ULN2801A (each driver for PMOS-CMOS) For ULN2802A (each driver for 14-15V PMOS)

For ULN2804A (each driver for 6-15V CMOS/PMOS)For ULN2803A (each driver for 5V, TTL/CMOS)
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2 Pin configuration

Figure 2. Pin connections (top view)
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3 Maximum ratings

Table 2. Absolute maximum ratings

Symbol Parameter Value Unit

VO Output voltage 50 V

VI Input voltage (for ULN2802A - ULN2803A - ULN2804A) 30 V

IC Continuous collector current 500 mA

IB Continuous base current 25 mA

PTOT

Power Dissipation (one Darlington pair) 1
W

Power Dissipation (total package) 2.25

TA Operating ambient temperature range - 20 to 85 °C

TSTG Storage temperature range - 55 to 150 °C

TJ Junction temperature -20 to 150 °C

Table 3. Thermal data

Symbol Parameter Value Unit

RthJA Thermal resistance junction-ambient 55 C/W 
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4 Electrical characteristics

TA = 25 °C unless otherwise specified.

         

Table 4. Electrical characteristics

Symbol Parameter Test condition Min. Typ. Max. Unit

ICEX Output leakage current

VCE = 50V

µA

TA = 70 °C, VCE = 50 V (Figure 3) 50

TA = 70°C for ULN2802A, VCE = 50 V, 
VI = 6 V (Figure 4)

100

TA = 70°C for ULN2804A, VCE = 50 V, 
VI = 1 V (Figure 4)

500

VCE(SAT)
Collector-emitter saturation 
voltage (Figure 5)

IC = 100 mA, IB = 250 µA 0.9 1.1

VIC = 200 mA, IB = 350 µA 1.1 1.3

IC = 350 mA, IB = 500 µA 1.3 1.6

II(ON) Input current (Figure 6)

for ULN2802A, VI = 17 V 0.82 1.25

mA
for ULN2803A, VI = 3.85 V 0.93 1.35

for ULN2804A, VI = 5 V

VI = 12 V

0.35 0.5

1 1.45

II(OFF) Input current (Figure 7) TA = 70 °C, IC = 500 µA 50 65 µA

VI(ON) Input voltage (Figure 8)

VCE= 2V, for ULN2802A
IC = 300 mA
for ULN2803A
IC = 200 mA
IC = 250 mA
IC = 300 mA
for ULN2804A
IC = 125 mA
IC = 200 mA
IC = 275 mA
IC = 350 mA

13

2.4
2.7
3

5
6
7
8

V

hFE
DC Forward current gain 
(Figure 5)

for ULN2801A, VCE = 2 V, 
IC = 350 mA

1000

CI Input capacitance 15 25 pF

tPLH Turn-on delay time 0.5 VI to 0.5VO 0.25 1 µs

tPHL Turn-off delay time 0.5 VI to 0.5VO 0.25 1 µs

IR
Clamp diode leakage current 
(Figure 9)

VR = 50 V 50
µA

TA = 70 °C, VR = 50 V 100

VF
Clamp diode forward voltage 
(Figure 10)

IF = 350 mA 1.7 2 V
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5 Test circuits

         

         

Figure 3. Output leakage current Figure 4. Output leakage current (for ULN2802A 
only)

Figure 5. Collector-emitter saturation voltage Figure 6. Input current (ON)

Figure 7. Input current (OFF) Figure 8. Input voltage
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Figure 9. Clamp diode leakage current Figure 10. Clamp diode forward voltage



DocID1536 Rev 4 9/14

ULN2801A, ULN2802A, ULN2803A, ULN2804A Typical performance characteristics

14

6 Typical performance characteristics

         

Figure 11. Collector current as a function of 
saturation voltaget

Figure 12. Collector current as a function of 
input current

Figure 13. Allowable average power dissipation 
as a function of TA

Figure 14. Peak collector current as a function 
of duty cycle
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Figure 15. Peak collector current as a function 
of duty cycle

Figure 16. Input current as a function of input 
voltage (for ULN2802A)

Figure 17. Input current as a function of input 
voltage (for ULN2804A)

Figure 18. Input current as a function of input 
voltage (for ULN2803A)
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7 Package mechanical data

In order to meet environmental requirements, ST offers these devices in different grades of 
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK® 
specifications, grade definitions and product status are available at: www.st.com. 
ECOPACK® is an ST trademark.

http://www.st.com
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Figure 19. DIP-18 package dimensions

Table 5. DIP-18 mechanical data

Dim.
mm.

Min. Typ. Max.

a1 0.254

B 1.39 1.65

b 0.46

b1 0.25

D 23.24

E 8.5

e 2.54

e3 20.32

F 7.1

I 3.93

L 3.3

Z 1.27 1.59
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8 Revision history

Table 6. Document revision history

Date Revision Changes

18-Sep-2003 1 First release

10-Mar-2010 2 Updated package mechanical data

19-Nov-2012 3 Modified input voltage values Table 4 on page 6.

27-Jun-2018 4 Updated: II(ON) test condition in Table 4: Electrical characteristics.
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ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order 
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or 
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2018 STMicroelectronics – All rights reserved
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 TOSHIBA CMOS Digital Integrated Circuit  Silicon Monolithic 

TC74HC373AP,TC74HC373AF 
 
Octal D-Type Latch with 3-State Output 
 
 

The TC74HC373A is a high speed CMOS OCTAL LATCH with 
3-STATE OUTPUT fabricated with silicon gate C2MOS 
technology. 

It achieves the high speed operation similar to equivalent 
LSTTL while maintaining the CMOS low power dissipation. 

These 8-bit D-type latches are controlled by a latch enable 
input (LE) and an output enable input ( OE ). 

When the OE  input is high, the eight outputs are in a high 
impedance state. 

All inputs are equipped with protection circuits against static 
discharge or transient excess voltage. 
 

Features 
• High speed: tpd = 11 ns (typ.) at VCC = 5 V 
• Low power dissipation: ICC = 4 μA (max) at Ta = 25°C 
• High noise immunity: VNIH = VNIL = 28% VCC (min) 
• Output drive capability: 15 LSTTL loads 
• Symmetrical output impedance: |IOH| = IOL = 6 mA (min) 
• Balanced propagation delays: tpLH ∼ − tpHL 
• Wide operating voltage range: VCC (opr) = 2 to 6 V 
• Pin and function compatible with 74LS373 
 

Pin Assignment 

 
 

 

TC74HC373AP 

TC74HC373AF 

Weight 
DIP20-P-300-2.54A : 1.30 g (typ.) 
SOP20-P-300-1.27A : 0.22 g (typ.) 
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IEC Logic Symbol 

 

 

Truth Table 

Inputs Output 

OE  LE D Q 

H X X Z 

L L X Qn 

L H L L 

L H H H 

X: Don’t care 

Z: High impedance 

Qn: Q outputs are latched at the time when the LE input is taken to a low logic level. 
 

System Diagram 
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Absolute Maximum Ratings (Note 1) 

Characteristics Symbol Rating Unit 

Supply voltage range VCC −0.5 to 7 V 

DC input voltage VIN −0.5 to VCC + 0.5 V 

DC output voltage VOUT −0.5 to VCC + 0.5 V 

Input diode current IIK ±20 mA 

Output diode current IOK ±20 mA 

DC output current IOUT ±35 mA 

DC VCC/ground current ICC ±75 mA 

Power dissipation PD 500 (DIP) (Note 2)/180 (SOP) mW 

Storage temperature Tstg −65 to 150 °C 

Note 1: Exceeding any of the absolute maximum ratings, even briefly, lead to deterioration in IC performance or 
even destruction. 
Using continuously under heavy loads (e.g. the application of high temperature/current/voltage and the 
significant change in temperature, etc.) may cause this product to decrease in the reliability significantly 
even if the operating conditions (i.e. operating temperature/current/voltage, etc.) are within the absolute 
maximum ratings and the operating ranges. 
Please design the appropriate reliability upon reviewing the Toshiba Semiconductor Reliability Handbook 
(“Handling Precautions”/“Derating Concept and Methods”) and individual reliability data (i.e. reliability test 
report and estimated failure rate, etc). 

Note 2: 500 mW in the range of Ta = −40 to 65°C. From Ta = 65 to 85°C a derating factor of −10 mW/°C shall be 
applied until 300 mW. 

 

Operating Ranges (Note) 

Characteristics Symbol Rating Unit 

Supply voltage VCC 2 to 6 V 

Input voltage VIN 0 to VCC V 

Output voltage VOUT 0 to VCC V 

Operating temperature Topr −40 to 85 °C 

Input rise and fall time tr, tf 

0 to 1000 (VCC = 2.0 V) 

0 to 500 (VCC = 4.5 V) 

0 to 400 (VCC = 6.0 V) 

ns 

Note: The operating ranges must be maintained to ensure the normal operation of the device. 
Unused inputs must be tied to either VCC or GND. 
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Electrical Characteristics 

DC Characteristics 

Test Condition Ta = 25°C 
Ta = 

−40 to 85°C Characteristics Symbol 
 VCC (V) Min Typ. Max Min Max

Unit

High-level input 
voltage VIH ⎯ 

2.0 

4.5 

6.0 

1.50

3.15

4.20

⎯ 

⎯ 

⎯ 

⎯ 

⎯ 

⎯ 

1.50 

3.15 

4.20 

⎯ 

⎯ 

⎯ 

V 

Low-level input 
voltage VIL ⎯ 

2.0 

4.5 

6.0 

⎯ 

⎯ 

⎯ 

⎯ 

⎯ 

⎯ 

0.50 

1.35 

1.80 

⎯ 

⎯ 

⎯ 

0.50

1.35

1.80

V 

IOH = −20 μA 

2.0 

4.5 

6.0 

1.9 

4.4 

5.9 

2.0 

4.5 

6.0 

⎯ 

⎯ 

⎯ 

1.9 

4.4 

5.9 

⎯ 

⎯ 

⎯ High-level output 
voltage VOH VIN  

= VIH or VIL
IOH = −6 mA 

IOH = −7.8 mA 

4.5 

6.0 

4.18

5.68

4.31

5.80

⎯ 

⎯ 

4.13 

5.63 

⎯ 

⎯ 

V 

IOL = 20 μA 

2.0 

4.5 

6.0 

⎯ 

⎯ 

⎯ 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

⎯ 

⎯ 

⎯ 

0.1 

0.1 

0.1 Low-level output 
voltage VOL VIN  

= VIH or VIL
IOL = 6 mA 

IOL = 7.8 mA 

4.5 

6.0 

⎯ 

⎯ 

0.17

0.18

0.26 

0.26 

⎯ 

⎯ 

0.33

0.33

V 

3-state output 
off-state current IOZ 

VIN = VIH or VIL 

VOUT = VCC or GND 
6.0 ⎯ ⎯ ±0.5 ⎯ ±5.0 μA 

Input leakage 
current IIN VIN = VCC or GND 6.0 ⎯ ⎯ ±0.1 ⎯ ±1.0 μA 

Quiescent supply 
current ICC VIN = VCC or GND 6.0 ⎯ ⎯ 4.0 ⎯ 40.0 μA 

 
Timing Requirements (input: tr = tf = 6 ns) 

Test Condition Ta = 25°C 
Ta = 

−40 to 
85°CCharacteristics Symbol 

 VCC (V) Typ. Limit Limit

Unit

Minimum pulse width 

(LE) 
tW (H) ⎯ 

2.0 

4.5 

6.0 

⎯ 

⎯ 

⎯ 

75 

15 

13 

95 

19 

16 

ns 

Minimum set-up time 

(Dn) 
ts ⎯ 

2.0 

4.5 

6.0 

⎯ 

⎯ 

⎯ 

50 

10 

9 

65 

13 

11 

ns 

Minimum hold time 

(Dn) 
th ⎯ 

2.0 

4.5 

6.0 

⎯ 

⎯ 

⎯ 

5 

5 

5 

5 

5 

5 

ns 
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AC Characteristics (input: tr = tf = 6 ns) 

Test Condition Ta = 25°C 
Ta = 

−40 to 85°C Characteristics Symbol 
 CL (pF) VCC (V) Min Typ. Max Min Max

Unit

Output transition time 
tTLH 

tTHL 
⎯ 50 

2.0 

4.5 

6.0 

⎯ 

⎯ 

⎯ 

20 

6 

5 

60 

12 

10 

⎯ 

⎯ 

⎯ 

75 

15 

13 

ns 

50 

2.0 

4.5 

6.0 

⎯ 

⎯ 

⎯ 

42 

14 

12 

125 

25 

21 

⎯ 

⎯ 

⎯ 

155

31 

26 Propagation delay 
time 

(LE-Q) 

tpLH 

tpHL 
⎯ 

150 

2.0 

4.5 

6.0 

⎯ 

⎯ 

⎯ 

57 

19 

16 

175 

35 

30 

⎯ 

⎯ 

⎯ 

220

44 

37 

ns 

50 

2.0 

4.5 

6.0 

⎯ 

⎯ 

⎯ 

42 

14 

12 

125 

25 

21 

⎯ 

⎯ 

⎯ 

155

31 

26 Propagation delay 
time 

(D-Q) 

tpLH 

tpHL 
⎯ 

150 

2.0 

4.5 

6.0 

⎯ 

⎯ 

⎯ 

57 

19 

16 

175 

35 

30 

⎯ 

⎯ 

⎯ 

220

44 

37 

ns 

50 

2.0 

4.5 

6.0 

⎯ 

⎯ 

⎯ 

39 

13 

11 

125 

25 

21 

⎯ 

⎯ 

⎯ 

155

31 

26 
Output enable time 

tpZL 

tpZH 
RL = 1 kΩ 

150 

2.0 

4.5 

6.0 

⎯ 

⎯ 

⎯ 

54 

18 

15 

175 

35 

30 

⎯ 

⎯ 

⎯ 

220

44 

37 

ns 

Output disable time 
tpLZ 

tpHZ 
RL = 1 kΩ 50 

2.0 

4.5 

6.0 

⎯ 

⎯ 

⎯ 

30 

14 

13 

125 

25 

21 

⎯ 

⎯ 

⎯ 

155

31 

26 

ns 

Input capacitance CIN ⎯ ⎯ 5 10 ⎯ 10 pF 

Output capacitance COUT ⎯ ⎯ 10 ⎯ ⎯ ⎯ pF 

Power dissipation 
capacitance 

CPD 

(Note) 
⎯ ⎯ 38 ⎯ ⎯ ⎯ pF 

Note: CPD is defined as the value of the internal equivalent capacitance which is calculated from the operating 
current consumption without load. 

 Average operating current can be obtained by the equation: 

ICC (opr) = CPD･VCC･fIN + ICC/8 (per latch) 

 And the total CPD when n pcs. of latch operate can be gained by the following equation: 

CPD (total) = 22 + 16･n 
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Package Dimensions 

 
 
Weight: 1.30 g (typ.) 
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Package Dimensions 

 
 
Weight: 0.22 g (typ.) 
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RESTRICTIONS ON PRODUCT USE 
20070701-EN GENERAL

• The information contained herein is subject to change without notice. 

• TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor 
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical 
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of 
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of 
such TOSHIBA products could cause loss of human life, bodily injury or damage to property. 
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as 
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and 
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability 
Handbook” etc. 

• The TOSHIBA products listed in this document are intended for usage in general electronics applications 
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, 
etc.).These TOSHIBA products are neither intended nor warranted for usage in equipment that requires 
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or 
bodily injury (“Unintended Usage”).  Unintended Usage include atomic energy control instruments, airplane or 
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments, 
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in his 
document shall be made at the customer’s own risk. 

• The products described in this document shall not be used or embedded to any downstream products of which 
manufacture, use and/or sale are prohibited under any applicable laws and regulations. 

• The information contained herein is presented only as a guide for the applications of our products. No 
responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties which 
may result from its use. No license is granted by implication or otherwise under any patents or other rights of 
TOSHIBA or the third parties. 

• Please contact your sales representative for product-by-product details in this document regarding RoHS 
compatibility. Please use these products in this document in compliance with all applicable laws and regulations 
that regulate the inclusion or use of controlled substances. Toshiba assumes no liability for damage or losses 
occurring as a result of noncompliance with applicable laws and regulations. 

 











































ST93C06
ST93C06C

256 bit (16 x 16 or 32 x 8) SERIAL MICROWIRE EEPROM
NOT FOR NEW DESIGN

June 1997 1/15
This is information on a product still in production but not recommended for new designs.

AI00816B

D

VCC

ST93C06 
ST93C06C

VSS

C

Q

S

ORG

Figure 1. Logic Diagram

1 MILLION ERASE/WRITE CYCLES, with
40 YEARS DATA RETENTION
DUAL ORGANIZATION: 16 x 16 or 32 x 8
BYTE/WORD and ENTIRE MEMORY
PROGRAMMING INSTRUCTIONS
SELF-TIMED PROGRAMMING CYCLE with
AUTO-ERASE
READY/BUSY SIGNAL DURING
PROGRAMMING
SINGLE 5V ±10% SUPPLY VOLTAGE
SEQUENTIAL READ OPERATION
5ms TYPICAL PROGRAMMING TIME
ENHANCED ESD/LATCH UP
PERFORMANCES for ”C” VERSION
ST93C06 and ST93C06C are replaced by
the M93C06

DESCRIPTION
The ST93C06 and ST93C06C are 256 bit Electri-
cally Erasable Programmable Memory (EEPROM)
fabricatedwith SGS-THOMSON’s High Endurance
Single Polysilicon CMOS technology. In the text the
two products are referred to as ST93C06.
The memory is divided into either 32 x 8 bit bytes
or 16 x 16 bit words. The organization may be
selected by a signal applied on the ORG input.
The memory is accessed through a serial input (D)
and by a set of instructions which includes Read a
byte/word, Write a byte/word, Erase a byte/word,
Erase All and Write All. ARead instruction loadsthe
address of the first byte/word to be read into an
internal address pointer.

S Chip Select Input

D Serial Data Input

Q Serial Data Output

C Serial Clock

ORG Organisation Select

VCC Supply Voltage

VSS Ground

Table 1. Signal Names

8

1

SO8 (M)
150mil Width

8

1

PSDIP8 (B)
0.4mm Frame



The data contained at this address is then clocked
out serially. The address pointer is automatically
incremented after the data is output and, if the Chip
Select input (S) is held High, the ST93C06 can
output a sequential stream of data bytes/words. In
this way, the memory can be read as a data stream
from 8 to 256 bits long, or continuously as the
address counter automatically rolls over to ’00’
when the highest address is reached. Program-
ming is internally self-timed (the external clock

signal on C input may be disconnected or left
running after the start of a Write cycle) and does
not require an erasecycle prior to the Write instruc-
tion. The Write instruction writes 8 or 16 bits at one
time into one of the 32 bytes or 16 words. After the
startof the programmingcycle aBusy/Readysignal
is available on the Data output (Q) when Chip
Select (S) is driven High.
The design of the ST93C06 and the High Endur-
ance CMOS technologyused for its fabricationgive
an Erase/Write cycle Endurance of 1,000,000 cy-
cles and a data retention of 40 years.

VSSQ
ORG
DUC

S VCC

D

AI00817B

ST93C06 
ST93C06C

1
2
3
4

8
7
6
5

Figure 2A. DIP Pin Connections

1

VSSQ
ORG
DUC

S VCC

D

AI00818C

ST93C06 
ST93C06C

2
3
4

8
7
6
5

Figure 2B. SO Pin Connections

DESCRIPTION (cont’d)

Warning: DU = Don’t Use Warning: DU = Don’t Use

Symbol Parameter Value Unit

TA Ambient Operating Temperature –40 to 125 °C

TSTG Storage Temperature –65 to 150 °C

TLEAD Lead Temperature, Soldering (SO8 package)
(PSDIP8 package)

40 sec
10 sec

215
260 °C

VIO Input or Output Voltages (Q = VOH or Hi-Z) –0.3 to VCC +0.5 V

VCC Supply Voltage –0.3 to 6.5 V

VESD

Electrostatic Discharge Voltage (Human Body model) (2) ST93C06
ST93C06C

2000
4000 V

Electrostatic Discharge Voltage (Machine model) (3) ST93C06
ST93C06C

500
500 V

Notes: 1. Except for the rating ”Operating Temperature Range”, stresses above those listed in the Table ”Absolute Maximum Ratings”
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other
relevant quality documents.

2. MIL-STD-883C, 3015.7 (100pF, 1500 Ω).
3. EIAJ IC-121 (Condition C) (200pF, 0 Ω).

Table 2. Absolute Maximum Ratings (1)
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Input Rise and Fall Times ≤ 20ns

Input Pulse Voltages 0.4V to 2.4V

Input Timing Reference Voltages 1V to 2.0V

Output Timing Reference Voltages 0.8V to 2.0V

AC MEASUREMENT CONDITIONS

Note that Output Hi-Z is defined as the point where data
is no longer driven. AI00815

2.4V

0.4V

2.0V

0.8V

2V

1V

INPUT OUTPUT

Figure 3. AC Testing Input Output Waveforms

Symbol Parameter Test Condition Min Max Unit

CIN Input Capacitance VIN = 0V 5 pF

COUT Output Capacitance VOUT = 0V 5 pF

Note: 1. Sampled only, not 100% tested.

Table 3. Capacitance (1)

(TA = 25 °C, f = 1 MHz )

Symbol Parameter Test Condition Min Max Unit

ILI Input Leakage Current 0V ≤ VIN ≤ VCC ±2.5 µA

ILO Output Leakage Current 0V ≤ VOUT ≤ VCC,
Q in Hi-Z ±2.5 µA

ICC
Supply Current (TTL Inputs) S = VIH, f = 1 MHz 3 mA

Supply Current (CMOS Inputs) S = VIH, f = 1 MHz 2 mA

ICC1 Supply Current (Standby) S = VSS, C = VSS,
ORG = VSS or VCC

50 µA

VIL Input Low Voltage (D, C, S) –0.3 0.8 V

VIH Input High Voltage (D, C, S) 2 VCC + 1 V

VOL Output Low Voltage
IOL = 2.1mA 0.4 V

IOL = 10 µA 0.2 V

VOH Output High Voltage
IOH = –400µA 2.4 V

IOH = –10µA VCC – 0.2 V

Table 4. DC Characteristics
(TA = 0 to 70°C or –40 to 85°C; VCC = 5V ± 10%)
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Symbol Alt Parameter Test Condition Min Max Unit

tSHCH tCSS Chip Select High to Clock High 50 ns

tCLSH tSKS Clock Low to Chip Select High 100 ns

tDVCH tDIS Input Valid to Clock High 100 ns

tCHDX tDIH Clock High to Input Transition
Temp. Range: grade 1 100 ns

Temp. Range:
grades 3, 6 200 ns

tCHQL tPD0 Clock High to Output Low 500 ns

tCHQV tPD1 Clock High to Output Valid 500 ns

tCLSL tCSH Clock Low to Chip Select Low 0 ns

tSLCH Chip Select Low to Clock High 250 ns

tSLSH tCS Chip Select Low to Chip Select High Note 1 250 ns

tSHQV tSV Chip Select High to Output Valid 500 ns

tSLQZ tDF Chip Select Low to Output Hi-Z
ST93C06 300 ns

ST93C06C 200 ns

tCHCL tSKH Clock High to Clock Low Note 2 250 ns

tCLCH tSKL Clock Low to Clock High Note 2 250 ns

tW tWP Erase/Write Cycle time 10 ms

fC fSK Clock Frequency 0 1 MHz

Notes: 1. Chip Select must bebrought low for a minimum of 250 ns (tSLSH) between consecutive instruction cycles.
2. The Clock frequency specification calls for a minimum clock period of 1 µs, therefore the sum of the timings tCHCL + tCLCH

must be greater or equal to 1 µs. For example, if tCHCL is 250 ns, then tCLCH must be at least 750 ns.

Table 5. AC Characteristics
(TA = 0 to 70°C or –40 to 85°C; VCC = 5V ± 10%)

AI00819C

tSHCH

START

tCLCH

tCHDX

START

tCHCL

tDVCH

OP CODE

OP CODE INPUT

C

S

D OP CODE OP CODE OP CODE

tCLSH

Figure 4. Synchronous Timing, Start and Op-Code Input
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Figure 5. Synchronous Timing, Read or Write

AI00820C

C

D

Q

ADDRESS INPUT

Hi-Z

tDVCH

tCLSL

A0

S

DATA OUTPUT

tCHQVtCHDX

tCHQL

An

tSLSH

tSLQZ

Q15/Q7 Q0

AI01429

C

D

Q

ADDRESS/DATA INPUT

Hi-Z

tDVCH

tSLCH

A0/D0

S

WRITE CYCLE

tSLSHtCHDX

An

tCLSL

tSLQZ

BUSY

tSHQV

tW

READY

The DU (Don’t Use) pin does not affect the function
of the memory and it is reserved for use by SGS-
THOMSON during test sequences.The pinmay be
left unconnected or may be connected to VCC or
VSS. Direct connection of DU to VSS is recom-
mended for the lowest standby power consump-
tion.

MEMORY ORGANIZATION
The ST93C06 is organized as 32 bytes x 8 bits or
16 words x 16 bits. If the ORG input is left uncon-
nected (or connected to VCC) the x16 organization
is selected, when ORG is connected to Ground
(VSS) the x8 organization is selected. When the
ST93C06 is in standby mode, the ORG input
should be unconnected or set to either VSS or VCC
in order to achieve the minimum power consump-
tion. Any voltage between VSS and VCC applied to
ORG may increase the standby current value.

DESCRIPTION (cont’d)

5/15

ST93C06, ST93C06C



POWER-ON DATA PROTECTION

In order to prevent data corruption and inadvertent
write operations during power up, a Power On
Reset (POR) circuit resets all internalprogramming
circuitry and sets the device in the Write Disable
mode. When VCC reaches its functional value, the
device is properlyreset (in the Write Disable mode)
and is ready to decode and execute an incoming
instruction. A stable VCC must be applied before
any logic signal.

INSTRUCTIONS

The ST93C06 has seven instructions, as shown in
Table 6. The op-codes of the instructions are made
up of 4 bits: some instructions use only the first two
bits, others use all four bits to define the op-code.
The op-code is followed by an address for the
byte/word which is four bits long for the x16 organi-
zation or five bits long for the x8 organization.

Each instruction is preceded by the rising edge of
the signal applied on the S input (assuming that
clock C and data input D are low), followed by a
first clock pulse which is ignored by the ST93C06
(optional clock pulse for the ST93C06C). The data
input D is then sampled upon the following rising
edges of the clock C untill a ’1’ is sampled and
decoded by the ST93C06 as a Start bit. Even
though the first clock pulse is ignored, it recom-
mended to pull low the data input D during this first
clock pulse in order to keep the timing upwardly
compatible with other ST93Cxx devices.

The ST93C06 is fabricated in CMOS technology
and is therefore able to run from zero Hz (static
input signals) up to the maximum ratings (specified
in Table 5).

Read

The Read instruction (READ) outputs serial data
on the Data Output (Q). When a READ instruction
is received, the instruction and address are de-
coded and the data from the memory is transferred
intoan output shiftregister.Adummy ’0’ bit is output
first followed by the 8 bit byte or the 16 bit word with
the MSB first. Output data changes are triggered
by the Low to High transition of the Clock (C). The
ST93C06 will automatically increment the address
and will clock out the next byte/word as long as the
Chip Select input (S) is held High. In this case the
dummy ’0’ bit is NOT output between bytes/words
and a continuous stream of data can be read.

Erase/Write Enable and Disable
The Erase/Write Enable instruction (EWEN)
authorizesthe following Erase/Write instructions to
be executed, the Erase/Write Disable instruction
(EWDS) disables the execution of the following
Erase/Write instructions. When power is first ap-
plied, the ST93C06 enters the Disable mode.
When the Erase/Write Enable instruction (EWEN)
is executed, Write instructions remain enabled until
an Erase/Write Disable instruction (EWDS) is exe-
cuted or if the Power-on reset circuit becomes
active due to a reducedVCC. To protect the memory
contents from accidental corruption, it is advisable
to issue the EWDS instruction after every write
cycle. The READ instruction is not affected by the
EWEN or EWDS instructions.
Erase

The Erase instruction (ERASE) programs the ad-
dressed memory byte or word bits to ’1’. Once the
addressiscorrectly decoded, the falling edge of the
Chip Select input (S) triggers a self-timed erase
cycle.

Instruction Description Op-Code
x8 Org

Address
(ORG = 0)

Data
x16 Org
Address

(ORG = 1)
Data

READ Read Data from Memory 10XX A4-A0 Q7-Q0 A3-A0 Q15-Q0

WRITE Write Data to Memory 01XX A4-A0 D7-D0 A3-A0 D15-D0

EWEN Erase/Write Enable 0011 XXXXX XXXX

EWDS Erase/Write Disable 0000 XXXXX XXXX

ERASE Erase Byte or Word 11XX A4-A0 A3-A0

ERAL Erase All Memory 0010 XXXXX XXXX

WRAL Write All Memory
with same Data 0001 XXXXX D7-D0 XXXX D15-D0

Note: X = don’t care bit.

Table 6. Instruction Set
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AI00822D

1 1 0 An A0

Qn Q0

DATA OUT

D

S

Q

READ

SWRITE

ADDR
OP 

CODE

1 0 An

DATA IN

D

Q

Dn D0X

BUSY READY

SERASE 
WRITE 
ENABLE

1 0 Xn X0D

OP 
CODE

10 1

SERASE 
WRITE 
DISABLE

1 0 Xn X0D

OP 
CODE

0 00

CHECK 
STATUS

X X

A01 X

ADDR
OP 

CODE

Figure 6. READ, WRITE, EWEN, EWDS Sequences

If the ST93C06 is still performing the erase cycle,
the Busy signal (Q= 0) will be returned if S is driven
high, and the ST93C06 will ignore any data on the
bus. When the erasecycle is completed, theReady
signal (Q = 1) will indicate (if S is driven high) that
the ST93C06 is ready to receive a new instruction.

Write

The Write instruction (WRITE) is followed by the
addressand the 8 or 16 data bits to be written. Data
input is sampled on the Low to High transition of
the clock. After the last data bit has been sampled,
Chip Select (S) must be brought Low before the
next rising edge of the clock (C) in order to start the

self-timed programming cycle. If the ST93C06 is
still performing the write cycle, the Busy signal (Q
= 0) will be returned if S is driven high, and the
ST93C06 will ignore any data on the bus. When the
write cycle is completed, the Ready signal (Q = 1)
will indicate (if S is driven high) that the ST93C06
is ready to receive a new instruction. Programming
is internally self-timed (the external clock signal on
C input may be disconnected or left running after
the start of a programming cycle) and does not
require an Erase instruction prior to the Write in-
struction (The Write instruction includes an auto-
matic erase cycle before programing data).

Notes: 1. An: n = 3 for x16 org. and 4 for x8 org.
2. Xn: n = 3 for x16 org. and 4 for x8 org.
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AI00824B

SWRITE 
ALL

DATA IN

D

Q

ADDR 
DUMMY

OP 
CODE

Dn D0

BUSY READY

CHECK 
STATUS

1 0 10 0 Xn X0

Figure 8. WRAL Sequence

AI00823B

SERASE

1 1D

Q

ADDR
OP 

CODE

1

BUSY READY

CHECK 
STATUS

SERASE 
ALL

1 0D

Q

OP 
CODE

1

BUSY READY

CHECK 
STATUS

0 0

An A0

Xn X0

ADDR 
DUMMY

X X

Figure 7. ERASE, ERAL Sequences

Notes: 1. An: n = 3 for x16 org. and 4 for x8 org.
2. Xn: n = 3 for x16 org. and 4 for x8 org.

Note: 1 Xn: n = 3 for x16 org. and 4 for x8 org.
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Erase All
The Erase All instruction (ERAL) erases the whole
memory (all memory bits are set to ’1’). A dummy
address is input during the instruction transfer and
the erase is made in the same way as the ERASE
instruction. If the ST93C06 is still performing the
erasecycle, the Busy signal (Q = 0) will be returned
if S is driven high, and the ST93C06 will ignore any
data on the bus. When the erase cycle is com-
pleted, the Ready signal (Q = 1) will indicate (if S
is driven high) that the ST93C06 is ready to receive
a new instruction.
Write All
For correct operation, an ERAL instruction should
be executed before the WRAL instruction: the
WRAL instructionDOES NOTperform an automat-
ic erase before writing. The Write All instruction
(WRAL) writes the Data Inputbyte or word to all the
addresses of the memory. If the ST93C06 is still
performing the write cycle, the Busy signal (Q = 0)
will be returned if S isdriven high,and the ST93C06
will ignore any data on the bus. When the write
cycle is completed, the Ready signal (Q = 1) will
indicate (if S is driven high) that the ST93C06 is
ready to receive a new instruction.

READY/BUSY Status
During every programming cycle (after a WRITE,
ERASE, WRAL or ERAL instruction) the Data Out-
put (Q) indicates the Ready/Busy status of the

memory when the Chip Select (S) is driven High.
Once the ST93C06 is Ready, the Ready/Busy
status is available on the Data Output (Q) until a
new start bit is decoded or the Chip Select (S) is
brought Low.

COMMON I/O OPERATION
The Data Output (Q)and Data Input (D) signals can
be connected together, through a current limiting
resistor, to form a common, one wire data bus.
Some precautions must be taken when operating
the memory with this connection, mostly to prevent
a short circuit between the last entered address bit
(A0) and the first data bit output by Q. The reader
may also refer to the SGS-THOMSON application
note ”MICROWIRE EEPROMCommon I/O Opera-
tion”.

DIFFERENCES BETWEEN ST93C06 AND
ST93C06C
Each instruction of the ST93C06 requires an Addi-
tional Dummy clock pulse after the rising edge of
the Chip Select input (S) and before the STARTbit,
see Figure 9. When replacing the ST93C06 with
the ST93C06C in an application, it must be
checked that this Dummy Clock cycle DOES NOT
HAPPEN when D = 1: if it is so, this clock pulse will
latch an information which is decoded by the
ST93C06C as a START bit (see Figure 10) and the
following bits will be decoded with a shift of one bit.

AI01334

1C

S

D

0

Dummy Clock pulse START Bit

Figure 9. ST93C06 Timing
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AI01335

1C

S

D

1

WRONG 
TIMING

For ST93C06: Dummy Clock pulse START Bit 
 
For ST93C06C: START Bit Bit = 1

1C

S

D

0

GOOD 
TIMING

For ST93C06: Dummy Clock pulse START Bit 
 
For ST93C06C: Nothing happens Bit = 1 

(waits for D = 1)

Figure 10. Comparative Timings
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AI01395

S

An-1

C

D

WRITE

START D0”1””0”

An

Glitch

An-2

ADDRESS AND DATA 
ARE SHIFTED BY ONE BIT

Figure 11. WRITE Swquence with One Clock Glitch

The ST93C06C is an enhanced version of the
ST93C06Aand offers the following extra features:

– EnhancedESD voltage
– Functional security filtering glitches on the

clock input (C).

Refer to Table 2 (Absolute Maximum Ratings) for
more about ESD limits. The following description
will detail the Clock pulses counter (available only
on the ST93C06C).

In anormal environment, the ST93C06 is expected
to receive the exact amount of data on the D input,
that is the exact amount of clock pulses on the C
input.

In a noisy environment, the amount of pulses re-
ceived (on the clock input C) may be greater than
the clock pulses deliveredby the Master (Microcon-
troller) driving the ST93C06C. In such a case, a
part of the instruction is delayed by one bit (see
Figure 11), and it may induce an erroneous write of
data at a wrong address.

The ST93C46C has an on-board counter which
counts the clock pulses from the Start bit until the
falling edge of the Chip Select signal. For the
WRITE instructions, the number of clock pulses
incoming to the counter must be exactly 18 (with
the Organisation by 8) from the Start bit to the
falling edge of Chip Select signal (1 Start bit + 2 bits
of Op-code + 7 bits of Address + 8 bits of Data =
18): if so, the ST93C06C executes the WRITE
instruction; if the number of clock pulses is not
equal to 18, the instruction will not be executed
(and data will not be corrupted).

In the same way, when the Organisation by 16 is
selected, the number of clock pulses incoming to
the counter must be exactly 25 (1 Start bit + 2 bits
of Op-code + 6 bits of Address + 16 bits of Data =
25) from the Start bit to the falling edge of Chip
Select signal: if so, the ST93C06C executes the
WRITE instruction; if the number of clock pulses is
not equal to 25, the instruction will not be executed
(and data will not be corrupted). The clock pulse
counter is active only on ERASE and WRITE in-
structions (WRITE, ERASE, ERAL, WRALL).

DIFFERENCES BETWEEN ST93C06 AND
ST93C06C (cont’d)
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ORDERING INFORMATION SCHEME

Revision

blank CMOS F3
Tech.

C CMOS F4
Tech.

Package

B (1) PSDIP8
0.4mm Frame

M SO8
150mil Width

Temperature Range

1 0 to 70 °C

6 –40 to 85 °C

3 (2) –40 to 125 °C

Option

013TR Tape & Reel
Packing

Example: ST93C06C M 1 013TR

Notes: 1. ST93C06CB1 is available with 0.25mm lead Frame only.
2. Temperature range on special request only.

Devices are shipped from the factory with the memory content set at all ”1’s” (FFFFh for x16, FFh for x8).

For a list of available options (Package, etc...) or for further information on any aspect of this device, please
contact the SGS-THOMSON Sales Office nearest to you.
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PSDIP-a

A2

A1

A

L

e1

D

E1 E

N

1

C
eA

eB
B1

B

Symb
mm inches

Typ Min Max Typ Min Max

A 4.80 0.189

A1 0.70 – 0.028 –

A2 3.10 3.60 0.122 0.142

B 0.38 0.58 0.015 0.023

B1 1.15 1.65 0.045 0.065

C 0.38 0.52 0.015 0.020

D 9.20 9.90 0.362 0.390

E 7.62 – – 0.300 – –

E1 6.30 7.10 0.248 0.280

e1 2.54 – – 0.100 – –

eA 8.40 – 0.331 –

eB 9.20 0.362

L 3.00 3.80 0.118 0.150

N 8 8

PSDIP8

Drawing is not to scale

PSDIP8 - 8 pin Plastic Skinny DIP, 0.4mm lead frame
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SO-a

E

N

CP
B

e

A

D

C

LA1 α

1

H

h x 45°

Symb
mm inches

Typ Min Max Typ Min Max

A 1.35 1.75 0.053 0.069

A1 0.10 0.25 0.004 0.010

B 0.33 0.51 0.013 0.020

C 0.19 0.25 0.007 0.010

D 4.80 5.00 0.189 0.197

E 3.80 4.00 0.150 0.157

e 1.27 – – 0.050 – –

H 5.80 6.20 0.228 0.244

h 0.25 0.50 0.010 0.020

L 0.40 0.90 0.016 0.035

α 0° 8° 0° 8°

N 8 8

CP 0.10 0.004

SO8

Drawing is not to scale

SO8 - 8 lead Plastic Small Outline, 150 mils body width
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Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifications mentioned
in this publication are subject to change without notice. This publication supersedes and replaces all information previously supplied.
SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems without express
written approval of SGS-THOMSON Microelectronics.

 1997 SGS-THOMSON Microelectronics - All Rights Reserved

 MICROWIRE is a registered trademark of National Semiconductor Corp.

SGS-THOMSON Microelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - France - Germany - Hong Kong - Italy - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands -

Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A.
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Data sheet acquired from Harris Semiconductor
SCHS052B – Revised June 2003

The CD4067B and CD4097B types are supplied
in 24-lead hermetic dual-in-line ceramic
packages (F3A suffix), 24-lead dual-in-line
plastic packages (E suffix), 24-lead
small-outline  packages (M, M96, and NSR
suffixes), and 24-lead thin shrink small-outline
packages (P and PWR suffixes).

Copyright © 2003, Texas Instruments Incorporated
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PACKAGING INFORMATION

Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead/Ball Finish
(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

CD4067BF ACTIVE CDIP J 24 1 TBD Call TI N / A for Pkg Type -55 to 125 CD4067BF

CD4067BF3A ACTIVE CDIP J 24 1 TBD Call TI N / A for Pkg Type -55 to 125 CD4067BF3A

CD4067BM ACTIVE SOIC DW 24 25 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4067BM

CD4067BM96 ACTIVE SOIC DW 24 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU | CU SN Level-1-260C-UNLIM -55 to 125 CD4067BM

CD4067BM96E4 ACTIVE SOIC DW 24 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4067BM

CD4067BM96G4 ACTIVE SOIC DW 24 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4067BM

CD4067BPW ACTIVE TSSOP PW 24 60 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CM067B

CD4067BPWG4 ACTIVE TSSOP PW 24 60 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CM067B

CD4067BPWR ACTIVE TSSOP PW 24 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CM067B

CD4097BF ACTIVE CDIP J 24 1 TBD Call TI N / A for Pkg Type -55 to 125 CD4097BF

CD4097BM ACTIVE SOIC DW 24 25 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4097BM

CD4097BME4 ACTIVE SOIC DW 24 25 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4097BM

CD4097BMG4 ACTIVE SOIC DW 24 25 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CD4097BM

CD4097BPW ACTIVE TSSOP PW 24 60 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CM097B

CD4097BPWR ACTIVE TSSOP PW 24 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CM097B

CD4097BPWRE4 ACTIVE TSSOP PW 24 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -55 to 125 CM097B

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.

http://www.ti.com/product/CD4067B-MIL?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4067B-MIL?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4067B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4067B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4067B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4067B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4067B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4067B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4067B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4097B-MIL?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4097B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4097B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4097B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4097B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4097B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4097B?CMP=conv-poasamples#samplebuy
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NRND: Not recommended for new designs. Device is in production to support existing customers, but TI 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: TI has discontinued the production of the device.

 
(2) RoHS:  TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".
RoHS Exempt: TI defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.
Green: TI defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

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

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

 
(5) Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

 
(6) Lead/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 TI's knowledge and belief as of the date that it is provided. TI 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. TI 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.
TI 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 TI part(s) at issue in this document sold by TI to Customer on an annual basis.

 
 OTHER QUALIFIED VERSIONS OF CD4067B, CD4067B-MIL, CD4097B, CD4097B-MIL :

• Catalog: CD4067B, CD4097B

• Military: CD4067B-MIL, CD4097B-MIL

 NOTE: Qualified Version Definitions:

• Catalog - TI's standard catalog product

http://focus.ti.com/docs/prod/folders/print/cd4067b.html
http://focus.ti.com/docs/prod/folders/print/cd4097b.html
http://focus.ti.com/docs/prod/folders/print/cd4067b-mil.html
http://focus.ti.com/docs/prod/folders/print/cd4097b-mil.html
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• Military - QML certified for Military and Defense Applications



TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

CD4067BM96 SOIC DW 24 2000 330.0 24.4 10.75 15.7 2.7 12.0 24.0 Q1

CD4067BM96G4 SOIC DW 24 2000 330.0 24.4 10.75 15.7 2.7 12.0 24.0 Q1

CD4067BPWR TSSOP PW 24 2000 330.0 16.4 6.95 8.3 1.6 8.0 16.0 Q1

CD4097BPWR TSSOP PW 24 2000 330.0 16.4 6.95 8.3 1.6 8.0 16.0 Q1

PACKAGE MATERIALS INFORMATION

www.ti.com 30-Jun-2017

Pack Materials-Page 1



*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

CD4067BM96 SOIC DW 24 2000 367.0 367.0 45.0

CD4067BM96G4 SOIC DW 24 2000 367.0 367.0 45.0

CD4067BPWR TSSOP PW 24 2000 367.0 367.0 38.0

CD4097BPWR TSSOP PW 24 2000 367.0 367.0 38.0

PACKAGE MATERIALS INFORMATION

www.ti.com 30-Jun-2017

Pack Materials-Page 2











 MECHANICAL DATA
 
 

 MCDI004A – JANUARY 1995 – REVISED NOVEMBER 1997

POST OFFICE BOX 655303 •  DALLAS, TEXAS 75265

J (R-GDIP-T**)     CERAMIC DUAL-IN-LINE PACKAGE
24 PINS SHOWN

A

C

0.018 (0,46) MIN

Seating Plane

0.010 (0.25) MAX
Lens Protrusion (Lens Optional)

WIDENARRWIDE

32

NARRWIDE

0.125 (3,18) MIN

0.514(13,06)   0.571(14,50)

0.541(13,74)   0.598(15,19)

1.668(42,37)   1.668(42,37)

1.632(41,45)   1.632(41,45)

0.590(14,99)   0.590(14,99)

0.624(15,85)   0.624(15,85)

4040084/C 10/97

0.012 (0,30)
0.008 (0,20)

40

0.624(15,85)   0.624(15,85)

0.590(14,99)   0.590(14,99)

2.032(51,61)   2.032(51,61)

2.068(52,53)   2.068(52,53)

0.541(13,74)   0.598(15,19)

0.514(13,06)   0.571(14,50)

B

13

12

0.090 (2,29)
0.060 (1,53)

0.045 (1,14)
0.065 (1,65)

24

1

28

0.022 (0,56)
0.014 (0,36)

NARR

24

NARR WIDE

0.624(15,85)   0.624(15,85)

0.590(14,99)   0.590(14,99)

1.235(31,37)   1.235(31,37)

1.265(32,13)   1.265(32,13)

0.541(13,74)   0.598(15,19)

0.514(13,06)   0.571(14,50)

”A”

DIM

”B”

”C”

PINS **

MAX

MIN

MIN

MAX

MAX

MIN 0.514(13,06)   0.571(14,50)

0.541(13,74)   0.598(15,19)

1.465(37,21)   1.465(37,21)

1.435(36,45)   1.435(36,45)

0.590(14,99)   0.590(14,99)

0.624(15,85)   0.624(15,85)

0.175 (4,45)
0.140 (3,56)

0.100 (2,54)

NOTES: A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Window (lens) added to this group of packages (24-, 28-, 32-, 40-pin).
D. This package can be hermetically sealed with a ceramic lid using glass frit.
E. Index point is provided on cap for terminal identification.



IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves 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 JESD48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.
TI’s published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that TI has qualified and released to market. Additional terms may apply to the use or sale of other types of TI products and
services.
Reproduction of significant portions of TI information in TI data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of TI 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. TI is not responsible or liable for any such statements.
Buyers and others who are developing systems that incorporate TI products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all TI products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such TI products as used in such applications.
TI’s provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate TI products; by downloading, accessing or using TI Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer’s company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.
TI’s provision of TI Resources does not expand or otherwise alter TI’s applicable published warranties or warranty disclaimers for TI
products, and no additional obligations or liabilities arise from TI providing such TI Resources. TI reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources. TI has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.
Designer is authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
Unless TI has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), TI is not responsible for any failure to meet such industry standard requirements.
Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any TI products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.g., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class III devices and equivalent classifications outside the U.S.
TI may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
requirements in connection with such selection.
Designer will fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated

http://www.ti.com/sc/docs/stdterms.htm
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BC337/D

BC337, BC337-25,
BC337-40

Amplifier Transistors

NPN Silicon

Features

• These are Pb−Free Devices

MAXIMUM RATINGS

Rating Symbol Value Unit

Collector − Emitter Voltage VCEO 45 Vdc

Collector − Base Voltage VCBO 50 Vdc

Emitter  − Base Voltage VEBO 5.0 Vdc

Collector Current − Continuous IC 800 mAdc

Total Device Dissipation @ TA = 25°C
Derate above 25°C

PD 625
5.0

mW
mW/°C

Total Device Dissipation @ TC = 25°C
Derate above 25°C

PD 1.5
12

W
mW/°C

Operating and Storage Junction
Temperature Range

TJ, Tstg −55 to +150 °C

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Junction−to−Ambient R�JA 200 °C/W

Thermal Resistance, Junction−to−Case R�JC 83.3 °C/W

Stresses exceeding those listed in the Maximum Ratings table may damage the
device. If any of these limits are exceeded, device functionality should not be
assumed, damage may occur and reliability may be affected.

*For additional information on our Pb−Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

http://onsemi.com

See detailed ordering and shipping information in the package
dimensions section on page 4 of this data sheet.

ORDERING INFORMATION

COLLECTOR
1

2
BASE

3
EMITTER

MARKING DIAGRAM

BC33
7−xx

AYWW �

�

BC337−xx = Device Code
(Refer to page 4)

A  = Assembly Location
Y  = Year
WW  = Work Week
�  = Pb−Free Package

(Note: Microdot may be in either location)

1 2
3

1
2

BENT LEAD
TAPE & REEL
AMMO PACK

STRAIGHT LEAD
BULK PACK

3

TO−92
CASE 29
STYLE 17
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ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit

OFF CHARACTERISTICS

Collector−Emitter Breakdown Voltage
(IC = 10 mA, IB = 0)

V(BR)CEO 45 − − Vdc

Collector−Emitter Breakdown Voltage
(IC = 100 �A, IE = 0)

V(BR)CES 50 − − Vdc

Emitter−Base Breakdown Voltage
(IE = 10 �A, IC = 0)

V(BR)EBO 5.0 − − Vdc

Collector Cutoff Current
(VCB = 30 V, IE = 0)

ICBO − − 100 nAdc

Collector Cutoff Current
(VCE = 45 V, VBE = 0)

ICES − − 100 nAdc

Emitter Cutoff Current
(VEB = 4.0 V, IC = 0)

IEBO − − 100 nAdc

ON CHARACTERISTICS

DC Current Gain
(IC = 100 mA, VCE = 1.0 V) BC337

BC337−25
BC337−40

(IC = 300 mA, VCE = 1.0 V)

hFE
100
160
250
60

−
−
−
−

630
400
630
−

−

Base−Emitter On Voltage
(IC = 300 mA, VCE = 1.0 V)

VBE(on) − − 1.2 Vdc

Collector−Emitter Saturation Voltage
(IC = 500 mA, IB = 50 mA)

VCE(sat) − − 0.7 Vdc

SMALL−SIGNAL CHARACTERISTICS

Output Capacitance
(VCB = 10 V, IE = 0, f = 1.0 MHz)

Cob − 15 − pF

Current−Gain − Bandwidth Product
(IC = 10 mA, VCE = 5.0 V, f = 100 MHz)

fT − 210 − MHz

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.

Figure 1. Thermal Response
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CURRENT LIMIT
THERMAL LIMIT
SECOND BREAKDOWN LIMIT

1.0 ms1.0 s TJ = 135°C

TA = 25°C

TC = 25°C

dc

dc

(APPLIES BELOW RATED VCEO)

1000

10
1001.0 3.0 10 30

VCE, COLLECTOR-EMITTER VOLTAGE

Figure 2. Active Region − Safe Operating Area

IC, COLLECTOR CURRENT (MA)

Figure 3. DC Current Gain
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Figure 4. Saturation Region

IC, COLLECTOR CURRENT (mA)

Figure 5. “On” Voltages
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Figure 6. Temperature Coefficients
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Figure 7. Capacitances
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ORDERING INFORMATION

Device Marking Package Shipping†

BC337G 7

TO−92
(Pb−Free)

5000 Units / Bulk

BC337RL1G 7 2000 / Tape & Reel

BC337−025G 7−25 5000 Units / Bulk

BC337−25RL1G 7−25 2000 / Tape & Reel

BC337−25RLRAG 7−25 2000 / Tape & Reel

BC337−25ZL1G 7−25 2000 / Ammo Box

BC337−040G 7−40 5000 Units / Bulk

BC337−40RL1G 7−40 2000 / Tape & Reel

BC337−40ZL1G 7−40 2000 / Ammo Box

†For information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.
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PACKAGE DIMENSIONS

TO−92 (TO−226)
CASE 29−11
ISSUE AM

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. CONTOUR OF PACKAGE BEYOND DIMENSION R

IS UNCONTROLLED.
4. LEAD DIMENSION IS UNCONTROLLED IN P AND

BEYOND DIMENSION K MINIMUM.

R

A

P

J

L

B

K

G
H

SECTION X−X

CV

D

N

N

X X

SEATING
PLANE DIM MIN MAX MIN MAX

MILLIMETERSINCHES

A 0.175 0.205 4.45 5.20
B 0.170 0.210 4.32 5.33
C 0.125 0.165 3.18 4.19
D 0.016 0.021 0.407 0.533
G 0.045 0.055 1.15 1.39
H 0.095 0.105 2.42 2.66
J 0.015 0.020 0.39 0.50
K 0.500 --- 12.70 ---
L 0.250 --- 6.35 ---
N 0.080 0.105 2.04 2.66
P --- 0.100 --- 2.54
R 0.115 --- 2.93 ---
V 0.135 --- 3.43 ---1

NOTES:
1. DIMENSIONING AND TOLERANCING PER

ASME Y14.5M, 1994.
2. CONTROLLING DIMENSION: MILLIMETERS.
3. CONTOUR OF PACKAGE BEYOND

DIMENSION R IS UNCONTROLLED.
4. LEAD DIMENSION IS UNCONTROLLED IN P

AND BEYOND DIMENSION K MINIMUM.

R
A

P

J

B

K

G

SECTION X−X

C
V

D

N

X X

SEATING
PLANE DIM MIN MAX

MILLIMETERS

A 4.45 5.20
B 4.32 5.33
C 3.18 4.19
D 0.40 0.54
G 2.40 2.80
J 0.39 0.50
K 12.70 ---
N 2.04 2.66
P 1.50 4.00
R 2.93 ---
V 3.43 ---

1

T

STRAIGHT LEAD
BULK PACK

BENT LEAD
TAPE & REEL
AMMO PACK

STYLE 17:
PIN 1. COLLECTOR

2. BASE
3. EMITTER

ON Semiconductor and          are registered trademarks of Semiconductor Components Industries, LLC (SCILLC).  SCILLC owns the rights to a number of patents, trademarks,
copyrights, trade secrets, and other intellectual property. A listing of SCILLC’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent−Marking.pdf.  SCILLC
reserves the right to make changes without further notice to any products herein.  SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any
particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without
limitation special, consequential or incidental damages.  “Typical” parameters which may be provided in SCILLC data sheets and/or specifications can and do vary in different applications
and actual performance may vary over time.  All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts.  SCILLC
does not convey any license under its patent rights nor the rights of others.  SCILLC products are not designed, intended, or authorized for use as components in systems intended for
surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where
personal injury or death may occur.  Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC and
its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly,
any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that SCILLC was negligent regarding the design or manufacture
of the part.  SCILLC is an Equal Opportunity/Affirmative Action Employer.  This literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION
N. American Technical Support: 800−282−9855 Toll Free
USA/Canada

Europe, Middle East and Africa Technical Support:
Phone: 421 33 790 2910

Japan Customer Focus Center
Phone: 81−3−5817−1050

BC337/D

LITERATURE FULFILLMENT:
Literature Distribution Center for ON Semiconductor
P.O. Box 5163, Denver, Colorado 80217 USA
Phone: 303−675−2175 or 800−344−3860 Toll Free USA/Canada
Fax: 303−675−2176 or 800−344−3867 Toll Free USA/Canada
Email: orderlit@onsemi.com

ON Semiconductor Website: www.onsemi.com

Order Literature: http://www.onsemi.com/orderlit

For additional information, please contact your local
Sales Representative
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1A / Fixed 5V Output Voltage Regulator 
 
 

Product Description Features 

 Output Current in Excess of 1.0 A 
 No External Components Required  
 Internal Thermal Overload Protection 
 Internal Short Circuit Current Limiting  
 Output Transistor Safe-Area Compensation 
 Output Voltage Offered in 1% and 2%  

Tolerance 
 Available in Surface Mount D2PAK and   

Standard 3-Lead Transistor Packages 
 Previous Commercial Temperature Range  

has been Extended to a Junction 
Temperature Range of 0ºC to +150ºC 

 

Applications 

These voltage regulators are monolithic integrated 
circuits designed as Fixed 5V Output Voltage 
regulators for a wide variety of applications 
including local, on-card regulation.  
 
These regulators employ internal current limiting, 
thermal shutdown, and safe-area compensation. 
With adequate heat sinking they can deliver output 
currents in excess of 1.0 A. Although designed 
primarily as a fixed voltage regulator, these 
devices can be used with external components to 
obtain adjustable voltages and currents. 
 
 
 

 

 Battery Powered Systems 
 Portable Consumer Equipment 
 Portable Computer 
 Radio Control Systems 
 Logic Systems 
 Power Adapter 
 

 

 

Block Diagram 

Thermal
Protect

Current
Limit

Driver
Circuit

Power
Transistor

Current
Detect

Start up & 
Blas Circuit

Resistor
Network

Vin

Vout

GND
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Packages & Pin Assignments 

(TO-220) (TO-263) (TO-252) (SOT-223) (SOT-89) 

 
1 2

GS1085LM-xxF

3

TAB

 
 

 
  

 

1 2 3

TAB

 

Pin 
No. 

GS7805LT 
Pin 
No. 

GS7805LM 
Pin 
No. 

GS7805LD
Pin 
No. 

GS7805LX 
Pin 
No. 

GS7805LY

1 VIN 1 VIN 1 VIN 1 VIN 1 VIN 

2,TAB GND 2,TAB GND 2,TAB GND 2,TAB GND 2,TAB GND 

3 VOUT 3 VOUT 3 VOUT 3 VOUT 3 VOUT 
 

 
Ordering Information 
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Absolute Maximum Ratings 

Symbol Parameter Maximum Unit 

VIN Input Voltage 18 V 

TO-220 2 

TO-263 2 

TO-252 1.2 

SOT-223 0.9 

PD Power Dissipation 

SOT-89 0.5 

W 

TO-220 62.5 

TO-263 62.5 

TO-252 104 

SOT-223 138 

θJA Thermal Resistance Junction to Ambient 

SOT-89 250 

ºC /W 

TJ Operating Junction Temperature Range 0 to 150 ºC 

TSTG Storage Temperature Range -65 to 150 ºC 

TLEAD Lead Temperature (Soldering 10 seconds) 260 ºC 

Caution: Stress above the listed absolute maximum rating may cause permanent damage to the device 

 

Electrical Characteristics 

(VIN=10V, IO=500mA, TJ=+25ºC, unless otherwise noted.) 

GS7805 
Symbol Parameter Test Conditions 

Min Typ Max 

Unit 

VO Output Voltage 
10mA≤IO≤1.0A, 

7V≤VIN≤12V 
4.9 5 5.1 V 

Regline Line Regulation 6.5V≤VIN≤15V  3 100 mV 

Regload Load Regulation 
10mA≤IO≤1 A 

Vin=6.5V 
 15 100 mV 

IB Bias Current Vin-Vout=1.25V  4.2 8 mA 

RR Ripple Rejection 
8.0V≤VIN≤15V, 

f=120Hz 
62 78  dB 

IO=100mA  1.11 1.2 

IO=500mA  1.18 1.25 VI -VO Dropout Voltage 

IO=1A  1.26 1.3 

V 

TCVO 
Temperature Coefficient 
of Output Voltage 

IO = 5.0mA  -1.1  mV/ºC

 
NOTES: 
* Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as 
possible. Thermal effects must be taken into account separately. 

** This specification applies only for dc power dissipation permitted by absolute maximum ratings 
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Applications Information (Design Considerations) 

The GS7805L Series of fixed 5V Output voltage regulators are designed with Thermal Overload 
Protection that shuts down the circuit when subjected to an excessive power overload condition, 
Internal Short Circuit Protection that limits the maximum current the circuit will pass, and Output 
Transistor Safe-Area Compensation that reduces the output  short circuit current as the voltage across 
the pass transistor is Increased.  
 
In many low current applications, compensation capacitors are not required, However, it is 
recommended that the regulator input be bypassed with a capacitor if the regulator is connected to the 
power supply filter with long wire lengths, or if the output load capacitance is large, An input bypass 
capacitor should be selected to provide good high-frequency characteristics to insure stable operation 
under all load conditions, A 10 µF or larger tantalum. mylar, or other capacitor having low internal 
impedance at high frequencies should be chosen, The bypass capacitor should be mounted with the 
shortest possible leads directly across the regulators input terminals, Normally good construction 
techniques should be used to minimize ground loops and lead resistance drops since the regulator has 
no external sense lead. 
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Package Dimension 

TO-263 PLASTIC PACKAGE 

E

E/2

D

L1

b1 b

e

A

c1

c

H

(E)

D1

(L1)

E1

THERMAL PAD

L L

L3 L3

A1 A1

GAUGE 
PLANE

GAUGE 
PLANE

θ
θ

L2

 
 

Dimensions 
Millimeters Inches 

SYMBOL 
MIN MAX MIN MAX 

A 4.06 4.83 .160 .190 

A1 0 0.25 .000 .010 

b 0.51 0.99 .020 .039 

b1 1.14 1.78 .045 .070 

c 0.38 0.74 .015 .029 

c1 1.14 1.65 .045 .065 

D 8.38 9.65 .330 .380 

D1 6.86 - .270 - 

E 9.65 10.67 .380 .420 

E1 6.22 - .245 - 

e 2.54 (TYP) .100 (TYP) 

H 14.61 15.88 .575 .625 

L 1.78 2.79 .070 .110 

L1 - 1.68 - .066 

L2 - 1.78 - .070 

L3 0.25 (TYP) .010 (TYP) 

θ 0° 8° 0° 8° 
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TO-252 PLASTIC PACKAGE 

D
D1

E
L3 b2

b1 b

L4

L5

e

c1

A

H

E1/2
E1

THERMAL PAD

c

(L1)

L

θ1

θ

SEATING PLANE

A1

L2

 
 

Dimensions 
Millimeters Inches 

SYMBOL 
MIN MAX MIN MAX 

A 2.18 2.39 .086 .094 

A1 - 0.13 - .005 

b 0.64 0.89 .025 .035 

b1 0.76 1.14 .030 .045 

b2 4.95 5.46 .195 .215 

C 0.46 0.61 .018 .024 

C1 0.46 0.89 .018 .035 

D 5.97 6.22 .235 .245 

D1 5.21 - .205 - 

E 6.35 6.73 .250 .265 

E1 4.32 - .170 - 

e 2.29 (TYP) .090 (TYP) 

H 9.40 10.41 .370 .410 

L 1.40 1.78 .055 .070 

L1 2.74 (TYP) .108 (TYP) 

L2 0.51 (TYP) .020 (TYP) 

L3 0.89 1.27 .035 .050 

L4 - 1.02 - .040 

L5 1.14 1.52 .045 .060 

θ 0° 10° 0° 10° 

θ1 0° 15° 0° 15° 
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SOT-223 PLASTIC PACKAGE 

θ

L

C

E

D

E1

e

e1

e1/2

b

b2 A

A2 G

A1

 
 
 

Dimensions 
Millimeters Inches 

SYMBOL 
MIN MAX MIN MAX 

A - 1.80 - .071 

A1 0.02 0.10 .001 .004 

A2 1.55 1.65 .061 .065 

b 0.66 0.84 .026 .033 

b2 2.90 3.10 .114 .122 

c 0.23 0.33 .009 .013 

D 6.30 6.70 .248 .264 

E 6.70 7.30 .264 .288 

E1 3.30 3.70 .130 .146 

e 2.30 (TYP) .091 (TYP) 

e1 4.60 (TYP) .181 (TYP) 

L 0.90 - .035 - 

G 0.25 (TYP) .010 (TYP) 

θ 0° 8° 0° 8° 
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SOT-89 PLASTIC PACKAGE 

D
D1

H

L

B1
B

e

e1

E E1

A

C

 
 
 

Dimensions 
Millimeters Inches 

SYMBOL 
MIN MAX MIN MAX 

A 1.40 1.60 .055 .063 

B 0.44 0.56 .017 .022 

B1 0.36 0.48 .014 .019 

C 0.35 0.44 .014 .017 

D 4.40 4.60 .173 .181 

D1 1.62 1.83 .064 .072 

E 2.29 2.60 .090 .102 

E1 2.13 2.29 .084 .090 

e 1.50 (TYP) .059 (TYP) 

e1 3.00 (TYP) .118 (TYP) 

H 3.94 4.25 .155 .167 

L 0.89 1.20 .035 .047 
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TO-220 PLASTIC PACKAGE 

 

Dimensions 
Millimeters Inches 

SYMBOL 
MIN MAX MIN MAX 

A 4.47 4.67 .176 .184 

A1 2.52 2.82 .099 .111 

b 0.71 0.91 .028 .036 

b1 1.17 1.37 .046 .054 

c 0.31 0.53 .012 .021 

c1 1.17 1.37 .046 .054 

D 10.01 10.31 .394 .406 

E 8.50 8.90 .335 .350 

E1 12.06 12.46 .475 .491 

e 2.540 (TYP) 0.1(TYP) 

e1 4.98 5.18 .196 .204 

F 2.59 2.89 .102 .114 

h 0.0 0.30 0.0 .012 

L 13.40 13.80 .528 .543 

L1 3.56 3.96 .140 .156 

Φ 3.735 3.935 .147 .155 
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LM124, LM224x, LM324x 
 

Low-power quad operational amplifiers 

Datasheet - production data 

 

 

Features 
 Wide gain bandwidth: 1.3 MHz  

 Input common mode voltage range includes 
ground  

 Large voltage gain: 100 dB  

 Very low supply current/amplifier: 375 µA  

 Low input bias current: 20 nA  

 Low input voltage: 3 mV max  

 Low input offset current: 2 nA  

 Wide power supply range:  

 Single supply: 3 V to 30 V 

 Dual supplies: ±1.5 V to ±15 V 

Related products 
 See TSB572 and TSB611, 36 V newer 

technology devices, which have enhanced 
accuracy and ESD rating, reduced power 
consumption, and automotive grade 
qualification  

 See LM2902 and LM2902W for automotive 
grade applications  

Description 
These circuits consist of four independent, high 
gain operational amplifiers with frequency 
compensation implemented internally. They 
operate from a single power supply over a wide 
range of voltages. 

Operation from split power supplies is also 
possible and the low-power supply current drain 
is independent of the magnitude of the power 
supply voltage. 

Table 1: Device summary 

Product reference Part numbers 

LM124 (1) LM124 

LM224x LM224, LM224A (2), LM224W (3) 

LM324x LM324, LM324A, LM324W 
 

Notes: 

(1)Prefixes LM1, LM2, and LM3 refer to temperature range. 
(2)Suffix A refers to enhanced Vio performance 
(3)Suffix W refers to enhanced ESD ratings 

 

 

http://bit.ly/ST-tsb572
http://bit.ly/ST-tsb611
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1 Pin connections and schematic diagram 
Figure 1: Pin connections (top view) 

 

1. The exposed pads of the QFN16 3x3 can be connected to VCC- or left floating 



Pin connections and schematic diagram LM124, LM224x, LM324x 
 

4/21 DocID4797 Rev 7  
 

 
Figure 2: Schematic diagram (LM224A, LM324A, LM324W, one channel) 

 

 
Figure 3: Schematic diagram (LM124, LM224, LM324, one channel) 
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2 Absolute maximum ratings and operating conditions 
Table 2: Absolute maximum ratings 

Symbol Parameter Value Unit 

VCC Supply voltage ±16 or 32 

V Vi Input voltage -0.3 to VCC + 0.3 

Vid Differential input voltage (1) 32 

Ptot Power dissipation: D suffix 400 mW 

 
Output short-circuit duration (2) Infinite 

 
Iin Input current (3) 50 mA 

Tstg Storage temperature range -65 to 150 
°C 

Tj Maximum junction temperature 150 

Rthja Thermal resistance junction to ambient (4) 

QFN16 3x3 45 

°C/W 

TSSOP14 100 

SO14 103 

Rthjc Thermal resistance junction to case 

QFN16 3x3 14 

TSSOP14 32 

SO14 31 

ESD 

HBM: human body model (5) 

LM224A, LM324A 800 

V 

LM124W, LM324W 700 

LM124, LM224, LM324 250 

MM: machine model (6) 100 

CDM: charged device model 1500 
 

Notes: 

(1)Neither of the input voltages must exceed the magnitude of (VCC
+) or (VCC

-). 
(2)Short-circuits from the output to VCC can cause excessive heating if VCC > 15 V. The maximum output current is approximately 

40 mA independent of the magnitude of VCC. Destructive dissipation can result from simultaneous short-circuits on all amplifiers. 
(3)This input current only exists when the voltage at any of the input leads is driven negative. It is due to the collector-base junction 
of the input PNP transistor becoming forward biased and thereby acting as an input diode clamp. In addition to this diode action, 
there is also an NPN parasitic action on the IC chip. This transistor action can cause the output voltages of the op amps to go to 

the VCC voltage level (or to ground for a large overdrive) for the time during which an input is driven negative. This is not 
destructive and normal output starts up again for input voltages higher than -0.3 V. 
(4)Short-circuits can cause excessive heating. Destructive dissipation can result from simultaneous short-circuits on all amplifiers. 
These are typical values given for a single layer board (except for TSSOP which is a two-layer board). 
(5)Human body model: 100 pF discharged through a 1.5 kΩ resistor between two pins of the device, done for all couples of pin 
combinations with other pins floating. 
(6)Machine model: a 200 pF cap is charged to the specified voltage, then discharged directly between two pins of the device with 
no external series resistor (internal resistor < 5 Ω), done for all couples of pin combinations with other pins floating. 
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Table 3: Operating conditions 

Symbol Parameter Value Unit 

VCC Supply voltage 
Single supply 3 to 30 

V Dual supply ±1.5 to ±15 

VICM Common-mode input voltage range (VCC
-) - 0.1 to (VCC

+) - 1 

TOper Operating temperature range 

LM124 -55 to 125 

°C LM224 -40 to 105 

LM324 0 to 70 
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3 Electrical characteristics 
Table 4: VCC+ = 5 V, VCC- = Ground, Vo = 1.4 V, Tamb = 25 °C (unless otherwise specified) 

Symbol Parameter Min. Typ. Max. Unit 

Vio  

LM224A, 

LM224W, 

LM324A, 

LM324W 

Input offset voltage (1) 

Tamb = 25 °C 
 

2 3 

mV 

Tmin ≤  Tamb ≤  Tmax 
  

5 

Vio  

LM124,  

LM224,  

LM324 

Tamb = 25 °C 

LM124 
 2 5 

LM224 
 

LM324 
 

2 7 

Tmin ≤  Tamb ≤  Tmax 

LM124 
  7 

LM224 
  

LM324 
  

9 

Iio Input offset current 
Tamb = 25 °C 

 
2 20 

nA 
Tmin ≤  Tamb ≤  Tmax 

  
40 

Iib Input bias current (2) 
Tamb = 25 °C 

 
20 100 

Tmin ≤  Tamb ≤  Tmax 
  

200 

Avd 

Large signal voltage gain,  

VCC
+ = 15 V, RL = 2 kΩ,  

Vo = 1.4 V to 11.4 V 

Tamb = 25 °C 50 100 
 V/mV 

Tmin ≤  Tamb ≤  Tmax 25 
  

SVR 
Supply voltage rejection ratio, 

Rs ≤  10 kΩ, VCC
+ = 5 V to 30 V 

Tamb = 25 °C 65 110 
 dB 

Tmin ≤  Tamb ≤  Tmax 65 
  

ICC 
Supply current, all amps, no 

load 

Tamb = 25 °C, VCC = 5V 
 

0.7 1.2 

mA 
Tamb = 25 °C, VCC = 30 V 

 
1.5 3 

Tmin ≤  Tamb ≤  Tmax, VCC = 5 V 
 

0.8 1.2 

Tmin ≤  Tamb ≤  Tmax, VCC = 30 V 
 

1.5 3 

Vicm 
Input common mode voltage 

range (3) 

VCC = 30 V, Tamb = 25 °C 0 
 

28.5 
V 

VCC = 30 V, Tmin ≤  Tamb ≤  Tmax 0 
 

28 

CMR 
Common mode rejection ratio, 

Rs ≤ 10 kΩ 

Tamb = 25 °C 70 80 
 dB 

Tmin ≤  Tamb ≤  Tmax 60 
  

Isource 
Output current source,  

Vid = 1 V 
VCC = 15 V, Vo = 2 V 20 40 70 

mA 

Isink 
Output sink current,  

Vid = -1 V 

VCC = 15 V, Vo = 2 V 10 20 
 

VCC = 15 V, Vo = 0.2 V 12 50 
 

µA 

VOH 

High level output voltage,  

VCC = 30 V, RL = 2 kΩ 

Tamb = 25 °C 26 27 
 

V 

Tmin ≤  Tamb ≤  Tmax 26 
  

High level output voltage,  

VCC = 30 V, RL = 10 kΩ 

Tamb = 25 °C 27 28 
 

Tmin ≤  Tamb ≤  Tmax 27 
  

High level output voltage,  

VCC = 5 V, RL = 2 kΩ 

Tamb = 25 °C 3.5 
  

Tmin ≤  Tamb ≤  Tmax 3 
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Symbol Parameter Min. Typ. Max. Unit 

VOL 
Low level output voltage,  

RL = 10kΩ 

Tamb = 25 °C 
 

5 20 
mV 

Tmin ≤  Tamb ≤  Tmax 
  

20 

SR Slew rate 

VCC = 15 V, Vi = 0.5 to 3 V,  

RL = 2 kΩ, CL = 100 pF,  

unity gain  
0.4 

 
V/µs 

GBP Gain bandwidth product 

VCC = 30 V, f = 100 kHz,  

Vin = 10 mV, RL = 2 kΩ,  

CL = 100 pF  
1.3 

 
MHz 

THD Total harmonic distortion 

f = 1kHz, Av = 20 dB, RL = 2 kΩ, 

Vo = 2 Vpp, CL = 100 pF,  

VCC = 30 V  
0.015 

 
% 

en Equivalent input noise voltage 
f = 1 kHz, Rs = 100 Ω,  

VCC = 30 V  
40 

 
nV/√Hz 

DVio Input offset voltage drift 
  

7 30 µV/°C 

DIio Input offset current drift 
  

10 200 pA/°C 

Vo1/Vo2 Channel separation (4) 1 kHz ≤  f ≤  20 kHZ 
 

120 
 

kHz 
 

Notes: 

(1)Vo = 1.4 V, Rs = 0 Ω, 5 V < VCC
+ < 30 V, 0 < Vic < VCC

+ - 1.5 V 
(2)The direction of the input current is out of the IC. This current is essentially constant, independent of the state of the output so 
there is no load change on the input lines. 
(3)The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3 V. The 

upper end of the common-mode voltage range is (VCC
+) - 1.5 V, but either or both inputs can go to 32 V without damage. 

(4)Due to the proximity of external components, ensure that there is no coupling originating from stray capacitance between these 
external parts. Typically, this can be detected at higher frequencies because this type of capacitance increases. 
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4 Electrical characteristic curves 

Figure 4: Input bias current vs. temperature 

 

Figure 5: Output current limitation 

 

 

Figure 6: Input voltage range 

 

Figure 7: Supply current vs. supply voltage 

 

 

Figure 8: Gain bandwidth product vs. temperature 

 

Figure 9: Common-mode rejection ratio 
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Figure 10: Open loop frequency response 

 

Figure 11: Large signal frequency response 

 

 

Figure 12: Voltage follower pulse response 

 

Figure 13: Output characteristics (current sinking) 

 

 

Figure 14: Voltage follower pulse response  

(small signal) 

 

Figure 15: Output characteristics  

(current sourcing) 
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Figure 16: Input current vs. supply voltage 

 

Figure 17: Large signal voltage gain vs. temperature 

 

 

Figure 18: Power supply and common mode rejection 

ratio vs. temperature 

 

Figure 19: Voltage gain vs. supply voltage 
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5 Typical single-supply applications 

Figure 20: AC coupled inverting amplifier 

 

 

Figure 21: High input Z adjustable gain DC 

instrumentation amplifier 

 

 

Figure 22: AC coupled non inverting amplifier 

 

Figure 23: DC summing amplifier 

 

 

Figure 24: Non-inverting DC gain 

 

Figure 25: Low drift peak detector 
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Figure 26: Active bandpass filter 

 

Figure 27: High input Z, DC differential amplifier 

 

 

Figure 28: Using symmetrical amplifiers to reduce input current (general concept) 
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6 Package information 

In order to meet environmental requirements, ST offers these devices in different grades of 
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK® 
specifications, grade definitions and product status are available at: www.st.com. 
ECOPACK® is an ST trademark.  
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6.1 QFN16 3x3 package information 

Figure 29: QFN16 3x3 package outline 
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Table 5: QFN16 3x3 mechanical data 

Ref. 

Dimensions 

Millimeters Inches 

Min. Typ. Max. Min. Typ. Max. 

A 0.80 0.90 1.00 0.031 0.035 0.039 

A1 0 
 

0.05 0 
 

0.002 

A3 
 

0.20 
  

0.008 
 

b 0.18 
 

0.30 0.007 
 

0.012 

D 2.90 3.00 3.10 0.114 0.118 0.122 

D2 1.50 
 

1.80 0.059 
 

0.071 

E 2.90 3.00 3.10 0.114 0.118 0.122 

E2 1.50 
 

1.80 0.059 
 

0.071 

e 
 

0.50 
  

0.020 
 

L 0.30 
 

0.50 0.012 
 

0.020 

 

Figure 30: QFN16 3x3 recommended footprint 
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6.2 TSSOP14 package information 

Figure 31: TSSOP14 package outline 

 

 
Table 6: TSSOP14 mechanical data 

Ref. 

Dimensions 

Millimeters Inches 

Min. Typ. Max. Min. Typ. Max. 

A 
  

1.20 
  

0.047 

A1 0.05 
 

0.15 0.002 0.004 0.006 

A2 0.80 1.00 1.05 0.031 0.039 0.041 

b 0.19 
 

0.30 0.007 
 

0.012 

c 0.09 
 

0.20 0.004 
 

0.0089 

D 4.90 5.00 5.10 0.193 0.197 0.201 

E 6.20 6.40 6.60 0.244 0.252 0.260 

E1 4.30 4.40 4.50 0.169 0.173 0.176 

e 
 

0.65 
  

0.0256 
 

L 0.45 0.60 0.75 0.018 0.024 0.030 

L1 
 

1.00 
  

0.039 
 

k 0° 
 

8° 0° 
 

8° 

aaa 
  

0.10 
  

0.004 

 

aaa
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6.3 SO14 package information 

Figure 32: SO14 package outline 

 

 

Table 7: SO14 mechanical data 

Ref. 

Dimensions 

Millimeters Inches 

Min. Typ. Max. Min. Typ. Max. 

A 1.35 
 

1.75 0.05 
 

0.068 

A1 0.10 
 

0.25 0.004 
 

0.009 

A2 1.10 
 

1.65 0.04 
 

0.06 

B 0.33 
 

0.51 0.01 
 

0.02 

C 0.19 
 

0.25 0.007 
 

0.009 

D 8.55 
 

8.75 0.33 
 

0.34 

E 3.80 
 

4.0 0.15 
 

0.15 

e 
 

1.27 
  

0.05 
 

H 5.80 
 

6.20 0.22 
 

0.24 

h 0.25 
 

0.50 0.009 
 

0.02 

L 0.40 
 

1.27 0.015 
 

0.05 

k 8° (max) 

ddd 
  

0.10 
  

0.004 
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7 Ordering information 
Table 8: Order codes 

Order code Temperature range 
ESD  

(HBM, CDM) 
Vio max @ 25 °C Package Marking 

LM124DT -55 °C to 125 °C 250 V, 1.5 kV 5 mV 
SO14 

124 

LM224ADT 

-40 °C to 105 °C 

800 V, 1.5 kV 3 mV 224A 
LM224APT TSSOP14 

LM224DT 

250 V, 1.5 kV 5 mV 

SO14 
224 

LM224PT TSSOP14 

LM224QT QFN16 3x3 K425 

LM224WDT 700 V, 1.5 kV 

3 mV 

SO14 
224W 

LM324ADT 

0 °C to 70 °C 

800 V, 1.5 kV 324A 
LM324APT TSSOP14 

LM324AWDT 

700 V, 1.5 kV 

SO14 
324AW 

LM324AWPT TSSOP14 

LM324WDT SO14 
324W 

LM324WPT TSSOP14 

LM324DT 

250 V, 1.5 kV 5 mV 

SO14 
324 

LM324PT TSSOP14 

LM324QT QFN16 3x3 K427 
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8 Revision history 
Table 9: Document revision history 

Date Revision Changes 

1-Mar-2001 1 First release 

1-Feb-2005 2 
Added explanation of Vid and Vi limits in Table 2 on page 4. 

Updated macromodel. 

1-Jun-2005 3 ESD protection inserted in Table 2 on page 4. 

25-Sep-2006 4 Editorial update. 

22-Aug-2013 5 

Removed DIP package and all information pertaining to it 

Table 1: Device summary: Removed order codes LM224AN, 

LM224AD, LM324AN, and LM324AD; updated packaging. 

Table 2: Absolute maximum ratings: removed N suffix power 

dissipation data; updated footnotes 5 and 6. 

Renamed Figure 3, Figure 4, Figure 6, Figure 7, Figure 16, Figure 17, 

Figure 18, and Figure 19. 

Updated axes titles of Figure 4, Figure 5, Figure 7, and Figure 17. 

Removed duplicate figures. 

Removed Section 5: Macromodels 

06-Dec-2013 6 
Table 2: Absolute maximum ratings: updated ESD data for HBM and 

MM. 

10-Jun-2016 7 

LM124, LM224, LM324 and LM224W, LM324W datasheets merged 

with LM224A, LM324A datasheet. The following sections were 

reworked: Features, Description, Section 1: "Pin connections and 

schematic diagram", Section 2: "Absolute maximum ratings and 

operating conditions", and Section 3: "Electrical characteristics". The 

following sections were added: Related products and Section 7: 

"Ordering information". Packaged silhouettes, pin connections, and 

mechanical data were standardized and updated. 
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IMPORTANT NOTICE – PLEASE READ CAREFULLY 

 

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and 
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST 
products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order 
acknowledgement.  

 

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the 
design of Purchasers’ products. 

 

No license, express or implied, to any intellectual property right is granted by ST herein. 

 

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product. 

 

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners. 

 

Information in this document supersedes and replaces information previously supplied in any prior versions of this document. 

 

© 2016 STMicroelectronics – All rights reserved 
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